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FOREWORD

We are delighted to welcome the participants of the 10th Balkan Sym-

SEISIRS
ég‘gg < posium on Archaeometry — Connecting Minds: Unveiling the Past To-
% 2§§§§ mm gether to Budapest. This anniversary meeting is not only a further
~EBudap milestone in an international conference series spanning almost two
i I”s“t‘émbu’l%’;)'“ decades, but also testament to the fact that collaboration between
”_i's" éubhél‘r’\dam & archaeometry, archaeology and heritage science plays a more impor-

elgrade . .
tant role than ever in research into the past.

Since its inception in 2008, the Balkan Symposium on Archaeometry has become one of the
leading scientific forums in South-Eastern Europe. From the outset, the conference series
has aimed to provide a shared platform for archaeologists, natural scientists, conservators
and heritage professionals engaged in cultural heritage research, fostering methodological
dialogue, the discussion of new research findings and the development of international col-
laborations.

The central theme of the anniversary conference in Budapest — Crossroads of Cultures be-
tween the Balkans and Central Europe — aptly reflects a geographical and cultural region that,
for millennia, has been a meeting point for peoples, technologies, raw materials and ideas.
Today, the interpretation of archaeological material is inconceivable without modern scien-
tific analysis: scientific methods provide an increasingly detailed understanding of the lives,
economies, environments and networks of past communities. The conference presentations
reflect this diversity, ranging from dating techniques and materials analysis to bioarchaeolo-
gy, environmental archaeology, archaeometallurgy and geoarchaeology, as well as the latest
advances in digital heritage science.

The conference logo, a central element of its visual identity, features a stylised version of
the spiral wave motif found on objects of outstanding importance from the Bronze Age Car-
pathian Basin, including the Hajdusamson sword. Evoking the flow of water, the design re-
fers to the close relationship between Budapest and the Danube, while also emphasising the
role of rivers in connecting the different regions of the Balkans. This symbolism is further re-
inforced by the blue and turquoise tones of the logo. The motif thus brings together archae-
ological heritage, archaeometric research, the conference venue in Budapest and the re-
gions of the Balkans.

The exceptional level of interest in this anniversary conference also reflects the dynamic de-
velopment of the field. Following evaluation by the Scientific Committee, 112 scientific con-
tributions were accepted for inclusion in the programme, comprising 77 oral presentations
and 35 posters. The scientific programme is organised into twelve thematic sessions cover-
ing the principal areas of research in archaeometry, archaeological science and heritage sci-
ence. Itis further enriched by six keynote lectures, in which internationally recognised schol-
ars present their latest findings, methodological innovations and wide-ranging syntheses.
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The programme also includes two sponsor presentations. The poster presentations and ac-
companying flash talks will provide a platform for professional dialogue between different
generations and offer emerging researchers an opportunity to present their work. Owing to
the large number and high quality of the submissions, presentations will take place in two
parallel rooms throughout the three conference days. On the fourth day, participants will
also have the opportunity to visit some of Budapest’s leading archaeological and scientific
institutions as part of guided professional programmes, further fostering academic exchange
and personal connections.

An important part of the conference’s mission is to make the latest scientific findings acces-
sible to a wider audience. Recordings of the presentations will be made available on the ELTE
RCH YouTube channel, and we also plan to publish the conference papers as proceedings in
a scientific journal. The conference will be accompanied by a series of podcast discussions
and a public outreach lecture. In this lecture, Laszl6 Bartosiewicz will commemorate Sandor
Bokonyi, a member of the Hungarian Academy of Sciences who was born a century ago, an
internationally recognised pioneer of modern archaeozoology and one of the founders of in-
terdisciplinary research in Hungary. He will also introduce the wider public to current per-
spectives in archaeozoology.

The organising institutions of this international scientific conference, hosted in Hungary, are
the Institute of Archaeology, ELTE Research Centre for the Humanities and the Institute for
Geological and Geochemical Research, HUN-REN Research Centre for Astronomy and Earth
Sciences, in collaboration with the MTA—ELTE HTK Lendilet “Momentum” BASES Research
Group.

The conference has been made possible by support from the Scientific Patronage Pro-
gramme of the National Research, Development and Innovation Office and the National Cul-
tural Fund of Hungary, for which we express our sincere gratitude. We are also grateful to the
members of the Scientific Committee for their careful evaluation of the submitted abstracts,
and to all speakers and participants, whose willingness to share their research contributes to
the success of the conference. The guided visits associated with the conference have been
made possible through the support of the staff and leadership of the Budapest History Mu-
seum — including the Aquincum Museum and Archaeological Park, Buda Castle and the Bu-
dapest History Museum — and the Budapest Neutron Centre. We extend our warm thanks
to them as well. We are also grateful to Isotoptech Zrt. and JEOL for their financial support.

We hope that the meeting in Budapest will provide not only an opportunity to present new
research findings, but also to forge new collaborations, launch joint research projects and
deepen our understanding of the cultural heritage of the Balkans and Central Europe. We
also hope that the professional dialogues begun here will continue beyond the conference
and, in the long term, strengthen the international archaeometric research community.

Thank you for joining us in Budapest. We wish you an inspiring and fruitful meeting!

The Organising Committee
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10TH BALKAN SYMPOSIUM ON ARCHAEOMETRY

Four-day programme overview
19-22 October 2026 | Budapest

10th - BUDAPEST

Monday, 19 October 2026

CONFERENCE ROOM ROOM K11/12
08:30 Registration
09:00 Opening ceremony
09:30 Keynote lecture 1
10:20 Session 2/Ceramics/1-2 Session 1/1-2
11:00 Coffee break
11:40 Session 2/Ceramics/3-6 Session 3/1-4
13:00 Lunch break
14:00 Keynote lecture 2
14:40 Session 2/Ceramics/7-9 Session 4/1-3
15:40 Coffee break
16:10 Session 2/Glass/1-4 Session 4/4-7
17:30 Poster session with flash talks |
19:00 Icebreaker

Tuesday, 20 October 2026

CONFERENCE ROOM ROOM K11/12
08:30 Registration
09:00 Keynote lecture 3
09:40 Session 2/Glass/5-6; Session 2/Metals/1-2 S ion 5/1; S i 6/1; S ion 7/1-2
11:00 Coffee break
11:30 Session 2/Metals/3-6 Session 7/3-7
13:10 Lunch break
14:10 Keynote lecture 4
14:50 Session 2/Stone & Marble/1-2 Session 8/1-2
15:30 Coffee break
16:00 Session 2/Stone & Marble/3-5 Session 8/3-5
17:10 Poster session with flash talks Il
19:30 Conference dinner in Budapest

Wednesday, 21 October 2026

CONFERENCE ROOM ROOM K11/12
08:30 Registration

09:00 Keynote lecture 5

09:40 Session 2/Others/1-5 Session 9/1-5
11:20 Coffee break

11:50 Session 10/1-5 Session 12/1-5
13:30 Lunch break

14:30 Keynote lecture 6 ;

15:00 Sponsor presentations SR
16:00 Roundtable

17:00 End of the conference

Thursday, 22 October 2026

09:00 Guided visits
Aquincum Museum and Archaeological Park
Buda Castle and Budapest History Museum
Budapest Neutron Centre
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Connecting Minds: Unveiling the Past Together

DAY 1 Monday, 19 October 2026 | Morning programme

TIME

08:30

09:00

09:30

10:10

10:20

10:40

11:00

11:40

12:00

12:20

12:40

13:00

CONFERENCE ROOM

REGISTRATION

OPENING CEREMONY

Keynote lecture 1 — Elisabetta Starnini: Green
archaeometry for a green archaeology: A new paradigm

ROOM K11/12

Technical break & room change

S2/Ceramics/1 Manca Vinazza et al.: Miniature ceramic
bottles from Eneolithic cave cemetery Ajdovska jama,
Slovenia

S2/Ceramics/2 Madalina Dimache and
Madalina-Florentina Voicu: Archaeometric
characterization of Eneolithic pottery from
Bordusani-Popina (Romania)

S1/1 Angeliki Kandri et al.: Resolving structural
instability in a cinerary urn and lid from the Isthmia
Archaeological Museum utilizing 3D technologies

S1/2 Elena Badea and Cristina Carsote: Enabling
cross-collection comparisons in collagen degradation by
standardised microDSC and MHT protocols

COFFEE BREAK

S2/Ceramics/3 Akos Mengyan: Ceramic raw material
procurement and tempering practices in the Late
Bronze Age Maklar: Implications for social dynamics

S2/Ceramics/4 Csaba Bodndr et al.: Archaeometric
investigation of the chaine opératoire of Mycenaean
stirrup jars through the integration of X-ray
radiography, XRF analysis and macroscopic
observations

S2/Ceramics/5 Barbara Borgers et al.: Ceramic
technology and craft communities in 1st-2nd century
AD: A view from Noricum

S2/Ceramics/6 Dorottya Gyorkos et al.: Glazed
ceramic products of a Late Roman workshop in
Pannonia Valeria

S$3/1 Szulamit Emma Horvéth and Zséfia Masek: The
conservation process of a Gepidic-period spatha with
silver mountings and wooden scabbard remains

S3/2 Violeta Karailieva and Veselina Chakarova:
Manufacturing process revealed through archaeometry
and conservation - A case study of a bronze artefacts
from the site of “Gerena”

S3/3 Xanthippi Foulidi et al.: Material characterisation
using non-destructive techniques: The case of the
Ephesiou summer house

S3/4 Bojana Savi¢ et al.: Thin films from liquid-phase
exfoliated h-BN as protective coatings for mural
paintings preservation

LUNCH BREAK
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Connecting Minds: Unveiling the Past Together

DAY 1 Monday, 19 October 2026 | Afternoon programme

10th - BUDAPEST

TIME

14:00

14:30

14:40

15:00

15:20

15:40

16:10

16:30

16:50

17:10

17:20

17:30

18:30

19:00-21:00

CONFERENCE ROOM

Keynote lecture 2 — Jelena Zivkovi¢ and Vesna
Bikic¢: Archaeology and archaeometry in dialogue:
Studies of medieval and early modern ceramics in the
Middle Danube region

ROOM K11/12

Technical break & room change

S2/Ceramics/7 Boglarka Donczé and Marianna Balint:
Bottles at the crossroads: Archaeometric insights into
Arpédian Age ceramic vessels at
Hajdubbszé6rmény-Téglagyar

S2/Ceramics/8 Veronika Szildgyi et al.: Medieval
whiteware in NE Hungary: Identification of
provenance-related and technological features

S2/Ceramics/9 Balint Péterdi et al.: Integrating
historical clay collections into ceramic provenance
studies

S4/1 Anett Osztas et al.: From ore to ornament: The life
history of Late Neolithic copper jewellery from
Alsdnyék-Bataszék (southern Hungary)

S4/2 Zsuzsanna Siklési et al.: The provenience of the
Early Copper Age Szeged-Szillér hoard

S4/3 Janos Dani et al.: Compositional analysis of the
Middle Copper Age hoard of Bagota

COFFEE BREAK

S2/Glass/1 Kata Dévai et al.: Glass recycling on the
Danube frontier: Preliminary archaeometric results from
the Brigetio workshop

S2/Glass/2 Roxana Bugoi et al.: Exploring Roman and
Late Antique glass finds from Dinogetia, Romania

S2/Glass/3 Ziga Smit and Tina Milavec: Post-antique
glass on the territory of Eastern Alps

S2/Glass/4 Roman Balvanovic et al.: Provenance of
Byzantine glass bracelets from the 11th-12th century
Brani¢evo and Morava (Serbia)

S4/4 Gabriela llies et al.: The use of mineral resources
of Maramures in prehistoric metal deposits from
Northwestern Romania. XRF analyses

S4/5 Athina Nikolopoulou and Eleni Filippaki: Copper
ingots and axes: Rethinking copper forms in the
prehistoric Aegean

S4/6 Tena Karavidovi¢ et al.: Roman iron semi-products
in circulation: Standardisation and variability in
production practices — evidence from the Hrvatska
Dubica iron-bar assemblage, Croatia

S4/7 Gergely Szenthe et al.: Silver sources in the “long
eighth century” of East-Central-Europe

Technical break & room change

Poster session with flash talks |

End

ICEBREAKER
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Connecting Minds: Unveiling the Past Together

DAY 2 Tuesday, 20 October 2026 | Morning programme

TIME

08:30

09:00

09:30

09:40

10:00

10:20

10:40

11:00

11:30

11:50

12:10

12:30

12:50

13:10

CONFERENCE ROOM

REGISTRATION

Keynote lecture 3 — Christina Papageorgopoulou:
Resilient cities, fragile lives: Diversity, crisis, and
survival in ancient Thessaloniki

ROOM K11/12

Technical break & room change

S2/Glass/5 Mudit Trivedi et al.: High boron glass beads
in Central European Early Iron Age glass networks: New
data from Herzegovina

S2/Glass/6 LaszI6 EI6d Aradi et al.: Unveiling the
Monomachos crown: Archaeometric insights into the
materials and medieval glassmaking technology

S2/Metals/1 Todor Valchev and Danail Yovchev:
Non-destructive SEM-EDS analysis of the silver and gold
hair-rings from the Early Bronze Age from the Lower
and Middle course of the Tundzha River, Bulgaria

S2/Metals/2 Monica Dinu et al.: Beyond typology and
upgrading showcase display: Insights into Late Bronze
Age / Early Iron Age craftsmanship for museum
valorization

S5/1 Mirela Mihon et al.: Sample preparation and AMS
14C analyses of wood from Targsoru Vechi-Holcim

S6/1 Dorottya Lang: From sea to summit: Marine shell
beads in the Late Bronze Age hoards of Somlé Hill

S7/1 Istvan Major et al.: Isotopic dietary and
palaeoenvironmental reconstruction of a Mesolithic
hunter-gatherer from the Hédmezdévdasarhely-Gorzsa
sand mine No. 5 site, SE-Hungary

S7/2 Jelena Jovanovic et al.: Diet and settlement
patterns during the Neolithic in the Southern
Carpathian Basin

COFFEE BREAK

S2/Metals/3 Séarka Krupi¢kova et al.:
“Bommelohrringe” between Balkans and Central Europe

S2/Metals/4 Eszter Horvath et al.: A Byzantine
masterpiece in the Avar Khaganate: Archaeometric
reassessment of the polychrome buckle from
Kunbdbony

S2/Metals/5 Zuzana Borzova et al.: Archaeometric and
technological investigation of a lunula-shaped enamel
temple ring from the 10th-11th century burial ground
at Hontianska Vrbica (Slovakia)

S2/Metals/6 Andras Torok: Surface treatments on
medieval small finds: A case study

S7/3 Aurelien Tafani et al.: Why studying Neolithic
mobility in the Eastern Balkans requires crossing
modern borders

S7/4 Christophe Snoeck et al.: Exploring the potential
of isotope analyses in Slovenian Archaeology

S7/5 Chen Kozulin: Epigenetics of ancient Pannonia
populations

S7/6 Mackenzie Masters et al.: At an isotopic
crossroads: An intersectional study of a ‘'mass grave’
from Romano-Byzantine Ibida (Romania) applying
archaeothanaotlogy, bioarchaeology, and isotopic
proxies

S7/7 Yusuf Can Ozdemir et al.: Genetic contrast and
dietary differences between neighbouring elite and
low-status burial groups in the Middle-Late Avar period

LUNCH BREAK
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DAY 2 Tuesday, 20 October 2026 | Afternoon programme

10th - BUDAPEST

TIME

14:10

14:40

14:50

15:10

15:30

16:00

16:20

16:40

17:00

17:10

18:00

19:30

CONFERENCE ROOM

Keynote lecture 4 — Laszl6é Bartosiewicz:
Navigating between disciplines: The Békényi centenary

ROOM K11/12

Technical break & room change

S2/Stone&Marble/1 Kata Furholt et al.: Tracing the
social lives of white stone and serpentinite artefacts in
the Balkans and the Carpathian Basin during the 6th
and 5th millennia BCE

S2/Stone&Marble/2 Diego Segui-Fabian et al.:
Archaeometric analysis of high-pressure meta-ophiolitic
pebbles from Oligocene conglomerate outcrops near
Carrosio (Italy)

S8/1 Péter Csippan: Stratigraphical and spatio-temporal
analysis of the animal bone finds of the Late Neolithic
tell-like settlement of Ocséd-Kovdshalom, Hungary

S$8/2 Linoy Namdar and Zsuzsanna Sikldsi: A
multi-method dental approach to herd management
and paleodietary reconstruction in Copper Age cattle
from Hungary

COFFEE BREAK

S2/Stone&Marble/3 Tamas Sagi et al.: Complex
petrographic and geochemical provenance analysis of
Late Neolithic polished stone tools made of alkaline
igneous raw materials from Alsényék-Bataszék
(S5-Hungary)

S2/Stone&Marble/4 Erika Kereskényi et al.:
Preliminary results of petrographical examinations of
polished stone tools from Szeleta Cave, Blikk
Mountains, Hungary

S2/Stone&Marble/5 Eszter Melis et al.: A moment of
power? Investigating a Bronze Age composite
macehead from Nagycenk (Western Hungary)

S8/3 Stella Nikolova et al.: What went down the well:
Animal husbandry and ritual consumption at Emporion
Pistiros

S8/4 Erika Gal and Gyoéngyi Kovéacs: Animal bone
remains from the Csékakd Castle: Cultural and
environmental imprints

S8/5 Kata Szathmdri: Bone applications of fishing nets

Technical break & room change

Poster session with flash talks Il

End

Conference dinner in Budapest
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DAY 3 Wednesday, 21 October 2026 | Morning programme

TIME

08:30

09:00

09:30

09:40

10:00

10:20

10:40

11:00

11:20

11:50

12:10

12:30

12:50

13:10

13:30

CONFERENCE ROOM

REGISTRATION

Keynote lecture 5 — Alexandra Rodler: From raw
materials to color: Archaeometric perspectives on
pigment production and trade

ROOM K11/12

Technical break & room change

S2/Others/1 Adina Boroneant and Monica Margarit:
Function and use-wear of Early Neolithic bone spoons:
Evidence from SW Romania

S2/0Others/2 Angelina Pirovska et al.: Technological
continuity vs. turnover: A comparative archaeometric
study of Neolithic and Chalcolithic ceramic pigments
across the Balkan Peninsula and the Carpathian Basin

S2/Others/3 Dorottya Lang et al.: Remains of an Early
Copper Age burnt house from Noslac (Romania)

S2/0Others/4 Milica Mari¢ Stojanovic et al.: Fresco
fragments from the remains of the 11-13th century
church in Senta-Crkveno Brdo, Serbia

S2/0Others/5 Veronika Nagy and Béla Tordk: Color
change of pigments characteristic in medieval wall
paintings

S9/1 Dragana Filipovi¢ et al.: Finds of flax/linseed at
prehistoric sites in Serbia and Romania and the issue of
flax seed size

S9/2 Rebeka Solti et al.: Combining morphometry and
organic residue analyses to understand Copper Age
pottery use in the Carpathian Basin

S9/3 Mateja Hulina et al.: Molecular traces of Copper
Age life: Lipid analysis of Lasinja culture pottery from
Poljana Krizevacka 2, Croatia

S9/4 Ines Nabernik BoSnjak et al.: Lunch at the lake:
Organic residue analysis from the pile-dwelling site of
Stare gmajne (late 4th millennium BC, Ljubljansko
barje, Slovenia)

S9/5 Beatrice Ciuta: Microstructural analysis of
carbonized porridge from a Dacian settlement in
north-western Romania

COFFEE BREAK

S10/1 Denitsa Sandeva-Minkova et al.: In search of the
past: Integrated remote sensing and geophysical
approaches in archaeological research on the
Ludogorsko Plateau, Northeastern Bulgaria

S$10/2 Nadezhda Kecheva et al.: Al ArchaeoTopia:
Al-assisted georeferencing and mound-symbol
extraction from archival topographic maps of Bulgaria

S$10/3 Corina Bors et al.: Seeing the unseen: The
archaeological site of Tartaria-Podu Tartdriei vest after
more than a decade since its discovery

S$10/4 Rebeka Mesterhdzy-Gergéacz et al.: The
possibilities and limitations of using various
non-destructive investigations on multiperiod
settlements in the Vél Valley

$10/5 Barbora Weissova et al.: Peak under the canopy.
Exploring Osogovo Mountains using LiDAR, remote
sensing and ground control

S12/1 Laura Dietrich et al.: Project WEAR: A
methodological framework for experimental and
computational analysis of stone tool uses

S12/2 Gabor Mesterhazy et al.: Settlement pattern
analysis and predictive modelling with a probabilistic
approach in the Tiszazug microregion, Eastern Hungary

S12/3 Eszter Solnay et al.: Mapping technological
knowledge and social connections: Network analysis of
Copper Age pottery forming in the Carpathian Basin

S12/4 loan Gabriel Mircea et al.: Protocol for
interdisciplinary data harvesting aimed at continuous
bioarcheological and geological research improvement
with machine learning computing techniques

S12/5 Akos Ekrik: A digital workflow for the
documentation and analysis of carved building stones

LUNCH BREAK
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Connecting Minds: Unveiling the Past Together

DAY 3 Wednesday, 21 October 2026 | Afternoon programme

10th - BUDAPEST

TIME

14:30

15:00

15:20

15:40

16:00

17:00

CONFERENCE ROOM

Keynote lecture 6 — Vania Virgili: From instruments
to interpretation: The new challenges of heritage
science

Laurent Vasse: JEOL Scanning Electron Microscopy -
Versatility in imaging and analysis

Anna Szigeti and Istvan Major: Isotopech Zrt.: Providing
archaeometry services through isotope analysis

Roundtable: Connecting Minds: Unveiling the Past
Together — Integrating Archaeology and Archaecometry

End
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ROOM K11/12

S11/1 Alfred Vespremeanu-Stroe et al.: Large rivers,
small rivers and rising seas: Long-term settlement
strategies in the Lower Danube and Western Black Sea
region

S11/2 Nino Sulava et al.: Reconstructing the Late
Bronze Age—Iron Age metallurgical society of Colchis
through palynological evidence

S11/3 Miklés Kédzmér et al: Destructive earthquakes in
ancient Tomis (Constanta, Romania) -
Archaeoseismological and historical data

S11/4 Tena Karavidovi¢ et al.: Workspaces and areas of
exploitation - Geoarchaeological record of the iron
production environments in altered lowland landscapes
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TIME PROGRAMME

Aquincum Museum and Archaeological Park
Buda Castle and Budapest History Museum
09:00-14:00  Bydapest Neutron Centre
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KEYNOTE LECTURES

MONDAY, 19 OCTOBER 2026

Elisabetta Starnini

University of Pisa, Italy

Green archaeometry for a green archaeology:
A new paradigm

The «green archaeometry» concept will be introduced as a new paradigm for a sustaina-
ble method of research in archaeology. Sustainable as aimed at providing the archaeologists
with tools for recognizing the combination of the compositional, technological, and typo-
logical macroscopical markers, for identifying a specific production without destructive and
expensive analyses, as in the case of ceramics. Moreover, in the spirit of «green archaeolo-
gy» the aim is to recycle and reuse old samples for reanalysis, rather than resample for new
analyses and to limit new sampling to the strict necessary. Archaeological deposits continue
to be consumed all over the world and in some cases exhausted despite the awareness ac-
quired over the years that excavation is a destructive operation, and that technological pro-
gress and scientific methodological advances instead provide us with increasingly less inva-
sive investigation techniques. In many cases, new and groundbreaking information has been
achieved simply by restudying old collections of thin sections in the light of new knowledge
and with new, holistic approaches. Some case-studies of green archaeometry for green ar-
chaeology will be illustrated.
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Jelena Zivkovi¢ and Vesna Biki¢

University of Tiibingen, Germany
Institute of Archaeology, Belgrade, Serbia

Archaeology and archaeometry in dialogue:
Studies of medieval and early modern ceramics
in the Middle Danube region

During the medieval and early modern periods, the Middle Danube was largely a frontier re-
gion that brought different social actors into cross-cultural exchange, as reflected in the ce-
ramic record. While the complex dynamics of cultural continuity and discontinuity have long
been recognized in archaeology, the integration of archaeometric approaches into ceram-
ic studies has significantly improved our understanding of the mechanisms underlying these
processes.

Research on the transmission of technological knowledge demonstrates the strong impact of
political change on local craftsmanship. In Belgrade, the Ottoman conquest in 1521 marked
the beginning of new production practices that differed from those of the period of Hungar-
ian rule across all segments of the chaine opératoire, as demonstrated by petrographic and
chemical analyses of ceramics.

New data on ceramic production technologies along the Danube, Sava, and Drava rivers in-
dicate the formation of two technological traditions that emerged in the Middle Danube Re-
gion during the Ottoman period. The first concerns the production of tableware and stor-
age vessels formed by wheel-throwing, both glazed and unglazed, typical of Ottoman urban
centres. The second tradition centres on pottery formed by hand and hand-turning wheel
that was used for cooking and baking. Archaeological criteria indicate consistency in the use
of functional vessel classes, as well as uniformity in vessel profiles within each class across
the region. Provenance studies and the reconstruction of ceramic, slip, and glaze produc-
tion technologies reveal the exchange of knowledge among multiple workshops within both
technological traditions of the Middle Danube region. These emerging networks of knowl-
edge exchange illustrate connectivity between socially diverse communities shaped by mi-
grations and warfare on the frontier.
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TUESDAY, 20 OCTOBER 2026

Christina Papageorgopoulou

Democritus University of Thrace, Greece

Resilient cities, fragile lives:
Diversity, crisis, and survival in ancient Thessaloniki

CityLife is an ERC-funded project that investigates, from a bioarchaeological perspective,
how past populations adapted to urban environments and developed resilience to the inher-
ent challenges of urban life. By analyzing human skeletal remains, the project examines the
role of biological factors in the durability and sustainability of pre-industrial urban societies.
The research focuses on Thessaloniki, a major European urban center that provides a unique
opportunity to study urban life diachronically from 300 BC to AD 1500. CityLife explores key
aspects of past societies, including living conditions, economic structures, population dy-
namics, pathogen load, and immune responses.

This presentation highlights the use of ancient DNA analysis to investigate how trade, mi-
gration, and exogamous marriage practices contributed to increased genetic diversity at the
population level in urban environments. At the same time, the formation of social, religious,
and neighborhood-based subgroups may have promoted endogamy, reducing genetic diver-
sity within those communities. In parallel, stable isotope analysis, skeletal stress markers and
innovative computational tools are used to assess the resilience and sustainability of urban
food systems. These approaches help determine how such systems responded to crises and
long-term transformations, as well as how population growth and socioeconomic disrup-
tions affected their efficiency.

