UK
ARCHAEOLOGICAL
SCIENCES
CONFERENCE
2022

ABSTRACT
BOOK

KING'S COLLEGE
ABERDEEN, SCOTLAND
@UKAS2021_ABDN
#UKAS2022

20 - 22 APRIL 2022

ABSTRACT BOOKLET
UK ARCHAEOLOGICAL SCIENCES CONFERENCE 2022
20 - 22 APRIL 2022

Table of
Contents

3

Welcome

4-5

Sponsors & Exhibitors

6

Prizes

7-8

Outline Programme

9 - 15

Detailed Oral
Programme

16 - 20

Poster Details

21 - 101

Oral Abstracts

102 - 165

Poster Abstracts

166 - 167

About Aberdeen

168 - 172

General Information

173

Campus Map

174 - 192

Author Index

193

Contact

KING'S COLLEGE
ABERDEEN
SCOTLAND

ABSTRACT BOOKLET
KING'S COLLEGE
LEADS THROUGH 3D HOUSE TOURS
ABERDEEN
UK ARCHAEOLOGICAL SCIENCES CONFERENCEIMPROVING
2022
SCOTLAND
20 - 22 APRIL 2022

Welcome

We are so very happy to welcome you

We have a jam-packed programme of talks, poster

here to the University of Aberdeen for UK

presentations and social events for you over the next three

Archaeological Sciences 2022!
Following inaugural meetings at the University of
Glasgow in 1987 and 1989, for the first time in more
than 30 years, UKAS has returned to Scotland.
Dubbed the Silver City by some (our granite sparkles
when the sun shines – we promise!), Aberdeen is a
diverse, vibrant and welcoming city and, founded in
1495, the University is the UK’s fifth most ancient. In
the 15 years since our Department was founded, it

days, and we very much hope you enjoy your time with us
here in Aberdeen, and with each other. We also want to
take this opportunity to thank our student helpers, all of
our presenters, and all of the participants too - while we
may have organised the logistics, you are what makes
UKAS, UKAS!
Kate Britton, Head of Department, Archaeology,
University of Aberdeen, on behalf of the organizing
committee:

has grown as a thriving, collaborative, outward-

Kate Britton

facing yet close-knit archaeological community in

Rebecca Crozier

the North, with our research spanning the globe

Orsolya Czére

from Alaska to East Asia, including field

Jenna Dittmar

archaeology, community archaeology and cultural

Linus Girdland-Flink

heritage, archaeological theory, historic and

Elodie-Laure Jimenez

prehistoric archaeology, and the bioarchaeological

Mael Le Corre

sciences.

Edouard Masson-MacLean
Marc Oxenham

In the wake of the global events that have impacted
our personal and professional lives so profoundly
over the past few years, we are truly delighted to
host you for this in-person conference – the first
many of us will have attended in more than two
years. We are also very pleased to welcome our
virtual participants. While institutions and
individuals are still struggling to adapt to this new
way of running conferences, it is our hope that we

Joshua Wright
Student helpers:
Amy Allan-Jones
Sarah Barakat
Emilie Green
Eléa Gutierrez
Lucy Koster
Professional Conference Organisers (PCOs):

can move forward continuing to incorporate hybrid

CPD Services

elements as part of a more inclusive future.

Research and Innovation, University of Aberdeen
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Sponsors & Exhibitors
SILVER SPONSOR
ELSEVIER
Thank you to Silver Sponsor, Elsevier, for their support.
Elsevier is a leader in information and analytics for customers
across the global research and health ecosystems. Elsevier
helps researchers and healthcare professionals advance science
and improve health outcomes for the benefit of society.
They do this by facilitating insights and critical decision-making
for customers across the global research and health
ecosystems. Learn more

Website - www.elsevier.com
Twitter - @ElsevierConnect

SILVER SPONSOR
THERMO FISHER SCIENTIFIC
Thank you to Silver Sponsor, Thermo Fisher Scientific, for their
support. Make sure to visit them at their exhibition stand
during the conference.
Thermo Fisher Scientific Inc. is the world leader in serving
science, with annual revenue of approximately $40 billion.
Their Mission is to enable their customers to make the world
healthier, cleaner and safer. Whether their customers are
accelerating life sciences research, solving complex analytical
challenges, increasing productivity in their laboratories,
improving patient health through diagnostics or the
development and manufacture of life-changing therapies,
Thermo Fisher Scientific Inc. are here to support them
Website - www.jobs.thermofisher.com/global/en/home
Twitter - @MyThermoFisher

4

ABSTRACT BOOKLET
KING'S COLLEGE
LEADS THROUGH 3D HOUSE TOURS
ABERDEEN
UK ARCHAEOLOGICAL SCIENCES CONFERENCEIMPROVING
2022
SCOTLAND
20 - 22 APRIL 2022

Sponsors & Exhibitors
SAS | THE SOCIETY FOR
ARCHAEOLOGICAL SCIENCES
Thank you to the Society for Archaeological Sciences for their
support. SAS are proud to sponsor the prize for best Student
Poster.
The Society for Archaeological Sciences (SAS) is a non-profit
international association promoting research on and
dissemination of scientific knowledge of our human past,
studied through use of a wide range of analytical techniques on
archaeological materials.
Website - www.socarchsci.org/
Twitter - @socarchsci

ANTIQUITY JOURNAL
Thank you to Antiquity for sponsoring the Best Student / Early
Career Researcher Oral Presentation Prize.
Antiquity, a peer-reviewed journal of archaeology, founded by
O.G.S. Crawford in 1927, is owned by the Antiquity Trust, a
registered charity.
The Trustees of the Antiquity Trust can be found on their
Antiquity Trust page. The Antiquity office is based at the

Department of Archaeology at the Durham University.
Website - www.antiquity.ac.uk/
Twitter - @AntiquityJ
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Prizes
Thanks to the generous support of Antiquity, the Society for
Archaeological Sciences and the Journal of Archaeological
Science: Reports/Elsevier, we are able to offer four prizes:
The Antiquity Best Early Career Researcher Presentation Prize
The Elsevier Best Student Presentation Prize
The Elsevier Best Early Career Researcher Poster Presentation Prize
The Society for Archaeological Sciences Best Student Poster Presentation
Prize
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SCOTLAND

Outline Programme
WEDNESDAY 20 APRIL 2022

08.00 – 08.50
08.50 – 09.00
09.00 – 10.40
10.40 – 11.10
11.10 – 12.50
12.50 – 13.40
13.40 – 15.20
15.20 – 15.50
15.50 – 17.30
From 18.00

Registration Desk Open and Coffee, King’s College Conference Centre
Welcome and Conference Opening
Session One
Coffee, James McKay Hall
Session Two
Lunch, James McKay Hall
Session Three
Coffee, James McKay Hall
Session Four
Informal Mixer*, The Bobbin, 500 King St, Aberdeen AB24 5ST

* non-ticketed event, generous capacity but limited to first come first served
THURSDAY 21 APRIL 2022

08.30 – 09.00
09.00 – 10.40
10:40 – 11.10
11.10 – 12.50
12.50 – 13.40
13.40 – 15.00
15.00 – 15.30
15.30 – 16.50
17.00 – 18.30

Registration Desk Open and Coffee, King’s College Conference Centre
Session Five
Coffee, Elphinstone Hall
Session Six
Lunch, Elphinstone Hall
Session Seven
Coffee, Elphinstone Hall
Session Eight
Drinks Reception and Poster Session, Elphinstone Hall

FRIDAY 22 APRIL 2022

08.30 – 09.00
09.00 – 10:40
10.40 – 11.10
11.10 – 12.50
12:50 – 13.40
13.40 – 15.00
15.00 – 15.30
15.30 – 17.10
18.30:
19.00 – Late

Registration Desk Open and Coffee, King’s College Conference Centre
Session Nine
Coffee, Elphinstone Hall
Session Ten
Lunch, Elphinstone Hall
Session Eleven
Coffee, Elphinstone Hall
Session Twelve
Pre-Dinner Drinks Reception
Conference Dinner and Ceilidh, Elphinstone Hall
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UKAS Programme Outline
Please note, only presenter names are listed below. For full paper authorships, please see abstract booklet.
20 April 2022
08.00 – 08.50 Registration Desk Open and Coffee, King’s College Conference Centre
08.50 – 09.00 Welcome and Conference Opening
09.00 – 10.40 Session One – Animals, Humans and the Environment
09.00 – 09.20
Carly Ameen
Burrowing into the bio-cultural history of rabbits
Victoria E. Mullin
09.20 – 09.40
Cattle on the Western Atlantic Edge of Europe: An Ancient Genomic Tale
09.40 - 10.00
Helen Whelton
Compound-specific radiocarbon dating of faecal biomarkers
10.00 – 10.20
Karen Milek
Living with Vikings: geoarchaeology, lipid biomarkers, and interdisciplinary perspectives on human-animal relations in the Viking Age
Colin Smith
10.20 – 10.40
Investigating Late Quaternary palaeoenvironment in the Central Murray River Valley using amino acid stable isotopic signals in shells of
freshwater mussels (Alathyria jacksoni)
10.40 – 11.10

Coffee

11.10 – 12.50 Session Two – Animals, Humans and the Environment
11.10 – 11.30
Sarah Pederzani
A multi-isotope study of palaeoenvironment and herbivore palaeoecology during the late Neanderthal occupation of Axlor cave, Spain
Jennifer R. Jones
11.30 – 11.50
Exploring the Palaeocology of horses at Las Caldas Cave (Asturias, Spain) using multi-isotope methods: Implications for understanding
human subsistence amidst changing environmental conditions of the Solutrean and Magdalenian
11.50 – 12.10
Mael Le Corre
Reconstruction of Rangifer palaeomigrations by linking intra-tooth strontium isotope profiles to bioavailable strontium isoscapes using
computational modelling
12.10 - 12.30
Mélanie Fabre
Investigating Neolithic and the Middle Ages caprine herds mobility in French island of Corsica
Judith Sealy
10
Coastal settlement patterns in western South Africa from Sr and C isotopes in hunters & herders
12.30 - 12.50

12.50 – 13.40

Lunch

13.40 – 15.20 Session Three – Form and Function – Production and Use in Past Societies
13.40 – 14.00
Isabella Caricola
Organic Residue Analysis Reveals the Function of Bronze Age Metal Daggers
14.00 – 14.20
Isabel Wiltshire
Investigating Early Neolithic ceramics and diet in Britain through stable carbon isotope analysis and compound-specific radiocarbon
dating of absorbed lipid residues in pottery.
14.20 – 14.40
Miranda Evans
Palaeoproteomics reveal evidence of dairy processing in Neolithic Funnel Beaker pottery
14.40 – 15.00
Emma Richard-Trémeau
Pottery fabrics from Malta: characterising Late Punic/Early Roman fabrics from the Żejtun Villa and the sanctuary at Tas-Silġ.
15.00 – 15.20
Ilaria Calgaro
Technology and recipes of metal production at 2nd millennium BC Taldysai (central Kazakhstan)
15.20 – 15.50

Coffee

15.50 – 17.30 Session Four – Form and Function – Production and Use in Past Societies
Elizabeth Thomas
15.50 – 16.10
Shining Light on Egyptian Mirrors: new scientific research into their metallurgy
16.10 – 16.30
Jasmine Lundy
‘Patience is bitter, but its fruit is sweet’: An investigation and discussion of fruit acid extraction and interpretation from medieval and
prehistoric archaeological ceramic containers
16.30 – 16.50
Javier Montalvo
Evaluating the use of combined molecular evidence and compound-specific δ13C stable isotope analysis to identify maize in South
American pre-Hispanic pottery from Chile.
Ruairidh Macleod
16.50 – 17.10
No Skin off His Back? Non-destructive ZooMS reveals Origin of Early Medieval Church ‘Daneskins’ Believed to be Human
17.10 – 17.30
Manasij Pal Chowdhury
Proteomic investigations of experimental ceramics: Absorption and identification of various dietary proteins