Preliminary genetic results confirm the diverse and multicultural character of Thessaloni-
ki’s population. Demographic evidence points to cycles of prosperity and growth, interrupt-
ed by periods of significant stress. Indicators of developmental stress, disease, and mortality
— especially among infants and children — suggest that urban life posed substantial challeng-
es from an early age. Ongoing research explores hypotheses related to food inequality, reli-
gious dietary restrictions, and shifts in diet before and after major conflicts, epidemics, and
periods of social instability.
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Laszl6 Bartosiewicz

Stockholm University, Sweden E}

Navigating between disciplines:
The Bokonyi centenary

Sandor Bokonyi, the founder of modern archaeozoology in Hungary, was born in 1926. Hold-
ing a degree in veterinary science, he devoted his entire life to archaeological research.
Through his investigations in the Balkans and Southwest Asia, he achieved results of inter-
national importance in elucidating past animal-human relationships. Notably, he was one of
the few, whose approach was truly interdisciplinary in Hungarian archaeology at the time.
He played a prominent role in representing archaeology at the level of the Hungarian Acad-
emy of Sciences. A generation’s time has passed since his untimely death. It is therefore in-
structive to review the current state of archaeozoology in light of his career and the perspec-
tives of archaeozoological research in Hungarian archaeology.
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Alexandra Rodler

Austrian Archaeological Institute
of the Austrian Academy of Sciences
Vienna, Austria

From raw materials to color: Archaeometric perspectives
on pigment production and trade

Color played a central role in the ancient world, not only as an aesthetic choice but as ma-
terial expression shaped by resource availability and technological knowledge. Vibrant pal-
ettes drew on a wide range of mineral pigments from naturally occurring materials requiring
minimal processing — such as ochre and cinnabar — to complex, multicomponent materials
produced through high-temperature technologies such as Egyptian blue. Ancient texts em-
phasize that material quality and provenance mattered, yet the origins of these materials or
where they were processed remain poorly understood. Some pigments derived from rare re-
sources and appear sparingly in the archaeological record, while others made from more ac-
cessible raw materials were widely used and possibly circulated far.

This keynote presents new insights from the ERC-funded project Color in a New Light, which sit-
uates pigments within broader frameworks of production, trade, and cultural interaction. De-
spite their importance, pigments remain understudied compared to materials such as metals:
pigment provenance research still needs robust methodologies and comprehensive reference
databases. As a result, interpretations of pigment origins and circulation remain challenging.

Focusing on Egyptian blue as a key case study, this keynote traces shifts in supply networks
and explores the potential reorganization of pigment industries in the 1st century BCE. Pro-
duced in high-temperature workshops from calcium-, silica-, and copper-based compounds
with added flux, Egyptian blue exemplifies the intersection of technological knowledge and
resource procurement. Its manufacture appears closely linked to glass and metal produc-
tion, suggesting shared workshops and overlapping trade networks. However, only a few
production centers have been identified, and provenance studies remain scarce. The limit-
ed data available point to the use of distant copper sources, underscoring the complexity of
these supply systems. By reconstructing pigment production and trade, this research sheds
new light on ancient connectivity and contributes to a more nuanced understanding of tech-
nological and economic organization.
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Vania Virgili

European Research Infrastructure
for Heritage Science, E-RIHS ERIC
Florence, Italy

From instruments to interpretation:
The new challenges of heritage science

Instruments produce measurements. Research questions require interpretation. Between
the two lies the contribution of heritage science, and its challenges: complex research ques-
tions no single technique can answer, data that must stay usable long after a project ends,
and research that crosses disciplinary and national boundaries.

E-RIHS ERIC, the European Research Infrastructure for Heritage Science (www.e-rihs.eu),
brings together expertise and capabilities across Europe. Through four platforms — ARCHLAB,
FIXLAB, MOLAB and DIGILAB — it provides access to state-of-the-art facilities, instruments,
archives, collections and digital resources. Researchers can combine them, designing investi-
gations around the research question rather than the capabilities of a single laboratory. This
matters in archaeometry, where complementary analytical approaches reveal different as-
pects of an artefact’s materials, manufacture and history. The HS Academy adds doctoral
schools, training camps and webinars.

Heritage science is asked today for more efficient methods to interpret heritage in its cul-
tural contexts, and stronger capacity to respond to climate and human-induced pressures.
Growing, heterogeneous data change how knowledge is created, while Al opens new pos-
sibilities and raises questions of quality, reliability and ethics. The E-RIHS Scientific Strategy
2026-2030 answers in four pillars: scientific and technological advancement for emerging
needs; data-driven research within the European digital ecosystem; balanced access, train-
ing and community engagement; and enlargement and operational excellence.

In archaeometry, connecting measurement to interpretation is not new: it is integral to the
field. What changes is the scale at which it becomes possible, and the degree to which na-
tional strengths can become shared European capacity. E-RIHS provides a framework for
working at that scale, shaped by those who use it, provide services through it and partner in
its development.
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Laurent Vasse

JEOL (EUROPE) SAS dEDL

Croissy-Sur-Seine Solutions for Innovation

JEOL Scanning Electron Microscopy —
Versatility in imaging and analysis

Electron microscopes for material science including heritage sciences from JEOL are devel-
oped to support users to investigate large variety of samples with several techniques. We
will introduce our portfolio from tabletop JCM-7000 Neoscope to JSM-IT710(HR) and JSM-
IT810 FEG SEMs with presenting solutions of particle analysis and automatic functions from
JEOL in order to cover several aspects of needs for automative workflow.

Anna Szigeti and Istvan Major

, Isotoptech Zrt. Isotoptech Zrt.

Debrecen, Hungary

Isotopech Zrt.: Providing archaeometry services
through isotope analysis

Over the past few decades, the focus of archaeological, anthropological and cultural heritage
research has broadened to incorporate a variety of natural scientific and instrumental ana-
lytical approaches. The Isotoptech Zrt. laboratory in Debrecen, Hungary, is expertised in iso-
tope analytical methods, and we have decades of experience in the field.

The radiocarbon dating laboratory is equipped to handle a wide variety of archaeolog-
ical samples, including bone, tooth, cremated bone and plant remains, such as seeds,
charcoal and wood. Despite the small amount of sample required for the analysis there-
by protecting our common heritage, our measurements are conducted with a low back-
ground and high level of precision.

On most of the mentioned sample types, stable isotope ratio measurements (C, N, O, S or Sr)
can also be completed. Analysing stable isotope ratios is a widely preferred method for de-
tecting past dietary, mobility and migration habits, as well as environmental conditions and
changes over time.
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SESSION 1 — ORAL PRESENTATION

Resolving structural instability in a cinerary urn
and lid from the Isthmia Archaeological Museum
utilizing 3D technologies

Angeliki Kandri, Theodore Ganetsos?®?,
Antreas Kantaros* and Joseph L. Rife®

! University of West Attica, Athens, Greece, angel_kandri@uniwa.gr

2 University of West Attica, Athens, Greece, ganetsos@uniwa.gr, ORCiD: 0000-0003-2081-4960

3 Laboratory for Materials and Cultural Heritage, Faculty of Technology, University of Novi Sad,
Serbia

4 University of West Attica, Athens, Greece, akantaros@uniwa.gr, ORCiD: 0000-0001-7927-1468

> Department of Classical and Religious Studies, Vanderbilt University, Nashville, Tennessee, USA

Keywords: conservation and preservation, 3D scanning, 3D printing, cinerary urn

Preserving cultural property constitutes a fundamental priority within contemporary her-
itage science. Given the inevitable degradation of archaeological material, implementing
non-destructive documentation and restoration workflows is paramount. This paper eval-
uates a digital preservation strategy applied to a Roman-era cinerary urn and its matching
lid, currently stored in the Isthmia Archaeological Museum. The vessel was unearthed from
Tomb 7 on the Koutsongila Ridge, located in the north cemetery at Kenchreai, the eastern
port of Corinth, and dates from the 1st to the early 2nd century CE, serving an essential fu-
nerary function within a multi-generational household that makes it vital for interpreting lo-
cal burial customs. Due to severe fragmentation, initial conservation required the structur-
al bonding of all fragments; however, significant material loss along the vessel’s upper rim
resulted in severe instability, preventing the lid from being properly supported. To achieve
stabilization with minimal physical intervention, this research leverages high-resolution 3D
structured light scanning and 3D printing. A handheld 3D scanner captured high-fidelity sur-
face geometries, which were post-processed to generate an accurate digital mesh. Through
virtual restoration techniques, the missing segments of the rim were digitally reconstruct-
ed to match the exact profile of the lid. The missing volumes were then fabricated via desk-
top 3D printing using compatible polymers. Post-processing operations were applied to re-
fine and color-match the physical inserts, ensuring seamless integration. This non-contact
approach leads to the successful restoration of the structural and aesthetic integrity of the ar-
chaeological assembly, offering a precise, reversible solution for complex pottery restoration.
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The cinerary urn vessel during processing in the 3D scanner software
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Enabling cross-collection comparisons
in collagen degradation by standardised microDSC
and MHT protocols

Elena Badea®? and Cristina Carsote?

! Department of Chemistry, Faculty of Sciences, University of Craiova,
Romania, elena.badea@edu.ucv.ro, ORCiD: 0000-0003-1437-2844

2 The Research Institute, University of Bucharest, Romania

3 Centre for Research and Physical-Chemical and Biological Investigations, National Museum of
Romanian History, Bucharest, Romania, criscarsote@yahoo.com, ORCiD: 0000-0002-6137-9961

Keywords: collagen, microDSC, MHT, standardisation, damage assessment,
integrated analytical workflow

Collagen-based archaeological materials, including skin and leather, are highly heterogene-
ous and sensitive to environmental stressors [1]. Assessing their degradation is challenging.
This study introduces standardised protocols for micro-differential scanning calorimetry and
micro hot table (MHT) as complementary tools for evaluating collagen preservation. MicroD-
SCyields quantitative data on collagen thermal denaturation, detecting changes in the heat
absorbed or released during a process and transition temperatures associated with struc-
tural alterations. MHT measures the temperature at which collagen fibres shrink, a direct in-
dicator of material stability. The proposed standardisation addresses sample preparation,
measurement conditions, data processing, and reporting criteria to improve reproducibility
across laboratories and materials. Particular attention is given to the challenges arising from
heterogeneous specimens, limited sampling, and variability in historic manufacturing and
burial conditions. This dual thermal analysis is particularly effective in clarifying the inter-
pretation of complex degradation histories when complemented by attenuated total reflec-
tance Fourier transform infrared spectroscopy (ATR-FTIR) and carbon-13 solid-state nuclear
magnetic resonance (**C NMR) [2]. A harmonised analytical workflow facilitates the classifi-
cation of degradation states, supports comparison between collections, and reinforces the
scientific basis for conservation decisions. It is particularly advantageous for studies of col-
lagen-rich artefacts where minimal sample consumption and high sensitivity are required
[3]. The rationale, protocol design, and interpretive potential of standardised thermal anal-
ysis within a multiscale-, multi-technique analytical platform for archaeological research are
discussed [4].
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Integrated multi-scale analytical workflow for archaeological leather, combining microscopy,
MHT, FTIR-ATR, NMR MOUSE, SEM, micro-DSC, pH and XRF to characterize collagen preservation,
deterioration mechanisms, and burial-related alterations

Notes
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Miniature ceramic bottles
from Eneolithic cave cemetery Ajdovska jama, Slovenia
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Ajdovska jama is the only known Eneolithic cave cemetery in Slovenia. Several groups of
graves have been identified here, and in some cases, miniature ceramic bottles were found
as grave goods. Other ceramic bottles from Slovenia originate from Neolithic and Eneolith-
ic settlements, which makes Ajdovska jama even more intriguing. For this reason, we decid-
ed to study the bottles from the perspective of the ceramic chaine opératoire to understand
their forming and decoration techniques, as well as their use and function.

To achieve this, we employed a range of analytical techniques. The integration of these ap-
proaches enabled a more comprehensive understanding of their use and function by provid-
ing insights from both organic and inorganic perspectives. Sampling presented a significant
challenge, as the objects are of national importance and therefore required exceptional care
during analysis, while their small dimensions further restricted the quantity of material avail-
able for sampling.

Beginning with macroscopic analysis, we were able to define the objectives of the study. A
broad range of analyses allowed us to use various techniques to investigate several aspects
from the production to the use, as we obtained data from both organic and inorganic per-
spectives. Ceramic thin-section analysis, in combination with micro-CT, provided insight into
the clay paste and forming techniques. Later, micro-CT results also helped guide the imple-
mentation of sampling strategies for geochemical and organic residue analyses.

The combination of optical microscopy, X-ray powder diffraction, and high-resolution induc-
tively coupled plasma mass spectrometry has provided better insight into the characterisa-
tion of ceramic bottles made from local clay without temper. Evidence of surface treatment
was also identified, likely resulting from the use of beeswax. The elemental composition of
the bottles is associated with increased levels of chromium, copper, phosphorus, lead, tita-
nium, and zinc.
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Additionally, our study provides important information on the forming techniques of the
ceramic bottles, whose deposition within a burial context suggests a deliberate and poten-
tially symbolic function, which will be explored through the integrated results of the various
analyses.
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Ceramic bottle from Ajdovska jama showing the chromatographic profile
and X-ray computed tomography results

Notes
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Archaeometric characterization of Eneolithic pottery
from Bordusani-Popina (Romania)

Madalina Dimache! and Madalina-Florentina Voicu?
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2 National Museum of the Romanian History, Bucharest, Romania

Keywords: pottery, Eneolithic, Romania

The Gumelnita culture is one of the most representative expressions of the Eneolithic in the
northern Balkan Peninsula, with a range covering vast regions of southern Romania — Mun-
tenia, eastern Oltenia, southeastern Moldavia, and Dobrogea — as well as the southern Dan-
ubian territories of Bulgarian and Greek Thrace.

This extension defines the Gumelnita—KodZzadermen—Karanovo VI cultural complex, whose
communities evolved between 4600-3900 BC. Among the numerous archaeological sites
identified, the Popina-Bordusani Eneolithic tell settlement (lalomita County, southeastern
Romania) represents a key archaeological sequence for investigating the maximum develop-
ment of this culture (phase A2) north of the Danube. Its extensive stratigraphy reaches, in
places, a thickness of up to 8 meters of anthropic accumulation. Essential aspects of daily life
at that time included pottery production, a complex workflow involving the careful selection
of raw materials, shaping, decoration, and firing in specialized kilns.

To preserve a ceramic artifact’s inherent historical integrity and data retention, minimizing
post-excavation handling and intervention is paramount. In strict alignment with this prin-
ciple, treatment of the vessel under study was restricted to gentle cleaning and structural
reassembly. By deliberately omitting chemical consolidation, the artifact’s pristine materi-
al matrix remains completely uncompromised, thereby expanding the scope and viability of
prospective archaeometric investigations.

Consequently, the petrographic, optical microscopy, and chemical analyses carried out on
the ceramic samples from Popina-Bordusani have provided essential information on manu-
facturing technologies, raw material provenance, and the dynamics of craft traditions. The
results of this research indicate a persistence of traditional manufacturing and utilitarian
customs, suggesting a cultural continuity deeply rooted within the local community.
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This study presents a comparative technological analysis of ceramic assemblages from two
contemporaneous Late Bronze Age (1500-1300 BC) cremation cemeteries in the Carpathi-
an Basin: Maklar-Koszpérium (121 burials) and Maklar-Nagyrét Il (210 graves). Attributed to
the Tumulus period (Reinecke BzB2-C), these sites are situated in close geographic proximity
(1.5 km in beeline) in the vicinity of Maklar in northeastern Hungary, raising crucial questions
regarding their simultaneous use and the social dynamics of the communities.

To explore the relationship between these burial sites and social groups, this research inves-
tigates ceramic manufacturing traditions, specifically focusing on raw material choice and
tempering practices. Representative samples of funerary vessels and local sediments were
analysed using thin-section petrography and X-ray powder diffraction (XRPD), with the min-
eralogical data further evaluated via Principal Component Analysis (PCA) to distinguish sub-
tle compositional patterns.

The results reveal pronounced technological discrepancies between the two cemeteries, pri-
marily manifested in distinct tempering recipes and fabric preparation strategies. While both
communities utilized similar local geological resources, they maintained discrete, localized
technological choices. These variations argue against a single, homogeneous pottery-mak-
ing tradition and instead indicate differences in the social backgrounds and micro-identities
of the individuals, using the two cemeteries. Consequently, these technological divergenc-
es could offer a plausible explanation for the maintenance of two separate, but closely situ-
ated funerary sites, suggesting that the parallel funerary landscape at Makldr might reflect
the deliberate coexistence of two socially differentiated communities. Additionally, phase
changes in the clay matrixes indicate that firing temperatures for both assemblages were
consistently placed between 600 °C and 850 °C.
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Drawings of the analysed vessels and its thin sections
from grave 13 of Makldr-Koszpérium (photomicrographs: 40X, +N)

Notes
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The stirrup jar is a characteristic vessel type of the Late Bronze Age Aegean pottery assem-
blages. Originating in Crete, it became a key form in Mycenaean ceramic production and
was widely distributed across the eastern Mediterranean during the 14th—13th centuries
BC. Large numbers of these vessels have been found on Cyprus, in Egypt, and in the Levant,
where they were most likely imported for their contents, although evidence for local pro-
duction is also attested at several sites, indicating complex patterns of manufacture and ex-
change. Despite their abundance and broad distribution, very few studies have approached
this vessel type from a technological perspective and attempted to comprehensively docu-
ment its entire manufacturing sequence, which could provide important insights into pro-
duction contexts and places of manufacture.

This paper examines a group of Mycenaean stirrup jars, mostly originating from Cyprus, kept
in the collection of the Museum of Fine Arts, Budapest. The study investigates their complete
chaine opératoire from forming techniques through surface treatment to painting methods,
in order to assess technological choices at each stage of manufacture. The analysis inte-
grates multiple non-destructive methods, including macroscopic examination, X-ray radiog-
raphy, photodiagnostic imaging techniques, and portable X-ray fluorescence (XRF) measure-
ments conducted at several points on each vessel.

The datasets obtained through these methods are evaluated comparatively in order to iden-
tify similarities and differences in the production practices represented by the vases. The
results are used to assess whether the observed morphological, technological, and com-
positional characteristics reflect a coherent production tradition or point to multiple man-
ufacturing practices. Ultimately, the study aims to determine whether the analyzed vessels
can be associated with a specific production region or workshop tradition, thereby contrib-
uting to broader discussions on Mycenaean ceramic production, exchange networks, and
consumption patterns in the eastern Mediterranean.
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Radiographic image of a Mycenaean stirrup jar

Notes
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Tripod bowls are a distinctive shape in the Late Iron Age in southern central Europe, in the
area that would become the Roman province of Noricum and Pannonia around the turn of
the 1st century BC/AD. Their subsequent spread to eastern Europe, which would later be-
come the Roman province of Dacia, around the turn of the 2nd century AD, is viewed in light
of the detachment of Norican-Pannonian soldiers to this part of the Roman Empire [1]. How-
ever, little is known about the workshops in Noricum where these bowls were manufactured.

This paper examines 35 tripod bowls from five towns (municipia) and roadside settlements
(vici) in Noricum, dating between 50 and 150 AD, with the aim of characterising their tech-
nology and origin. To this end, macroscopic observations are combined with thin section pe-
trography [2], stable isotope analysis [3] and small-angle neutron scattering analysis [4]. The
compositional data are compared with the local geology to determine whether these bowls
were produced locally.

Preliminary results indicate the existence of two main technological traditions: the first in-
cludes wheel-thrown tripod bowls with coarse, poorly sorted calcite/marble inclusions, while
the second tradition comprises coarse, moderately sorted sedimentary rock/sand inclusions,
formed with hand-building techniques followed by secondary wheel-shaping. In combination
with the regional geology, these data suggest that the bowls were produced locally or in the
vicinity of the investigated sites, although little to no direct evidence of workshops was found.

The findings further indicate that two craft communities were active in this part of Noricum;
one community practiced hand-building according to pre-Roman traditions in the study
area, and the other adopted wheel-throwing. Using a different forming technique, this latter
community appears to have settled in Noricum in the wake of new opportunities offered by
the development of the Roman province.
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Despite the large number of late Roman glazed ceramics excavated throughout Pannonia,
relatively few studies have examined their material composition in the Danubian provinc-
es [1, 2]. In this study, Late Roman glazed and unglazed household ceramics, along with as-
sociated slags, excavated in the vicinity of Kdrnye in the northern part of the former Panno-
nia Province, were investigated. The archaeological site lies only six kilometers to the north
from the late Roman inner military fortress, most probably referred to as Vincentia in former
Pannonia Valeria province [3]. The site comprises two Late Roman pottery kilns containing
deformed glazed vessel fragments and vitrified kiln debris, indicating local ceramic produc-
tion. After macroscopic investigation, a total of 93 samples were analysed using petrography,
SEM—-EDX, EPMA—EDX, XRD, micro-XRD, and TEM.

The finds can be divided into two main groups based on the characteristics of the ceramic
bodies, although the majority of the vessels show similar production technology [4]. Most
of the bodies are poorly-sorted, containing sub-angular to sub-rounded very fine to very
coarse-grained non-plastic inclusions in the matrix. Comparative analysis of sediments from
nearby sand quarries suggests that local raw materials were used for the ceramic bodies.
Glazing technology — involving the use of a lead oxide—silica mixture coloured by iron — was
consistent throughout the assemblage. Some of the glazed ceramics are characterised by
the occurrence of unique, unusually large newly-formed lead feldspar crystals within the
glaze (up to 360 um). TEM studies revealed that these feldspar crystals exhibit twinning and
are associated with amorphous phases containing higher lead and lower alumina contents.
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In terms of chemical composition, the lead feldspars range from calcium-rich to potassium-rich
end-members. The occurrence of newly formed mineral phases (such as diopside, mullite, ge-
hlenite) in both the slags and ceramic bodies further supports high firing temperatures.
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The Hajduboszérmény-Téglagyar site, historically identified through toponymic and archi-
val research as a central settlement of the early medieval Ishmaelite (Muslim) community in
northeastern Hungary, remains one of the region’s most prominent yet underexplored ar-
chaeological locations. Despite its significance, excavations have covered only a small frac-
tion of the extensive Arpadian period village. Nevertheless, even from these limited trench-
es, a rich and highly diverse ceramic assemblage has been recovered, most notably featuring
an unusually high frequency of bottles and water-carrying vessels — which deviates from typ-
ical patterns observed in other Arpadian age settlements [1]. These vessels exhibit consider-
able variation in form, fabric, and manufacturing technique, with some displaying distinctive
characteristics that suggest Byzantine influence or provenance (2, 3].

To clarify the function, provenance, and production techniques of these vessels, petrograph-
ic thin-section analysis was conducted on ten selected ceramic samples. This archaeomet-
ric approach integrates materials science with archaeological context, yielding insights into
local ceramic traditions, potential exchange networks, and the material culture of the site’s
early medieval Ishmaelite inhabitants. The findings contribute to reconstructing the settle-
ment’s chronology and spatial organization, while underscoring the value of systematic sci-
entific analysis for understanding medieval Muslim communities in Central Europe.
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Assorted bottles from the Hajdubdszérmény-Téglagyadr site

Notes
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White-colored ceramic was a relevant component of assemblages in several European regions
in the Middle Ages (e.g. English Surrey whiteware, German stoneware, Northern and South-
ern French whiteware, medieval whiteware of Poland and Slovakia). Having high aesthetic val-
ue, it was a subject of general demand through time and space. However, due to specific man-
ufacturing requirements (e.g. purified from coloring agents, controlled firing, sometimes less
workability), its production always was an intentional technological choice. Whiteware was
manufactured in specialized, intermediate-to-large-scale production centers [1, 2].

To connect to European whiteware research and to determine the circumstances of produc-
tion, a detailed study on medieval Hungarian whiteware (HWW), appearing in the 12th/13th
c., blooming in the 13th—16th c., and being a pottery type with well described forms, size and
decorations, has started [3]. HWW has a specific medieval distribution pattern showing con-
centration in the mountainous area of NE Hungary. This work focuses on HWW assemblages
of 13 NE Hungarian Arpad Era to Late Medieval archaeological sites (Abaujvar, Fizér, Komlds-
ka, Sarospatak, Tiszaeszlar, Tiszalok, Felsézsolca, Feldebrd, Kacs, Saly, Muhi, Onod, Hejék-
eresztur) to discover the material characteristics identifying the raw material and technolo-
gy by OM, SEM-EDS, PGAA, NAA and XRD methods. Microfabric investigations revealed that
the selected raw material was so appropriate for white pottery production that no elaborate
preparation was done. Instrumental mineralogical and chemical investigations proved that
multiple sources were applied for the raw material selection. Our study shows that medieval
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HWW was a standardized, multi-provenanced pottery type of the Hungarian Kingdom with a

simple paste preparation technology. These features emphasize the importance of identify-
ing exact clay sources during our future research.
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Hungarian whiteware — 1: Onod 122 (15th-16th c.); 2: Muhi 62 (15th-16th c.);
3: Feldebrd 30 (incised-glazed ware, 15th—16th c.); 4: Onod 124 (13th-14th c.);
5: Sdly-Lator 17 (13th—14th c.); 6: Muhi 78 (15th—16th c.). Photo: Erika Simonyi
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There is a continuous demand in ceramic archaeometry — mainly in provenance studies — for
the systematic processing and use of clay databases. Our work demonstrates the research
potential of analysing samples from historical collections such as the so-called Kalecsinszky
Clay Collection.

This collection was established at the turn of the 19th and 20th centuries in the former Hun-
garian Royal Geological Institute, by S. Kalecsinszky and his colleagues. The aim of the col-
lection was to compile the clay resources used in handicraft and industrial production across
the Carpathian Basin and to investigate their firing and refractory properties [1]. The collec-
tion — raw clay samples and the samples of experimental firings — reached to nearly 1,000
pieces encompassing all the larger and more important clay deposits of the Carpathian Ba-
sin, as well as many smaller and less important ones, and a few comparative samples from
outside the Carpathian Basin.

Despite the turbulent fate of the collection in the 20th century, a substantial portion of the
original assemblage — more than 700 specimens — has been preserved and is accessible for
study today in the Supervisory Authority for Regulatory Affairs (SARA, the legal successor of
the Geological Institute). This collection offers significant potential for research in ceramic
archaeometry.