From 18.00

Informal Mixer, The Bobbin, 500 King Street, Aberdeen, AB24 5ST
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21 April 2022
08.30 – 09.00

Registration Desk Open and Coffee

09.00 – 10.40 Session Five - Diet, Subsistence and Health
Alexandra Morton-Hayward
09.00 – 09.20
Archaeological brains: accelerated ageing and models of madness in the Victorian workhouse
Barbara Veselka
09.20 – 09.40
Revealed by fire: Interglobular dentine attributed to vitamin D deficiency visible in cremated human teeth
09.40 - 10.00
Joannes Dekker
Imaging Stress: Investigating the spatial distribution of proteins in archaeological teeth using Mass Spectrometry Imaging.
Eleanor Joan Green
10.00 – 10.20
Pre-industrial guts: a combined genomic and proteomic investigation of medieval coprolites
10.20 – 10.40
Diego Badillo-Sanchez
Untargeted metabolomics of Tobacco: a biomolecular study to explore botanical historical collections and modern samples
10.40 – 11.10

Coffee

11.10 – 12.50 Session Six - Diet, Subsistence and Health
Doris Vidas
11.10 – 11.30
Reconstructing Crop Management Practices in Neolithic Bulgaria: Stable Isotope Analysis of Charred Plant Remains from the Chevdar
Legacy Collections
Eléa Gutierrez
11.30 – 11.50
Nitrogen, carbon and sulphur isotope analysis of tissues from long-term calorie-restricted mice: implications for palaeodietary
reconstructions
11.50 – 12.10
Iain Kendall
Individual amino acid stable isotope analysis identifies different underlying mechanisms driving bulk collagen isotopic signatures
Katrien Dierickx
12.10 - 12.30
Finding the right plaice at the right time: analysis of bone collagen provides insight in medieval flatfish exploitation
12.30 – 12.50
Sarah Sandron
Analysis of archaeological dental calculus: a case study from S. Maria della Stella’s monastic community (Saluzzo, Italy)
12.50 – 13.40

Lunch
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13.40 – 15.00 Session Seven - Diet, Subsistence and Health
Giulia Formichella
13.40 – 14.00
Exploring Shifting Roman Subsistence Practises through a Bayesian Meta-Analysis of Isotopic Data
14.00 – 14.20
Michelle Alexander
Potential for compound-specific stable isotope analysis of amino acids to enhance interpretations of Mediterranean human diet
14.20 – 14.40
Mik Lisowski
Biomolecular archaeology of subsistence resource exploitation in medieval Zanzibar
14.40 – 15.00
Kevin Salesse
Fish consumption in Urbs Aeterna? Bulk (δ34S) and compound-specific (δ13C, δ15N) stable isotope evidence from the catacombs of Saints
Peter and Marcellinus (Italy, 1st-3rd c. AD)
15.00 – 15.30

Coffee

15.30 – 16.50 Session Eight - People and Landscapes
Jane Evans
15.30 – 15.50
Using Pb isotopes to discriminate between the major tectonic zones of Britain for provenance studies.
15.50 – 16.10
Peter Bray
Trace element patterns in Roman copper-alloys: a review of the legacy chemical dataset and new British case studies
Keri Brown
16.10 – 16.30
Pots and people of the Neolithic Tavoliere: pXRF analysis of clays and ceramics reveals mobility
Angela Lamb and Richard Madgwick
16.30 – 16.50
Wet feet - Using sulphur isotope analysis to identify wetland dwellers

17.00 – 18.30

Drinks Reception and Poster Session
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22 April 2022
08.30 – 09.00

Registration desk open and Coffee

09.00 – 10.40 Session Nine – Case Studies in Archaeological Sciences in Scotland
09.00 – 09.20
Terry Brown
Bere barley: a Bronze Age cereal
Charlotte Primeau
09.20 – 09.40
Analysis of the mortuary cave assemblage from the Covesea Caves, NE Scotland
Adeline Morez
09.40 – 10.00
Imputation and haplotype-based analysis of whole genomes reveal the genomic affinity of the Early medieval Picts
Vanessa Reid
10.00 – 10.20
Integrated Geoarchaeological Methods for the Analysis of Pictish Settlement Structures in Eastern Scotland
Kate Britton
10.20 – 10.40
Symbols, Subsistence and Settlers from the West: Overview and Summary Findings of the Pictish Isotope Project
10.40 – 11.10

Coffee

11.10 – 12.50 Session Ten - Case Studies in Archaeological Sciences in Scotland
11.10 – 11.30
Orsolya Czére
Life in a medieval melting pot? A multi-isotope and multi-tissue study of a Scottish Royal Burgh
11.30 – 11.50
Jenna Dittmar
Life in medieval Aberdeen: An osteobiographical approach
11.50 – 12.10
Maeve McCann
Genomic analysis of Medieval human remains from the Kirk of St Nicholas, Aberdeen
12.10 - 12.30
Julia Cussans
Integrated study of ecofact data to examine impact of European/Hanseatic trade in post medieval Orkney and Shetland: some
preliminary findings.
12.30 – 13.30 Lunch

14

13.30 – 14.50 Session Eleven – Past Lives: from Individuals to Population-level Insights
13.30 – 13.50
William Marsh
Initial results from a genomic investigation into the Late Palaeolithic human assemblage excavated from Gough’s Cave (Somerset, UK)
13.50 – 14.10
Kurt Gron
The Strøby Egede Mesolithic burial, Køge Bugt, Denmark: Peptide-based sex determination
Ruairidh Macleod
14.10 – 14.30
Ancient Genomics of an Apparent mid-Holocene Hunter-Gatherer Massacre at Shamanka II, Lake Baikal
Hannah Moots
14.30 – 14.50
Genetic History of Continuity and Mobility in the Iron Age Central Mediterranean
14.50 – 15.20

Coffee

15.20 – 16.40 Session Twelve – Past Lives: from Individuals to Population-level Insights
15.20 – 15.40
Francisco Curate
Bodies at rest, bodies in pain: burials of individuals of African ancestry in Bucelas (Portugal, 15th-19th centuries AD)
15.40 – 16.00
Sarah Dalle
Strontium isotopic and elemental differences between Metal Ages and Roman individuals in Destelbergen, Belgium
Katie Faillace and Ciara Butler
16.00 – 16.20
Mobility, Kinship and Diet in Early Medieval Wales: New Insights from Commercial Archaeology Projects
Sam Leggett
16.20 – 16.40
Large-scale isotopic data reveal gendered and regional migration patterns in early medieval England
16.40 – 17.00

Closing Remarks

18.30
19.00 – Late

Pre-dinner drinks reception
Conference dinner and Ceilidh in Elphinstone Hall
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Poster Presentations
In person posters:
Poster Board Number

Author

1

Alexandra Johnson

2

Alice Cao

Title
Adolescence in Viking Age Orkney: A re-assessment based on new
data and statistical techniques
Grinding stones: An optical methodology to biomolecular analysis

3

Amanpreet Kang

Zooarchaeology by Mass Spectrometry (ZooMS): utilising new
methods to unravel Neanderthal and Homo sapien cognition from
worked bone.

4

Amy Allan-Jones

Archaeological sites as sinks for ancient environmental DNA

5

Ana Catarina Vital

Clay minerals as climatic proxies for archaeological research: a casestudy from the Early Pleistocene of Olduvai Gorge (Tanzania)

6

Bryony Rogers

High-Resolution Strontium Isotope Analysis of Bronze Age Cattle
from Cambridge

7

Byron Boggi

Multiomic applications in ancient disease discovery

8

Camilla Speller

Protein preservation and recovery from ceramic vessels: Insights
from modern analogues

9

Carina T. Gerritzen

Unlocking the full potential of strontium isotopes (87Sr/86Sr &
δ88Sr) in bioarchaeology

10

Carmen Esposito

FeastNet: Feasting networks at the end of the Bronze Age in Britain

11

Carolyn Chenery

New Strontium and Sulphur Isotope Layers for Isotope Domains map
of Great Britain

12

Celia Díez-Canseco

Testing intra-tooth isotopic (δ13C & δ15N) analysis of dentine
collagen in high-crowned teeth: a new experimental study with
modern sheep herds

13

Charlotte Sabaux

Radiocarbon dating and strontium isotope analyses reveal plural
burials in the Belgian Meuse Valley

17

14

Chiara Messana

An insight of sheep seasonal reproductive patterns on the northeastern Iberian Peninsula before the Roman influence

15

Chloë Bartlet

Rhino tooth enamel: Investigating fossil protein degradation and
building an amino acid geochronology for the South-Central African
region

16

Christina Cheung

Potential and Pitfalls of Stable Isotope Mixing Models (SIMMs) in
Archaeology

17

Daniel Brown

18

Elisavet Stamtaki

19

Emilie Green

20

Eric Guiry

21

Eric Guiry

22

Hannah F James

23

Iseult Jackson

24

Iván Ramírez-Pedraz

25

Jacob I. Griffith

26

Jenna Dittmar

Lifting the Lid on the Hebridean Neolithic: Uncovering Dietary
Patterns and Chronologies at the Loch Bhorgastail Crannog
Cremated bones reveal secrets: Investigating the differences in
cremation conditions between the Metal Ages and the Roman
period in Belgium using FTIR-ATR and carbon and oxygen isotope
analysis.
Chronology, Climate & Resilience: Using Multi-Proxy Bayesian
Chronologies to Examine Pastoralist Responses to Dynamic Steppe
Environments and Landscapes in Northern Mongolia.
Stable sulfur isotope compositions as an indicator of saltmarsh (and
other wetland?) resources
New C:N criteria for quality control of ancient bone collagen stable
carbon and nitrogen isotope compositions
Strontium in Portugal: merging datasets to create a robust
strontium baseline
Identification of pathogenic mutations in Gaelic Medieval
individuals with Multiple Osteochondromas
Paleoecological Reconstruction of first Human dispersals in
Northwestern Africa during Plio-Pleistocene boundary based on
stable isotope analysis of faunal remains: the case of Guefaït-4.2
site (Jerada, Eastern Morocco)
Constructing a new incremental isotopic methodology for human
dental enamel: a preliminary examination
Violence in Hasmonean Judea: Skeletal evidence of a massacre from
2nd-1st century BCE Jerusalem

18

The first report on cremation evidence for the ancient Baekje using
XRD and FT-IR: The human bones from Seoul Seokchon-dong
Ancient Tomb in Korea
More than one way to thin section a cat: comparing sample
preparation protocols for bone histology
Paleopathology-informed sampling strategies for Mycobacterium
tuberculosis complex aDNA recovery

27

Jia Yu

28

Katherine French

29

Kelly E. Blevins

30

Lindsey Paskulin

31

Lucy Koster

32

Mackenzie Masters

33

Madeleine Bleasdale

Reconstructing cross-channel connectivity in later prehistoric Kent
using ancient DNA and isotope analysis

34

Magdalena Blanz

Ratios of strontium and barium to calcium as complementary
palaeodietary indicators for seaweed consumption

35

Maite l. Garcia-Collado

36

Marina Silva

37

Nathan Wales

38

Oya Inanli

39

Rachèl Spros

40

Sam Leggett

41

Samantha Tipper

42

Samantha Tipper

Leave no stone unturned: Establishing a proteomic signature of
beerstone for the identification of archaeological ale production
Considerations for using different substrates in the ancient DNA
analysis of human skeletal remains
Social Entanglement in Death: Integrating isotopic analysis into a
chaîne opératoire interpretive model to assess social relationships
and response to catastrophe in 11th century CE Leicester.