As a case study, white or light-coloured clays were selected from the collection. After exper-
imental firing, their thin section petrographic characteristics were compared with those of
white ceramics ranging from the Middle Ages (12th c.) to the Modern Period (19th c.) in the
Kingdom of Hungary. Our aim was to refine the identification of raw material sources and
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thereby contribute to discussions of provenance and ceramic technological choices [2].
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The secondary glassworking workshop excavated in the civil town of Brigetio (Pannonia), ac-
tive in the late second to early third century AD, is one of the best documented Roman glass-
working contexts on the Danube frontier. Furnaces and refuse deposits yielded raw glass
chunks, cullet, production waste, malformed beads, vessel and window-glass fragments, and
snake-thread decorated beakers, allowing production and recycling to be investigated with-
in a secure context [1, 2].

The coexistence of vessel and bead production is important. Deformed beads display
opaque white, yellow, blue and turquoise decorative glasses comparable to applied trails
on locally produced snake-thread vessels, while similarly coloured raw glass and production
residues occur in the same assemblage [1, 2]. This permits relationships between raw ma-
terials, decorative glasses, finished and failed products, and recycling to be examined with-
in one workshop.

The study combines scanning electron microscopy with energy-dispersive X-ray spectros-
copy (SEM-EDS) and laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS). SEM-EDS characterises glass composition, colourants, opacifiers and microstructural
features. LA-ICP-MS analyses at IRAMAT-Centre Ernest-Babelon provide high-resolution el-
emental data for raw glass, cullet, vessel and window-glass fragments, bead waste and dec-
orative components. Together, the methods distinguish compositional groups and supply
streams, assess mixing and recycling, and compare base glasses with coloured and opaque
components [3, 4].

The project asks which primary natron glass groups supplied Brigetio, whether one or sev-
eral supply streams were involved, how extensively cullet was reused or mixed, and wheth-
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er coloured and opaque glasses were imported pre-coloured, modified locally, or repeated-
ly recycled. Particular attention is paid to links between coloured raw glass, decorated beads
and applied trails on snake-thread vessels.

The project will provide the first integrated workshop-scale archaeometric dataset for Ro-
man glassworking in Pannonia, clarifying material selection, recycling and decorative glass-
working on the Danube frontier.

This research was supported by the 2026 Rakow Grant for Glass Research of the Corning Mu-
seum of Glass, awarded to Kata Dévai for the project “From Raw Glass to Snake-Thread Beak-
ers: Workshop Practice and Recycling in a Neglected Frontier Province”.
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The fortification of Dinogetia is located 4 km north of Garvan village, Tulcea County, Roma-
nia, on a former small island locally known as “The Little Church”. Following the Roman con-
quest, the castellum, part of the Danube limes, hosted several military units and functioned
as a fleet station. Most likely, the remains of the Late Roman, Early Byzantine, and Byzantine
fortifications we see today overlap the Early Roman fortification.

The communication reports the results of the compositional analysis of 100 Roman glass
fragments from Dinogetia excavated during the archaeological campaigns from 1950-1991.
The assemblage includes fragments of vessels (bottles, beakers, lamps) and architectural
glass remains (window panes), mostly dated to the Late Roman period.

Whenever possible — considering their fragmentary condition or lack of diagnostic features —
the items were typologically classified according to the criteria of Isings [1] or Antonaras [2].
The chronology of the archaeological material was established mainly through typological
analysis, and supplemented by stratigraphic evidence.

The fragments were analysed for their chemical composition using the external IBA (lon
Beam Analysis) set-up of AGLAE accelerator from the basement of the Louvre Palace, Paris,
France [3], in the frame of the EU Horizon 2020 project IPERION-CH.

Several chemical types from the literature were identified: naturally coloured blue-green-yel-
low Roman glass, typical for the Early Roman period, HIMT (High Iron Manganese Titanium),
Foy Série 3.2 and Foy Série 2.1, characteristic of the Late Roman period [4]. The frequency
of each chemical type is discussed in relation to the chronology of the finds. Composition-
al data enabled comments on the raw materials, glass provenance or glass recycling issues.
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In the region of eastern Alps, the period of Late Antiquity is characterized by reduction of
population and quality of living places, while the territory served mostly as a transition area
for different barbaric nations on their way to Italy. Beside a few cities located at the coast
(Koper) and strategic positions by the rivers (Kranj), most of the population retired to remote
fortified places, which served as administrative and ecclesiastic centers. In these circum-
stances the use of glass continued, which is documented in numerous archeological finds.
On the other hand, analysis of the glass composition may uncover several patterns of life in
these settlements.

Our analysis involved glass from several Late Antique and Early medieval sites, such as To-
novcov grad, Korinjski hrib and Koper [1-3], and of yet unpublished results of glass from Kranj
and Gradi¢ near Kobarid. The analytical method was ion-beam analysis based on a 3 MeV
in-air proton beam. The method of proton induced X-rays (PIXE) was used for the elements
heavier than silicon, while the lighter elements were determined by the method of gamma
rays induced by inelastic nuclear scattering.

The results show an interesting time development of glass types. A strong presence of HIM-
Ta glass was observed at Gradi¢, a religious center with the peak activity in the 4th c. AD. In
the nearby Tonovcov grad, with the main population phase in the 6th c. AD, HIMT glass is
only shown in a few examples, the most numerous types being Foy 3.2 and Foy 2.1 glasses.
However, in comparison with the sites in the Balkans, the frequency of Foy 3.2 in comparison
with Foy 2.1 is much weaker. Another specific is almost absence of Levantine | glass, which is
not so rare in Northern Italy.
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The 11th—12th-century Byzantine towns of Branicevo and Morava (Serbia) yielded large as-
semblages of glass bracelets, indicating important glass-production centers. Previous major-
and minor-element analyses showed that the bracelets were produced using natron, plant
ash, and evaporitic mineral soda fluxes. This study applies strontium and neodymium isotope
analysis and trace-element data to determine their provenance. Particular attention is given
to high-boron glasses produced with evaporitic mineral soda, for which no isotopic data ex-
ist to date and whose proposed Anatolian origin has so far been supported only indirectly.

The analysis identified four compositional groups. The first consists of natron glass pro-
duced using Late Antique cullet, predominantly of Levantine, and partially Egyptian prov-
enance. The second comprises Islamic plant ash glass, also Levantine but distinct from the
first group, likely originating from Beirut and Damascus. The third group includes soda—lime
glasses enriched in borates, probably derived from the Bigadi¢ deposits in western Anato-
lia. Their trace-element ratios and negative Eu anomaly closely match glass from Hisn al-
Tinat, while low eNd values (-8.5) are consistent with marine sediments from the Sea of
Crete and the western Levant Basin, supporting a western Anatolian sand source. The fourth
group represents recycled mixtures of glasses from the other groups. Two outliers may orig-
inate from Raqga and Siraf (Iran). One sample is identified as a furnace or crucible fragment,
supporting local glass production. Another is a lead—zinc smelting slag, indicating that sec-
ondary glass melting took place near metalworking workshops. Low-zinc blue glasses were
colored with N2-type cobalt characteristic of Ptolemaic—Roman Egypt, possibly derived from
asbolane-rich deposits in Kashan (Iran). The wide import of glass from across the eastern
Mediterranean indicates that Brani¢evo and Morava functioned as major, versatile industrial
centers on the re-established Byzantine Danube frontier during the 11th—12th centuries CE.
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This paper presents analyses of two glass beads recovered from a distinctive multiperiod
site: Baljci in Herzegovina, where our excavations uncovered Iron Age and medieval buri-
als. Glass artefacts and their chemistry from Bosnia and Herzegovina remain understudied,
especially for the Iron Age. The two beads from Baljci represent the first documented Bal-
kan examples of a distinctive and understudied glass type which is both “high boron” and
which has previously been described as a “low-magnesia, moderate-potash (LMMK)” “glassy
faience” [1], about whose origin, distribution and chronology several key questions remain
open. This paper presents results of the LA-ICP-MS and micro-CT analysis of these two glass
beads. It describes their unusual flux and sand related compositions, characterizes the het-
erogeneity of the glassy material and comments on its atypical colorant. It compiles and re-
views all available evidence for LMMK glass across Europe, comparing these beads to exam-
ples published from Poland, Croatia and Italy [1, 2], finds which are delimited to the Early Iron
Age or Halstatt C period (c. 800—600 BC). The paper tests relationships between boron, ce-
sium, barium and lithium and of these trace elements with Al,O,, MgO, K,0 and TiO,. On the
basis of unusual correlations between these it provides chemical rationale distinguishing this
LMMK High Boron glass from extensive newly reported evidence for Iron Age High Boron
glass from Georgia [3], and High Boron glass from Turkey, Jordan and Iran [4, 5, 6]. This anal-
ysis contributes to the clarification of this important transitional Iron Age glass group. It eval-
uates previously made arguments about the European production and working of this glass
in the light of the recent evidence. It also presents hitherto archaeometrically unconsidered
potential sources for boron enriched evaporites in the Balkans.
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In the Middle Ages enamelwork was held in exceptionally high regard and ranked among the
most valuable artworks of the Byzantine Empire. For centuries, Byzantium maintained near
exclusivity in the creation of cloisonné enamel on gold, a technique associated with the im-
perial court of Constantinople. Yet only a limited number of these objects have survived to
the present. Despite their cultural and historical importance, they remain underrepresent-
ed in modern archaeometric research [1]. One of the most peculiar pieces of secular Byzan-
tine enamels is the Monomachos Crown [2]. It consists of seven semi-circular Byzantine gold
plaques and two circular gold plates, thought to be associated with the crown.

After assessing the condition of the plaques with UV-VIS photography and FTIR (Fourier-trans-
form infrared spectroscopy), we identified areas affected by glass deterioration and past res-
torations. Based on subsequent 2D and 3D microscopy, regions of interest were selected for
non-destructive analysis, including micro-XRF and Raman spectroscopy. Micro-XRF revealed
the distribution of major and trace elements within the enamels, while Raman spectrosco-
py was performed on the glassy matrix to obtain complementary chemical information on
the pigments and opacifiers. The analysis of major and trace elements in the base glass, to-
gether with the identification of pigments and opacifiers, provided a basis to reconstruct the
glass recipes and assess the possible provenance of the enamels. Calcium antimonate was
used as the opacifier in the enamels of the Monomachos Crown. In contrast, tin oxide was
also identified as an opacifier in the two gold discs, suggesting a distinct production technol-
ogy or workshop. The base natron glasses show similarity to Byzantine glasses used in enam-
elworks in the 9-11th century, confirming either that the Roman glassmaking tradition per-
sisted into the Middle Ages, or that recycling of Roman glasses was prevalent [3].
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The second half of the 4th millennium BC marks one of the most dynamic and interesting pe-
riods in Balkan history — the Bronze Age. This is a time of migrations of people, transfer of
technological know-how, exchange of ideas and innovations, and cultural influences.

Around 3100 BC, large groups of migrants of the so-called Yamnaya culture appeared on
the Balkan Peninsula. These people were nomads who originally lived in the North Black
Sea area. The communities of the Yamnaya culture crossed the Stara Planina Mountain and
reached the valley of the Tundzha River. The terrain in the Tundzha River watershed is level
to rolling. Abundant water and mild climate offered optimal natural conditions for the new-
comers. With the bringers of Yamnaya culture also appeared the first silver jewels.

The aim of this report is to present results from the non-destructive SEM-EDS analysis of the
3 golden and 21 silver spiral hair-rings from the Early Bronze Age. The jewels are found in
the main and secondary graves of 13 burial mounds in the lower and middle course of the
Tundzha River.

Spiral hair-rings were worn on the most visible places in the human body — the face. They
are symbols of prestige and represent the social position of their owner in ancient society.
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Our approach is focused on how material characterisation can provide a new basis for pre-
senting prehistoric bronze artefacts by innovative exhibitions. Namely, how to integrate spe-
cific data obtained by scientific research into a new way of making exhibitions, both “tradi-
tional” and virtual ones to display the artefacts as well as their characterization data. The
study case developed by us is based on a series of iconic bronze artefacts, part of the Tartaria
I and Il hoards [1], covering a diverse range of relevant objects considering their functionali-
ty and typological features.

Beyond using XRF, these objects were investigated also using a discrimination method based
on statistical analysis of the elemental composition of artifacts using spectral data obtained
through LIBS (laser induced breakdown spectroscopy) technique in order to thoroughly char-
acterize them by a minimally invasive technique [2]. The spectral data obtained from the
core of the material are processed through advanced statistical analysis methods and then
characterized based on similarities, thus achieving a detailed differentiation (“discrimina-
tion”) of the objects recovered through archaeological excavation (or through older acciden-
tal discoveries) according to the elemental composition of the original material. Further on,
X-Ray imaging provided important data regarding the internal structure and composition-
al consistency of the metal artefacts, being a crucial method for assessing the conservation
state of each piece. Using 3D documentation methods, highly detailed 3D models were gen-
erated, with particular attention paid to surface morphology, patina coloration, and the chal-
lenges posed by reflective surfaces. The resulted models serve as digital replacements for
scientific study, documentation and public dissemination [3].
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As a result, a complete set of characterization data about the selected artefacts were ob-
tained. The paper will present how such data can be used for the museum valorisation of
iconic artefacts while developing exhibitions, both in a “classical” way as well as in virtual
ones.
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“Bommelohrringe” (earrings with spherical pendants) are a widespread piece of jewellery in
the Early Middle Ages. The highest concentration of their occurrence in this period is asso-
ciated with the Carpathian Basin, or rather the area of Avar burial grounds (including Lower
Austria) [1, 2], but they also significantly extend into Central Europe, where these earrings are
found in abundance, especially in graves from the territory of today’s Bavaria [3]. On a small-
er scale, they also appear in other regions — in Rhineland [4], Moravia (Czech Republic) [5], in
central Italy [6], etc. Can clearly defined similarities or differences between individual regions
be found using modern analytical methods? Is the popularity of earrings with hollow spheri-
cal, vertically situated pendants more closely related to the ancient tradition of similar types
of earrings? In this contribution, we will try to answer these broadly conceived questions by
preliminary comparison of specific “Bommelohrringe” found in the Avar burial ground in Zil-
lingtal with similar types discovered in the territory of neighbouring Moravia. Within our re-
search we used more imaging and analytical methods, including SEM-EDX, LIBS and X-ray.
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“Bommelohrringe” from Zillingtal, Lower Austria (left) and Prusdnky, Moravia (right)

Notes
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The 7th-century burial discovered in 1971 at Kunszentmiklds—Kunbabony (central Hungary) is
the richest known Avar-period grave [1]. Located in the Danube-Tisza Interfluve, the central
territory of the Avar Khaganate, the find represents the highest echelons of the ruling elite.
The deceased, a 60—70-year-old man, was a prominent figure in the realm — possibly even the
Khagan himself — as evidenced by the exceptional grave goods, anthropological observations
and recent archaeogenomic results [2]. Among the personal artefacts, a polychrome gem-in-
laid gold buckle stands out as a unique masterpiece of early Byzantine craftsmanship. This
study summarises the archaeometric investigation (i.e. OM, SEM-EDX, and p-Raman analyses)
and a comprehensive reassessment of the object [3]. Our findings reveal the buckle’s origi-
nal colour scheme and motif system as they may have appeared in the 7th century AD. Digital
reconstruction has proved crucial in reinterpreting the iconographic and stylistic character-
istics of the figurative and geometric motifs, compensating for deterioration and incomplete
preservation of the inlays. The central ornamental composition on the buckle plate has been
identified as miniature stone marquetry, drawing on the late antique tradition of opus sec-
tile while also anticipating the Renaissance commesso (pietra dura) technique. The innovative
decorative technique and early Byzantine parallels clearly associate the buckle with the impe-
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rial workshop of Constantinople, meaning it is not merely a status symbol of a barbarian lead-
er, but also a material expression of Byzantine imperial magnificence.
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Digital reconstruction of the Kunbdbony buckle
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A non-invasive archaeological survey at the site of Hontianska Vrbica (south-western Slova-
kia) revealed a burial ground dated to the 10th—11th century. Among the recovered finds is
a unique lunula-shaped enamel temple earring, representing the first known example of this
type from the territory of present-day Slovakia. The objective of this paper is a detailed char-
acterisation of this unique piece of jewellery, aiming to reliably determine the nature of the
materials used and subsequently reconstruct period manufacturing techniques. Through ar-
chaeometric and technological analyses, we therefore focus on identifying the composition
of the metal alloys and analysing the structure of the enamel glass.

To achieve these goals, non-destructive spectroscopic methods were selected, as they do
not require specific sample preparation, which is crucial for unique archaeological artefacts.
We primarily utilised X-ray fluorescence (XRF) spectrometry (hh-XRF and micro-XRF), a rele-
vant method for characterising metal alloys. Since XRF can also be applied to glass, it allowed
for the simultaneous analysis of both the metallic components and the vitreous enamel.

The results were compared with data from electron probe microanalysis (EPMA). While
EPMA provides higher accuracy for light element quantification in glass, it requires inva-
sive preparation in the form of polished cross-sections. Indeed, the main limitation of XRF is
its low sensitivity for light elements with atomic number Z < 14, especially sodium (Na) and
magnesium (Mg), which are essential components of medieval glass. Nevertheless, XRF re-
mains a valuable tool for provenance studies and identifying raw material sources. For accu-
rate quantitative analysis, however, calibration using reference materials and combining XRF
with complementary approaches such as LA-ICP-MS or SEM-EDS is essential to obtain relia-
ble elemental data.
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The research of surface treatments has always been marginal in the field of archaeometallur-
gy. The popularity of different surface treatments, mostly silvering and tinning, is still highly
uncertain within most of the medieval material culture. This case study showcases identified
surface treatments — gilding, silvering and tinning — on several artefacts (two silver rings, a
copper spur, five S-end lock rings and an iron spur rowel) from the Middle Ages using X-Ray
Fluorescence (XRF) spectrometry and optical microscope. The main questions of the topic
are the following: what are the best analytical methods for identifying surface treatments?;
how popular was gilding, silvering and tinning in medieval times? The results of the research
were very interesting and instructive. Firstly, on several artefacts the surface treatments
could only be identified with the analytical methods, which also means that they were misin-
terpreted beforehand. The latter is even more prominent in the case of five S-end lock rings,
which were all originally interpreted as silver artefacts; after the measurements all of them
could be identified as silvered copper alloy. This result shows that researches like this are not
only important from an archaeometallurgical perspective, but also very useful for classical
archaeology as well. My case study also offers a practical method for future research into dif-
ferent surface treatments.
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Stereomicroscope image of copper and silver surfaces visible on an S-end lock ring

Notes
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This paper examines polished stone artefacts made from serpentinite (a type of greenstone)
and white stone (also called light white stone) [1], which occur in relatively large numbers in
Late Neolithic burial contexts in southern Transdanubia and the southern Great Pannonian
Plain, despite their low overall regional frequency. These implements are mainly associated
with Late Neolithic Lengyel communities and, less frequently, with Tisza communities. Larg-
er quantities occur in Vinca contexts, particularly highly standardised white stone tools, sug-
gesting large-scale production.

In Lengyel and Tisza graves, these implements were often deposited around the skull, em-
phasising their meaningful placement within burial practices. In contrast, serpentinite and
white stone tools from Vinca sites were recovered predominantly from domestic contexts
and associated with utilitarian practices.

These contrasting deposition patterns suggest that the selection, use and deposition of these
materials were strongly embedded in specific cultural contexts and carried social meanings
beyond purely economic functions. Their circulation, use, reuse, and deposition likely re-
flected distinct social values, identities, communicative memories, and ritual practices.

Recently completed archaeometric analyses (MS, PLM, SEM-EDS) [2, 3] indicate raw materi-
al procurement from the northern Balkans and the southern Carpathian Basin. The serpen-
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tinite and white stone implements most likely originated from the geological formations of
the Vardar Ophiolite Zone. Technological analyses suggest that they were circulated as “fin-
ished tools' rather than raw material blocks. The stone implements circulated among regions
and communities, but the technological knowledge that produced them did not travel with
them. This distinction may help explain the varied deposition practices and provide a better
understanding of how these objects could have had different social lives and meanings with-
in Late Neolithic communities.

This research is supported by the project NKFIH Advance No. 150223 and the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) under Germany’s Excellence
Strategy — EXC 2150 —390870439.
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Serpentinite shaft-hole axes (1-2) and white stone adzes (3—4) from the Late Neolithic sites
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Polished stone tools crafted from high-pressure meta-ophiolitic rocks — specifically eclog-
ites and rare Na-pyroxenites — are widely distributed across Europe, spanning thousands of
kilometres from Ireland to Bulgaria. In Northern Italy, these geologically rare rocks make up
70% to 90% of Neolithic polished stone tool assemblages. While it has long been known that
these rocks originate from the Western Alps, locating exact sourcing areas across thousands
of square kilometres remains a major challenge due to the heterogeneity of these rocks. Pri-
mary outcrops occur across various Alpine massifs (e.g., Monviso, Voltri), but secondary ge-
ological sources, such as the Oligocene conglomerates of the Tertiary Piemonte Basin (Mo-
lare Formation), represent an unstudied yet potentially important source of prehistoric raw
materials.

This study presents a petrographic and mineral-chemical analysis of sixteen pebbles collect-
ed from Molare Formation outcrops near Carrosio (Northern Apennines) to evaluate their
archaeometric significance. Analytical methods included thin-section petrography, X-ray
diffraction, and scanning electron microscopy. Results identified seven high-pressure me-
ta-ophiolitic pebbles: five eclogites and two omphacite schists. Mineral-chemical trends of
pyroxenes indicate a cogenetic evolution of the investigated rocks, originating from a single,
localized source, likely the now-eroded palaeo-Voltri massif.

Comparative analysis reveals that a combination of texture, accessory/retrograde minerals,
and garnet-pyroxene chemistry is suitable for the definitive differentiation of Carrosio peb-
bles from Monviso massif rocks. Furthermore, comparisons with Quaternary-Holocene al-
luvial deposits from the same area indicate modern rivers contain meta-ophiolitic pebbles
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from multiple sources, making the Oligocene conglomerates a more reliable source for com-
parison with primary occurrences.

Notably, the Carrosio pebbles display striking textural and chemical similarities to Neolith-
ic artefacts from Northern Italy, suggesting the Molare Formation was indeed a key source
for prehistoric tool manufacturing. Meanwhile, studied Hungarian artefacts show different
modal composition and mineral chemistry, pointing toward alternative Alpine sources like
the Monviso Massif.
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The Alsényék-Bataszék site, which was inhabited throughout almost the entire Hungarian
Neolithic (ca. 5800—-4400 cal BC), is one of the most significant archaeological sites in Hun-
gary. It has been excavated between 2006 and 2009 in the vicinity of Alsényék and Bataszék
(S-Hungary) during the construction of the M6 motorway. 668 polished stone tools were dis-
covered from the settlement and its burials, predominantly associated with the Late Neo-
lithic Lengyel period (ca. 4800—4400 cal BC at this site). Based on preliminary investigations,
the raw material of approximately 60% of the artefacts is of local-regional origin, the largest
group among them being the alkaline igneous rocks of Mecsek Mts.

After a detailed geological examination of the artefacts, a field sampling of potential alkaline
igneous raw materials was carried out in the Mecsek Mts. During field surveys, efforts were
made to collect rocks from locations that would have been easily accessible to Neolithic peo-
ple. Our goal was to conduct a complex comparative petrographic and geochemical study to
determine the provenance of the stone tools as precisely as possible. The applied analyti-
cal methods were polarizing microscopy, SEM-EDS (E6tvos University) and PGAA (HUN-REN
Centre for Energy Research).

Sources of several types of raw materials have been identified in the Mecsek Mountains,
some with a high degree of certainty. 1a, b — predominantly aphanitic or porphyritic alkaline
basalt: Mecsekjanos area, Hamvas Valley; 2a, b — equigranular gabbro or microgabbro dyke
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rocks: Sas Valley, Vagyom Valley, Valley of Ordég-nyereg Stream; 3 — inequigranular (porphy-
ritic) gabbro/microgabbro: Vagyom Valley; 4 — phonolite (Szamar Hill). Moreover, some stone
tools made of basalt clearly differ from the typical alkaline rocks of the Mecsek Mts; their
most likely source area is the Bakony-Balaton Uplands.

This research was supported by the New National Excellence Program (UNKP-22-3; Pl: Tamds
Sdgi), and “OTKA” grant K-131814 (PI: Zsolt Kasztovszky).
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The possible alkaline igneous raw material source areas of polished stone tools of Alsonyék-Bataszék
on the geological map of the Mecsek Mts. and surroundings [1]. Key: 1. Szamdr Hill (phonolite),
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A non-destructive mineralogical investigation was carried out on eight polished stone im-
plements from the Szeleta Cave (Bliikk Mountains, Northeastern Hungary) using low-vacuum
SEM-EDS analysis (JEOL IT510). Due to the limitations of original-surface based analysis, tex-
tural features and chemical zoning of the minerals could not be perceived. The artefacts rep-
resent diverse protoliths including mafic, ultrabasic, and metamorphic rock types.

Two sholast adzes (52.67.3 and 52.67.12) were classified as basaltic rocks. 52.67.3 is com-
posed of hornblende, augite, labradorite, andesine, and isometric titanomagnetite, which is
uniformly distributed throughout the rock. 52.67.12 contains augite, olivine, labradorite with
abundant titanomagnetite and accessory Cr-bearing spinel, and apatite. The shafted adze
52.67.9 is coarse-grained and has been classified as diorite. It contains diopside and augite
reaching up to 200 um in size. Plagioclase represented by andesine and oligoclase, ilmenite
is an accessory phase in the adze. 52.67.8 flat chisel was observed macroscopically and was
determined to be metavolcanite which rock type is very abundant in the surroundings of the
Bukk Mountains.

52.67.4 is a shoelast adze and was determined to be amphibolite, composed of magnesio-
hornblende, andesine, labradorite, clinozoisite, and epidote. 52.67.5 and 52.67.6 are flat chis-
els classified as amphibolites also. In 52.67.5 magnesiohornblende with variable Al content
was recorded, accompanied by labradorite and bytownite, indicating differing metamorphic
conditions. In sample 52.67.6 magnesiohornblende and pargasite are the main rock-forming
phases with oligoclase; oligoclase is commonly enclosed by amphibole crystals. 52.67.7 flat
chisel is classified as a contact metabasite, composed predominantly of cummingtonite and
subordinately tschermakite. Mn-bearing ilmenite, phengite, and chlorite were also detected
without plagioclase. Amphiboles account for approximately 90 modal% of the rock and occur
as large bundled aggregates that show a characteristic fan-shaped habit.
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52.67.10 is a broken-in-half shafted shoelast adze and proved to be serpentinite with massive
serpentine minerals and magnetite.