Life on the frontier: an integrated exploration of economy and
subsistence in transitional multi-faith societies of Medieval Spain
Intra-skeletal DNA preservation in archaeological remains from
Britain
Uncorking the history of wine with palaeogenomics
Exploring ancient beer brewing: new perspectives from historic
Scandinavian yeast rings
Mysterious Belgian oxygen values are highest in north-western
Europe
Finding the Fish Event Horizon – The ArchaeoFINS project
Pain in the knee: a case of osteochondritis Dissecans of the distal
femur.
Chest deformity in a Medieval woman from Lincoln – a possible case
of Pectus Carinatum.

19

Sulphur isoscapes and faunal spatial palaeoecology: developing,
refining, and applying isoscape-based sulphur analyses to Late
Pleistocene fauna
‘Shipwreck’ Scene Investigation and Bones: Subaquatic diagenetic
taphonomy and spatial analysis of the faunal remains from the
Ma‘agan Mikhael B shipwreck, Israel

43

Sarah Barakat

44

Sierra Harding

45

Silvia Soncin

Investigating amino acid stable isotopes using a GC-C-IRMS system:
an application in bioarchaeology

46

Sophie Rabinow

Biomolecular and Parasitological Analysis of Cesspit Sediments: Novel
Approaches to Medieval Europe’s ‘Fish Event Horizon'

47

Tessi Loeffelmann

48

Valentina Martinoia

49

Wilfred Efosa Imangbe

Sr isotopes as skeleton key: unlocking early medieval mobility on the
scale of the individual through multi-skeletal isotopic analysis
Reconstructing the childhood diet of the individuals from the
Middle/Late Bronze Age Bezdanjača Cave, Croatia (ca. 1430-1290
BCE) using stable C and N isotope analysis of dentin collagen
Managing the Archaeology of the Modern City

Virtual Posters:

50

Eunyoung Yun

Identification of organic residues stored in Goryeo Dynasty(12th Century) archaeological ceramics from
Yongjangseong Palace site in Jindo, Korea.

51

Rachel Winter

Grouper Foraging Ecology and Isotopic Niche Spaces in the Bronze and Iron Age Levant

52

Sally Evans

From the Deep Sea to the Sky – Interpreting ZooMS data

20

ABSTRACT BOOKLET
KING'S COLLEGE
LEADS THROUGH 3D HOUSE TOURS
ABERDEEN
UK ARCHAEOLOGICAL SCIENCES CONFERENCEIMPROVING
2022
SCOTLAND
20 - 22 APRIL 2022

Oral
Abstracts

21

O1
Burrowing into the bio-cultural history of rabbits
Carly Ameen1, Sean Doherty1, Joel Alves2, Greger Larson2, Naomi Sykes1
University of Exeter, Exeter, United Kingdom. 2Oxford University, Oxford, United Kingdom

1

Abstract
Rabbits (Oryctolagus cuniculus) are one of the most recently domesticated animals, yet remarkably little
is known about the timing or location of their domestication. Native to the Iberian peninsula and
southwest France, they have been transported by humans to all corners of the globe to live in diverse
relationships with people: as pets, pests, sources of food and laboratory animals. The AHRC-funded
project 'Exploring the Easter E.g.' is integrating historical and linguistic techniques with traditional
zooarchaeological and biomolecular methods (including full-suite osteometric, geometric
morphometric, isotope and genetic analysis) to examine the dynamics of varying human-rabbit
relationships. In this paper we present our results of the integration of zooarchaeological, isotopic and
geometric morphometric data for deciphering the management strategies of British rabbits after their
reintroduction in the Middle Ages. We demonstrate how the combination of these complementary
approaches is necessary to decipher the complex processes surrounding both rabbit domestication and
subsequent husbandry practices, and unpick this animal's unique bio-cultural history.

Acknowledgments and Funding
AHRC 'Exploring the Easter E.g. - Shifting Baselines and Changing Perceptions of Cultural and Biological
"Aliens" Grant AH/N004558/1

22

O2
Cattle on the Western Atlantic Edge of Europe: An Ancient Genomic Tale
Victoria E Mullin
Trinity College Dublin, Dublin, Ireland

Abstract
The domestication of taurine cattle marks a significant period of time in human prehistory. The initial
migration of cattle across Western Europe concluded with the movement of animals to the Western
Atlantic Edge, the islands of Ireland and Britain. Since their domestication, cattle and humans have
shaped one another. One route to explore the cattle:human relationship, and further understand the
impact of the domestication process, is the sequencing of ancient cattle nuclear genomes. We have
sequenced a time series of 80+ ancient cattle genomes from Europe, with a specific focus on the
Western Atlantic Edge, spanning from the Neolithic to the Middle Ages. This dataset provides a snapshot
of the genetic diversity present in the past and allows for the comparison of animals across time and
space, enabling us to identify changes in population structure and even selection of specific genes
through time. We will apply population genomic techniques to these data to provide new insights into
the prehistoric cattle of the region.

Acknowledgments and Funding
Irish Research Council (GOIP/2020/605) and European Research Council
I'd like to thank and acknowledge my colleagues; Daniel Bradley, Marta Verdugo, Amelie Scheu,
Matthew Teasdale, Valeria Mattiangeli, Conor Rossi, Kevin Daly and Mikkel Sinding I'd also like to thank
and acknowledge our collaborators; Matthew Collins, Joachim Burger, Jacqui Mulville, Ingrid Mainland,
Mike Parker Pearson, Matilda Holmes, Canan Çakırlar, Terry O'Connor, Finbar McCormick, Carlton Jones,
Ros O Maolduin, Umberto Albarella, Nick Card, Lukasz Pospieszny, Andrea Zeeb-Lanz, Susanne Hanik,
Timo Seregely, NMI, Wiltshire Museum, Hampshire Cultural Trust and York Archaeological Trust.

23

O3
Compound-specific radiocarbon dating of faecal biomarkers
Helen Whelton1, Timothy Knowles2, Lisa-Marie Shillito3, Ian Bull1
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Abstract
Coprolites, or semi-fossilised faecal matter are archives of ancient lifestyles and are often utilised to
provide a direct indication of when the producer of the faeces was in place at a particular time. Thus,
radiocarbon dating of coprolites is a valuable tool in determining its age.
Most commonly, radiocarbon dating of coprolites is conducted using bulk analyses of the dried coprolite
matter or macrofossils, such as plant or bone, extracted from within the coprolite matrix. Identification
and characterisation of coprolites is then typically achieved through aDNA, lipid biomarkers, macrofossil,
thin-section and microfossil analyses. Alternatively, its age is determined using material from within the
same stratigraphic layer to establish an associated date. The main problem with this approach is
possible movement of sediments and uncertainties in the differences of when the material was
deposited which can lead to incorrect dating of coprolites.
More recently, the adoption of a compound-specific approach to radiocarbon dating has been
developed to overcome the challenges faced with bulk 14C analyses which occur from post-burial
contamination and the complexity which arises from the analyses of chemically heterogenous samples.
Herein, a compound-specific approach has been applied using preparative-GC to date well-established
organic biomarkers, 5β-stanols, extracted from horse faeces excavated from the Roman fort of
Vindolanda (north ditch, period III). Given the discrete nature of coprolites it is not always possible to
recover enough C for compound-specific analyses (200 µg C). Therefore, in addition, an offline sealed
tube combustion approach has been developed to determine if radiocarbon dates can be accurately
measured from 50 µg C.
Results from the bulk 14C analyses of macrofossils recovered from within the coprolite matrix fit within
the expected age of the horse faeces. Similarly, compound-specific 14C dating for both 200 µg and 50 µg
C have 14C dates consistent with those of the expected age. Consequently, compound-specific
radiocarbon dating of 5β-stanols has been shown to provide an unequivocal link between the target
compound and their source and importantly, the results have shown that smaller amount of C can
reliably be used to determine the 14C date of a coprolite.
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Abstract
Viking societies (c. 700-1200 CE) were made up of multi-species households and communities, in which
the life-courses of humans and animals were intimately tangled. From medieval written sources, visual
art, and animal remains recovered from archaeological sites, it is clear that Viking Age Scandinavians
shared their lives with domesticated horses, cows, sheep, goats, pigs, dogs, cats, poultry, and sometimes
deer. Traditional zooarchaeological studies are using animal bone frequencies and pathologies to infer
subsistence economies and herd-management practices, while palynological and sedimentary studies
are examining environmental impacts of animal grazing. Recently, interest has also grown in the social
roles played by animals in burial rites, house rituals, and Viking warrior personas. However, we know
comparatively little about the physical spaces where human and animal lives entangled daily. Cattle
byres and sheep houses are interpreted on the basis of the ground plans of building remains, but this
does not provide us with the detail needed to understand the daily interactions between people,
animals, buildings and objects, or the spaces where inter-species communication took place.