.
[
‘

Polished stone tools from the Szeleta Cave

Notes
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In 2018, an extraordinary composite macehead made of metal and stone was discovered
during the preventive excavation preceding the construction of the M85 motorway at the
site Nagycenk-Farkasverem. The perforated, flattened globular object, measuring 7.2 cm in
diameter and weighing 469 g, was found near the left wrist of an inhumation burial of a male
aged between 20 and 50 years [1]. Bronze neck rings, arm rings, and ceramic vessels from the
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grave associate the burial with the Gata—Wieselburg culture, while a radiocarbon date ob-
tained from the human remains places the burial between 2022 and 1892 BC (95.4%).

Within the context of the Early Bronze Age in Europe, the bronze coating of the Nagycenk
macehead appears to be unique; early parallels are known only from the Near East. Due to
the exceptional nature of the object, our investigation primarily relied on non-destructive an-
alytical methods (OM, HH-XRF, PGAA, TOF-ND, NR). Based on the results of this broad inter-
disciplinary collaboration, our presentation addresses the following questions: 1, how was this
composite object manufactured and applying what materials; 2, by what technique was it dec-
orated; and 3, based on the organic remains recovered from the grave, how may the object
have been deposited in the burial? Ultimately, the technological and contextual characteris-
tics of the macehead may reveal its significance within Bronze Age society: should the Nagy-
cenk composite object be interpreted as an actual weapon or rather as a symbol of power?

The investigation is supported by the NKKP STARTING Grant (No. 152650) and the MTA-ELTE
HTK Lendiilet “Momentum” BASES Research Group (LP 2023-8). The work of Akos Peté and
Dénes Salata was supported by the DAAMBA project (National Research, Development and
Innovation Office, Grant No.: FK_142894).
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Bone artefacts constitute an important, yet still insufficiently explored, component of Early
Neolithic material culture in Southeast Europe. Among these, bone spoons are consistently
present at sites attributed to the Staréevo—Cris cultural complex, displaying a shared mor-
phological structure alongside notable variability. Typically, these implements consist of a
handle of differing lengths and cross-sections, extending into a broadened receptacle char-
acterised by concavities ranging from shallow to deep, with shapes that may be circular, el-
liptical, or trapezoidal. Despite their widespread occurrence, their precise functions have
remained only partially understood, often relying on typological comparison rather than de-
tailed functional analysis.

This study examines a series of bone spoons recovered mainly from two Early Neolithic sites in
south-western Romania: Schela Cladovei and Carcea. Well-preserved specimens were subject-
ed to detailed microscopic analysis using a Keyence VHX-X1 digital microscope, employing a
range of lenses and lighting techniques tailored to highlight surface modifications. Coaxial illu-
mination facilitated the identification of micro-wear traces such as surface flattening and fine
striations, while the Optical Shadow Effect Mode enabled high-resolution three-dimensional
visualisation of surface topography. Observations conducted at magnifications between 20x
and 500x allowed for precise characterisation of wear patterns and handling traces, including
the reconstruction of use-related surface modifications and their spatial distribution.

In certain cases, the results indicate repetitive contact with relatively soft materials [1-5],
while in others the wear patterns are consistent with controlled, gentle movements, suggest-
ing possible use in feeding infants [6]. Additionally, several specimens displayed traces of red
and black coloured residues. These were analysed using Laser-Induced Breakdown Spectros-
copy (LIBS), integrated within the same instrument. The spectroscopic data identified the red
residues as iron oxides, supporting their interpretation as ochre. This evidence points to an
additional function involving the mixing or preparation of mineral substances.

By integrating microscopic use-wear analysis with chemical residue identification, this paper
highlights the multifunctionality of bone spoons and contributes to a more nuanced under-
standing of Early Neolithic practices.
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The archaeometric investigation of prehistoric ceramic pigments provides deep insights into
the technological knowledge of ancient potters, their traditions, and cultural boundaries.
While recent large-scale analytical studies across the Carpathian Basin and the Lower Dan-
ube reveal highly dynamic, shifting patterns in pigment choices, contemporary data from
Bulgaria presents a contrasting narrative of technological stability.

In Hungary, a stark transition from mineral-based white inlays (kaolin and calcite) during the
Neolithic to bone-derived hydroxyapatite in the Chalcolithic points to significant socio-tech-
nological changes. Similarly, extensive data from Romania underscores a volatile trajectory;
within the multi-phase Boian culture, bone powder is introduced alongside calcite in the Gi-
ulesti phase, becomes dominant in the Vidra phase, and abruptly disappears by the Spantov
phase in favor of kaolin-calcite mixtures.

This paper compares these fluctuating regional profiles with the decorative traditions of the
Neolithic and Chalcolithic across the Balkan Peninsula. Local archaeometric data highlights a
remarkable continuity, primarily defined by the persistent use of calcite-based white decora-
tion. Variations within these assemblages appear to reflect localized geological exploitation
rather than the radical technological overhauls seen further north. This paper discusses how
these divergent trajectories reflect distinct cultural mechanisms — suggesting deep-seated
demographic continuity within the Balkan context, with major technological turnovers po-
tentially delayed until the Early Bronze Age.
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In July 2024, a joint excavation conducted by the Hungarian National Museum, E6tvos Lorand
University, and Babes-Bolyai University uncovered two Early Copper Age buildings and a doz-
en pits in Noslac (Romania). The site belonged to the late Vin¢a—Petresti cultural milieu and
has been dated to 4710-4400 BC (20). Research concentrated on the remains of a well-pre-
served burnt house, which was excavated on a one-square-metre grid across an area of 8x5
m. A total of 619 kg of daub (11,713 fragments) was systematically recorded and analysed us-
ing archaeological and archaeometric methods.

The analysis examined both the raw materials used for building the house and the imprints
preserved within the fragments. Based on variations in composition and degree of burn-
ing, a reference collection comprising 20 material types was established and used for the
systematic classification of the assemblage. Architectural imprints, including those of pil-
lars, stakes, and planks, were identified on 31.9% of the daub fragments. In total, 8,152 im-
pressions were documented and characterized through detailed graphic recording and met-
ric cross-sectional analysis, yielding an average 2.18 impressions per fragment. These data
provided a robust basis for the reconstruction of the building’s structural elements and con-
struction techniques.

Furthermore, petrographic analysis was carried out on 33 daub samples selected from four
spatial units in order to assess raw material selection, fabric characteristics, and qualitative
and quantitative compositional variability. The archaeometric investigation was designed to
address three principal research questions:
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The validity and consistency of the macroscopically defined material types;

The variability and spatial distribution of distinct fabric groups within the building;
The extent to which raw material selection reflects deliberate choices made by the
prehistoric builders.

Remains of an Early Copper Age burnt house from Noslac
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The medieval site of Crkveno Brdo near Senta represents an unfortified settlement from the
Arpadian period. The church and its necropolis, built in the 11th or early 12th century, un-
derwent multiple renovation phases. The first reconstructions date back to the mid-12th
century (the reign of Géza ll), while the final major expansion followed the Mongol invasion
(1241-1242) [1].

Fresco fragments with geometric motifs and a limited palette were discovered on the south-
ern wall, while the northern wall features a richer color palette, human motifs, and Latin let-
ters. Some sections display two plaster layers, indicating either painterly corrections or dis-
tinct painting phases.

Analyses of ten fresco fragments and one brick piece (using OM, SEM-EDS, FTIR, and XRD)
identified the materials and painting techniques, allowing a chronological classification of
the samples: Oldest phase: Pigment was applied directly to monolayered plaster in the true
fresco technique (buon fresco), with dolomitic lime present; Renovation: White intonaco was
applied over semi-dry to dry coarse plaster, indicating the lime painting technique (secco).
The lime contains dolomitic lime; Latest phase: Executed in the true fresco technique on
two-layered plaster (wet-on-wet), without dolomitic lime. The upper plaster is richer in lime
compared to the lower one.
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Situation plan of the fresco finds and the phases of the church building
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A relatively new, dynamically developing research area in the interdisciplinary research fields
of archaeometry, heritage science and materials science is the examination of pigments and
painted coatings of different colours. Over time, the pigments in paints can degrade due to
environmental influences and undergo partial or complete chemical transformations, chang-
ing their colour in the process. Knowledge of the changes of individual pigments under spe-
cific conditions provides useful information for historians and restorers. The aim of this work
is to characterize the colour change of some common pigments found in medieval wall paint-
ings with increasing temperature. The following seven types of pigments were used for the
experiments: lead white, lead yellow, lead red, cinnabar, iron oxide red, iron oxide yellow and
indigo. Each pigment was applied to the surface of the sample using four different methods:
fresco, lime secco (mezzo secco), gum arabic and egg white (egg tempera) as binders. Then
the samples were exposed to temperatures 100, 200, 300, 400 and 500 °C in an electric kiln.
Regardless of the pigment of the samples, the first significant changes occurred at 300 °C.
Here, a black layer appeared with gum arabic and egg yolk binders, which faded at higher
temperatures. In contrast, there were hardly any changes with secco. The most stable pig-
ment was iron oxide red. The least stable was indigo, which disappeared completely at 300
°C, followed by iron oxide yellow, which changed from its original yellowish colour to reddish
at the same temperature. These observations were also supported by the measured CIE L*
a* b* data, clarifying the extent and direction of the changes.
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fresco lime secco gum arabic egg white

temperature 25°C

lead white

lead yellow
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Effects of 500 °C heat treatment on the colour of mineral pigments commonly used
in medieval wall paintings

Notes
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This study investigates light-coloured inner surface deposits observed on Copper Age pot-
tery fragments from eastern Croatia (the Slavonia region). The main objective is to deter-
mine whether these deposits represent residues related to vessel use or surface modifi-
cations associated with ceramic technology. The analytical approach combines optical
microscopy (OM), X-ray diffraction (XRD), X-ray fluorescence (XRF), and infrared spectrosco-
py (IR) to characterise the ceramic assemblage and surface accumulations, thereby yielding
complementary data on ceramic microstructure and the mineralogical and chemical compo-
sition of the deposits.

Evidence against an intentionally applied coating comes from vessel rims where the deposits
do not extend to the lip, indicating they were not applied uniformly across the inner surface.
In addition, previous GC-MS analyses have identified beeswax waterproofing treatments on
similar vessel forms, suggesting other intentional surface modifications that differ from the
deposits examined here. The current evidence instead suggests that the deposits formed
during vessel use, probably through the storage of food or other materials rather than cook-
ing. The deposits occur mainly on bowls and cups and are absent on cooking pots. Elevated
calcium and phosphorus concentrations in deposits may indicate bone powder or ash; how-
ever, preliminary IR analyses do not confirm phosphate-rich mineral phases and instead sug-
gest predominantly carbonate-rich deposits. The absence of phosphate bands may reflect
carbonate dominance masking weaker signals or phosphorus present in minor, poorly crys-
talline, or amorphous forms not detectable by IR.

Ongoing investigations of light-coloured inner surface deposits will refine understanding of
their composition and formation pathways. This study contributes to broader discussions on
prehistoric ceramic surface deposits and the challenges of distinguishing use-related, tech-
nological, and post-depositional modifications in pottery.
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Light-coloured deposits observed on the inner surface of a Vucedol culture bowl! from Vinkovci
(Inv. No. A2357, Vinkovci City Museum, photo: M. Pjevac)

Notes
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The aim of the present study is to draw conclusions about the firing technology of pottery
samples dated to several periods of the Iron Age in Bulgaria. So far, a total of 353 ceram-
ic sherds are analyzed, however, the work is in progress and the number of specimens in-
creases. The analyzed ceramic fragments represent mainly tableware and cooking pots, al-
though tiles and transportation amphorae are also included. The sherds are dated mainly
to several periods from the 5th century BCE to the 5th century CE. Besides the rock-mag-
netic methods, analytical techniques include Raman spectroscopy and X-ray fluorescence
(XRF) as well.

Maximum firing temperatures (T __ ) were determined by stepwise laboratory heating and
measuring the mass-specific magnetic susceptibility (x) of the cooled specimens at each
step. T__ can be recognised after a significant change in the x values [1]. Additional labora-
tory rock-magnetic analyses were performed in order to characterize the complex magnet-
ic mineralogy of the specimens, which reflects conditions during the pottery firing. Portable
devices for Raman spectroscopy (Bruker Bravo) and XRF (Bruker Titan S1) were used for the
determination of non-magnetic phases and the elemental composition of the analyzed pot-
tery sherds.

The equivalent firing temperature of ceramic sherds from the earlier periods has been deter-
mined to be 800 + 50 °C. Some gradual changes in magnetic susceptibility in the interval of
400-700 °C occur mainly for the darker (gray/black) specimens. These changes could reflect
the unstable thermodynamic state of the magnetic oxides formed during the rapid single fir-
ing of vessels in antiquity. The average firing temperature for the samples dated to the BCE
centuries is equal to 875+ 25 °C. The T__ of the Roman and Late Antique kitchen wares are
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generally higher (820 + 50 °C and up to 920 °C for the tableware) but have more inhomoge-
neously distributed values compared to those of the earlier Iron Age samples.
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The 21st century can be seen as the time of great collaboration in the sciences. The develop-
ment of new technologies has enabled “non-standard” scientific research to occur in differ-
ent ways, leading to incredible results. One such collaboration has occurred between Phys-
ics and Archaeology.

X-rays are a form of electromagnetic radiation inhabiting the region between ultraviolet
radiation and gamma rays. They are created by the hits of high velocity electrons within
the atoms of the metal target in a special vacuum tube. When the electrons hit the target,
the X-rays are created by two different atomic processes: characteristic X-ray emission and
Bremsstrahlung (breaking radiation). Using specific X-ray analyses, we can “look” inside the
archaeological artifacts without destroying them.

The aim of the poster is to present results from X-ray analyses of one ceramic rattle. It is
made from clay which after baking has a brown colour. It has a ball-like shape. The surface is
smutted and covered with holes.

During the Roman Age some rattles were filled with rich semantics and had a spiritual influ-
ence. The sound of shaking objects was said to protect the owner from bad fortune, illness-
es and evil. Sometimes rattles were laid in the graves as personal belongings to keep them
safe in the afterlife.

X-rays analyses provide the opportunity to look into the ceramic rattle without breaking it.
It is an example of how a non-standard approach can be used for the examination of clay ar-
tifacts.
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A Roman Age ceramic rattle
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This paper presents the results of SEM-EDS and petrographic analyses of glazed mould-
made tablewares that were produced at a turning point in the history of Athenian fine ware
industry. The studied material comes from ASCSA excavations at the Athenian Agora. It
spans from the invention of the black-glazed «Megarian» bowl in Athens around 225 BC [1]
to the inclusion of the local pottery industry in provincial markets of the Roman empire
(1st —2nd c. AD) [2]. This controversial period is marked by an international appeal for these
fine wares, with an access to overseas markets inherited from the Classical period; and a by
dramatic blow to the pottery industry inflicted by the sack of Athens by Sulla in 86 BC, after
what the city would never again be a significant producer of fine pottery [3].

Throughout this period, mouldmade bowls were manufactured by Athenian potters. Archae-
ometrists highlighted the properties of illitic clays from the Skourta Plain for creating black
glazes of exquisite quality in pre-Roman Athens [4], but comparatively little research has
been done on clay selection strategies for the pottery fabrics. Also, petrography demon-
strated the existence of a local production of lead-glazed pottery in the 1st century BC/AD,
in an effort to adapt to Roman tastes [5]. This paper draws on these results to highlight con-
tinuity in fabric composition through time, with the concurrential use of two (low-)calcare-
ous clays compatible with the geology of Attica. One of these fabrics, which widely predom-
inates among the mass-produced black-glazed bowls, may derive from clay resources of the
Skourta Plain. It becomes increasingly popular among Roman lead-glazed pottery. This tech-
nological shift suggests a reorganisation of the pottery industry after Sulla’s sack that goes
beyond aesthetic considerations, and may involve new skills for adapting the fabric compo-
sition to new glazing compounds.
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At the wine-producing villa of Aiano in Tuscany (UCLouvain excavations), petrographic and
SEM-EDS analyses of 22 locally-made dolia defossa (1st century BC/AD) and 13 ollae (6th cen-
tury) revealed two distinctive crushed-rock tempering practices. Dolia defossa are tempered
with gabbro associated with the Tuscan ophiolitic complex; ollae tempered with calcite and
marble, the latter recycled from the villa’s mosaic tesserae [1].

By contrast to alluvial tempering, rock-crushing denotes the intentional choice for one ex-
clusive type of ingredient, in this case for refractory purposes. Beyond functional consid-
erations, we explore the cultural significance of these technological choices by confront-
ing them to the history of the site and region. The wine-producing estate of Aiano was built
in the late 3rd / early 4th century AD; earlier dolia were recycled from nearby sites and in-
stalled in the cella vinaria; the estate was abandoned toward the 6th century, before various
living spaces were refurbished into production activities, spoliating wealthy materials from
the villa [2].

The use of gabbroic — and related (augite) — temper is reported in Etruscan dolia from the
Maremma [3, 4]. Following the installation of Roman colonies in Etruria in the 1st cent. BC,
it became commonplace for cookingware [5,6]. The dolia from Aiano are suspected to come
from regional figlinae operating during this period of economic growth.

Tempering pottery with crushed marble spolia is documented among northern Italian Late
Roman cookingware [7]. It may derive from the earlier use, in Roman Bavaria, of waste mate-
rials from marble carving as pottery tempers [8]. In the Balkans, it is found in Langobard-age
pottery from Transdanubia [9]. At Aiano, is contemporary with the arrival of the Langobards
in the region.
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Coil-built micaceous—pebbly pottery represents a distinctive component of the Late Sarma-
tian ceramic tradition of the Great Hungarian Plain. Determining the provenance of granitoid
temper remains challenging, as potential source areas are distributed across several grani-
toid occurrences within the Carpathian Basin and often display similar petrographic charac-
teristics. This study investigates the applicability of cold-cathode cathodoluminescence (CL)
microscopy and spectroscopy to the provenance analysis of granitoid-tempered pottery.

The analysed ceramic material originates from the Late Sarmatian settlement of Tazlar-Temp-
lomhegy (Hungary). Feldspar grains from the granitoid temper were compared with feld-
spars from several granitoid bodies of the Carpathian Basin, including the Velence Granite
and Moérdagy Metagranite from Hungary, the Codru, Highis and Muntele Mare granitoids from
the Apuseni Mountains (Romania), as well as archaeological rock samples from the Late Sar-
matian pottery workshop of the settlement of Nagymagocs-Paptanya (Hungary). Particular
attention was paid to the cathodoluminescence properties and emission spectra of K-feld-
spar and plagioclase grains, which have been shown to be among the most diagnostically
useful mineral phases for provenance assessment [1]. Luminescence spectra were processed
by peak fitting, and the resulting spectral parameters were evaluated using cluster analysis.

Rock-forming minerals (e.g., plagioclase and K-feldspar varieties) in the studied granitoid
rocks exhibit distinct cathodoluminescence characteristics, allowing differentiation among
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several potential source regions. Both the spectral characteristics and cluster analysis indi-
cated the closest similarity between the granitoid temper of the pottery and the samples of
the Codru granitoid. The results demonstrate that feldspar cathodoluminescence microspec-
troscopy provides a sensitive tool for characterising granitoid raw materials and offers con-
siderable potential for provenance studies of granitoid-tempered pottery. Beyond its ar-
chaeological implications, the method represents a promising approach for archaeometric
provenance research based on the luminescence properties of feldspar grains.
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Cathodoluminescence photomicrograph of granitoid temper grains in the analysed pottery sample
showing the characteristic luminescence of K-feldspar and plagioclase grains. Mineral abbreviations:
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Questions concerning pottery provenance, local production, and craft traditions at the de-
serted medieval market town of Gutenwerd, situated along the Krka River in present-day
south-eastern Slovenia, have so far remained largely unexplored. The site provides insight
into broader Central European pottery traditions and technological developments during the
High and Late Middle Ages and the Early Modern period.

This study therefore examines selected coarseware and tableware pottery fragments to in-
vestigate pottery-making traditions, provenance, and technological variability during the
High and Late Middle Ages and the Early Modern period. It also explores the continuity
and transformation of ceramic production practices that may reflect differences in potters’
knowledge, skills, and manufacturing traditions. The pottery was first analysed macroscop-
ically, then subjected to archaeometric analyses using thin-section petrography, X-ray fluo-
rescence (XRF), X-ray diffraction (XRD), and inductively coupled plasma mass spectrometry
(ICP-MS). These analyses identified several distinct technological and petrographic groups,
indicating variability in raw material selection and pottery production practices over time.
High Medieval pottery is characterised by coarse fabrics rich in carbonates and vessels pro-
duced on hand-operated wheels, while Late Medieval and Early Modern pottery displays
increasingly refined clay preparation, greater use of quartz temper, wheel-throwing on
foot-powered wheels, and a higher proportion of oxidising firing conditions. Mineralogical
and chemical analyses also revealed strong correspondence between pottery fragments and
locally sampled clays, supporting the hypothesis of local pottery production.

Although no direct archaeological evidence of pottery workshops has yet been identified,
the results of the analyses support the hypothesis of local pottery production and provide
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important insights into raw material procurement, technological practices, and changes in
pottery production over time. The results contribute to broader discussions of ceramic prov-
enance, technological traditions, and local production in the medieval and early modern
Central European region, while also representing the first comprehensive archaeometric
study of pottery from this period within Slovenian archaeology.

View of the site of the deserted medieval market town of Gutenwerd (photo: A. Gaspari, 2021)

Notes
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More than 190 glass beads, five hair rings, and a rare punched electrum plate (i.e., clothing
appliqué) were recovered from a cemetery with 19 graves near Derecske (E-Hungary) dating
back to the Middle Iron Age Vekerzug culture [1]. Micro-XRF analysis was conducted in order
to determine the chemical composition of the selected glass beads and the alloy types of the
precious metal artefacts.

The parts of the hair rings were produced from various metal alloys: the bases of the arte-
facts were made of copper, tin bronze or recycled tin bronze. The precious metal sheets cov-
ering the base metals, the conical ends of the hair rings and the punched plate made of elec-
trum alloys in varying proportions. The higher silver content of the conical ends could be the
result of intentional alloying, just as the copper content in other jewellery parts may have
served to enhance the golden shade, creating an optical/visual contrast and thereby achiev-
ing an aesthetic effect [2].

The majority of the glassy artefacts were made of mineral natron glass [3]. Colorants were
cobalt and copper together in blue [4, 5], copper in turquoise [6] and calcium antimonate in
white glasses [6, 7]. Some of the glasses contain antimony most probably as decolourant or
opacifier [6, 7]. One of the beads was produced of plant ash glass [3], which has black body
due to its higher iron content [8] and pale yellow dots due to their lead antimonate and lead
stannate contents [4]. The presence of plant ash glass and lead stannate in glasses had not
yet been documented from the Middle Iron Age of Hungary [5].

These studies are the first of their kind, as no interdisciplinary analyses of Vekerzug culture
metal jewellery have been conducted to date. They can provide significant insights into the
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(trade)networks of Middle Iron Age communities of the Carpathian Basin based on the pos-
sible provenance and raw materials.
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This study presents the findings of a compositional and provenance study of glass beads
from the cemetery of Pilismardt-Basaharc, a pivotal site for understanding the transition be-
tween the Early and Late Iron Ages and the early Celtic presence in the Carpathian Basin [1].
The material culture of this community reflects a complex interplay of local traditions and
far-reaching connectivity, integrating Transdanubian Early Iron Age traditions, Eastern Al-
pine-Balkan influences, and ‘Scythian-type’ features from the Great Hungarian Plain. The
cemetery’s high frequency of female and child burials adorned with glass, amber, and coral
highlights a profound engagement with high-prestige ornaments. The glass beads, notable
for their diversity in opacity, colour, and morphology, serve as primary indicators of long-dis-
tance trade.

Fifty-nine glass beads, representing all colours and forms, were selected from seven graves.
Handheld XRF and SEM-EDS were used to determine their chemical composition and color-
ants, in order to identify specific glass types and their potential origins. Beyond mere clas-
sification, the results offer a novel perspective on the dynamics of regional and internation-
al exchange during the Early Celtic period. By contextualising glass alongside other prestige
goods like amber and graphite, the research underscores the symbiotic relationship between
emerging political centres and their peripheries, revealing how glass functioned as a catalyst
for social connectivity in the Danube Bend.
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During the 12th and 13th centuries, numerous churches across Europe used altar and pro-
cessional crosses produced in the renowned workshops of Limoges and southern France.
These inexpensive yet magnificent objects, distinguished by their champlevé enamel decora-
tion, were widely distributed and even reached as far as the Kingdom of Hungary [1]. The col-
lection of the King Saint Stephen Museum in Székesfehérvar preserves several enamelled fit-
tings imported from Limoges. These gilded copper fittings are decorated with dark and light
blue, turquoise and red enamels. Based on their form, these fittings were most likely origi-
nally mounted on a cross, although their use as decorative elements on a reliquary cannot
be excluded.

Six fittings — two corpuses (the body of Christ), two saint figurines, a rhomb-shaped fitting,
and a medallion depicting Christ in Glory (Maiestas Domini) — have been subjected to archae-
ometric analysis in order to provide a more detailed understanding of the material compo-
sition and manufacturing techniques of the enamels. The chemical composition, colorants
and opacifiers of the enamels were determined using handheld XRF, SEM-EDX, Raman mi-
crospectroscopy, and micro-XRF analyses.

The turquoise and blue enamels on four fittings are ‘late type’ enamels made of vegetal soda
ash glass and opacified with tin oxide. These enamels were applied to Limoges objects from
the beginning of the 13th century to the middle of the 14th century [2, 3]. However, two
of the fittings (a corpus and a medallion) were decorated with turquoise and blue enamels
made from a different type of glass and opacifiers: one of the enamels was made from min-
eral soda glass and was opacified with calcium antimonate, while the other was made from
vegetal soda ash glass and was opacified with tin oxide. The presence of both ‘early type’
and ‘late type’ enamels on the same object indicates that these two fittings likely originat-
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ed from a brief transitional period between the end of the 12th century and the beginning
of the 13th century [2].
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The recently uncovered burial at Hajés-Méhes-d(ilGi-csatorna, located in the southern Dan-
ube-Tisza Interfluve, belongs to the group of richly furnished female burials dating to the
beginning of the Tumulus Culture in the middle of the 2nd millennium BC. Despite the poor
preservation of the grave, the 2024 excavation allows for a detailed reconstruction of the
rich funerary attire of the deceased woman. Among the components of the costume, the
most remarkable find is an in situ preserved bronze sheet belt of the Sieding-Szeged type.

To investigate raw material procurement and exchange networks, we analysed the elemen-
tal composition and lead isotope ratios of the bronze artefacts. FTIR analysis is used to deter-
mine the origin of the associated amber bead, specifically whether it was made of Baltic am-
ber, while micro-XRF spectrometry is used to identify the chemical composition of the glass
bead. In addition, bioarchaeological (physical anthropology, **C, C and N stable isotope) anal-
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yses have established the absolute date of the burial, the sex and age of the deceased, and
provided information on her diet, such as evidence for millet consumption.

Finally, stereo-microscopic analyses of the unique belt shed light on the moment of its
“birth”. Various traces of use, later modifications, and damage indicate a long and intensive
“life” of the object, while the archaeological context allows us to reconstruct the final stage
of its biography as the central element of the funerary attire of an adult woman.

The reconstructed bronze sheet belt from Hajos
(drawing: Zséka Varga, Institute of Archaeology ELTE RCH)

Notes
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The Early Iron Age hoard found near Kurd (Tolna County, Hungary) comprising 14 ribbed
bronze buckets and a large situla is an outstanding assemblage in the eastern Hallstatt zone
both in terms of the number of bronze vessels and its context. While outstanding in the re-
gion, the hoard, the specific combination of the vessels in the hoard, is characteristic of elite
drinking services developed in the Picenum and Verucchio regions of Italy and adopted by
transalpine elites by the 6th century BCE [1, 2, 3].

Although the significance of the hoard has been acknowledged for more than a century,
analysis into the production technology and elementary composition of the vessels have
never been carried out [4]. The proposed poster outlines the first step of the re-evaluation
of the hoard, namely an in-depth investigation of the large composite situla of the assem-
blage. This includes micro and macro observations of use-wear traces on the item as a means
of outlining the biography of the vessel and, more importantly, its elementary composition
analysis. The bronze situla was probed at eight different locations and the samples were sub-
jected to LA-ICP-MS.

Results of the analysis provide insight into the production technology of this outstanding
item and helps outlining how its manufacturing is embedded in the traditions of Early Iron
Age toreutics in Central Europe.
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Fibulae, as elements of attire, fulfilled both utilitarian and decorative functions, serving not
only as garment fasteners but also as markers of aesthetic expression. This dual functionality
contributed to their broad geographical distribution and long chronological use. Moreover,
on one hand, they show the mode and the personal choice of their owner and on the oth-
er, the fibulae can be used to reveal the cultural contrasts between different regions and/or
ethnicities. Finally, by determining their production technology one can make assumptions
about the level of technological development of the region and also the level of knowledge
of ancient metallurgist. The present study applies portable X-ray fluorescence spectrosco-
py (p-XRF, Titan S1, Bruker, Germany) for 29 Thracian type fibulae and the bronze ingot and
the two semi-finished products for Thracian-type fibulae were also analyzed from NE Bulgar-
ia (village Obretenik). The results show that artefacts are produced on the tin-based bronz-
es, (tin and copper are macro-components (%) with traces of iron, gold, bismuth, chromium,
nickel, arsenic, zinc, lead. Statistical treatment — CA, FA, PCA allowed contextualization of the
analytical results and permitted to obtain a better knowledge of the used metal alloys and
manufacturing procedure of the investigated bronze artefacts, mainly fibulae.
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Since prehistoric times, the Danube has served as a significant cultural and civilisational
boundary. In the Carpathian Basin, the two banks of the river often developed at different
rates, as reflected in their distinct material cultures. During the first two-thirds of the 6th
century AD, this area was ruled by two Germanic tribes: the Gepids in the Tisza region, and
the Langobards in Transdanubia. Despite their different origins and histories, the two peo-
ples were bound together by a shared history of conflicts and alliances. This study focuses
on non-ferrous fine metalwork pieces from these two regions, exploring the chronological
and regional differences and similarities in raw material preferences, alloying practices, and
decorative techniques. Nearly 150 objects from Hungarian museum collections were investi-
gated using various non-destructive analytical methods (optical microscopy, SEM-EDX, hand-
held XRF and u-XRD) to determine the chemical composition of metal alloys, inlaid or applied
ornaments and coatings, and the microtexture and mineralogical composition of niello in-
lays. This bluish-black solid mineral material was widely used in Roman and early medieval
times to decorate silver, gold, and copper-based alloy objects. Alongside garnet inlays, gild-
ing, and chip carving, niello was a key element of the so-called ‘Danubian polychrome ani-
mal style’, which dates from the mid-5th century AD. However, there are several questions
and uncertainties regarding its composition, preparation, and application during different
periods. Our systematic analysis revealed significant regional differences in the metal alloys
used, implying two distinct metalworking traditions in the 6th century. Silver content was
strongly ‘diluted’ with copper or copper-based alloy, which practically dominates in the com-
position: brass in the Tisza region, while bronze and gunmetal in Transdanubia. In contrast,
the composition of niello inlays proved to be highly heterogeneous, ranging from pure sil-
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ver sulphide, reflecting Roman traditions, to various silver-copper sulphides and pure cop-
per sulphides.

BED-C 200KV WD 102mm  Sd-PC 750
STO 8233 Feb.212024

The gilded silver belt buckle from Szolnok-Szanda and the BSE image of its niello inlays
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The cemetery of Nitra-Mikov dvor represents a newly investigated early medieval burial
ground dated to the 10th—11th century and excavated during rescue archaeological research
conducted between 2019 and 2021. An exceptional find from grave 4/2019 is a disc brooch
whose closest analogies originate from the Carolingian-Ottonian cultural sphere of western
and north-western Europe. The contribution presents the results of material and technolog-
ical analyses aimed at interpreting the manufacturing technology of the brooch. The arte-
fact was analysed using handheld X-ray fluorescence spectrometry (hh-XRF), laser-induced
breakdown spectroscopy (LIBS), and scanning electron microscopy with energy-dispersive
X-ray spectroscopy (SEM-EDS). The analyses revealed that the brooch was manufactured
from a lead-rich copper alloy with a stable presence of zinc, corresponding to leaded brass
with a low zinc content. XRF measurements identified elevated concentrations of lead (up to
21.75%) and consistent zinc values ranging between 4.41-5.34%. Laser-Induced Breakdown
Spectroscopy (LIBS) depth profiling indicated compositional variability between surface and
deeper layers, particularly an increase in lead concentration interpreted as segregated lead-
rich phases within the metallic matrix. The elevated lead content likely improved the fluidi-
ty of the melt and facilitated the casting of the small and plastically complex object. Macro-
scopic and microscopic observations identified several perforations in the central decorative
motif interpreted as casting defects rather than intentional openwork decoration. The re-
sults correspond well with archaeometric data from Carolingian and Ottonian disc brooch-
es from the Netherlands and northern Germany, where leaded brass alloys appear to have
been commonly employed in the production of such objects.
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Serpentinite was a rarely used raw material during the Neolithic period in the Carpathian Ba-
sin, but its usage expanded significantly in the subsequent Copper Age due to its aesthetic
appeal and ease of workability. Consequently, it was frequently deposited in Neolithic-Ene-
olithic burials as grave goods, suggesting the particular importance of mortuary practices in
these prehistoric communities across Central Europe as well. In Hungary, serpentinite stone
axes were discovered —among others — at the Alsdnyék-Bataszék archaeological site (S-Hun-
gary) between 2006 and 2009 during the construction of the M6 motorway. Since serpent-
inite suitable for making stone tools does not occur in the vicinity, only distant raw materi-
al sources can be considered.

A complex comparative petrographic and geochemical study of selected polished stone
tools and geological samples has been conducted in order to determine the provenance
of the stone tools. During this project 17 serpentinite stone axes from Alsdnyék-Bataszék
and 18 field samples gathered from eight distinct geological sites across the Carpathian Ba-
sin (Bernstein, Steinbach, Rumpersdorf, Fruska Gora, Korlace, Stragari, the lbar Valley, and
Dobsind) were studied. The analytical methods included macroscopic description, polarizing
microscopy, and SEM-EDS analyses at the Department of Petrology and Geochemistry, E6t-
vos Lorand University. The non-destructive methods were strongly prioritised because ar-
chaeological objects are protected under strict cultural heritage legislation.
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The potential source areas identified for some polished serpentinite tools
among the analysed assemblage (https://online.mapcreator.io/ [2025.05.17.])

Notes
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Various metabasites, contact metabasites, and metasediments in the Pernek-Pezinok Units
of the Little Carpathians have long been of interest to researchers as potential raw materi-
als, however no substantive detailed petrographic studies have been conducted on the sub-
ject. Our aim is to create a primary comparative petrological collection that can be expanded
in the future for comparative archaeometric purposes. Firstly, the geological samples were
compared to Middle Neolithic (Zseliz culture) polished stone tools from the archaeological
sites of Szécsény-Ultetés, Ocséd-Kovashalom, Godoll8 Hills. Altogether 33 artefacts and 30
field samples have been analysed. To reach the goal, several analytical methods were com-
bined (polarizing microscopy, SEM-EDX, PGAA, magnetic susceptibility and density determi-
nation). Based on the results the low- to medium grade metabasites and contact metaba-
sites of the Little Carpathians were classified into five petrogenetic groups: T1 (cordierite
hornfels, metapsammites), T2 (metapyroclastic rocks, metatuffs/metapsammites), T3 (con-
tact metabasites, metagabbros), T4 (greenschists, amphibolites), and T5 (other rocks). From
the comparative archaeological finds, 3 petrogenetic groups were created based on their pe-
trological properties: K1 (contact metabasites/metaultrabasites), K2 (greenschists, amphib-
olites), K3 (other rocks).
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Conclusions have been drawn mainly based on amphibole mineral chemistry and PGAA re-
sults, magnetic susceptibility and density are not strong differentiating factors. In the case of
contact metabasites, Mg-Fe-Mn-Li amphiboles (cummingtonite, gedrite), while in the case
of greenschists and amphibolites, Ca-amphiboles (mostly actinolite and/or magnesiohorn-
blende, edenite, pargasite) were the critical minerals for comparison. Based on PGAA analy-
ses, the investigated rock types of the Little Carpathians form significantly different groups.
Compared to the field samples some archaeological finds are very similar to the contact me-
tabasites, amphibole main elements compositions show almost a complete match; however,
differences can be found in texture and modal composition.

Microphotographs of a typical contact metabasite/metaultrabasite from the Little Carpathians

(left: PPL, right: XPL). The rock has an unoriented texture (nematoblastic/blastohypidiomorphic)

and contains more than 80% amphibole (cummingtonite). Abbreviations: cum - cummingtonite,
ilm - ilmenite, pl - plagioclase

Notes
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This poster presents ongoing archaeometric research on polished, grinding and abrasive
stone tools from eleven prehistoric — mostly Late Neolithic — sites in the Vojvodina region in
North Serbia. The project aims to investigate tool production and the raw material charac-
terisation and procurement through an integrated study of archaeological artefacts and ge-
ological reference samples.

Our approach combines morphometric, technological, petrographic, and archaeomet-
ric analyses. We prefer to use non-destructive analytical methods (magnetic susceptibility
measurement (MS), prompt-gamma activation analysis (PGAA), scanning electron microsco-
py with energy-dispersive spectroscopy (SEM-EDS) on original artefact surfaces, and micro-
X-ray diffraction (WXRD). At this stage of the research, nearly 200 artefacts have been studied
macroscopically (including MS measurements), and all data have been recorded in a specif-
ic relational database. The more detailed archaeometric analyses on selected samples have
only recently started, which have been combining thin-section petrography with a range of
non-destructive techniques.

The preliminary results indicate that the large number of polished stone items reflects mul-
tiple phases of use and modification during their “lives”. For instance, renewed cutting edg-
es and grinding surfaces and the secondary use of the polished tools as percussive or abra-
sive tools. Rather than functioning as simultaneously multifunctional tools, these artefacts
appear to have undergone successive phases of reuse and transformation. In several cases,
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evidence of intentional fragmentation was identified, followed by the production and use of
new polished stone tools. These observations highlight the complex biographies of lithic ar-
tefacts and provide new insights into how prehistoric communities created, used, reused,
and valued their everyday lithic implements.

The preliminary identification of raw material types suggests that prehistoric communities
in Vojvodina maintained connections along major river corridors in multiple directions. The
lithic raw materials may have originated from sources associated with the Danube, Tisza,
Tamis, and Morava—Vardar river valleys. Altogether, these waterways appear to have played
a significant role in patterns of mobility, communication, and resource procurement.

This research is supported by the project NKFIH Advance No. 150223 and Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) under Germany’s Excellence
Strategy — EXC 2150 — 3908704309.

1

Silicified limestone adze before polishing, from the Zabalj—Nove Zemlje site
(Vojvodina, northern Serbia) (made by K. Furholt)
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Roman cities were shaped not only by monumental architecture but also by the materials
that connected them to wider economic and cultural networks. White marble, often trans-
ported over considerable distances, represents one of the most informative indicators of
these connections. While provenance studies frequently focus on large assemblages, indi-
vidual artefacts can also provide valuable insights into patterns of supply, consumption, and
connectivity [1].

This study presents new provenance data from a selection of white marble artefacts from
Roman Marcianopolis (modern Devnya, Bulgaria), one of the principal urban centres of the
Lower Danube region. The material studied includes architectural elements, sculptural frag-
ments, statuary, and decorative objects. A multi-analytical approach combining stable iso-
tope analysis (63C and 6'20), trace element characterisation by ICP—MS, petrographic exam-
ination, and X-ray diffraction (XRD) was employed to determine the origin of the marbles [2].

Rather than treating the artefacts as an isolated corpus, the study examines how prove-
nance information resulting from individual objects contributes to the reconstruction of the
city’s broader marble biography. The results demonstrate the coexistence of multiple marble
sources and reveal connections extending beyond the immediate hinterland (Asenovgrad
and SE Rhodope) to major quarrying regions of the eastern Mediterranean (Prokonnesos). At
the same time, differences in material selection between object categories provide insights
into patterns of acquisition, use, and consumption within the urban environment.
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Overview of the identified marble provenances from Marcianopolis according to artefact category,
illustrating the predominance of Prokonnesian marble and the more limited contribution
of regional marble sources
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Carnuntum, the capital of Pannonia Superior, has yielded an exceptionally rich corpus of Ro-
man stone monuments, including one of the most significant assemblages of sculptural ma-
terial from the Middle Danube region. Carnuntum’s central political, military, and econom-
ic role within the province makes its sculptural material particularly relevant for the study of
marble supply and consumption.

Complementing previous archaeometric research on marble monuments from Carnuntum
[1, 2, 3], this contribution investigates four marble portraits [4] preserved in the collections
of the Museum Carnuntinum using a multiple analytical approach combining X-ray diffrac-
tion (XRD), stable isotope analysis, chemical composition (ICP-OES and ICP-MS), cathodolu-
minescence microscopy (CL), and maximum grain size measurements (MGS).

Roman portrait sculpture in the round is comparatively rare in Pannonia, making the inves-
tigated assemblage particularly valuable for the study of material selection and marble pro-
curement. The group comprises two headless portrait busts excavated in the military amphi-
theatre area of Carnuntum, a portrait head of uncertain provenance dated to the Antonine
period, and a portrait bust of the empress lulia Domna acquired for the museum collections
in the 20th century. The representative archaeological context of the presumed private por-
traits and the distinct material character of the imperial portrait provide an opportunity to
investigate potential links between social status, visual representation, and material selec-
tion, particularly in a province lacking local marble resources.

Preliminary mineralogical analyses indicate the presence of at least three distinct marble
groups within the investigated assemblage. These are represented by the coarse-grained
yellowish-white marble of the excavated amphitheatre busts, the medium-grained yellowish
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marble of the portrait head dated to the Antonine period, and the red-veined white marble
of the lulia Domna bust. The results contribute to the evaluation of raw material provenance,
material selection, and marble procurement, offering new insights into workshop practices
and marble use in Roman Pannonia.
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This paper presents archaeometric analyses on a prehistoric amber pendant from the mul-
ti-periodic site of Zabalj-Nove Zemlje (Vojvodina, northern Serbia) [1], and discusses its sig-
nificance within the broader context of prehistoric amber use and exchange in the Carpathi-
an Basin [2]. The pendant was recovered from the disturbed upper daub layer of a burnt Late
Neolithic house associated with the Tisza and Vin¢a communities (5060—-4830 cal BCE).

The object is a small triangular ornament made of a translucent orange-brown material,
carefully polished and heavily worn through use. To identify the raw material, the pendant
was analysed using Scanning Electron Microscopy with Energy-Dispersive X-ray Spectrosco-
py (SEM-EDX) and Fourier-Transform Infrared Spectroscopy (FTIR). The analyses excluded a
mineral origin, confirming that the object is made of amber [1]. Regarding the origin of this
amber pendant, we compared the Zabalj pendant with reference amber samples from sev-
eral geological regions: Baltic amber (Succinite), Bitterfeld amber (Germany), Romanian am-
ber (Rumanite), Sicilian amber (Simetite) and Ukrainian amber [3]. The combined provenance
analyses revealed that the pendant has an unusually high oxygen content and detectable
amounts of aluminium, silicon, calcium, and phosphorus, which might interfere with several
depositional and taphonomic factors, for instance, direct burning or high-temperature con-
text, secondary mineral contamination, and surface alteration. Altogether, the Zabalj pen-
dant is most probably related to the succinite-like amber type (Baltic).

The vast majority of amber finds in the region date to the Bronze Age and consist main-
ly of standardised beads from graves and hoards, often linked to Baltic amber exchange
networks. The Zabalj pendant differs markedly from these finds in both morphology and
preparation. Its irregular triangular shape and off-centre perforation have no close parallels
among currently known Bronze Age amber finds. Consequently, the pendant may represent
a rare example of Neolithic amber use in the southern Carpathian Basin.
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The perforated pendant from the front, back and side views (made by Anna Sara Jagiolla)
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Residue analysis, as used in archaeometry, is a generic term used to describe the character-
ization of traces of organic products from the past. Organic remains usually cannot be iden-
tified using traditional techniques of archaeological investigation because they are either
amorphous, invisible or present at trace concentrations. Using modern instrumental tech-
niques for analysis it is possible to identify nature and origins of them. In this investigation
we used several instrumental methods of analysis (by GG-MS, HPLC, FTIR, NMR and Raman
spectroscopy) to characterize the archaeological organic residues, mainly bitumen and tars
from Bulgarian lands. Bitumen and tars were used for multiple purposes from the Paleolithic
through historical times: as glues and adhesives in construction works; in toolmaking or re-
pairing; for other restorations; to waterproof containers, baskets, boats; for sealing; in medi-
cine and magic, for disinfection, as shewing gum; for painting and decorations; for sculpting,
etc. They can provide useful information for the practices in the past, especially when the
textual and the archaeological evidences are combined with the analytical and the organic
chemistry and the molecular biology's methods and instruments.

The results are preliminary. The goal is to place regional cultures between East and West in
short and middle-term trends and long duration perspectives in history.
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Garnet jewellery was widespread in the Carpathian Basin during the Migration Period, start-
ing from the late 4th to the 7th century AD, through the Hunnic, Gepidic, Langobardic, and
Avar periods. These red gemstones were mainly used to ornament prestigious objects as-
sociated with the aristocracy and social elite. Determining the provenance of garnet gem-
stones can provide insights into trade, production, and workshop connections during the
Migration Period. However, garnet sources changed significantly over time, thus tracking
these spatial and temporal variations requires a large dataset. Due to the value of these ob-
jects, only non-destructive and non-invasive methods can be used, and Raman spectrosco-
py is among the most suitable techniques for analysing garnet inlays. Despite the lack of di-
rect chemical information in Raman spectra of garnets, it remains the only feasible method
to study jewellery with large numbers of inlays, especially when analysis time is limited.

Our current database contains more than 2500 Raman spectra of garnets, originating both
from archaeological and geological contexts [1, 2]. Reference garnets are available for most
known garnet sources (i.e. clusters; [3]) relevant during the Antiquity and in the early medie-
val times, which provides us a chance to reveal the possible source of garnet inlays based on
their Raman spectra. PCA applied to the Raman spectra yields better discrimination than the
corresponding major and minor element datasets obtained from SEM-EDS analyses. Clear
separation along the first principal components allows the discrimination of most known al-
mandine and pyrope garnet sources. This method is sufficiently robust to build classification
models based on Raman data, supplemented by the optical observations of their inclusions.
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These results enhance the accuracy of rapid and precise garnet provenance determination,
allowing to reveal the changing trade connections during the Migration Period.
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X-ray radiography is one of the oldest and most widely employed scientific methods for the
investigation of works of art. In the case of paintings, for example, the radiographic exami-
nation provides a reading of the work in its entirety, returning important indications both on
the support and on the pictorial layers, useful for the interpretation of the stratigraphic suc-
cession of the original or restored portions.

In this case, we made X-ray image (Eresko MF4, General Electric, USA) and elemental analy-
sis (p-XRF, Bruker, Germany) of painting of N. Karaneshev (1876-1964), named “Monastery
doors” in aimed to reconstruct original form and to help restoration work.

N. Karaneshev is one of the famous Bulgarian painters in the period of 1910-1925, studied in
Sofia (Bulgaria) and in Florence (Italy) and his works are well-characterized of detailed archi-
tecture and interior details. The precise naturalistic description of the picture is priceless ev-
idence for ethnographic surveys.

For this reason, the works of N. Karaneshev are subject of interest, especially for the recon-
struction of the natural culture and folklore of the beginning of 20th century in Bulgaria.

The results show two different periods of restoration, using different types of pigments and
obligation of the original author annotation of the picture.
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The presentation introduces the manufacturing technology, conservation, and material anal-
ysis results of a double-edged longsword (spatha) recovered from an early 6th-century Ge-
pidic-period cemetery (site: TiszaplUspoki-Fehér-td-part, Hungary). The uniqueness of the
find is largely due to the preservation of the wooden and leather remnants of the scab-
bard, the remains of the wooden crossguard and grip, as well as the remnants of the suspen-
sion straps. These provided a rare opportunity to examine the structural composition of the
weapon and the method of fastening the scabbard. During the conservation process, a ey
priority was the preservation of archaeological trace evidence and ensuring their interpret-
ability. Decisions were therefore supported by X-ray radiography, u-XRF, and FTIR analyses.
Furthermore, investigations into the corrosion mechanisms of the iron, copper, and silver
components based on the halide ion load of the soil also provided important data for a bet-
ter understanding of the processes affecting archaeological metals buried in the ground,
highlighting the correlation between modern agricultural impacts and metal degradation.
With the aid of these analyses, we can gain a new, detailed insight into the organic compo-
nents of the Gepidic-period weaponry, raising new perspectives for archaeological evalua-
tion, which can be further studied by expanding sampling procedures; moreover, the con-
servation process also serves as a case study for preserving the object in accordance with
modern heritage protection standards.
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The condition of the sword following restoration and X-ray images taken before restoration,
showing top and side views
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The archaeological site known as “Gerena”, located on the outskirts of Radnevo in south-
eastern Bulgaria, contains structural remains and cultural layers dating from the Neolithic,
Chalcolithic, Bronze, Iron Ages and Medieval period. The artefacts recovered from the graves
are broadly dated to the period between the second half of the 12th century and the second
half of the 13th century AD.

The grave inventory comprises objects made from a variety of materials. Among these are
glass and bronze bracelets, glass beads, bronze and silver-plated earrings, and bronze rings.
This study focuses on some of the bronze artefacts discovered during the 2022-2023 exca-
vations.

A bronze amulet, one of the most peculiar finds, was also examined, especially regarding its
manufacturing technology. This particular type of amulet appears to be unique to this ne-
cropolis, prompting specific analytical interest.

The alloy composition has been determined by X-ray fluorescence (XRF) and XRD, while man-
ufacturing features have been examined with tomographic imaging. The conservation and
restoration program was significantly refined and adapted in accordance with the analyti-
cal results.

An in-depth examination of the technological aspects of artefact production provides fur-
ther insight into past cultural and technological developments, illuminating aspects of medi-
eval society that remain insufficiently understood in the absence of analytical data. Through
a combination of archaeometric analysis and conservation treatment, the study aims to elu-
cidate the artefacts’ history and contribute to a better understanding of their production
technology.
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The Efesiou summer house, a highly regarded eclectic building on Navarinou, Byronos and
Santaroza streets on the Kalamata beach, was rebuilt in 1899 according to the sign posted
on the outside of the building, based on designs by Ernest Ziller. The most characteristic ele-
ments of the building are the arches of the two balconies facing Navarinou Street, the deco-
rative arches of the openings of the facades that end in unusual ornaments, the art nouveau
ironwork of the balconies and the main entrance door, as well as its carved wood ornaments.

It belonged to the Efesiou family, who originated from Asia Minor and already from the
pre-revolutionary period formed a commercial network with Malta and Tunis. In 1861, a com-
pany of the Ephesians operated in Tunis under Const. Konstantopoulos and Spyros Elias Ephe-
sios, who exported silk and oil. At the same time, with a partner, loannis Alamagas, they im-
ported salted cod and dried octopus from Malta to Kalamata. At the same time, the profession
of “banker” was practiced by Spyridon Ephesios, Nikolaos Ephesios, and Stamatios Ephesios.

They also owned the “Ephesian” house at 4 Mavromichalaion Street and Grigoriou Episkopou
Street, near Mavromichalis Square, a work of the Italian architect, erected in the last decade
of the 19th century, as well as the single-aisled church of Agios Nikolaos of Ephesian, with a
gable roof and a three-sided niche and neoclassical features, named after the first Ephesian
in Kalamata, Nikoletos Ephesian. During World War Il, the family suffered financial disaster
from bank stocks and bonds and sold their houses.

Using non-destructive portable Raman and XRF spectroscopy we analysed the pigments in
frescoes and made a comparison with well-known identified pigments of the same period.
This is very important related to the reconstruction of this building with respect for its his-
torical value and the authenticity of the materials.
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St. George’s Church in New Belgrade represents an example of the conservation challenges
affecting cultural heritage exposed to persistent moisture in urban environments. The original
wall paintings, created in the 1930s, were severely damaged by humidity and have been re-
placed in the early 2000s with new acrylic-based decorations painted on dry plaster. Howev-
er, the new decorations also rapidly deteriorated under the same environmental conditions,
emphasizing the urgent need for advanced protective materials suitable for sensitive paint-
ed surfaces. Recent studies have demonstrated the high protective efficacy of 2D materials,
although their application has mainly been limited to consolidation products or coatings for
artefacts with similar coloration [1, 2]. Our research focused on transparent nanostructured
coatings based on 2D materials that address the limitations of traditional and contemporary
protective coatings, preserve the aesthetics and original composition of the heritage materi-
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al, and can be applied to artifacts with a wider color range. Ultrathin hexagonal boron nitride
(h-BN) films were fabricated from liquid-phase exfoliated nanosheets using the Langmuir—
Blodgett (LB) deposition method onto replicas of wall-painting samples prepared as test sub-
strates. Compatibility between the coatings and painted surfaces was evaluated using X-ray
Photoelectron Spectroscopy (XPS), profilometry, and Photo-induced Force Microscopy (PiFM)
combined with hyperspectral photo-induced infrared imaging (hyPIR). The results demon-
strate that the LB method enables the formation of continuous h-BN coatings without alter-
ing the original micro-scale topography of the replicas. Furthermore, structural analyses con-
firmed the absence of undesirable chemical interactions between the coating and substrate.
Wettability measurements additionally showed a significant shift toward hydrophobicity af-
ter film deposition, indicating that these transparent, and nanometer thin h-BN coatings could
be an adequate material for cultural heritage protection even in highly humid environments.