This paper presents a novel approach to the understanding of human-animal cohabitation and
interaction. Using the Viking-Age farmstead of Aðalstræti 16, in Reykjavik, Iceland, as a case study, we
demonstrate how geoarchaeology and faecal and urine lipid biomarkers can be integrated to identify
and interpret human and animal activity areas in a building where floor sediments are preserved. Our
lipid biomarker toolbox used mammals’ 5β-stanol faecal fingerprints, common n-alkyl compounds, and
other lipid classes, which enabled species-level identification of activity areas that had not been
identifiable based on soil micromorphology and standard geochemical methods alone. At Aðalstræti 16
in Reykjavik, this enabled us to identify stalls used for holding goats, and to detect low concentrations of
sheep and horse faeces in other parts of the house, which are more likely to derive from trampling of
faeces from the surrounding farmyard, or which were brought into the house to be used as fuel. Our
fresh, systematic analysis of Old Norse and Medieval Icelandic written sources on animal living spaces in
Iceland (using NVivo) provided a fascinating context with which to view these results. They hint that
goats may indeed have been the only domesticated farm animal intentionally brought inside the house,
other than calves born in the winter or early spring, and in need of warming. All of this evidence fits well
with the sizes of the stalls previously identified on the basis of post-hole layout and soil
micromorphology at Aðalstræti 16, and with the new stall identified here for the first time, but the
importance of goats in the daily lives of the residents of this household could not have been guessed
from the faunal evidence alone. We feel that the approach of integrating geoarchaeological, lipid
biomarker, and textual sources (where available) was highly fruitful, and could be successfully applied
on other sites and in other time periods.
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Abstract
Stable isotope techniques applied to shellfish are well established as ecological and archaeological
(palaeo)environmental proxies. However, such studies almost exclusively rely on well-preserved
mineral to allow the biogenic signal to be analysed, while the organic matrix of shell has largely been
ignored in isotopic studies. We present here an LC IRMS protocol demonstrating the feasibility of
analysing compound specific carbon stable isotope ratios from amino acids preserved in modern and
archaeological shellfish using liquid chromatography isotope ratio mass spectrometry (LC IRMS). This
technique has been applied to the freshwater river mussel (Alathyria jacksoni), that lives along the
Murray River and has been a common prey species for humans for millennia, as evidenced by large
Aboriginal shell middens at Neds Corner Station near Mildura on Ngintait and First People of the Millewa
Mallee Country. The results of our analysis indicate clear differences in the carbon isotope values of the
organic fractions of modern and archaeological shells at the amino acid level. These differences are
discussed in terms of their implications for regional palaeoenvironmental reconstruction.
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Abstract
The rapidly changing environments of the Last Glacial Period (LGP; MIS 5d-3) are thought to have posed
substantial adaptive challenges to hominin groups, including late Neanderthal populations. The
Cantabrian region in northern Iberia preserves an important archaeological record to investigate how
they adapted to those climate changes. However, information about the local environmental conditions
or ecosystems exploited during the LGP in Iberia is inconsistent in both temporal and spatial coverage,
leaving many areas and time periods poorly understood. This poses substantial challenges in
contextualising the archaeological record of their behaviour in an environmental and climatic
framework. Here we explore the local climatic and environmental conditions, as well as the ecology of
key prey species, during several Late Pleistocene Neanderthal occupations of Axlor cave, Bizkaia, Spain,
using δ18O, δ13C, δ15N and δ34S stable isotope analyses of herbivore skeletal remains. We show that
climatic and environmental conditions, as well as herbivore ecology, are remarkably stable across
different occupations, indicating that Neanderthal groups made use of relatively consistent landscapes
and ecosystems in the vicinity of the site. At the same time, we observe large within-layer isotopic
variability in nitrogen and sulphur, but not oxygen stable isotope tracers. We suggest that this indicates
the presence of a mosaic environment and a variety of isotopic ecotones in the surroundings. This large
range of within-layer variability is equally consistent across temporal occupations.
At the same time, we outline an approach to oxygen stable isotope reconstructions of seasonal
palaeoclimates that uses a combination of measurements from bioapatite carbonates and phosphates
to achieve robust palaeotemperature estimates and control for diagenetic alteration while utilising a
time- and cost-effective workflow. Using a quantification of prediction uncertainty from cross validation
of paired carbonate/phosphate δ18O measurements, we evaluate the effect of prediction uncertainty on
palaeotemperature estimations made from inverse modelled δ18O time-series using stochastic
simulations. We show that a targeted use of phosphate δ18O measurements to anchor summer peak and
winter trough areas ensures that the uncertainty introduced by carbonate to phosphate δ18O conversion
has a negligible effect on seasonal palaeoclimatic reconstruction.
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Abstract
During the Later Upper Palaeolithic climatic fluctuations, associated with the Last Glacial Maximum,
heavily affected the habitats available for animals and consequently hunting decisions. In the Cantabrian
region of Northern Spain red deer dominates archaeological assemblages along with an additional
supplementary species (typically ibex or horse), which together facilitated the survival of human
populations even during times of climatic turbulence. At the site of Las Caldas, horse (Equus ferus) was
the major supplementary species during the harsher conditions of the Solutrean (26-20kyr BP), but
declines in importance from the Middle Magdalenian (14.6kyr BP) despite improved climatic conditions.
The reason behind this decline in the importance of horses requires further exploration. One possibility
is that the palaeoecology of these horses may have changed from the Solutrean to the Magdalenian in
response to these new conditions, which may have affected their availability in the landscape to be
hunted. Another explanation is that after being a refuge area during the LGM, an increase in human
populations intensified pressure on resources, which may have resulted in over horse hunting linked to
changes in the hunting strategies.
To explore this decline in the importance of horses at Las Caldas during the Magdalenian, despite the
amelioration of climatic conditions, bone collagen δ13C, δ15N anaysis on this taxa from Solutrean and
Magdalenian levels was used to characterise its ecological niche, and whether it changed throughout
the different occupation levels. Additionally, δ34S analysis was used to explore possible changes in
hunting locations. To contextualise these findings, results were compared to existing isotope evidence
from red deer and ibex at the site.
The δ13C and δ15N analysis results show that the horses are depleted values in relation to the ungulates,
suggesting a low quality browse diet. A shift in the δ15N values of horses from the Lower Magdalenian
onwards coincides with changes observed in other species at the site, indicating environmental change
shifts associated with warmer temperatures. Differences in the δ34S values observed between levels
suggests procurement of horses from different hunting grounds in the Solutrean and the Magdalenian,
suggesting a shift in landscape use by Magdalenian hunters, possibly as a result of increased populations
necessitating wider hunting ranges. These insights are consistent with other in-site evidence indicating
that a broader range of habitats was exploited from the Magdalenian onwards, with more significant
carcasses processing revealing resources pressure despite ameliorated conditions being experienced.
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Abstract
Understanding past human behaviour cannot be achieved without an understanding of the ecosystems
in which they lived. The seasonal mobility of their prey species, such as reindeer (Rangifer tarandus),
likely shaped the hunting strategies and landscape use of past human groups. It is therefore crucial to
reconstruct the movement palaeoecology of these species. Recent developments in isotope techniques
offer the tools to study past mobility and to go beyond traditional inferences from modern analogue
species. Strontium (87Sr/86Sr) isotopes, notably, can be used to assess the geographic origin of samples
preserved in the archaeological and palaeontological records. By targeting tissues that develop
incrementally such as tooth enamel, 87Sr/86Sr provides information on the locations of the individuals
during tissue formation, highlighting migratory behaviour and even allowing potential summer and
winter ranges to be estimated. However, in order to provide empirical estimates of migratory routes
and to identify possible migratory pathways, new approaches linking intra-tooth 87Sr/86Sr profiles
to 87Sr/86Sr isoscapes are needed. In this study, we developed an isoscape-based model, the PleistoHERD
model, to assess the distribution and the seasonal movements of Rangifer from their intratooth 87Sr/86Sr isotope data using modern caribou data from the Western Arctic herd (Alaska, USA) and
the Rivière-aux-Feuilles herd (Québec, Canada). We generated a bioavailable 87Sr/86Sr isoscape, using
machine-learning algorithm, by supplementing an already existing database with bioavailable 87Sr/86Sr
data from modern plants. High resolution 87Sr/86Sr sampling profiles of the 2nd and 3rd molars of the
individuals were obtained by laser ablation multi-collector inductively coupled plasma mass
spectrometry (LA-MC-ICP-MS). Most of these profiles showed variations in the 87Sr/86Sr isotope values,
reflecting migratory behaviour of the individuals during their first 18th months of life. We performed a
Bayesian spatial assignment of the endmembers of the profiles to identify potential winter and summer
ranges. We generated a distribution map time-series for each caribou, using their whole teeth profile.
Caribou movements were then modelled throughout the distribution map times-series and refined using
habitat suitability models that account for topography and hydrography. Finally, as a case study, we
applied the PleistoHERD model to archaeological reindeer data from France, contrasting seasonal
movements of resident and migratory individuals. The interdisciplinary approach we developed,
combining isotope analysis from archaeology, isoscape GIS mapping and movement modelling from
modern ecology, will allow us to better understand the movement ecology of past ungulates and,
consequently, how past humans used their landscape and exploited resources.
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Abstract
Agropastoral societies settled in Corsica in the mid-6th millennium BC. They mainly settled along the
coastal areas but their presence is also attested in the high mountains of the island's interior from the
Neolithic period. The occupation of both coastal plains and mountainous areas could be linked to
pastoral activity involving herds mobility. Nowadays, traditional sheep and goat breeding systems in
Corsica mainly consist of dairy farming of flocks. Demographic management is mostly based on
autumnal lambing, while the management of forage resources is based on seasonal grazing in a double
transhumance system. The herds spend the winter on the low elevation plains, go up to mid-height
elevation in the spring, and summer in high mountains. Then they make a stopover (a capicursura) in
the middle mountains in the autumn, before returning to the plains for winter (impiaghjera). However,
land use patterns in mountainous areas are not immutable. They may have been very different in the
past and must be investigated directly from archaeological evidence. This presentation will sum up the
results from ongoing research on pastoral mobility in the Neolithic and the Middle Ages in Corsica,
involving sequential analysis of oxygen (δ18O), carbon (δ13C) and strontium (87Sr/86Sr) isotope ratios in
caprine dental enamel from two Neolithic sites: Montlaur (4050-3500 BC) and Araguina Sennola (5th-3rd
millennium BC), and two medieval sites: Litala and Rostino (14th century AD). We have observed
variations in feeding over the course of the annual cycle. Carbon isotope ratios (δ13C) showed diverse
patterns of seasonal changes, involving forest resources in winter as well as intriguing high-δ13C plant
resources in summer (C4 plants?). Seasonal mobility of the herds was confirmed from intra-tooth
variations in 87Sr/86Sr values. The results showed large intra-tooth variations, concomitant to seasonal
changes in δ18O values. In addition, high inter-individual variability can be interpreted as reflecting the
diversity in management and grazing patterns that characterizes these systems.
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Abstract
The lifeways of coastal foraging communities are of interest to archaeologists in many parts of the world
including the west coast of South Africa, where we have a growing number of radiocarbon dated human
skeletons for which we have measured 87Sr/86Srenamel and δ13Cbone collagen (also δ15Nbone collagen, although
that is more difficult to interpret in this relatively arid region). In this environment, both 87Sr/86Srenamel
and δ13Cbone collagen track the proportions of marine and terrestrial foods consumed in life, enabling
inferences about ancient diets, settlement patterns and landscape use. The aim is to combine these with
excavation-based reconstructions of hunting and herding societies over the past several thousand years.
Comparing the two isotopic variables helps to deal with the limitations inherent in each, e.g. the
difficulty of distinguishing marine/coastal terrestrial inputs based on 87Sr/86Sr alone, and the fact that
analyses of tooth enamel relate only to the period of tooth formation. Previous interpretations of
ancient human behaviour based on δ13Cbone collagen have been challenged on the grounds that these
values do not adequately reflect carbohydrates and fats in the diet, and that time-averaging resulting
from collagen formation and remodelling obscures behaviours of interest to archaeologists.
Here, we present for the first time the integrated dataset of both 87Sr/86Srenamel and δ13Cbone collagen. We
see strong evidence for very localised settlement patterns, particularly among communities prior to ca.
2000 BP who lived only by hunting and gathering, especially of marine resources. A high degree of
territoriality among late Holocene coastal foragers has been documented elsewhere along the South
African coastline, but only for communities with access to particularly rich, spatially restricted
opportunities such as land-based seal colonies. We now know that it was a widespread pattern, which
has significant implications for the way we think about the economic, social and political organisation of
these societies. Around 2000 BP, the introduction of domesticated animals and the growth of sheep and
later cattle-herding brought enormous changes.
The presentation will focus on the interpretation of 87Sr/86Srenamel and δ13Cbone collagen in this case study;
the issues are relevant also in similar environments in other parts of the world. Although we have been
using isotopes to explore marine/terrestrial inputs into diet for almost four decades, variation in the
isotopic composition of possible food sources, metabolic “routing”, the time depth (i.e. period of life)
reflected in the signals we measure all remain persistent challenges. How do we extract the most out of
our data without pushing our interpretations too far?
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Abstract
The paper discusses results of organic residue analysis performed by the authors on copper-alloy
daggers from Bronze Age Pragatto, Italy, c.1550-1250 BCE. To the best of our knowledge, this is the first
ever successful attempt to extract interpretable organic residues from archaeological copper-alloy
tools/weapons. Metal daggers are widespread in Chalcolithic and Bronze Age Europe, yet their social
and practical roles are still hotly debated. Are they symbolic or functional objects? Are they tools or
weapons? How were they used? For what tasks and on what materials? The paper addresses these
questions through the analysis of micro-residues extracted from 8 copper-alloy daggers found in a
controlled excavation. The high-magnification method used for dagger analysis has identified residues
located on cutting edges including bone, muscle, and tendons. These are interpreted as evidence of
prehistoric carcass butchering, skinning, and carving. Further residues were observed on dagger blades
and hafting plates or tangs, which are interpreted as remnants of bone handles and plant and animalfiber sheaths. These readings are validated by original experiments with replica daggers, as presented
for the first time in the paper. Overall, the analysis and experiments shed new light on Bronze Age metal
daggers, showing that they were fully functional tools (and perhaps tool-weapons) primarily utilized for
the processing of animal carcasses.
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Abstract
There has been much debate regarding the timing, origins and spread of Neolithic material culture and
practices in Britain and Ireland, with several models put forward (see Sheridan, 2010; Thomas, 2013;
Whittle et al., 2011). The beginning of the Neolithic period in Britain is usually placed around the start of
the 4th millennium BC, or slightly earlier, when new evidence for structures, practices and material
culture (including ceramics) emerge, although this is not necessarily synchronous. The introduction of
agriculture through the arrival of continental farmers to Britain is overwhelmingly supported by aDNA
evidence (Brace et al., 2019), however the degree to which migration played a part in the transition to
the Neolithic, its potential origins, and how it spread, are still in question. This uncertainty is due in part
to a lack of good radiocarbon dates, particularly in the west of Britain, where organic preservation is
poor and dateable materials are therefore scarce. As pottery is present in the earliest Neolithic
assemblages across Britain, the ability to date the pottery itself would provide an opportunity to obtain
a suite of new dates for this period and to test these different models.
The field of organic residue analysis in archaeology, particularly the extraction, quantification and
qualification of organic residues preserved in archaeological pottery, is by now well established (RoffetSalque et al., 2017). However, until recently the ability to radiocarbon date these residues, providing
both proof of the residues’ archaeological origins and a direct date for the use of the vessel, had
remained elusive (Stott et al., 2003). The compound-specific radiocarbon dating of individual fatty acids,
the most common surviving residues from foodstuffs prepared in vessels, was finally enabled through
methodological advances by Casanova and colleagues (Nature, 2020). This method not only provides
direct dates for the use of the pottery but also provides, and dates, a substantial new body of dietary
information, as it involves the extraction and characterisation of lipid residues from a large assemblage
of pottery in order to select sherds for dating. Importantly, dating of lipids opens up the opportunity to
date sites where other organic material such as bone or seeds may be too poorly-preserved, or nonexistent, especially since lipids survive well under more acidic conditions that are less favourable to
survival of bone collagen.
Over the course of my PhD research, over 500 early Neolithic sherds from across Britain were sampled
with the aim of characterising and radiocarbon dating absorbed lipids from these vessels. This paper
will present the results from this research, including dietary information obtained from the organic
residue analysis of almost 400 sherds, compound-specific radiocarbon dates and how, alongside
previously obtained data, these inform our understanding of the Mesolithic-Neolithic transition in
Britain.
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Abstract
The ability to directly identify the practice of cheesemaking in antiquity would substantially improve
interpretations of dairy processing and contribute to our understanding of the rise of lactase
persistence. While several methods have been effectively used to identify the consumption and
presence of dairy products, and livestock management, including organic residue analysis of ceramics,
zooarchaeology (i.e. mortality profiles) and the analysis of pottery (i.e. presence of strainer type
vessels), proteomics may be able to provide specific evidence for the presence of cheese and
cheesemaking residues on archaeological ceramics. Proteomic analyses are often able to detect protein
with both tissue (i.e. milk) and taxonomic specificity (i.e. cow). However, what is also known about milk
processing is that particular proteins will partition as a result of certain culinary processes. For example,
during some cheesemaking processes curds (formed of casein proteins) are precipitated from the whey.

In this investigation, we explore if this characteristic can be utilised to detect cheesemaking in ancient
ceramics. Specifically, we assess whether the relative abundance of curd proteins compared to whey
proteins can be used as an indication of the presence of cheesemaking. Residues from four modern
cheesemaking vessels were characterised by tandem mass spectrometry and the patterns observed in
the modern assemblage were then applied to interpret four Neolithic Funnel Beaker (TRB) culture
vessels from the site of Sławęcinek in central Poland. The results from the ancient assemblage reveal
evidence for Bovinae (likely cow) and Caprinae (sheep or goat) milk processing, and demonstrate the
use of multiple dairy species for cheesemaking at Sławęcinek. The results are supported by faunal
mortality patterns at the site and the presence of a strainer vessel in the assemblage. A high proportion
of curd protein to whey proteins compared to previously reported palaeoproteomic results is also
observed, which may provide evidence for the production of curd dairy products. This research provides
a valuable avenue for the specific detection of cheesemaking in the past and highlights the value of
modern comparative assemblages to informing ancient culinary practices. Further investigation will
apply organic residue analysis to the vessels to assess a complementary and comparative approach for
the identification of cheesemaking in antiquity. Together these analyses can form the basis for a
rigorous inquiry into the specifics of early dairy exploitation.
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Abstract
Interdisciplinary research including cultural, typological and characterization aspects enhance our
understanding of archaeological pottery design and manufacture. Approaches that integrate analysis at
macro-and micro-scales with chemical analysis allow inferences to be made on the different stages of
the chaîne opératoire. Taking such an approach, this research looks at Late Punic/Late Republican
pottery assemblages from two sites from Malta –the Punic-Roman sanctuary of Tas-Silġ, and the Żejtun
Roman villa.
Production sites for this period are little known in a Maltese context, and discarded products are the
only evidence of potential production on the islands. The main aim of this research was to perform the
first systematic study of the fabrics of the Late Republican period and integrate this into existing
macroscopic classifications of utilitarian wares (plates and bowls) and ‘cooking wares’. A second aim was
to test the hypothesis that these vessels could have been produced locally, by comparing the mineral
and chemical composition of the sherds to available data on the local geology.
These vessels were described and illustrated macroscopically including typology and surface treatment.
Seventy sherds were viewed under a stereomicroscope to establish an initial fabric grouping based on
visual differences in the matrices, inclusions, and voids. Preliminary results suggest that different fabric
groups and manufacturing techniques are associated with different types of vessels and possibly
different raw materials. A sub-sample of sherds are currently being studied using polarised light
microscopy to reinforce or reconstruct this classification and characterise key mineral inclusions. To
assess the fabric groups at a geochemical level further analysis using portable X-Ray Fluorescence (pXRF)
will later be applied to both sherds and Maltese raw material.

Acknowledgments and Funding
This project is made possible thanks to the Research Excellence fund, University of Malta. We would like
to thank the support of staff and students of the Department of Classics and Archaeology and
the Department of Metallurgy and Materials Engineering, University of Malta. We would additionally
like to thank Heritage Malta for their help and guidance using the pXRF.

42

O15
Technology and recipes of metal production at 2nd millennium BC Taldysai
(central Kazakhstan)
Ilaria Calgaro1, Antonina Ermolaeva2, Miljana Radivojević1
UCL Institute of Archaeology, London, United Kingdom. 2Institute of Archaeology named after A. Kh.
Margulan, Almaty, Kazakhstan

1

Abstract
Semi-nomadic pastoralist communities of the steppes feature among the major producers and suppliers
of metal alloys in the Eurasian continent during the Bronze Age. This phenomenon reached an
exponential surge during the 2nd millennium BC. Nevertheless, the role metallurgy played in shaping
social and economic relationships among Bronze Age communities of the steppes is still contentious,
given to a general paucity of data from metalmaking sites in this region. In this sense, the
characterisation of metalmaking technology at production centres, including technological rate and
quality of metal effectively produced, is key to inform on the raw and finished materials supply networks
underlying the circulation of people and goods across the steppes and to their margins.
The site of Taldysai is an example of a large-scale metal production site located in the steppes of central
Kazakhstan, intermittently active throughout the whole 2nd millennium BC and showing evidence for
multi-cultural occupation layers (Petrovka, Alakul, Sargary-Alekseevka). This workshop yielded a unique
combination of raw materials such as minerals, metallurgical waste products in form of smelting slags
and casting debris and finished metal artefacts.
Previous analysis of a first pilot sample of metallurgical waste materials from this site allowed to
distinguish two distinct stages of the production chain, i.e. matte smelting and smelting of matte,
testified by two neatly different types of slags. Moreover, it was possible to pin down two lines of metal
production, one devoted to the smelting of ‘pure’ black copper from sulphidic ores, the other aiming to
produce an arsenical copper alloy. Still, it was to determine whether these two stages represented two
consequent steps or two lines working in parallel, and how could they inform on the chronological
metallurgical developments at the site in comparison with nearby region(s).
This work presents the results of new analyses conducted on 30 samples of copper minerals, smelting
slags and casting debris from both cultural horizons detected at Taldysai. Analyses were carried out by
aim of Optical Microscope and SEM-EDS at the UCL Institute of Archaeology. Results from a sub-group of
slags confirm the matte smelting stage which had been previously noticed, plus, the inspection of
additional morphological categories of slags is widening the picture on the current knowledge on the
onsite chaîne opératoire, both in terms of quality of raw materials exploited, stages of the process
involved, and type of smelted metal. In this sense, raw materials such as brownish and greenish minerals
have been included to be compared with the results on slags, as well as metal samples from both
amorphous casting nodules and more regular shapes, possibly hypothesised as ingots.
Results provide insights on the technological rate and choices in metal production at a 2nd millennium
BC large-scale workshop in the steppes and add elements to further investigate the supply network(s) of
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raw materials and metal products in which this site was likely embedded in, which represents the next
step of this research.
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Abstract
Ancient Egyptian mirrors have received a great deal of attention for their cultural significance and
connections to religious beliefs. However, in-depth investigations into their production processes have
been lacking with only a handful included in wider analyses. So how were mirrors manufactured and
what kind of reflection did the metal produce? What colour and how clear were the images? Essentially,
how did the Ancient Egyptian elite see themselves? The combination of metallurgical analysis and
experimental work presented here aims to shed light on some of these questions.
With the use of a novel minimally destructive sampling method called flat edge abrasion, analysis of
mirrors from a range of UK museum collections using SEM-EDX has revealed the chemical composition
and microstructure of the metal. The mirrors’ provenance spans from the Old Kingdom through to the
Late Period, allowing the manufacturing techniques used to produce them to be characterised and then
tracked over time, showing when various developments occurred. Additionally, different surface
treatments have been identified which will have varying effects on the type of reflection created,
ranging from a coppery through to a silvery appearance. Ongoing experimental work based on these
analyses has succeeded in re-creating the manufacturing sequence alongside the visual characteristics of
the mirrors which aids our understanding of how they originally functioned.
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Abstract
Fruit acids (e.g., tartaric acid, malic acid, citric acid, succinic acid etc.,) are small carboxylic acids that are
ubiquitous in a wide variety of fruits and plant products. Whilst their polarity makes them prone to
leaching in the archaeological environment, it can also aid their survival as a result of the strong
intermolecular bonds that can form with the ceramic matrix (Garnier and Valamoti 2016; Michel,
McGovern, and Badler 1993). Therefore, fruit acids have the potential to survive in ceramic containers
for thousands of years and subsequently be extracted and studied. Most commonly, tartaric acid
identified in archaeological ceramic containers has, as the principal fruit acid in grapes, been used as a
biomarker for wine in ceramic containers. However, as tartaric acid is also present in small quantities in
various other fruits, tartaric acid should be routinely quantified and compared to the proportion of malic
acid to enable more robust identification of grapevine products (Drieu et al., 2020;2021). Malic acid, on
the other hand, is abundant in a variety of other fruit products and, when present in high proportions in
comparison to tartaric acid, can be informative about the uses of products other than grapes (Walker
and Famiani, 2018).