This research was supported by the Science Fund of the Republic of Serbia, Grant No. 7456,
2D Material-based Tiled Network Films for Heritage Protection-2DHeriPro.
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During the second half of the Late Neolithic period in present-day Hungary (c. 4700-4500
cal BCE), there is an increase in the number of copper items in Southeastern Transdanubia.
These artefacts are found exclusively in burials associated with the sites of the Lengyel com-
plex and occur only as jewellery (e.g., beads, rings and bracelets). They can clearly be regard-
ed as prestige items. While these finds are well known from previous research, they have not
yet been subjected to any archaeometric analysis.

In order to understand why there are large quantities of copper artefacts in this region, de-
spite the near absence of copper at Lengyel sites further north, it is important to study their
provenance. A recent research project investigated the origin of the copper ore by combin-
ing the analysis of the chemical composition and lead isotopes of archaeological samples
from southeastern Transdanubian Lengyel sites and potential ore deposits. The results clear-
ly exclude the exploitation of local sources, pointing instead to a long-distance prestige ex-
change network [1].

This presentation focuses on the provenance results obtained from Late Neolithic contexts
of the prominent prehistoric site of Alsényék-Bataszék (five samples). To reconstruct the
manufacturing processes, the study is extended to include a technological analysis of arte-
facts employing optical microscopy (approximately 10 pieces). We also examine the plant
materials used for stringing copper beads (two samples) and the possible textile imprint on
a bracelet using polarising and scanning electron microscopy. These analyses contribute to a
better understanding the social network of the communities, early metalworking traditions
as well as some aspects of funerary practices and everyday life.
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A spiral copper bracelet from Alsényék-Bdtaszék (subsite 5603/1, grave 2222)
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Since its discovery in the 19th century, the Szeged-Szillér copper hoard has been of para-
mount importance in European Copper Age research. It was one of the find assemblages
on which Ferenc Pulszky based his definition of the Copper Age as a distinct period [1]. Al-
though the find circumstances of the hoard are unknown, based on its composition (ingot,
a Jaszladany-type axe and two fragments, a flat axe, an awl and a chisel), it may have been
a workshop hoard containing not only finished and in-use objects but also heavily worn and
fragmentary items — likely intended for remelting [2]. A similar find assemblage was found
at Nedakonice in southeastern Moravia, which contains two flat Stollhof-type axes, a chisel,
and a cast cake [3].

In our presentation, we present the results of lead isotope analyses of the copper artefacts,
which allow us to infer the origin of the artefacts’ raw material. These results are consistent
with previously published provenance studies of Early Copper Age artefacts from the Great
Hungarian Plain [4], which point to interactions with copper ore sources in southeastern Eu-
rope, particularly in present-day Bulgaria.

The project is funded by the International Visegrad Fund (no. 22430152, Mysterium Magnum
— Origins of Metallurgy in Central Europe).
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The Szeged-Szillér hoard (Pulszky 1884, fig. 1)
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In 2025, a composite hoard, among other items, containing copper and silver objects was
discovered in Hajdubdszérmény-Bagota, Eastern Hungary. The fact that the hoard was hid-
den inside a pot belonging to the Middle Copper Age Hunyadihalom culture provides a solid
basis for its relative chronological position (roughly the first half of the 4th Millennium BC).

Micro-XRF and ICP-MS analysis made in the HUN-REN Institute for Nuclear Research (Debre-
cen) of the artefacts (the flat axes, dagger, and silver beads) found in the hoard sheds funda-
mentally new light on the development of metalworking technology of the Middle Copper
Age in the Carpathian Basin.

Analysis of copper objects suggests that these may have been the first copper-base alloys in
the prehistory of the Carpathian Basin, predating the local Early Bronze Age by at least 1,000
years. On the other hand, it turned out that the beads were made of high-purity silver, which
can only be produced through cupellation.

Both metallurgical processes require a very high level of technical expertise and a signifi-
cant network of interregional connections (to ensure the dissemination of the metallurgical
‘know-how’ and the procurement of raw materials).
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The unearthing of the hoard at the site
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This study investigates the dynamics of the exploitation of the ore deposits in Maramures,
characterized by a complex metal composition including copper, iron, lead, silver, and gold.
To this end, a significant number of samples were collected from locations where metal-rich
rocks have been identified. These locations were cross-checked against medieval written
sources that mention the exploitation of ore veins reaching the surface. Sources situated
along a stretch of more than 120 km, between the Oas Mountains and the Rodna Moun-
tains, were investigated. These sources are located in areas where metal extraction activi-
ties are historically documented. Field surveys revealed evidence of intensive anthropogen-
ic activity at several sites. In addition, areas associated with the extraction of ore-bearing
rocks were identified.

In order to obtain data regarding the utilization of metals extracted from the Maramures re-
gion, assemblages of bronze artefacts from several regions were analysed: the Maramures,
Baia Mare, and Oas depressions, the Satu Mare Plain, and the Carei Plain. Preliminary anal-
yses highlight significant results concerning the use, in the lowland areas, of ores originating
from the Oas and Gutadi mountain regions.
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Copper ingots and axes are among the most characteristic metal forms of the prehistoric
Aegean and are commonly assigned different roles within metallurgical systems. Ingots are
generally associated with the storage and movement of metal, whereas axes are typically in-
terpreted as finished tools. Despite these distinctions, the relationship between the two cat-
egories remains insufficiently explored.

This study investigates a group of copper ingots and axes from a prehistoric hoard in north-
ern Greece through elemental analyses (SEM-EDS), lead isotope analyses, metallographic
examination, and the study of manufacturing technology. The analysed material consists
predominantly of copper containing varying amounts of arsenic, lead, antimony, and zinc.
Metallographic observations indicate that the examined specimens were cast in moulds and
display limited evidence of subsequent mechanical processing, while lead isotope analyses
provide information concerning the provenance of the metal.

In several cases, the analysed axes exhibit compositional and technological characteristics
comparable to those observed in the ingots despite their different morphology. This corre-
spondence suggests that typological distinctions do not necessarily reflect clearly differenti-
ated technological histories and raises questions concerning the extent to which form alone
can be used to define the role of copper in prehistoric metallurgy.

The study offers a new perspective on the relationship between copper form and metallurgi-
cal practice and contributes to broader discussions concerning the interpretation of prehis-
toric metal assemblages in the prehistoric Aegean.
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Copper axes and ingots from the prehistoric hoard in northern Greece, photographed in situ
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The study presents a comprehensive morphometric and metallographic analysis of Roman
iron semi-products from the Hrvatska Dubica iron-bar assemblage (Croatia). The assemblage
originally comprised 97 bars recovered from the riverbed of the Una River, approximately
4 km downstream of Hrvatska Dubica (Croatia), of which 27 preserved examples were avail-
able for analysis. The bars can broadly be dated to the Roman period, between the 2nd and
4th centuries CE. The findspot lies near a major iron-producing region associated with Ro-
man mining and smelting activities in the provinces of Dalmatia and Pannonia, encompassing
present-day north-western Bosnia and Herzegovina and the border areas of southern conti-
nental Croatia.

The study combines detailed morphometric characterisation of all 27 bars with metallo-
graphic investigation of cross-sections from 12 selected examples. Cross-sectional samples
taken from ends of each bar were prepared and analysed using optical microscopy and SEM—
EDS. Entire cross-sectional surfaces were examined by optical microscopy to assess charac-
teristic microstructural features, while SEM—EDS was employed for the detailed characteri-
sation of carbon-bearing phases and slag inclusions.

The results reveal a notable degree of standardisation in the production of iron semi-prod-
ucts. Most bars belong to a relatively narrow range of quadrangular forms weighing between
2.65 and 5.32 kg, corresponding approximately to 8—16 Roman librae, with the majority clus-
tering within the 12-15 librae range. At the same time, differences in shaping and micro-
structural composition indicate variability in manufacturing processes and smithing practic-
es. These observations suggest that the assemblage incorporates products originating from
multiple workshops and/or craftspeople while conforming to broadly shared morphological
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and metrological standards. Considered alongside comparable finds from sites across Pan-
nonian provinces, the Hrvatska Dubica assemblage provides evidence for the circulation of
iron semi-products through organised riverine and overland transport networks. The assem-
blage therefore offers insights into the standardisation, production organisation and distri-
bution of iron within the provincial economy of the Roman Empire.

Notes
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From the second half and late 7th century onward, silver served as the primary driver of the
early medieval European economy. Recent research has reshaped our understanding of raw
material consumption during the 7th to 10th centuries. According to these findings, the Eu-
ropean silver-based coinages emerging in the 670s were initially supported by Byzantine
silver, whereas from the 9th century onward, silver originating from the Arabic Caliphate
played an increasingly significant role. Within this matrix, locally extracted silver resources
also gained growing importance from the 7th century.

This presentation aims to investigate the silver sources of the early medieval Carpathian Ba-
sin — focusing primarily on the so-called “long 8th century”, a crucial period for early me-
dieval development — based on a series of lead isotope and chemical composition analy-
ses. Although peripheral from the perspective of dominant economic routes, this region is
expected to provide vital data on how emerging early medieval socio-political centres ex-
tended their spheres of influence during this period, and how these spheres potentially con-
verged on the eve of the 9th-century Frankish—Bulgarian and Frankish—Byzantine confronta-
tions, which are already documented in written sources.

The chronological phase under investigation precedes the period when substantial amounts
of Eastern silver entered European economies via Arabic silver coins. Consequently, it offers
key data regarding the local silver sources that underpinned the transition toward the Euro-
pean Middle Ages.

Project funded by the Hungarian NRDI Fund (TKP2021-NKTA-24).
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In October 2023, archaeologists from the Janus Pannonius Museum discovered a depot con-
taining 29 iron blooms, each weighing 1.7—-4 kilograms, on the Jakab-hegy near Pécs. The de-
pot might be linked to the Iron Age settlement horizons on the hill, either the Early Iron Age
Hallstatt culture associated with the remains of tumuli and earthworks, or to the Late Iron
Age La Tene culture.

Bulk mass and density measurements, metallographic examinations (optical microscopy),
and compositional analyses (p-XRF) were performed on samples cut from five blooms from
the depot. In addition, experimental forging was carried out on one of the blooms, produc-
ing an iron bar purified to a density of 7.65 g/cm3.

It was established that the iron blooms could have been produced in small smelting furnaces
with an inner hearth diameter of 25-35 c¢m, that they may have undergone only compaction
immediately after removal from the furnace, and that they still contain a significant amount
of slag, approximately one third by weight. Their material is high-quality, pure carbon steel,
free of elements that could affect its mechanical properties (P, As, Cu), with a low to medi-
um carbon content (on average approximately 0-0.4%). They must therefore have been re-
garded as a valuable raw material at the time, which may explain why they were concealed
in a depot.

The provenance of the ores used and the location of smelting remain uncertain; however,
some ore sources can potentially be excluded, such as phosphorus-rich bog iron ore, which
occurs in large quantities in nearby Somogy.
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a

Forging the 394/16 iron bloom into an iron block. a) The iron bloom. b) The forged iron block
still with a rough surface. c) The etched iron block, on whose surface the heterogeneous carbon
distribution is clearly visible

Notes
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The village of Targsoru Vechi, located in the southwestern part of Prahova County, is well
known in the field literature due to the numerous discoveries made in the area of the for-
mer medieval princely court. The most significant discoveries date from the 8th—10th cen-
turies AD [1], but several features from the Early and Late Iron Age have also been identi-
fied. Sampling for radiocarbon dating was done from Holcim 80, a pit with a diameter of 1.60
meters, which extended downward 0.40 meters below its outlining level. Inside the feature
were identified fragments of potsherds and several pieces of carbonised wood. A range of
pretreatment methods were applied to wood samples from the Holcim site, to investigate
the most suitable methods for removing contamination. We used scanning electron micros-
copy-energy dispersive X-ray spectroscopy (SEM—EDS) to characterise the sample. Radiocar-
bon dating of carbonised wood can be problematic due to contamination from exogenous
carbon. The cleaned samples were graphitized using the Automated Graphitization Equip-
ment (AGE3) and the isotopic ratios **C/**C, 3C/*2C were measured with the 1MV Tandetron
Accelerator Mass Spectrometry [2]. After obtaining the calendar ages, using the IntCal20
calibration curve the placement of the studied archeological site in time was confirmed,
which paves the way for an extensive “Holcim gravel pit” site investigation.
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The aim of the present study was to investigate the reliability of radiocarbon dating for pot-
tery samples. Seven samples of known archaeological age (one Neolithic: K6rés/Cris culture,
and six Bronze Age: Hajdubagos—Cehalut culture) were selected from three sampling sites
on the eastern Great Hungarian Plain. Their ages were compared using thermoluminescence
(TL) dating of the same potsherds, and radiocarbon dating of associated bones from the
same features. Based on previous experiments and the literature [1], the acid—base—acid
(ABA) chemical pre-treatment was used to remove contaminants from the pulverised sam-
ples. To test the method’s reliability, triplicate subsamples were treated, then combusted
in 2-steps: at 400 °C (low temperature fraction, LTF) and 800 °C (high temperature fraction,
HTF). Thus, 42 radiocarbon dates were obtained from the pottery samples, which were then
compared with the TL ages and the *C ages of the bone samples. All bone *C results align
with the expected archaeological ages, but the TL and **C pottery ages are more nuanced.

According to the literature [1], the ages of all the HTF carbon in the pottery are older than
the LTF ages. The triplicate LTF **C ages of the Neolithic pottery align well with the Kérés/Cris
culture. However, only 27.8% of LTF ages align with the Hajdubagos—Cehalut timeframe and
50% with the entire Bronze Age period. In the case of TL ages, 57% align with the examined
cultures and 71% with the archaeological periods.
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The reason why certain LTF and TL dating results yield younger dates may be contamination
from soil carbon, the use of grog as a temper, or the secondary burning of samples. The ex-
cellent correlation between the *C ages of the Neolithic sample and the archaeological age
might be due to the organic temper of the clay. This encourages further research into this ar-
chaeological period or pottery with organic tempering.

Project No. KDP-2023-C2321722 has been implemented with the support provided by the
Ministry of Culture and Innovation of Hungary from the National Research, Development
and Innovation Fund, financed under the 2023-2.1.2-KDP-2023-00002 funding scheme.
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In 2024 and the spring of 2025 we conducted an archaeological excavation in the southern
part of the village of Kiilsévat (Hungary), located on the eastern side of the Marcal Valley, in
the Kisalfold region. The excavated area, covering nearly 2 hectares and rising 1 to 10 meters
above the former floodplain, provided particularly favorable geographical conditions for set-
tlement during periods. Among the settlement remains, which date from prehistoric times
— specifically the Middle Copper Age, the Early Bronze Age, and the Celtic period — traces of
an Arpéad-Era village were also discovered in the northern and southwestern parts of the ex-
cavation site.

Economic features on the outskirts of the Arpad-Era settlement were primarily concentrat-
ed in the lower-lying western part, while the residential area expanded toward the north-
east and likely continues beyond the excavation site. In addition to the ovens and the smaller
and larger storage pits, the number of wells was particularly noteworthy. Of the excavated
ten wells, the wooden structure has been preserved in six. We collected 46 wooden samples
from these in order to date the settlement as accurately as possible. The archaeological fea-
tures, also the wells, contained a rich collection of pottery from the specific period.

21 samples were selected for tree species identification and 25 for tree-ring analysis. Most
of the identified tree species were the most characteristic and common hardwoods of the
once-extensive floodplains. Based on the cross-correlations, it was determined that the site
belongs to a single period. Although there was some overlap between the dating of the ce-
ramic material and the dendrochronological results, the wood from the wells proved to be
younger than the archaeological finds from these. These anomalies raise exciting methodo-
logical questions, which are attempted to be answered.
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The wooden structure of Well SNR 42

Notes
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Among the Late Bronze Age hoards discovered on Somld Hill, small, flat, disc-shaped white
beads frequently occur alongside amber and blue glass beads. These white beads were most
likely manufactured from marine shells, as suggested by the characteristic wavy patterns vis-
ible on certain specimens, which are typical features of saltwater shell species. Furthermore,
many beads display distinctive ribs on their convex surfaces, a characteristic commonly asso-
ciated with cockles and scallops.

These shell species may have been particularly suitable for bead production because, unlike
many other shell types, their material is relatively soft and can be more easily worked and
perforated. Since these species are not native to the region surrounding Somlé Hill, the raw
material, or more likely the finished beads themselves must have reached the site through
long-distance exchange networks.

To investigate the manufacturing process of these ornaments, an experimental archaeolog-
ical approach can be employed. The production sequence likely involved shell fragmenta-
tion, abrasive shaping and grinding, perforation of preforms, and final polishing. Each stage
generates distinctive use-wear traces that may be preserved on archaeological specimens.
Comparison of experimentally produced beads with the archaeological material offers the
potential to identify specific manufacturing stages and techniques, thereby providing a more
detailed understanding of shell bead production and the technological practices associated
with Late Bronze Age personal adornment.

The research was financed by the NKFI STARTING_25 Grant No. 152369 research programme.
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The poster presents the results of experimental casting undertaken to reproduce ingot
types known from the Central European Bronze Age, with a focus on forms that have not
previously been subjected to experimental study. These include bar ingots, cuboid ingots,
loaf-shaped ingots, and small plano-convex ingots, which are typically found in hoard con-
texts [1-4]. During the experiments, replica ingots made of both unalloyed copper and cop-
per alloys were cast in open and closed moulds. Technological traces and casting defects ob-
served on the replicas were compared with use-wear and production traces identified on
archaeological specimens.

The research was financed by the NKFI STARTING_ 25 Grant No. 152369 research programme.
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Experiment Phase II: Open sandstone casting moulds for ingots and the tools used to produce them
(Photo: J. G. Tarbay)
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A Mesolithic burial was unearthed during the 2009 excavation campaign of the Gorzsa sand
mine No. 5, located on the south-eastern outskirts of Hodmez6vasarhely in Southern Hun-
gary. The burial was situated at the summit of a hill rising from the marshy floodplain of the
Tisza River. Based on anthropological analysis, the skeleton belonged to a tall and robust
male with an estimated age of approximately 50—60 years, whose death is dated to the peri-
od between 7900 and 7700 BCE. The burial is regarded as unique within the broader region
and yielded archaeological materials lacking close parallels. To reconstruct the lifeway and
environment of this individual, we conducted multiple stable isotope analyses, complement-
ed by detailed dental examinations. Stable strontium and oxygen isotope results indicate
that the hunter-gatherer might probably have lived in the immediate vicinity of the burial
or in an environment with closely comparable isotopic signals; and no evidence of long-dis-
tance mobility could be revealed. The carbon isotope ratio results unambiguously indicate a
diet dominated by C, plants, but the high 6"°N and extremely low &S values are somewhat
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contradictory. This suggests a reasonably specialised hunter-gatherer diet, ranging from fish
consumption to possible intake of nuts, mushrooms, roots or even insects. These assump-
tions may be refined and clarified in the future by analysing dental calculus microremains.

The skull of the Mesolithic hunter-gatherer from Gorzsa (Photo: Déri Museum)

Notes
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The Southern Carpathian Basin represents one of the key areas for studying nature and dy-
namics of the expansion of agro-pastoral communities, as well as the adaptation of various
elements of the “Neolithic package” to new natural environments. The MOVE project aims to
examine the origins of a sedentary lifestyle through the study of mobility and settlement pat-
terns of the Neolithic (~6250—4500 cal. BCE) communities in this area by integrating various
archaeological and bioarchaeological data. Through analysis of the ratio of stable isotopes of
carbon, nitrogen, and sulfur (6*3C, 6*°N, 63*S) and strontium radiogenic signal (8Sr/%Sr) as well
as archaeozoological and contextual analysis, we obtained the following: 1. insight into the
size, duration, and organization of settlements; 2. degree of mobility, patterns of nutrition,
and exploitation of the environment during the Neolithic; 3. economic strategies of Neolith-
ic communities. The results indicate that people did not move much outside the locally ac-
cessible areas, that they exploited local environments, that there were certain differences be-
tween the Early and Late Neolithic, especially in the organization and duration of settlements,
as well as a high degree of adaptation to the natural environment. They had a mixed diet of
plant and animal origin, with a noticeable trend towards greater consumption of domestic an-
imals during the Late Neolithic, which is probably related to the intensification of agricultur-
al practices and increased sedentism in this period. Differences observed within sites may re-
flect the adaptation of communities to local conditions and available food sources. The study
contributes to a deeper understanding of the process of Neolithization and the development
of early agro-pastoral communities in the Southern Carpathian Basin.

This research was supported by the Science Fund of the Republic of Serbia, GRANT No. 7498,
Moving across the plain: reconstructing the lifetime movements of farming pioneers and their
successors during the Neolithic in the Southern Carpathian Basin-MOVE.
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The study of individual mobility is a cornerstone for understanding the social dynamics of an-
cient communities, offering critical insights into human identity. Among the methods used by
archaeologists, strontium isotope analysis has emerged as the gold standard due to its relia-
bility, robustness, and increasing accessibility—ushering in a “Golden Age” for the technique.
However, its application in the Eastern Balkans remains limited, with few studies addressing

the establishment of a biologically available strontium (BASr) baseline for the region.

This presentation reviews the current state of research and presents new results from the
Eneolithic necropolises of Gumelnita, Varasti, and Sultana, alongside our efforts to develop a
BASr baseline for the Lower Danube Valley. We emphasize the necessity of interpreting these
findings within a regional, transnational framework, as ancient cultural entities often tran-

scended the boundaries of modern nation-states.

This work was supported by a grant of the Romanian Ministry of Education and Research,

CNCS UEFISCDI, project number PN-IV-P1-PCE-2023-1899 (BioArhSteppe).
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Isotope analysis has become an increasingly important tool in archaeological research, pro-
viding new insights into past human lifeways, mobility, diet, and population dynamics. Re-
cent studies have applied multi-isotopic approaches in Slovenia, including carbon (6*C), ni-
trogen (6'°N), oxygen (6*®0), and strontium (8Sr/%¢Sr) isotope analyses, to a wide range of
archaeological contexts spanning prehistory, the Roman period, all the way to the recent ar-
chaeological periods. These investigations, initiated by the Vrije Universiteit Brussels, Uni-
versity of Ljubljana and JoZef Stefan Institute, have enabled the reconstruction of dietary
practices, opened the debate about the possibilities of identification of local and non-local
individuals, and a more in-depth exploration of social and biological aspects of past popula-
tions. Particular attention has been given to the development of robust bioavailable stron-
tium baselines for the whole country of Slovenia. Together, these studies illustrate the grow-
ing contribution of isotope analysis to Slovenian archaeology, combining methodological
innovation with bioarchaeological applications. By integrating isotopic data with archaeo-
logical, osteological, and environmental evidence, researchers are developing increasingly
nuanced reconstructions of mobility patterns, dietary behaviour, and human-environment
interactions across diverse chronological and cultural settings.
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Ancient epigenetics is an emerging branch of ancient DNA research that has gained increas-
ing attention with advances in modeling DNA degradation patterns. Reconstruction of meth-
ylation profiles in ancient samples offers a potential bridge between genotype and pheno-
type, providing insights into rapid, environmentally driven adaptations that are not readily
captured by genetics, anthropology, or archaeology alone [1]. By establishing differential
methylation profiles of human remains from the Roman period in Pannonia (1st—4th centu-
ries CE), this study expands population genetic analyses to include aspects of lived conditions
and environmental variability. Such an approach enables a more nuanced interpretation of
past human biology beyond genetic ancestry alone. Several computational tools for ancient
methylation reconstruction have been developed in recent years, with varying degrees of
success [2, 3]. These methods exploit differences in deamination patterns between methyl-
ated and unmethylated cytosines to infer methylation states and identify differentially meth-
ylated regions (DMRs). Depending on their genomic context, DMRs can reveal regulatory var-
iation and contribute to the inference of environmental adaptations [1]. Initial applications
of the Reconstruction of Ancient Methylation tool (RoAM,; [4]) indicate potential differenc-
es between populations from distinct Roman-period settlements in Pannonia. However, giv-
en the heterogeneous genetic backgrounds of these populations, it remains unclear whether
the observed variation reflects differences in local environmental conditions or the diverse
origins of the individuals. Future work will therefore incorporate populations of well-char-
acterized and distinct origins, alongside further refinement of the analytical pipeline. While
epigenetic analyses of ancient human remains have previously been limited to a small num-
ber of samples, often with a focus on evolutionary questions, this project represents —to our
knowledge — one of the first applications of such approaches within a historical, rather than
strictly paleogenomic, framework.
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Biological Memory: Epigenetics of Ancient Pannonia Populations. A. Located at the border
of the Roman Empire, Pannonia presents an intriguing case for studying rapid, environmentally
driven adaptations that are not readily captured by genetics. B. Computational methods for ancient
methylation reconstruction exploit differences in deamination patterns to infer methylation states
and identify Differentially Methylated Regions (DMRs). C. DMRs detected between populations
from Roman and Sarmatian settlements in Pannonia
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The extensive mortuary landscape at the fortress Ibida (Romania), comprising a high-status
tomb (MNI=39), a general necropolis (n=161), and M141, a commingled secondary multiple
burial pit representing a suspected ‘massacre of outsiders’ (MNI=37), offers the unique op-
portunity to investigate coalescing populations along the lower Danube Limes frontier. This
study presents the largest (n=119) multi-isotopic analysis (C, N, S, Sr, O, Pb) of any Roman pe-
riod (1st—7th c. CE) site from the region and a novel approach to integrating multi-method
assessment (archaeothanatology, osteology, proteomics) to re-examine the M141 deposit as
commingled assemblages of human remains are often neglected in biomolecular research.