This research investigates the presence of fruit acids extracted and identified in medieval and prehistoric
domestic containers and discusses the potential of fruit acid analysis in our understanding of the use of
fruit and plant products from different archaeological contexts. Here, fruit acids were extracted and
analysed from over 200 domestic containers from medieval Sicily. In the majority of vessels that yielded
fruit acids, malic acid dominated and has been attributed to the processing of fruit products such as
apple, plum or peach based on the contextual evidence of fruit products available, yielding interesting
insight into the incorporation of fruit products in early medieval cuisines (Lundy et al., 2021).
Furthermore, this study investigates the presence of fruit acids in ceramic containers from lesser studied
prehistoric contexts. Of note, malic acid was identified in high proportions in Russian hunter-gatherer
pottery, some of which were associated with macro-remains of viburnum berries (Drieu et al., 2020,
2021, Bondetti et al., 2019). Thus highlighting the potential of malic acid in understanding the
processing of fruit products in hunter-gatherer societies, whilst further indicating the importance of
considering the availability of products in different archaeological contexts when interpreting fruit acids.
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A number of other fruit acids were identified in the ceramics studied here, including citric acid, fumaric
acid and succinic acid. As with tartaric and malic acid, the complexity of non-specificity and a wide range
of factors impacting the survival and relative proportions of these fruit acids presents difficulties in their
interpretation. However, this presentation aims to discuss the potential of these fruit acids in
understanding the use of fruit and plant products in archaeological ceramics through the investigation of
quantitative data and interpretive ranges of the proportions of fruit acids, alongside contextual
evidence.
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Abstract
The domestication of maize occurred around 9.000 years BP in Southwest Mexico. From there it spread
throughout the American continent and quickly became of great importance to the pre-Hispanic
populations of the Americas. The presence of maize is associated with early plant domestication, trade
and exchange, and social complexity. Therefore, the ability to properly identify maize in the
archaeological record is of great importance.
Organic residues (lipids) trapped in the porous ceramic matrix of potsherds can shed light on maize
identification through δ13C stable isotope analysis of n-Dotriacontanol. Nonetheless, this compound is
not always present in sufficient quantity to apply this method.
Based on the organic residue analysis of modern maize kernels in cooking experiments using replica
pots, we identified that lipid distribution, the ratio between palmitic over stearic acid (P/S), as well as
the analysis of the polyunsaturated fatty acid degradation product ⍵-(o-alkylphenyl) octadecanoic acid
(APAA C18) isomers, are concordant with results for seeds, grains, and/or fruits. At the same time,
compound-specific δ13C stable isotope analysis of C16:0 and C18:0 fatty acids of maize exhibit a
C4 isotopic signal, and present a negative δ13C offset exceeding -1‰.
The organic residue data obtained from modern maize was compared to pre-Hispanic pottery sherds
associated with the Late Ceramic Period in Southern Chile (AD 1000 – 1550), which coincides with the
introduction of maize in the region. The observed plant lipid distribution, the high P/S value over 2, and
the ⍵-(o-alkylphenyl) octadecanoic acid isomer ratio was associated with seeds, grains and fruits.
Simultaneously, the 13C enriched C16:0 and C18:0 fatty acids, as well as the negative Δ13C led us to
suggest that maize was being processed inside these pots.
Hence, we aim to assess the possibility of using different molecular data, complemented with
compound-specific δ13C stable isotope analysis of C16:0 and C18:0 fatty acids to identify the use of
maize in South American pre-Hispanic pottery. This is ongoing research that aims to incorporate more
data from archaeological maize kernels from Northern Chile, and potsherds associated with well-known
Inca vessels used to store maize.
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Abstract
A macabre feature of fewer than a handful of Saxon or Norman church doors in England is the remains
of a ‘daneskin’ - an excoriated section of skin that was once nailed to the door, often preserved beneath
ironwork contemporary with the door’s construction. These are invariably reputed to have originated
from a Viking marauder or other miscreant for whom this treatment of their skin comprises part of their
punishment. Here we investigate the origin of five samples of such daneskins - one from St Botolph's
Church in Hadstock, three separate pieces from St Michael and All Angels’ Church, Copford, and one
from Westminster Abbey. In all cases, the skin was apparently preserved in close contact with ironwork
fixed to the church doors. We applied non-destructive ZooMS to determine the source species of the
skin in each case. This was undertaken through applying rubber erasers against the surface of the skin
and then extracting and trypsin-digesting peptides adhering to the eraser waste. In the case of the
Westminster Abbey sample, a small subsample was destructively obtained due to the awkward location
of the sample within the door. Extracted peptides were then analysed through Matrix Assisted Laser
Desorption/Ionisation Time-of-Flight Mass Spectrometry (MALDI-ToF-MS), and origin species identified
through characteristic mass/charge ratios.
The sample from St Botolph’s is held in Saffron Walden museum and is believed to date from the mid1060s on the basis of the style of metalwork with which it was associated. This was first analysed using
ancient DNA techniques in 2000 by MTPG together with Alan Cooper for the BBC series ‘Blood of the
Vikings’ (2001) and indicated a bovid origin, though uncertainty over the accuracy of this result
prompted the present reanalysis using a non-destructive approach. This original finding was confirmed.
The daneskins at Copford are of a similar age, and the daneskin from Westminster Abbey is most likely
from the 1050s or 1060s, at the time of the door’s construction. In this presentation, we will discuss the
wider implications of these results both for church traditions in this period, and for the evaluation of
ancient genetic results at the time of the field’s origins. The broader implications for secular traditions
and local mythologies will also be considered.
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Abstract
The analysis of organic residues absorbed in ceramics has played a pivotal role in answering a range of
questions about vessel use and exploitation of resources, including but not limited to ancient diet.
Originally focused on analysis of lipids absorbed in the vessel walls, proteomics has recently become an
increasingly important part of organic residue analysis since found to survive in archaeological ceramics
for thousands of years and allows for greater species- and tissue- specific identification of resources. It
also allows for improved detection of certain lipid-poor resources like cereals and similar plant products,
thereby allowing for a more complete picture of ancient diet. However, experimental investigations to
verify such aspects of proteomics remain rare. In this work, we perform experiments to simulate cooking
of a mixture of meat, cereals, and milk in unglazed ceramic vessels. We also compare the traditional
GuHCl-based protein extraction with a Deep Eutectic Solvent (DES)-based extraction procedure, our
results suggesting that DES generally improves efficiency of protein extraction as compared to GuHClbased extraction. More importantly, our simulation experiments show that cereal and meat-derived
proteins are absorbed and subsequently identified with comparable efficiency using proteomics,
showing the potential of proteomics in identification of various components of a mixture of resources.
The accurate identification of cereals further stresses the complementary role proteomics can play along
with lipidomics, since many cereals are relatively poor in lipids and often lack identifiable lipid
biomarkers.
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Abstract
As one of the first organs to decompose post-mortem, brains are far more numerous than they should
be in the fossil record. >1800 have been reported by generations of baffled archaeologists in the last 400
years; yet preservation of the central nervous system (CNS) is stubbornly described as
a unique or exceptionally rare phenomenon, and to-date less than 1% of this material has been
investigated at the molecular level.
One of the foremost areas of current neuropathological research is the time-dependent change in the
amino acid chemistry of the brain. As we age, spontaneous protein modifications promote molecular
misfolding and aggregation; ultimately leading to widespread degradation of the CNS. These natural
processes of ageing may be exacerbated in conditions of deprivation, and today the World Health
Organisation recognises low socioeconomic status as a key risk factor for reduced health span,
accelerated brain ageing and increased likelihood of developing mental illness. However, objective
methods for studying neurodegenerative and psychiatric disorders in an archaeological context remain
limited in number and scope.
One of the most infamous sites of urban impoverishment in the past is that hallmark of the long 19th C.
in Industrial Europe: the Victorian workhouse. Within the Poor Law system, this formidable institution
came to detain not just the penniless, but also the mentally-ill, the disabled and the elderly. Excavations
at the burial ground of a former workhouse in south-west Britain have yielded the well-preserved brains
of >400 past inmates, and pilot multi-omic analyses (proteins, lipids, metabolites and aDNA)
demonstrate that this material is an exceptionally rich reservoir of biomolecular information. Biological
and diagenetic patterns particularly of protein modification suggest that, not only do archaeological
brains shed light on health and disease in the long-dead, these excessively aged tissues might even
illuminate the clinical trajectory of living tissues in the elderly.
This multi-omics approach to the study of the preserved CNS is the first of its kind: unravelling the
means by which the brain persists when other organs perish, and forcing us to rethink the
transformation of organic matter in the fossil record.

Acknowledgments and Funding
This research was conducted during a Federation of European Biochemical Societies (FEBS) Fellowship,
and was generously supported by a Danish National Research Foundation grant.

53

O22
Revealed by fire: Interglobular dentine attributed to vitamin D deficiency visible
in cremated human teeth
Barbara Veselka, Christophe Snoeck
Vrije Universiteit Brussel, Brussels, Belgium