Analysis reveals M141 contains both sexes and multiple age cohorts (infant to elderly) with
minimal perimortem trauma, challenging the massacre narrative. Isotopic analysis identifies
distinct dietary histories, suggesting distinguishable subsistence strategies and/or cultural
identities, with the majority of M141 individuals consuming C, foods (millet), contrasting the
C,-dominant diet of individuals in the high-status tomb and necropolis. While sulphur, stron-
tium and oxygen isotopes identify potential non-locals across all contexts, lead isotope con-
centrations present a possible cultural divide with the high-status group presenting elevated
anthropogenic values (ppm>0.5), suggesting long-term Roman cultural influence.
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The assessment of the M141 group exposes a unique range of dietary and mobility practic-
es exhibited at Ibida, otherwise masked if commingled remains are excluded from analysis,
underscoring the underappreciated role of commingled deposits in reconstructing the com-
plex, fluid human experiences of the Roman frontier.
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Founded by an East Asian elite group coming from the steppe region, the Avar Khaganate
ruled for more than two centuries in the Carpathian Basin after the mid-6th century. Here,
we present 221 ancient human individuals from three Avar period burial sites (7th—8th cen-
turies CE), located in Hungary. Two larger sites were used by lower-status communities,
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while the smallest site was used by a group belonging to the ,highest” strata of the Avar pe-
riod. We captured genomic information of the individuals, followed by enrichment and DNA
sequencing. Then, we used kinship and ancestry estimation programs to analyse the data-
set. The low-status communities have predominantly European ancestries and are connect-
ed to a larger, realm-wide kinship web. Meanwhile, the elite group has East Asian genetic or-
igins similar to other Avar elites, and is part of a separate, tightly-connected elite network.
We constructed pedigrees that shed light on social patterns. The elite site is reserved only
for a single pedigree descending from a founder male, and their reproductive partners, as
well as other females who likely also were exogamous partners. There are no kinship links
between different strata despite their close proximity (50-200 m) and their coexistence for
around five generations, demonstrating a reproductive barrier between the ruling and the
ruled. The low-status pedigrees on the other hand, show several interconnections with each
other, while we observe some differences in their treatment of deceased exogamous indi-
viduals. Through strontium data, we show individual and community-level mobility patterns,
while dietary stable isotopes indicate differences in the consumption of crops between the
elites and commoners of the area. Notably, nitrogen levels do not differ between the two
groups. These findings provide a framework for understanding the long-term coexistence,
interaction, and reproductive separation of steppe(-derived) elites and surrounding popula-
tions in early medieval societies.
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The Mostistea Basin and the Lower Danube valley form a key micro-region for reassessing the
biological history of later Neolithic and Eneolithic communities in southeastern Europe. This
paper outlines an integrated research framework for Sultana-Malu Rosu and Sultana-Valea
Orbului, Curatesti, Varasti and Gumelnita, combining existing ancient DNA, radiocarbon, sta-
ble-isotope, strontium-isotope, osteological and archaeological evidence. Rather than treat-
ing Boian and Gumelnita (KGK VI) archaeological signals as material culture (how archaeolo-
gists often do), we integrate them as direct proxies for population identity. The review paper
asks how genetic background, mobility, diet, funerary practice and health intersect within a
long-lived riverine landscape.

Published mtDNA data from Varasti, Curatesti, Gumelnita, Sultana-Malu Rosu and Sul-
tana-Valea Orbului cemeteries place these communities within the Middle/Late Neolithic and
Eneolithic genetic horizon of Romania, while genome-wide regional datasets indicate a major
Neolithic population turnover around the Danube, followed by variable farmer-hunter-gath-
erer admixture [1, 2]. At Gumelnita, 6'3C and 6N results from humans, animals, plants, fish
and freshwater molluscs reveal a mixed subsistence economy based on crops, terrestrial ani-
mal products and freshwater resources, requiring freshwater-reservoir correction of radiocar-
bon dates [3]. Strontium and amelogenin proteomic evidence further identifies four non-lo-
cal individuals among seventeen tested persons, consistent with childhood origins south of
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the Danube and suggesting that mobility intensified during the final centuries of the KGK VI
sequence [4]. At Sultana, new crop-isotope and radiocarbon evidence points to flexible plant
management under hydroclimatic instability before the 5.9 ka event [5].

By bringing these datasets into a single biocultural model, the proposed study frames the
Mostistea-Lower Danube population pool as a dynamic archive of ancestry, mobility, diet,
resilience and vulnerability. It also defines the rationale for future osteological and palae-
ogenomic work on human remains from this region, including pathology and life-history re-
construction.
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Recently, alongside the classical lesions, there has been increasing attention to atypical or
early-stage tuberculosis (TB) alterations in the palaeopathological practice [1, 2]. Although
TB infection has been detected in human remains from many archaeological periods and
geographical locations worldwide, no TB cases had been reported from the Copper Age of
the Carpathian Basin until 2023. The absence of evidence of TB infection in the Copper Age
was hypothesised to be due to a more mobile lifestyle and lower population density during
this period than in the preceding Neolithic [3]. The first case was reported from the Sarmel-
|ék-Szaraz eleje site (Late Copper Age, Baden culture) [4]. Newly analysed Early Copper Age
grave groups from the Budapest-Rakoscsaba-Major-hegy site [5] also yielded three prob-
able TB cases, based on visual inspection. TB-related symptoms occurred in two cases to-
gether with hypervascularisation, bone remodelling and lytic lesions in tarsal bones. In both
cases, joint surfaces were intact or revealed minimal erosion. In the paleopathological liter-
ature joint involvement is emphasised in connection with TB of the foot and ankle region.
However, joint involvement indicates a more advanced stage of the disease, as in most cases
the process begins with an osseous focus [6]. New data reveal that TB may have been much
more widespread in the Copper Age Carpathian Basin than was previously assumed. The ab-
sence of osteological evidence of TB-infection in the past reflects that the formerly exam-
ined materials were not representative enough and/or subtle or atypical bony alterations
were earlier not associated with TB or escaped attention. The results also highlight possible
early-stage osteological symptoms of TB in the foot region.
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In 2021, preventive excavations preceding the construction of the M100 motorway in Fejér
County, Hungary, uncovered a small Late Bronze Age burial ground. Despite the limited num-
ber of graves, the cemetery provides valuable insights into the social and biological compo-
sition of local communities during the Tumulus culture period.

Among the burials, a richly furnished grave of a young woman stands out due to the ex-
ceptional quantity and quality of its grave goods, including bronze ornaments and gold hair
rings.

Alongside typological, anthropological and radiocarbon analyses, selected human remains
from the cemetery have recently been sampled for archaeogenetic investigation. The inte-
gration of archaeological and bioarchaeological approaches offers new opportunities to ex-
plore questions of biological relatedness, mobility and population connections within the
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community. The results of these analyses are expected to further refine our understanding
of the individuals buried at the site and their broader cultural context.

The rich female burial discovered at Mdny raises important questions regarding social status,
identity and the mechanisms through which prestige was expressed during the Late Bronze
Age. By placing the cemetery within a wider regional framework and combining artefactual,
chronological, anthropological and emerging genetic evidence, this study aims to contribute
to ongoing discussions concerning interregional contacts and the role of socially prominent
individuals in Bronze Age communities. Despite the limited number of graves, the cemetery
provides a valuable case study demonstrating the interpretative potential of small burial as-
semblages.

The richly furnished female burial from Grave 83 at Mdny-Meéhes-d(ilG East
(photo: Baldzs Némethi)

Notes
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The application of advanced biomolecular methods to Migration Period populations in the
Carpathian Basin has recently provided novel perspectives on the region’s dynamic history.
As part of the ERC HistoGenes project, which investigates the population history of Eastern
Central Europe through the multidisciplinary integration of genomics, archaeology, history,
and anthropology, this study focuses on the genomic landscape of early medieval Transylva-
nia. We analysed high-throughput whole-genome sequencing data utilising a 1240k SNP cap-
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ture panel (average coverage of 498,000 SNPs/sample) from 116 individuals dating from the
4th to the 8th centuries AD. The samples originate from seven distinct Transylvanian sites,
including Gepid and Avar period cemeteries, as well as burials associated with the Chernyak-
hov-Santana de Mures culture. Sites of prominent interest include Floresti (n=75) — featuring
a Germanic elite female burial with rich gold grave goods and instances of artificial cranial
deformation — and Turda (n=1), representing a high-status Gepid female burial.

PCA and fastNGSadmix analyses reveal that while a Central European genetic component
dominates, Northern European, Southern European, Near Eastern, and minor East Asian ele-
ments are also present, displaying high intra-site heterogeneity. Furthermore, archaeogenet-
ic kinship analyses revealed complex local social structures, identifying 22 first-degree and
26 second-degree relationships connecting 39 individuals, forming pedigrees within Floresti.

Our findings demonstrate that Early Medieval Transylvania represents a genetic crossroads,
characterised by highly interconnected yet diverse communities. While this comprehensive
genomic dataset provides a robust baseline for regional comparisons, the upcoming integra-
tion of further archaeometric analyses — including radiocarbon dating, stable isotope analy-
ses, and fine-scale IBD-sharing analyses — will further refine our understanding of mobility,
kinship structures, and demographic processes in the Carpathian Basin.

A Séntana de Mures - |
Chernyakhov culture

A Gepid period
/\ Avar period
A 5th century

Sanpaul (1) 5
Floresti (75) ASantana de Mures (11)

Turda (1

) A\ Noslac (11)
Sancrai (14)modverem (3)

Geographic location and chronological distribution of the analysed Migration Period Transylvanian
sites (n=116). Numbers in parentheses following site names indicate the number of sampled
individuals per site. The red bounding box in the inset map marks the study area
within the European continent.

Notes
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More than 20,000 animal bone fragments were uncovered at the Late Neolithic tell-like set-
tlement of Ocséd-Kovashalom, Hungary, which is one of the most important settlements of
the Late Neolithic Tisza Culture on the Great Hungarian Plain. The site was excavated by Pal
Raczky between 1980 and 1985.

In the last few decades, a lot of important papers have been published about the role of the
settlement and the spatial distribution of social activities [1-4]. Based on previous analyses
of this huge amount of bone material by Sandor Békonyi, Erika Gal, and Zso6fia Eszter Kovdcs
[5], a lot of new information was obtained about meat consumption practices and the every-
day life of the Neolithic inhabitants.

To gain a deeper understanding of these everyday activities, the author re-analyzed the
bone assemblage from both qualitative and quantitative perspectives, including statistical
correlations, the energetics of consumption, and the spatial and temporal distribution of the
bone finds.
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Reconstructing the diet and management of ancient cattle provides important insights into
early husbandry practices and the organisation of agrarian economies. This study presents a
multi-disciplinary investigation of cattle diet and herd management across multiple Early and
Middle Copper Age (4500-3650 cal BCE) sites in the Carpathian Basin [1-5]. By integrating
dental mesowear, dental microwear, and geometric morphometrics, we aim to reconstruct
cattle’s dietary practices during their lives and in the period preceding death.

Two classic Mesowear score analyses were compared and applied, to assess long-term die-
tary signals preserved in the occlusal relief of maxillary and mandibular tooth cusps [6—8]. 2D
geometric morphometrics was applied to quantify the second maxillary molar cusp shape, to
improve dietary classification accuracy from 56% using traditional mesowear scoring to 67—
76%, by capturing aspects of cusp shape [8]. Dental microwear analysis provided short-term
dietary information by capturing fine surface textures on the maxillary enamel facets, indic-
ative of the last few weeks before death [9-10].

By applying this integrated methodological framework to assemblages from multiple Cop-
per Age sites, this study investigates whether shared cattle management strategies, includ-
ing grazing regimes and seasonal herding practices, were operating at a regional scale. The
results contribute to a broader understanding of how Copper Age communities organised
animal husbandry, and whether common economic and cultural networks shaped livestock
management across the region during this period.
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This study investigates animal husbandry practices at the trade settlement of Emporion Pisti-
ros (near the town of present day Vetren, Bulgaria). The site was founded by Greek mer-
chants in the late 5th century BC within the territory of the Odrysian Kingdom of Thrace [1].
Ongoing annual excavations have uncovered an exceptionally large faunal assemblage (over
50,000 bones), dating from the late 5th to the early 3rd century BC. Domestic livestock form
approximately 92% of all remains, indicating extensive husbandry.

Animal diet was assessed through stable isotope analysis (6**C and 6'°N), conducted on 54
samples from domestic mammals carried out at the University of Georgia, US. The bulk of
the samples were taken from the fill of a well excavated in 2010 and 2011. This deposit con-
tained 1,315 animal remains, with a high predominance of complete cattle metapodia. Its
formation has been interpreted as the result of a single event (large celebration / ritual feast)
[2-3], and that is why it was chosen as a case study.

The isotope results reveal a highly differentiated dietary pattern between all species. The
highest difference is observed within the diet of cattle, forming two distinct groups: one con-
suming C, plants, likely millet used as fodder, and another characterized by a predominantly
C,-based diet. Within the well, we find larger cattle, which are fed on C, and a single small in-
dividual with a C, diet. In this deposit, sheep and goat also exhibit correlation between their
morphometric size and isotopic composition, forming distinct groups.

These findings provide new insights into animal husbandry practices during the Classical pe-
riod, as similar studies are still rarely conducted, e.g. Argilos [4]. They also open a debate
on why differently kept animals are discovered together within a ritual deposit and address
the possibility that they reflect populations of animals kept by different groups of people.
This demonstrates the use of animal diet as a proxy in the study of past culture, religion,
and identity.
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Our lecture presents the results and highlights of the medieval (13th—15th century) and Ot-
toman Period (mid-16th—17th century) archaeozoological assemblages from the recently ex-
cavated Csokaké Castle (Lower Castle/Alsovar) [1]. The identification of animal bones has not
been restricted to the analysis of butchery and food remains, which usually form the main
part of animal bone materials. Palaeopathological examinations and the documentation of
bone, antler, and ivory tools have also been carried out during the National Research, Devel-
opment and Innovation Office (NKFIH) Project K-143099 ‘Castles, settlement network, mate-
rial culture, 1300-1700 — Complex microregional historical, landscape historical and archae-
ological research in Transdanubia’ (2022-2026) [2].

As main results, we highlight the shift in the exploitation of pigs and caprines, the second
most frequently consumed animals after cattle, following the conversion of a medieval aris-
tocratic residence into a Turkish border fortress in the 1540s. The presence of a few simple
bone objects such as handles and gaming pieces suggests that some skilled persons likely
practised bone manufacturing in the Castle of Csékaké during the Ottoman Period. Howev-
er, more sophisticated artefacts carved from the hard tissues of animals, such as a bone belt
stiffener, knives, and a decorative bone inlay from a gun, arrived at the castle with their own-
ers. The top products found in the fortification are the bone rosette and a double-sided ivo-
ry comb, which represent rare finds outside the Buda Castle area in Hungary.

Not only cultural impacts, but the environmental conditions are also reflected in the animal
bone assemblages of this site, located in a forested area in the Vértes Hills. Both the medie-
val and post-medieval layers yielded one of the highest frequencies of wild mammalian and
avian remains concerning the medieval noble residences and Turkish fortifications in Hun-
gary, respectively. The rate of game remains, in addition to the notable frequency of pig re-
mains, seems to support the written evidence regarding the presence of a few Christian
soldiers, as hunting involves the killing of animals without ritually bleeding the carcass. How-
ever, Hungarian peasants assigned to castle construction may also have contributed to the
consumption of pork.
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Bone rosette found in the Ottoman Period assemblage of Csékaké Castle
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Seine nets are composed of a variety of materials that come together to form a single tool.
Unfortunately, most of these materials are highly perishable, making them difficult to study
from an archaeological perspective. The durable components of seine nets are primarily the
weights, which can be made of stone, ceramic, or even bone. However, another component
of seine nets, the so-called “cibék” (which is usually carved from wood and is a toggle used
on the hauling harness of a seine net), can also be made of fish-bone. This type of object is
known from ethnographic literature and analogies [1]. The main question of the research to
be presented is whether objects of identical form appearing in medieval archaeological finds
could have been used in the manner known from ethnography. To determine this, use-wear
analyses were conducted on objects from Hungarian medieval contexts and known ethno-
graphic analogies. The function of these objects was previously unknown; the analyses aims
to determine this by presenting a possible way of use.
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“Tanyavetés”, the use of seine net in Komdrom (Herman 1887, 449, Table I11)
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Flax (Linum usitatissimum) is one of the oldest crops in Europe, including in the Balkans.
Many of the prehistoric sites in Serbia and Romania contain remains of flax/linseed, mainly
in the form of charred seeds. There is also clear evidence of textile production in these re-
gions: fragments of linen textile and rope were discovered at one of the Neolithic sites; im-
pressions of linen fabric were documented on a number of ceramic vessels; finds of loom
weights and spindle whorls are frequent. Was flax here cultivated in prehistory only for fi-
bre or also for oil? In the Alpine region, the size of waterlogged flax seeds from prehistor-
ic lakeshore and wetland settlements has been used to distinguish between the flax varie-
ty cultivated for the extraction of oil and that cultivated for the extraction of fibres. Based
on the abundance of “small” and “large” seeds, and the occurrence of textile-making tools,
scholars have identified periods of greater importance of one or the other variety of flax in
the 4th and 3rd millennium BCE in this region. Although charred seeds are not quite suita-
ble for this approach, because their ‘original’ morphology changed due to the exposure to
heat (e.g. reduction of the width has been observed in a study of the Alpine sites), we took
measurements of well-preserved charred seeds from several sites that yielded solid quan-
tities. We examine the patterns in seed sizes in relation to the archaeological context, chro-
nology and potential growing conditions of flax. We observe different seed sizes within sites
and periods, perhaps a reflection of varied charring conditions but possibly also of different
flax variants — for oil and for fibre, where for the latter we cannot exclude the use of wild flax.
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Charred flax seeds from Svinjaricka Cuka, Serbia
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This study presents the results of combined morphometric and organic residue analyses of
Early and Middle Copper Age (4500-3650 BCE) pottery assemblages from the area of pres-
ent-day Hungary, including 13 settlements, as well as burial contexts including 2 formal cem-
eteries, multiple grave groups and lone settlement burials. Morphometric analysis assesses
frequencies of individual and communal vessels for preparation and consumption, as well as
the size and frequency of storage vessels. This can lead to insights about food preparation
and dining practices, including processing methods, the size of served groups and storage ca-
pacity [1]. Organic residue analysis identifies the presence of various adipose and dairy fats
on selected potsherds. This can provide direct evidence of the significance of animal-derived
products in diet and confirm the increase in dairy consumption. By correlating these results
with regional and temporal variables, patterns of change in foodways of local communities
can be determined.

Results of morphometry-based functional analysis indicated the overall importance of com-
munality in both food preparation and consumption, the frequency of small drinking vessels
suggested the emergence of individual drinking culture toward the end of the Middle Copper
Age. Grave goods did not mirror everyday pottery use, as individual vessels and small stor-
age vessels were greatly overrepresented in burials, suggesting intentional selection from a
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range of domestic vessels [2]. Results from organic residue analysis did not show a clear cor-
relation between vessel form and the content type. However, it was confirmed that pottery
was frequently used for processing animal carcass products throughout the period under in-
vestigation, while dairy processing became common only at the end of the Middle Copper
Age.
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Poljana KriZzevacka 2 is a Copper Age settlement located in northern Croatia belonging to the
Middle Copper Age Lasinja culture (late 5th millennium BC/beginning of 4th millennium). Ex-
cavations revealed several large dugout type structures, alongside smaller pits and postholes
that may represent the remains of above-ground buildings or houses. The larger dugout type
structures were most likely used as dwellings and/or working areas. They are often grouped
together and with smaller pits, potentially reflecting kinship-based or familial organization
within the settlement.

A lot of pottery sherds were recovered, together with lithic and polished stone artefacts.
However, the absence of preserved faunal remains has limited attempts to reconstruct sub-
sistence strategies and dietary practices of the settlement’s inhabitants.

This paper presents preliminary results of the organic residue analysis conducted on ceramic
vessels, including bowls, jars, jugs, and spoons, recovered from the larger dugout structures
at Poljana Krizevacka 2. Lipids were extracted following established protocols [1], and ana-
lysed using gas chromatography (GC-FID) and gas chromatography—mass spectrometry (GC-
MS) on an Agilent 7250 GC/QTOF high-resolution mass spectrometer. The aim of the study
is to provide a clearer understanding of subsistence strategies, dietary practices, and poten-
tial vessel use at the settlement.

Preliminary analyses indicate the presence of residues consistent with animal fats, but fur-
ther analyses (compound specific *C isotope analysis — GC-C-IRMS) will be necessary for
closer interpretation.

Organic residue studies of Lasinja culture pottery from Croatia remain very limited, with only
a single published study to date [2]. Therefore, this research represents an important contri-
bution to the growing understanding of foodways, and pottery use within the Lasinja cultur-
al horizon in Croatia and beyond.
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During the late 4th millennium BC, the Stare gmajne site functioned as a well-established
metallurgical and agrarian settlement within a broader regional and cultural context [1]. This
study, part of ongoing doctoral research, employs a comprehensive multi-proxy analytical
approach to selected potsherds containing absorbed organic residues and adhering food-
crusts. To reconstruct vessel use and culinary practices among the Copper Age lakeshore
community, high-resolution digital microscopy, scanning electron microscopy (SEM), lipid
residue analysis, and bulk stable isotope analysis were utilised. The results indicate that ves-
sels were primarily used to process freshwater and vegetal resources, particularly cultivated
cereals and wild, starch-rich underground storage organs. Although domestic animals capa-
ble of providing dairy products were already integrated into the broader economic system,
only one vessel exhibited possible evidence of dairy processing, whilst ruminant adipose fats
were identified in a small number of vessels. This first extensive study of food remains from
a southeastern Alpine lakeshore settlement underscores the importance of integrating in-
terdisciplinary analytical approaches to reconstruct a more in-depth understanding of dis-
tinct ancient foodways.
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Food remains on a potsherd (Stare gmajne, c. 34th BC)
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This paper aims to investigate carbonized cereal-based food remains through microstruc-
tural analysis in order to reconstruct food preparation practices in a Dacian settlement from
north-western Romania. The analysed material was recovered from the site of Simleu Sil-
vaniei-Cetate (Sdlaj County) and derives from two distinct archaeological contexts: a metal-
lurgical workshop and dwelling L1 located on Terrace T1.

The investigated fragments consist of compact charred aggregates composed of tightly ag-
glutinated cereal components. Microscopic examination revealed a dense and homogene-
ous internal matrix lacking pores, vesicles, or differentiated crust structures commonly asso-
ciated with baked products. Instead, the observed microstructural characteristics indicate a
preparation obtained through boiling, supporting the interpretation of the fragments as car-
bonized porridge or gruel-like remains.

Although the plant material is poorly preserved and does not allow precise taxonomic iden-
tification, the visible inclusions suggest the use of small-grained cereals. The occurrence
of similar remains in two separate contexts may indicate that boiled cereal preparations
formed part of everyday dietary practices within the settlement.

The study contributes to current research on archaeological food residues by demonstrat-
ing the interpretative potential of charred amorphous food remains from Dacian contexts.
The results provide direct evidence for cereal processing, cooking techniques, and food con-
sumption practices in Late Iron Age communities from the north-western Carpathian Basin.
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Interior view of a charred porridge fragment from Simleu Silvaniei-Cetate, Romania
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Organic residues preserved in porous ceramics carry information about human activities
at the site through time. Conventional analytical approaches typically use solvent extrac-
tion, derivatisation, and subsequent GC/MS analysis. In contrast, Py(THM)-GC/MS offers
a solvent-free, powerful tool for the direct screening of traces of organic compounds ad-
sorbed on solid surfaces, requiring only a few mg of sample and no prior sample preparation.
Thermally assisted hydrolysis and methylation (THM) enables the analysis of high molecu-
lar weight and low volatility compounds, including long fatty acids and polyphenols, which
are the main organic residue components of most of the archaeological samples. Lipid mol-
ecules are the most well-preserved and widespread components, especially in pottery. Al-
though degradation processes may alter their distribution over time, fatty acid residues of
different chain lengths are degraded roughly at the same rates, preserving characteristic
abundance ratios that can be used to determine the general category of the lipid origin. Fur-
thermore, biomarker molecules can provide evidence for certain substances.

One aim of the research project was to delineate vessel function and use-contexts, and —
through their spatial distribution — to infer the locations of specific activities by integrating
archaeological and interdisciplinary approaches. The functional analysis of the ceramic as-
semblage was further strengthened by identifying organic residues cooked, consumed, or
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stored within the vessels, providing key evidence for addressing these questions.Organic res-
idue analysis of 52 ceramic samples from the Late Copper Age Protobolerdz and Baden pe-
riods was performed using the Py(THM)-GC/MS method. The extensive and heterogeneous
dataset, integrated with the morphological attributes of the ceramic vessels, was subjected
to multivariate statistical analysis employing principal component analysis (PCA) and factor
analysis of mixed data (FAMD). Although the analyses conducted do not allow for complete
food reconstructions, they do reveal patterns regarding the relationship between organic
materials and vessel types, as well as their use, for both periods.

Sample 56

+C18 branch
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Over the past several years, systematic interdisciplinary investigations have been conducted
on the Ludogorsko Plateau in present-day northeastern Bulgaria as part of a project funded
by the Bulgarian National Science Fund (“Non-destructive archaeology: an interdisciplinary
study of the settlement pattern of the Ludogorsko Plateau in the Bronze and Early Iron Age”,
Contract No. KP-06-N80/12). The main objectives of the project are the identification, analy-
sis, and interpretation of evidence of human occupation in the region across different chron-
ological periods, with a particular focus on the Bronze and Iron Ages. This period is repre-
sented by a large number of hoards and individual finds, including the eponymous hoard of
stone moulds from Pobit Kamak.

A multidisciplinary approach combining various non-destructive methods has been applied,
including the analysis of satellite imagery, LiDAR data, field surveys, and geophysical investi-
gations of newly identified sites. Among the main tools used for selecting sites to be visited
is the survey of the selected area based on soil and vegetation anomalies.
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The results of investigations conducted between 2021 and 2025 indicate intensive occupa-
tion of the region during the Late Bronze Age and the Iron Age. Numerous sites were iden-
tified as clearly distinguishable dark anomalies in multi-temporal Google Earth Pro imagery
and were subsequently confirmed through field verification. These surveys frequently re-
vealed high densities of archaeological material representing multiple chronological periods.

Following further site selection, extensive geophysical surveys were carried out using two
main methods: magnetometry and electrical resistivity survey.