Abstract
The investigation of palaeopathological conditions fundamentally increases our understanding of a wide
range of sociocultural variables, such as past living conditions, child rearing practices, dietary transitions,
gendered division of labour, and social inequality. Yet, identification of these palaeopathological
conditions is almost exclusively reserved for inhumed individuals. Although the osteological study of
cremated human remains has tremendously increased over the years, still a paucity in our knowledge of
the prevalence of most pathological conditions, exists in past populations that practiced cremation.
Vitamin D deficiency has hugely impacted the health of past societies. Identification of this deficiency in
skeletal remains provides insights into the daily activities and cultural habits related to sunlight
exposure, and increases our understanding of the disease load of past populations. However, up till
now, this approach remained impossible in cremated human remains, because temperatures reached
during the cremation process destroys all macroscopic evidence of vitamin D deficiency. This precludes
the analyses of a large fraction of the archaeological record, as cremation was an important funerary
ritual from the Late Neolithic until the Early Medieval period in Europe. Our study assesses the visibility
of interglobular dentine (IGD), a dental mineralisation defect attributed to vitamin D deficiency, in
experimentally burnt human teeth to overcome this lacuna. For this purpose, 17 sets of teeth are
evaluated. From each set of teeth, one unburnt tooth is microscopically investigated for IGD, while its
counterpart is burned. To investigate the influence of temperature and duration on the visibility of IGD,
teeth are burned at temperatures ranging from 600 °C to 900 °C for 2, 4 or 8 hr. Our paper
demonstrates that IGD remains visible in teeth burned at temperatures as high as 900 °C for the
duration of 8 hr. Furthermore, in most cases, it is possible to assess the ages-of-occurrence as well as
the severity of the IGD and possibly vitamin D deficiency intensity. This study represents a major step
forward in the fields of biological anthropology, archaeology, and palaeopathology by opening up a
variety of new possibilities for the study of health and activities related to sunlight exposure of
numerous past populations that practiced cremation as their funerary ritual.
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Abstract
Health is as important to life today as it was in the past, which is why the study of ancient health is an
integral subfield of archaeology. However, current palaeopathological research methods suffer from
some general limitations. Estimating the severity of a condition and linking it to clinically recognised
pathologies is seldom possible as the aetiology of some of the most commonly observed pathological
conditions is unclear or controversial. Consequently, it is difficult to assess the health impact of these
conditions. Furthermore, little is known about the temporal dimension of health during a person’s
lifespan, as only a few methods are able to provide information on the timing of the period of disease.
Osteocalcin concentration has recently been proposed as a biomarker for ‘non-specific stress’.
Osteocalcin, the second most abundant bone protein and a bone metabolism marker, was suggested as
a stress biomarker due to its correlations with a range of clinical conditions, such as vitamin deficiencies
and anorexia nervosa. To further explore this hypothesis we developed a mass spectrometry-based
approach to investigate the relationship between osteocalcin levels and stress and whether its spatial
distribution might provide evidence for the duration and timing of stress episodes.
We tested the validity of osteocalcin as a stress biomarker by measuring its relative concentration in the
teeth and bones of individuals with and without linear enamel hypoplasia (LEH) using LC-MS/MS and
visualised the distribution of osteocalcin within the teeth with Mass Spectrometry Imaging (MSI). Teeth
were selected for visualisation, because their incremental growth and virtually absent remodelling rate
suggests that it should be possible to correlate the protein composition in a certain area to a particular
age range. A period of stress, such as one that would lead to the formation of LEH can therefore also be
expected to cause a local change in osteocalcin concentrations.
Our results confirm that there is a significant difference between the concentration of osteocalcin in the
teeth of individuals with LEH and those without. There was no significant correlation between the
osteocalcin concentrations of the bone and teeth samples of the same individual, implying that the
tooth osteocalcin concentrations indeed reflect childhood osteocalcin levels. However, it was not
possible to correlate spatial variation in osteocalcin intensity with specific biological ages, as the MSI
data showed that the distribution of osteocalcin did not follow the tooth growth pattern. Considering
the many clinically established functional correlations of osteocalcin, it seems unlikely that its spatial
distribution is random. Instead, it appears that the variation in the spatial distribution of osteocalcin is
guided by different factors.
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Osteocalcin offers a new avenue to investigate ancient health, avoiding some of the general limitations
of current methods. Moreover, this study demonstrates the enormous power of MSI as a tool for
examining preserved ancient proteins in-situ. Although this study only showed a binary difference
between healthy individuals and those with osteological stress markers, future research might enable
the distinction of severity levels, allowing a more nuanced view on ancient health.
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Abstract
The ancestral state of the human gut microbiome at a specific time point can be accessed via the
characterisation of ancient DNA and proteins preserved in coprolites (archaeological faecal material).
The symbiotic evolution of humans and their microbes, and the impact the diversity of gut flora have on
our susceptibility to ill health is now commonly recognised. The gut ecologies of modern huntergatherer and industrialised societies display significant constitutional differences, ultimately
demonstrating that the human gut flora has become less enriched over time. However, the mechanisms
and point of this change remains unclear.
Previous biomolecular investigations of coprolites have focussed primarily on desiccated prehistoric
samples from the Americas. Desiccated faecal material in Europe is much rarer, instead the samples
collected for this project have been recovered from the waterlogged sites of Coppergate (York, UK),
Moynagh Lough (county Meath, Ireland) and Ribe (Southwest Jutland, Denmark). Examining which
biomolecules can be recovered from samples preserved in this way will significantly widen the
geographical and temporal availability of ancestral gut microbiomes. Furthermore these samples
represent urbanised, but pre-industrial farming people: a crucial community to assess whether gut
ecologies have slowly evolved or rapidly altered.
Clinical studies demonstrate gut microbiomes are affected by our lifestyles, particularly our diets.
Therefore gathering direct evidence of the consumption of particular foodstuffs and a gut microbiome
signature from the same sample is crucial. The dietary and microbial content preserved in medieval
coprolites is revealing new insights on the viability of waterlogged preserved coprolites and faecal
concretions.
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Abstract
Botanical materials are unique and valuable in the archaeological field due to their scarcity and their
possibility to solve a variety of questions. Botanical material is composed of many different chemical
substances and it possible, in some cases, to select a single molecule from these to solve an
archaeological problem. However, this strategy is susceptible to false positives since some molecules are
present in multiple organisms. One example is the Nicotiana genus herbaceous plant, better known as
tobacco, where chemical studies have shown that is composed of hundreds of molecules, but
archaeological research has often only focused on nicotine. This has significantly limited the types of
questions that we have been able to ask from past contexts, especially from the analysis of ancient
tobacco pipes and material culture.
Untargeted metabolomics is an analytical approach that allows the simultaneous study of multiple small
molecules present in an organism instead of focusing on specific molecules. This allows identification of
similarities or differences between groups under different conditions. By using the analytical approach
of untargeted metabolomics, we proposed to investigate a set of eight 19th and early 20th century
tobacco samples to characterize their metabolomic profile and evaluate similarities in their chemical
composition according to their age, species, and/or commercial transformation with modern samples.
For that, four modern commercial cigars, two pipe tobacco and one chewing tobacco were compared
with seven tobacco leaves and one snuff powder from the collection of the Royal botanical gardens at
Kew (London, UK).
Metabolomics was performed on tobacco aqueous extracts of polar and less polar small molecules.
Samples were subjected to a liquid extraction and aliquots separated through reversed-phase and
Hydrophilic Interaction Chromatography using Ultra-Performance-Liquid-Chromatography. Separated
molecules were ionized in positive mode using an electrospray ionization source and measured through
a High-Resolution-Mass-Spectrometry instrument with an Ion-Mobility cell and a Time-of-Flight
detector. Injection sequences were randomized for all classes in the study and instrumental and
extraction blanks, and pooled quality control samples were included. To obtain the proper statistical
models which describe the metabolomic profiles, resultant spectrometric data was processed using
Progenesis-QI, and data matrixes were evaluated by MetaboAnalyst-5.0 and Simca-14. Finally, MS/MS
identification was addressed by comparison with the METLIN database.
Untargeted metabolomic results showed that botanical material conserved in historical collections are a
suitable source for biochemical information useful in the archaeological science field. Untargeted
tobacco metabolomic profiles of the different sets of samples permitted characterization of the known
tobacco species –N. tabacum and N. rustica–; we identified one unclassified historical tobacco sample;
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found possible differences due to geographic provenance of the samples; and validated the labelling of
the historical collection, where for example, the chemical profile of one historical plant registered as N.
tabacum was found closer to N. rustica, indicating a possible mislabelling. Additionally, metabolomic
profiles of the different commercial tobacco products were characterized and differences among
tobacco types were found. In summary, the results exemplify the potential of botanical collections for
historical and archaeological research in combination with modern analytical tools.

Acknowledgments and Funding
•
•
•

Royal Botanical Gardens, Kew.
Cardiovascular group of the University of Leicester and their Van Geest MS-Omics facility.
UKRI-FLF and AHRC.

The present work was funded by the UKRI-FLF awarded to Sarah Inskip (grant No. RA11G0431).

59

O26
Reconstructing Crop Management Practices in Neolithic Bulgaria: Stable Isotope
Analysis of Charred Plant Remains from the Chevdar Legacy Collections
Doris Vidas
University of Oxford, Oxford, United Kingdom

Abstract
This paper investigates the crop management practices at the Neolithic site of Chevdar, Bulgaria. Δ13C
and δ15N isotopic analysis was carried out on charred plant remains recovered from the site during
excavation and flotation efforts carried out in the 1970s. The Δ13C results indicate a differential
treatment of plant taxa with pulses growing in well-watered conditions, wheat having moderate water
availability, and barley growing in dryer conditions. The δ15N results indicate that both wheat and barley
received a moderate amount of manuring. These results are indicative of a preferential treatment of
wheat and pulses that are likely to have been grown for human consumption, while the barley may have
served as animal fodder. Furthermore, they show that the productivity of the landscape was maximized
by cultivating wheat in areas with sufficient water availability such as by the river banks, pulses either in
garden plots near to the settlement or in a crop rotation system with cereals, and the more droughtresistant barley in areas of low-water availability possibly on the hill slopes. In this way, the limited
arable land at the site could be fully utilized for plant cultivation while the surrounding landscape could
still be employed for the grazing of caprines and cattle. Long-term investment in cereal growth is also
evident in the application of animal manure. Radiocarbon dates show that houses with variant crop
assemblages may have been contemporaneous with each other indicating a differential distribution of
resources between households which is likely indicative of social differentiation. The reliance on smallscale mixed and intensive farming employed by the Neolithic farmers of Chevdar ensured the economic
independence and long-term survival of the community. The stable isotope analysis conducted in this
study has built on previous archaeobotanical work at the site and added valuable new insights into the
land management practices employed by the Neolithic inhabitance of Chevdar. This study has further
expanded the understanding of early farming and economy in Neolithic Bulgaria. Furthermore, it has
demonstrated the utility of applying stable isotope analysis on an archived archaeobotanical collection
exemplifying new answers that can be gained from past collections.
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Abstract
Stable isotope analyses are widely used in archaeology for the reconstruction of past diets. Trophic
isotopic fractionation for carbon, nitrogen and sulphur are nowadays well established, but there are
uncertainties surrounding the effect of food deprivation (e.g., fasting, starvation) on macronutrient
metabolism and diet-tissue isotopic offsets in mammals. While a number of modern experiments and
archaeological case studies have hypothesised the impact of short-term food shortage on tissue isotope
ratios, little empirical data exist on longer-term dietary stress.
In this study, we utilised preserved materials from a previous experiment to observe the effects of
different degrees of long-term dietary restriction on stable isotope ratios on mammalian fur. Since the
lifespan of a mouse is around two years, they were calorie-restricted for most of their lives. To this end,
we sampled the fur from the remains of 33 adult mice that were calorically restricted (0, 10, 20, 30, 40%
lower calories than their ad libitum intakes) for 19 months and determined the δ13C, δ15N and δ34S
values.
We observed no change in the δ13C values across the calorie-restricted groups. An increase in δ15N and
δ34S values was observed with level of calorie restriction but followed by a decrease in the most
restricted group (40CR). No change was observed between the 10CR, 20CR and 30CR groups for the δ15N
values. A large variation in δ15N and δ34S values for the most restricted group (40CR) was also detected.
This leads us to conclude that while the anticipated increase in δ15N values during dietary stress was
observed in our long-term study amongst some of the CR groups (likely related to the reuse of enriched
endogenous proteins) this was not the case for the most restricted group (40CR). Instead, the wide
range of values for the 40CR group (in both δ15N and δ34S) might indicate that, in the long-term and
under most extreme instances of calorie restriction, individual adaptations may lead to idiosyncratic
δ15N and δ34S tissue values beyond enrichment. The implications of this study for archaeological
applications will be explored.
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Abstract
Bulk isotopic techniques are powerful tools for delivering general dietary information, distinguishing
between populations with significantly different dietary histories. However, interpretations of bulk
isotopic values may also be hindered by an incomplete understanding of the complex biochemical
pathways and mechanisms which control these stable isotope ratios. Investigation of stable isotope
values at the individual amino acid (AA) level can improve understanding of the isotope signals of
various biomolecules, and allows access to stable isotope information inaccessible to bulk methods,
such as decoupling variation in bulk δ15N values at the base of food webs from the isotopic effects of
trophic transfer. High δ15NBulk values in humans are typically attributed to high animal protein
consumption, as a result of the link between δ15N values and trophic position. However, there are a
number of other possible reasons, including aquatic resource consumption and high baseline δ15N
values for the food web.
Here, we apply compound-specific isotope analysis (15N and 13C) to bone collagen single
AAs isolated from Neolithic hunter-gatherers, Bronze Age mobile pastoralists, and Iron Age herders
engaged in millet cultivation from the Mongolian steppe, as well as Neolithic, Eneolithic and early
Bronze Age populations from the Russian Altai region, all yielding high bulk collagen nitrogen isotope
values.
We identify different underlying mechanisms for similarly high bulk collagen δ15N values between the
two regions studied. The increase in human bulk δ15N values visible in Mongolian Bronze Age pastoralist
groups relative to earlier Neolithic hunter-gatherers, followed by a successive 15N-enrichment in Iron
Age herders is largely due to shifts in environmental nitrogen isotope ratios at the base of the food web,
as evidenced by increasing δ15N values of the source group AA phenylalanine (δ15NPhe), rather than an
increased importance of terrestrial animal proteins in pastoralist diets. In contrast, the high collagen
δ15N values seen in Russian Altai Neolithic populations relative to Eneolithic are due to a trophic position
effect, indicated by their high Δ15NGlx-Phe values (a proxy for trophic position), due to high aquatic
resource consumption, as evidenced by high Δ13CGly-Phe values, rather than environmental baseline
effects.
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Abstract
During the Early Medieval Period, most fish consumed in areas around the southern North Sea were
taxa which would have been caught in freshwater. From around the 11th century CE, however,
significantly more marine species appear in archaeological deposits — the so-called ‘fish event horizon’.

Pleuronectiformes, or flatfish, are generally regarded as marine species, but some species, and juveniles
from other species, can also occur in riverine and estuarine environments. Therefore, it is thought that
they were amongst the first potentially marine taxa targeted, but so far their role in this economic
transition has been unclear due to difficulties in identifying marine vs. estuarine and riverine flatfish.
This is partly due to the lack of osteological identification criteria in cranial bones and vertebrae that
hinder species identifications, as well as the limited use of stable isotope analysis in these fish remains
that would uncover the catch habitat of fish.

To assess the role of flatfish in the fish event horizon, we aim to reconstruct a timeline for the presence
and frequency of each species from key sites from around the southern North Sea littoral and explore
how flatfish fisheries changed or differed between regions during the Medieval Period. This is done via a
combined molecular approach, using collagen peptide mass fingerprinting, or ZooMS, to identify species
and multi-isotope analysis (δ13C, δ15N, δ34S) to infer the catch habitat on a large number of fish
specimens (n=568) from multiple sites (n=13) in the southern North Sea area, dated between c. 6th and
16th centuries CE.