This integrated approach has resulted in high efficiency in site identification and field reg-
istration. Analysis of the acquired data enables the identification of patterns in settlement
density and habitation characteristics across different historical periods and facilitates the
study of the internal organization and spatial structure of previously unidentified settle-
ments and potential production areas.
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Mounds are among the most emblematic and most endangered archaeological sites in Bul-
garia. Traditional surface surveys cannot keep pace with their ongoing destruction through
agriculture, urbanization, and looting. Mid-20th-century topographic maps produced at
scales of 1:25,000 and 1:5,000 represent one of the last systematic records of mound loca-
tions across Bulgarian territory, yet the spatial information they contain remains largely inac-
cessible for modern GIS-based analysis.

The Al ArchaeoTopia project, funded by the Bulgarian National Science Fund (contract no.
KMN-06-H100/5, 2025), addresses this gap through the development of an Al-assisted pipe-
line for the georeferencing and automated feature extraction of archival topographic maps.
As a foundational step, an initial automated georeferencing procedure was applied to nearly
1,300 topographic sheets at 1:25,000 scale covering the territory of Bulgaria. However, due
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to geometric distortions and cartographic variability across the series, the results did not
meet the level of positional accuracy required for feature extraction and were therefore sys-
tematically checked and corrected manually. This experience also informs ongoing work on
the 1:5,000 series (nearly 16,000 sheets), where greater cartographic consistency may offer
better conditions for testing and refining automated georeferencing approaches.

Building on this georeferenced dataset, the project is developing and testing methods for
the automatic detection and digitization of mound symbols on the maps, with the aim of in-
tegrating identified locations into the GIS-based Archaeological Map of Bulgaria (GIS AKB) —
the national archaeological information system for site recording. Preliminary experiments
applying visual foundation models, particularly the Segment Anything Model (SAM) and its
domain-adapted variants to automatic feature detection on topographic maps [1] are in pro-
gress.

This contribution presents the georeferencing workflow, the challenges encountered, and
the current state of the automated feature detection pipeline, with discussion of implica-
tions for large-scale archaeological heritage documentation in Bulgaria and the wider Bal-
kan region.
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This prehistoric site was discovered in 2012 by large-scale archaeological excavations occa-
sioned by the construction of the A1 motorway [1, 2]. Throughout an open area archaeolog-
ical excavation was completely investigated in an area of about 2 hectares (on the southern
and eastern limits of the site), significant archaeological features and vestiges being discov-
ered, providing major new data and finds from 9th—8th c. BC [7]. At that time non-invasive
field investigations were still — to a certain degree — a pioneering matter for Romanian ar-
chaeology. Since 2016, a multi-annual archaeological research program was initiated, aiming
field excavations and geophysics surveys for documenting the setting of the prehistoric habi-
tation [3]. From 2021 onward, a new complex range of non-intrusive investigations were un-
dertaken. Commencing 2024 by using the DStretch algorithm (4, 5, 6, 8] for processing differ-
ent vertical images of the area of interest we were able to identify accurately the outline of a
particular structure. During the last two campaigns the DStretch algorithm to precisely iden-
tify the horizontal limits of the delineation ditch, as identified by magnetometry in the past
years. Using the LDK colorspace, sufficient chromatic contrast was generated, and the layout
was marked by GPS points. Further geophysical prospections were tested on the site, like MS
— magnetic susceptibility of soil (volume k), in various configurations. The MS method pro-
vides high potential in defining the limits as well as the presence / absence of archaeological
horizons (features / vestiges) in broader landscapes, if a correct survey strategy is applied. The
presentation will focus on how this approach is useful in preparing a full dossier for requesting
the protection of the archaeological site according to the provision of the national legislation.
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The topographical survey of the Val Valley started in the autumn of 2023 as a collaboration
between the Hungarian National Museum, E6tvos Lorand University and Szent Istvan Kiraly
Museum. The investigation aims to explore the archaeological sites throughout the valley,
with a particular focus on the Late Iron Age, and to gather comprehensive information about
the settlements. We were particularly interested in the location, extent, and internal struc-
ture of specific sites within the valley, as well as the possibilities and limitations of surveying
them using only non- and semi-destructive methods.

The backbone of the research is the systematic artefact collection, which we use to examine
the entire research area. This helps to localise the sites, define their extents and the spatial
distribution and intensity of different periods within each site, while also providing chronolog-
ical data. To improve the accuracy of the latter, it is further supported by the metal detector
surveys. In addition, we employ aerial and geophysical surveys to examine the internal struc-
tures of the sites, localise their features and attempt to interpret them as pits, ditches or sunk-
en huts. To analyse and evaluate the data from the different sources, we use GIS tools.

Based on the results of the first few studied settlements, the combined use of various re-
search methods proved to be significantly more effective. This approach provided data that
would have otherwise remained inaccessible, especially in the case of multiperiod sites. By
comparing the crop marks visible on the aerial images with the magnetic anomalies, we were
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able to more accurately determine the probable age of certain features. Alongside this, the
distribution and density of surface artefacts also contributed to our understanding of the
features and utilisation of the sites across different periods.

Using and comparing all four survey methods allowed us to achieve a far more comprehen-
sive interpretation of multiperiod sites than could be achieved with fewer methods.

Legend

Possible sunken huts based on crop marks
[ Crop mark matches anomaly

[ Match not sure

[ No magnetic anomaly

Vertical gradient (nT/m)

n:
-5

Comparison between crop marks suggesting sunken huts and the results
of the magnetometer survey

Notes
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This paper presents results of the first field campaign of the four-year project Peek under the
Canopy: Mining Landscapes in the West Osogovo Mountains (PRIMUS 25/SSH/007). The pro-
ject investigates the largely unexplored mining landscape of the western slopes of the Oso-
govo Mountains in the northeastern part of the Republic of North Macedonia through an in-
tegrated non-invasive methodology combining airborne LiDAR data analysis with systematic
ground verification.

The principal objective of the project is to elucidate the role of the region’s rich polymetal-
lic ore deposits and associated extractive activities within the economic systems of the Ro-
man and Ottoman Empires. To date, the significance of this mining district has been inferred
primarily from written sources, a limited archaeological record, and preliminary field recon-
naissance undertaken in 2022. The project seeks to provide the first comprehensive archae-
ological assessment of the area and to establish a robust empirical basis for evaluating long-
term mining exploitation and its socio-economic impact.

The primary analytical dataset consists of high-resolution LiDAR imagery acquired by the
Agency for Real Estate Cadastre of the Republic of North Macedonia between 2019 and
2021. The data were processed using a range of visualization techniques designed to en-
hance the detection of archaeological features, with particular emphasis on mining-related
remains obscured by dense forest cover. Remote-sensing analysis resulted in the identifica-
tion of 7,984 potential anthropogenic features, of which 1,616 were subjected to field verifi-
cation during the ground-control campaign conducted in March—April 2026.
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The paper presents the preliminary results of this integrated remote-sensing and field-based
investigation, with particular focus on assessing the effectiveness and limitations of the
available LiDAR dataset for large-scale archaeological prospection in heavily forested mining
landscapes. The study also discusses the implications of the identified mining features for fu-
ture research into the chronology, organization, and economic significance of ore extraction
in the Osogovo Mountains.
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Recent geoarchaeological investigations from the East Lower Danube Plain have demonstrat-
ed that Chalcolithic communities displayed a marked preference for settlement along small
river valleys (e.g., Calmatui, Mostistea, Teleorman), which were largely protected from haz-
ardous flooding while avoiding major Carpathian rivers (e.g., Buzau, lalomita, Arges); palae-
ogeographic evidence integrating chronostratigraphic data, floodplain aggradation records
and macrocharcoal sequences indicates deliberate landscape selection for lower flood haz-
ard and geomorphic stability. Building on these findings [1], this study expands the analysis

along two complementary directions.

The first objective tests whether this small-river preference also characterized the Cucuteni—
Trypillia cultural complex, which occupied contrasting environmental settings across the for-
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est-steppe zone of Eastern Europe. Using GIS-based analyses of settlement distribution, riv-
er hierarchy and floodplain morphology, we evaluate whether flood-averse positioning was a
widespread Chalcolithic adaptation or a phenomenon restricted to the Lower Danube region.

The second objective examines the relationship between settlement altitude and relative
sea level along the western Black Sea coast. Incorporating sites from the Hamangia and Gu-
melnita—Varna (KGK VI) cultural groups, together with Bronze Age, Iron Age, Greek, Roman
and Medieval settlements, we compare site elevations against reconstructed palaeoshore-
lines and sea-level curves. We evaluate whether coastal communities systematically occu-
pied elevations minimizing exposure to shoreline migration and marine transgression, and
whether this risk awareness persisted into historical periods.

Preliminary results suggest that Chalcolithic communities developed long-term settlement
strategies shaped by accumulated environmental knowledge. In the Lower Danube, settle-
ment clustering along small rivers reflects flood-memory operating over multiple genera-
tions. Along the Black Sea coast, early evidence points to recurrent occupation of elevated,
stable positions. These patterns highlight the role of environmental memory in shaping Chal-
colithic settlement decisions, and this study evaluates how such risk awareness (both fluvial
and coastal hazards) was transformed across the transition to Bronze Age, Iron Age and his-
torical communities.
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The Colchian bronze culture of western Georgia is renowned for its rich metallurgical tradi-
tion during the Late Bronze Age-Iron Age [1]. Recent archaeological and geological investi-
gations in the mountainous region of Lechkhumi (ancient Colchis), have identified approxi-
mately 30 previously unknown copper-smelting sites dating to the 13th—8th centuries BC,
highlighting the scale and importance of metallurgical production in the region [2—-4]. While
archaeological research has provided substantial evidence for and metalworking activities,
much less is known about the landscapes in which these activities took place and the com-
munities that supported them. This study explores how palynological evidence can contrib-
ute to a better understanding of the environmental and social context of metallurgy in an-
cient Colchis.

More than 50 pollen and non-pollen palynomorph taxa were identified from slag fragments
in metallurgical contexts, providing insight into the surrounding environment. Bracken fern
(Pteridium aquilinum) and disturbance-related fungal spores indicate local forest clearance,
likely for charcoal production. Palynological and charcoal evidence shows nearby forests
were the main fuel source for copper smelting, underlining the strong link between metal-
lurgy and woodland resources [3, 5].

At the same time, the presence of herbaceous and agricultural taxa suggests that farming ac-
tivities were practiced alongside metallurgy. These findings reveal a landscape shaped by the
interaction of woodland management, metal production, and subsistence practices. Rather
than functioning as an isolated craft, metallurgy appears to have been embedded within a
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broader economic system that relied on the coordinated exploitation of natural resources.
The study therefore offers new insights into how Colchian communities organized and sus-
tained metallurgical production, highlighting the close connections between technology, en-
vironment, and everyday life in the LBA-IA South Caucasus.
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Archaeoseismology is a method that enables the identification and assessment of the inten-
sity of destructive earthquakes in the past. Instead of focusing solely on stratigraphic lev-
els with collapsed walls, our approach involved seeking evidence of lateral loading on struc-
tures, including in-plane and out-of-plane deformations, as well as deformed floors. The
historical and archaeological context further constrain the chronology of destruction phas-
es. A terraced building complex in ancient Tomis (modern Constanta, Romania), located on
the western shore of the Black Sea and a major urban center of the Roman and Late Roman
provinces of Moesia Inferior (later Scythia), is examined. Excavated sectors of the complex,
developed across multiple terraces overlooking the ancient harbor, display a wide range of
earthquake-induced features: extrusion, axial fractures, faults, funnels, troughs, folds, and
lateral spreading within a massive mosaic pavement. Interestingly, several meter-sized wall
fragments suffered shearing, dropping, tilting, and forced compaction due to a 6-meter free
fall into the underlying storerooms. The combined evidence from structural collapse (walls,
vaults, and floors) and deformation of the mosaic pavement indicate that the shaking inten-
sity reached at least level IX or higher, leading to significant destruction in the affected set-
tlements. Archaeological analyses, numismatic data, as well as written sources constrain the
main seismic events that severely affected Tomis to the 4th and late 5th century AD. This in-
terval closely precedes a documented tsunami along the western Black Sea coast around
544/545 AD, suggesting a period of heightened geohazard activity. These results contribute
to the reconstruction of the seismic history of the region and have important implications for
seismic hazard assessment along the western Black Sea coast.
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Mosaic-covered floor on top of a collapsed vault (in the foreground) and displaced wall (background)
in the Roman storerooms of Tomis. Archaeological Database photo #DSC00394.

Notes
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Bog iron ores were exploited for iron extraction across Europe from prehistoric times to the
early modern period. In the southern Carpathian Basin, specifically in the upper alluvial plain
of the Drava in northern Croatia, more than 150 archaeological sites display surface evi-
dence of iron production activities. Provenance analyses of slag and ore from excavated sites
indicate that regionally occurring bog iron ores were used for iron extraction during Late An-
tiquity and the Early Middle Ages.

Bog iron ores are renewable, sedimentary deposits that form as continuous layers or lenses
in lowland and wetland environments. Their formation is favoured by alluvial sandy, loamy,
or clayey soils characterised by variable redox potentials and a continuous flow of shallow,
iron-rich groundwater (Fe?). Investigating these ore deposits and their properties enhanc-
es our understanding of the natural conditions that influenced past production strategies
and resource management. However, in-depth study of historical bog iron ore deposits is
challenging due to potential exhaustion in the past or degradation. Regeneration or devel-
opment of ore deposits is further hindered by land reclamation efforts and associated envi-
ronmental impacts. As a result, reconstructing the environmental settings of past iron pro-
duction —including workspaces and exploited ore deposits — remains a complex task.

This study provides an overview of geoarchaeological approaches undertaken to reconstruct
potential areas of development and exploitation of bog iron ores in the past in the area of
the alluvial plain of the Drava River, Croatia. Initial methodologies included systematic field
surveys, investigation into the formation mechanisms of bog iron ores within the region, in-
cluding comprehensive analysis of soil and ore developmental phases (mineralogical (XRD)
and geochemical (XRF, LA-ICP-MS/AES), and remote sensing techniques (LiDAR and predic-
tive modelling). These approaches are combined with the contextual analysis of archaeo-
logical iron production workspaces and their spatial localisation, to understand the mutu-
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al dependency between the potential for bog iron ore deposit formation and archaeological
workspace placement, and the overall distribution of primary iron production sites along the
alluvial plain of the Drava river. The results show that although the landscape is significant-
ly altered, the potential for the development of bog iron deposits can be spatially delineated
and these areas correlate to distribution of iron production sites, implicating resource avail-
ability as primary natural driving factor for workspace location selection and long-term iron
production on a regional scale.

Notes
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The kurgan, built by the Yamnaya Culture [1], is situated on an elevated ground near the an-
cient bank of river Tisza, and was. During the ‘Arpad Age’ (AD 11-14th centuries) the local
community built a stone church and established a cemetery on the mound. The temple was
abandoned in later centuries, but its ruins (pieces of stone and brick) are still present on the
surface, and many human remains can still be found on the agriculturally disturbed ground.
Besides the two modern geodetic markers on the top, there is also an old carved stone point
from the 19th century. The mound has several Serbian and Hungarian names. The names
Kamenita humka and Ké-halom (‘Stony Mound’) refer to the ruins of the former church,
while the names JuriSina kosa ("Yuri’s Hair’) and Jurisina humka ('Yuri’s Mound’) are connect-
ed to an old Serbian family name. The kurgan was surrounded by vast grasslands at the end
of the 18th century. Due to the intensifying land use (indicated by the increasing number of
farms) the area of grasslands considerably decreased by the middle of the 19th century; for-
mer grasslands were ploughed and the kurgan became isolated. This landscape configura-
tion has remained, and largely unchanged until present day [2]. Despite being unmanaged,
the entire mound is still covered by a species-rich loess grassland holding a very high richness
and cover of typical dry grassland species such as Centaurea scabiosa, Euphorbia glareosa,
E. cyparissias, F. rupicola, Salvia nemorosa, Stipa capillata and Thalictrum minus. The mound
also harboured the populations of protected and red listed grassland species such as Agro-
pyron pectinatum, Adonis vernalis, Allium paniculatum; and Sternbergia colchiciflora has ar-
chive data. Among the weed species, several regionally rare species were recorded such as
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Calepina irregularis, Camelina microcarpa, Erodium ciconium and Nigella arvensis. Owing to
its high conservation value, the kurgan was designated as a locally protected area [3].
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The Jurigina humka kurgan in Zabalj, Serbia (photo by A. Bede)

Notes
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Distinguishing archaeological deposits from natural soil horizons in tell sediments remains a
major challenge in geoarchaeological research. Bronze Age tells are highly complex, vertical-
ly stratified monuments, whose investigation is often constrained by the practical, financial,
and heritage-related limitations of large-scale excavations. Core drilling provides a valuable,
minimally invasive alternative, allowing buried sequences to be investigated while preserv-
ing archaeological deposits in situ.

This study explores the potential of routine soil geochemical properties for identifying and
characterizing buried archaeological deposits. Two sediment cores (PK5 and PK7) were ana-
lyzed independently to account for local stratigraphic variability. Selected parameters - in-
cluding pH (KCI), calcium carbonate (CaCO,), total organic carbon (TOC), and total phos-
phorus (P ) - were evaluated in relation to depth. Statistical analyses were employed to
examine depth-dependent patterns and identify variations that may reflect differences be-
tween natural soil development and human activity. The observed geochemical trends were
subsequently compared with the distribution of archaeological macro-remains to provide an
independent basis for interpretation.

Both profiles exhibited distinct vertical variability and clear indications of human influence,
although the extent and intensity of these signatures differed between the cores. The results
demonstrate that statistical evaluation of routine soil chemical data can provide useful ev-
idence for recognizing and interpreting buried archaeological horizons. Therefore, integrat-
ing core-based sampling, geochemistry, and statistical analysis offers a promising approach
for the investigation of protected tell sites, supporting archaeological interpretation while
reducing the need for extensive excavations.
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The inner fort of Perkdta-Forrds-diilé Bronze Age tell site
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Project WEAR develops an integrative methodological framework for the experimental and
computational analysis of Neolithic bifacial stone tools from Central Europe, with a particu-
lar focus on axes, adzes, and chisels associated with the Linearbandkeramik (LBK) culture.
Traditional typological approaches to these tools have largely relied on static classifications
based on dimensional ratios, despite the fact that such artefacts undergo continuous mor-
phological transformation throughout their use-life. Existing studies often depend on sub-
jective assessments and small datasets, limiting reproducibility and quantitative evaluation.

To address these limitations, the WEAR project combines experimental archaeology, ge-
ometric morphometrics, material sciences, and computational modelling in order to re-
construct the functional and morphological life histories of stone tools. The methodologi-
cal workflow integrates raw material characterization, controlled replication experiments,
long-term use simulations, and sequential three-dimensional documentation of wear states.
Mechanical devices are employed to standardize variables such as motion, pressure, and
duration of work, while human participants serve as comparative controls. Analytical meth-
ods include X-ray diffraction (XRD), electron probe microanalysis (EPMA), X-ray fluorescence
(XRF), Fourier-transform infrared spectroscopy (FTIR), and advanced statistical modelling of
shape trajectories in size-and-shape space.

The project further generates open-access synthetic datasets that model wear progression,
breakage patterns, and task-specific deformation processes. Preliminary results demon-

270


mailto:Laura.Dietrich@oeaw.ac.at

10TH BALKAN SYMPOSIUM ON ARCHAEOMETRY — BUDAPEST 2026

strate that tool dimensions and wear parameters change simultaneously, though at vary-
ing rates, during repeated use and resharpening episodes. Consequently, metric ratios com-
monly used in archaeological typologies cannot be considered stable or invariant. Analyses
of LBK flat adzes indicate that morphological variability is more likely related to intensity of
use and maintenance histories than to stylistic or technological differences. By integrating
experimental replication with computational analysis, Project WEAR provides a reproducible
framework for identifying original tool functions and understanding long-term processes of
technological transformation in Neolithic societies.

1. 3D documenting of succesive wear states 2. modelling of shape
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The advantages of concurrently examining long-term archaeological settlement patterns and
integrating temporal aspects into the modelling process have proven highly beneficial over
the past few decades in microregional studies. These spatiotemporal investigations have
provided a clearer understanding of how human activities occurred within the landscape, as
well as how shifting environmental, social, and ecological conditions have necessitated and
constrained human adaptation. This study aims to explore changes in the Early (EN), Middle
(MN), and Late Neolithic (LN) (6000—-4300 BC) settlement patterns of the Tiszazug microre-
gion in Eastern Hungary by integrating a microregional settlement database, chronological
probability modelling, a radiocarbon-dated temporal framework and predictive modelling.

The Archaeological Topography of Hungary in the 1980s and 1990s identified 758 archaeo-
logical sites within the 546 km? Tiszazug microregion through extensive field surveys. Dur-
ing a recent complete chronological review of the collected artefacts, Bevan’s and Crema’s
probabilistic method was applied to gain artifact-based chronological uncertainty of approx-
imately 17,500 Neolithic finds. A site-based summary of the individual assessments aimed to
balance the low count of highly diagnostic ceramics with the high count of moderately diag-
nostic ceramics to calculate the overall occupation probability of the sites during the Neo-
lithic periods. The absolute chronological framework for the Koéros culture (EN), Alfold Line-
ar Pottery culture (MN), Szakalhat group (MN) and Tisza culture (LN) in the microregion was
established using more than 60 collected and newly measured radiocarbon dates, highlight-
ing asynchronous and overlapping cultural phases.

KDE-based probabilistic settlement pattern analysis and maximum entropy predictive mod-
elling were conducted to visualise and analyse culture-dependent occupation strategies
throughout the Neolithic. The models indicate significant changes from the Early to the Late
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Neolithic in habitation areas and intensity, highlighting short- or long-lived local and microre-
gional centres and their changing environmental conditions.
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To reconstruct the social networks of Early and Middle Copper Age (4500-3650 BCE) com-
munities in the Carpathian Basin, this study investigates pottery forming techniques. Be-
cause these techniques require intensive, direct interaction to learn, they serve as reliable
indicators of distinct communities of practice. This research aims to move beyond broad re-
gional correlations by utilising network analysis to uncover fine-grained spatial and tempo-
ral connections between individual sites and to trace the diffusion patterns of minor techno-
logical variations. To achieve this, macroscopic traces on 1605 ceramic vessels from 24 sites
across Transdanubia, the Budapest Region, and the Great Hungarian Plain were systemati-
cally examined to reconstruct specific forming methods and coiling processes [1, 2, 3]. After
validating site sample coverage with the INEXT package, these categorical data were trans-
formed and projected into a network using Uniform Manifold Approximation and Projection
(UMAP) and clustered via the Leiden algorithm, with cluster robustness validated through
Jackknife and downsampling methods.

The network analysis successfully revealed the hidden microstructures of knowledge trans-
mission, overcoming the limitations of less robust statistical approaches. The results demon-
strate that the diffusion of minor technological variations was not random but followed
distinct spatial and temporal trajectories. Rather than indicating direct long-distance inter-
actions, the patterns suggest a progressive, step-by-step diffusion of technical knowledge
primarily between neighbouring communities. Furthermore, a clear temporal shift was iden-
tified: earlier communities typically displayed peripheral, strictly localised networks, where-
as later settlements occupied highly connected, central positions that bridged distinct mac-
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ro-regions and integrated broader technical repertoires. Ultimately, this study establishes
the network analysis of forming techniques as a crucial methodological tool for modelling
the gradual transformation of prehistoric technical traditions. By moving beyond mere arte-
facts, it successfully identifies social relationships and knowledge-transfer networks.
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Achieving performant interdisciplinary research by actual standards relies heavily on build-
ing a big-data infrastructure as the basis for subsequent Al/machine learning-driven infer-
ence over a plethora of multimodal interdisciplinary data.

With this in mind, the authors propose a novel interdisciplinary methodology that covers all
aspects of proper bioarchaeological and geological research, starting with on-site data-har-
vesting procedures tailored to modern interdisciplinary needs (e.g., systematic excavation
of artefacts using stratigraphic recording, mapping artefacts’ locations with GPS, total sta-
tions, or 3D photogrammetry, collection of sediment cores, rock and mineral sampling from
specific stratigraphic layers, etc.), followed by customized laboratory protocols (e.g., clean-
ing and conservation of the extracted artefacts, physiscal anthropological analysis, ancient
DNA extraction, stable isotope analysis, preparation of thin sections for petrographic mi-
croscopy, sediment sieving and grain-size analysis, mineralogical analysis, etc.) for data pro-
cessing (e.g., digitizing field records and artefacts, statistical analysis of identified patterns,
processing DNA sequence data and interpreting isotopic values, creating 3D models of the
artefacts, analyzing sediment composition datasets, constructing stratigraphic profiles and
geological timelines, modeling past environmental or landscape changes, etc.), and culminat-
ing in a perpetual feedback loop (e.g. return to the field to collect additional samples, mod-
ify excavation strategies, refine research questions, reanalyze previously collected material
with new techniques, etc.).

The proposed methodology will be validated during an interdisciplinary summer camp cen-
tered around an archaeological excavation at the Roman castrum of Potaissa, Turda, Roma-
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nia, that would provide enough archaeological, biological, and geological data to fuel an in-
formatics system enhanced with novel Al capabilities, which in turn will provide a generation
of young interdisciplinary researchers with meaningful metadata.
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Carved building stones are important sources for the study of historic architecture, but their
documentation and comparison can be a slow and demanding process. This paper presents
a digital workflow designed to make the recording and analysis of such material more ef-
ficient, consistent, and easier to reuse in further research. The case study is based on the
carved stones of the Inner City Parish Church of Pest, documented through photogrammet-
ric 3D surveys. These detailed 3D models make it possible to record the stones accurately
and to extract profiles, sections, and other formal features from them. In this workflow, pho-
togrammetry is not only used for visual documentation, but also as a starting point for digi-
tal analysis. The extracted data are further processed with Python-based methods and used
in connection with convolutional neural networks. The aim is to explore how machine learn-
ing can help recognize recurring shapes and profile types among the carved stones. By creat-
ing clear and comparable profile data, and by defining idealized profile forms, the workflow
can provide better training material for the model.

The paper argues that these digital methods can support the work of researchers by reduc-
ing repetitive manual tasks and speeding up the comparison of stone elements. The pro-
posed workflow does not replace expert interpretation, but offers a practical tool for or-
ganizing, analysing, and identifying carved building stones more effectively. In this way, it
contributes to the modern documentation of cultural heritage and to the development of
new research methods in architectural, art historical and archaeological studies.
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Generated image based on DKA-047510, illustrating Al robots assisting
in the reconstruction of the Inner City Parish Church of Pest
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