Using MALDI-TOF and LC-MS/MS sequence data obtained from modern reference specimens, we
describe 8 new collagen peptide biomarkers for 18 different Pleuronectiformes species from the eastern
Atlantic region, including the economically significant plaice, flounder, turbot and sole. These collectively
allow precise and easy species identification of all 18 species using only bone collagen. We present three
case studies from archaeological sites in York and northern France showing that ZooMS has a higher
success rate (93-100%) for species identification compared to osteological methods for flatfish (10-16%)
and can confirm the presence in an assemblage of certain species that would be unidentifiable
otherwise.
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Stable isotope analysis of all archaeological samples, which were also identified using ZooMS, show that
flounder were captured in both freshwater and marine environments, while plaice seem to have come
mostly from marine habitats. So far, no clear transitions in exploitation have been noticed between the
Early and Late Medieval Periods within a species. Different sites seem to show a slight difference in δ13C
for the same species, which could be related to the local environments or to differences in exploitation
techniques.

This combined molecular approach provides insight into economic, social and environmental changes in
the North Sea area during a key period of economic transition in the medieval period. This study
represents the first time stable isotope and ZooMS analysis of flatfish remains have been used to make
species specific interpretations about where and how people exploited flatfish.
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Abstract
In recent decades dental calculus has acquired great value in bioarchaeological research as an archive of
"micro-débris" of diverse origin (animal, plant, mineral), as well as sub-fossil biomolecules which can be
used to reconstruct different aspects of the lifestyle of past human populations. This study applied
micromorphological and biomolecular analysis to reconstruct the role of imported foods from the New
World in the diet of the 18th century monastic community of S. Maria della Stella (Saluzzo, Italy). The
nuns in this community represent, at this time, the lower-middle classes during the post-medieval
period. Our analysis was assisted by historical documents, which provided a valuable record of the food
and beverages that were consumed. The micromorphological study revealed the presence of animal,
plant and mineral débris. In particular, we discovered micro-débris that indicate the consumption of a
diet rich in foods of plant origin such as vegetables, fruit and cereals. The consistency of the results
obtained from this research with the historical documents revealed a good congruence between the
two sources of information, and therefore confirmed the excellent potential of dental calculus as a
source of information for the reconstruction of the diet of past communities. Here we present the
results obtained from the analysis of dental calculus from nine of the nuns buried at S. Maria della Stella,
focussing mainly on the micromorphological analysis, and ongoing palaeoproteomic studies.
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Abstract
In our presentation we explore the interplay between shifting human subsistence practises and the
expansion, apogeum and final collapse of the Roman Empire. To achieve this aim, we introduce Isotópia,
a collection of human, animal, and plant stable isotope data (δ13C, δ15N, δ18O, δ34S, 87Sr/86Sr)
measured on archaeological material dated between 800 BCE and 500 CE and set within the
geographical extension of the Roman Empire.
The collection of large volumes of archaeological data has been and still is a major topic in this decade’s
archaeology. Much has been recently done in isotopic archaeology, where the diffusion of standard
laboratory protocols and the consequent increasing publication of new datasets across varying historical
periods and geographical locations have enhanced the creation of independent isotopic databases. Once
amassed and curated, also including historical, archaeological and biological meta-data, large
assemblages of isotopic data represent a palimpsest of information providing for new insights on past
human behaviours and lifeways at different scales and resolutions. Many of these collections are part of
the IsoMemo initiative that brings together a network of isotopic databases and pursues an open-access
and collaborative spirit acknowledging each collector’s efforts. This initiative, based at the Max Planck
Institute - Science of Human History, also includes access to modelling tools to model spatio-temporal
archaeological and historical phenomena.
Isotópia is part of this isotopic network and, in combination with other databases (e.g. the CIMA
database on medieval Europe) can now allow for broader meta-analyses of data aiming to explore
temporal shifts in the lifeways of past human populations over more than two millennia. Here, we
employed spatio-temporal modelling tools to focus on dietary shifts and changes in crop and animal
management practises in populations that faced Roman domination. Britain and Italy are two of the
regions that present the highest amount of isotopic measurements and preliminary results from the
meta-analysis suggest a general increase in both δ13C and δ15N during the imperial period. An overall
increase in marine protein consumption, imports of 15N-enriched cereals from north Africa and more
intensive crop manuring and animal husbandry are the main reasons suggested to explain this
phenomenon. A following decrease of δ13C and δ15N values during the Late Antiquity/Migration Period
(c. 300-600 CE) could be then connected with the political and economic collapse of this system,
depopulation processes and different cultural traditions on food consumption derived from incoming
populations.
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Overall our results illustrate the research potential of large-scale meta-analyses of bioarchaeological
data and obtained preliminary results reveal clear links between historical developments and human
lifeways in pre-Roman, Roman and Post-Roman Europe and the Mediterranean.
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Abstract
Bulk stable isotope analysis of carbon (δ13C) and nitrogen (δ15N) in bone collagen has been extensively
applied to prehistoric and historic populations in the Mediterranean in order to understand diet and
economy in this socio-politically and environmentally dynamic region.
The Mediterranean, however, presents a particular challenge for the application of bulk stable isotope
analysis due to the difficulty in distinguishing marine and terrestrial diets that is down to an overlap
between the values for dietary endpoints. The bulk nitrogen isotopic values for Mediterranean fish are
comparatively lower than those from oceanic regions, while the bulk δ15N values of domesticated
herbivores can be relatively high due to environmental and anthropogenic influence on plant δ15N
values. Similarly, C4 crops (millets, sorghum, sugar cane) were an important food source for both
humans and animals during the historic period (and moments of the prehistoric periods in the case of
millet) which potentially increases δ13C values into the range of that of marine foods.
The application of compound specific δ13C and δ15N isotope analysis to collagen amino acids offers an
approach to circumvent these issues. Individual amino acids can be traced to source dietary components
with much more certainty. Second, they provide a simultaneous estimation of the baseline δ15N value,
from the values of source amino acids, and those fractionated through trophic transfer. Here we present
case studies from across the Mediterranean, including Spain, Greece and Italy from both prehistoric and
historic contexts. As well as providing a more accurate and precise estimation of dietary composition,
we show that marine diets can be easily distinguished from terrestrial C3 and C4.
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Abstract
The enormous wealth of biological diversity of the East African Swahili coast has been the basis of
human subsistence through the Iron Age. Research shows that reliance on marine, and domestic and
wild terrestrial animals at Swahili settlements varied, and that strategies may have changed over time.
We explore these potential trends on the Zanzibar archipelago using a combined zooarchaeological and
biomolecular (ZooMS, isotopes) approach to discuss the exploitation of resources at two chronologically
distinct Swahili coastal settlements: Unguja Ukuu, (7th–10th centuries CE), located in the south of the
main island of Unguja, which represents the earliest known Iron Age settlement of the archipelago, and
a later site (11th–15th centuries CE) located on Tumbatu island in the north. This research is part of the
Urban Ecology and Transitions in the Zanzibar Archipelago (UETZAP) project which explores the ways
that early coastal urban centres on Zanzibar drew on, utilised, and affected their resource landscapes
during two major periods of urban growth.
Conventional zooarchaeological analysis of substantial faunal assemblages at both sites reveal differing
subsistence practices across different chronologies and locations. At the earlier site of Unguja Ukuu,
during the peak of occupation, the exploitation of marine fauna was extensive, while domesticated and
wild mammals played a smaller role, highlighting the opportunistic character of human subsistence. The
later settlement at Tumbatu, however, displays a different pattern, characterised by a heavier
dependence on domestic terrestrial fauna, particularly cattle and caprines. This increase in the reliance
on domestic animals over time fits well with the pattern across the region.
A multi-isotopic approach is used alongside this zooarchaeological data to provide a deeper
understanding of the resource landscape and subsistence changes through time. Bulk carbon (δ13C) and
nitrogen (δ15N) analysis of over >200 samples, with additional sulphur (δ34S) for selected samples from
both sites including cattle, sheep and goat alongside wild species such as suni and duiker antelopes,
multiple species of fish and hunted marine turtles have been carried out. This provides the first detailed
resource isoscape of an coastal urban population on the Swahili Coast. Results indicate the use of a
range of both C3 and C4 terrestrial resources for food and fodder, with differentiation browsers and
grazers. Marine turtles in particular indicate differential feeding practices.
Because of fragmentation, many of our samples were not possible to identify morphologically. ZooMS
provided key species identification such as conventional sheep/goat but crucially also allowed us to
differentiate species of marine turtles, and to identify tortoise at Unguja Ukuu.
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Abstract
In the early 2000s, several mass graves containing about 3000 skeletons were fortuitously discovered in
the oldest part (i.e. Region X) of the catacombs of Saints Peter and Marcellinus (Rome, Italy), near the
sanctuary of the eponymous saints. Analysis of grave goods and 14C data revealed that these graves are
dated to the early imperial period (1st-3rd c. AD). This section of the catacombs is characterized by the
presence of seven interconnected rooms of various shapes, dimensions, and elevations, which is
distinctive from the other burial chambers or crypts commonly found in the Roman catacomb systems.
Archaeological excavations have documented the main characteristics of the skeletal assemblage. They
have also established its relationship to one or more epidemic mortality events that occurred over a
relatively short period of time. A significant number of individuals were inhumated in highly elaborate
funerary arrangements, which was never recorded in Rome. This included the use of gypsum-plastered
textiles as body wrappings, together with the presence of precious and exotic foreign resinous
substances (i.e. succinite, sandarac and frankincense). The high-level care offered to the deceased, as
well as the presence of good-to-high quality textile remains (e.g. gold and probable silk threads, fineness
of the weave) suggested that at least some of these individuals belonged to the upper classes of the
Roman society.
The exceptional character of these graves presented a unique opportunity to reconstruct dietary
practices and investigate the differentiation of social accessibility to food for a sample of the inhabitants
of Rome. Previous research based on bulk stable carbon and nitrogen isotope analysis on both bone
collagen and apatite suggested that C3 plants – probably wheat – and C3 domestic animal products were
the dominant part of the standard diet of these individuals. Furthermore, it has been proposed that
aquatic, and most likely marine, resources occupied a prominent place on the table of a significant
portion of these Romans. Because different dietary scenarios may result in similar isotopic signatures,
and research based on bulk carbon and nitrogen stable isotope analysis may not be effective enough to
decipher the most likely dietary scenario, additional isotopic proxies were measured to reinforce the
initially proposed dietary practices of these individuals.
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This study presents bulk collagen stable sulphur isotope data from 99 individuals, as well as bone
collagen compound-specific stable carbon and nitrogen isotope data from 30 individuals. While sulphur
isotope analysis allows for an approximation of fish consumption, compound-specific isotope analysis
allows for a more direct examination of the relationship between consumers and sources. All these
analyses were conducted in the stable isotope facilities of the University of South Florida (Tampa and
Saint Petersburg campuses, Florida, USA). The results have provided interesting new insights into the
dietary practices of the studied individuals, especially on question about fish consumption in Roman
society.
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Abstract
Lead isotopes provide a complimentary method to other provenance tools for tracking the origin of
humans and animals. The method is based on the accidental ingestion of lead derived from the
underlying geology. However, unlike the strontium method that is closely linked to the specific lithology
of the underlying rocks, lead in silicates more closely reflects the broad tectonic origins of the
element. This makes it particularly pertinent to use in Britain as there is major tectonic boundary (the
Iapetus Suture), that runs between Berwick on Tweed and Solway Firth, providing a compositional
boundary in lead isotopes domain that approximates to the geographic areas of Scotland vs England and
Wales.
The two complicating factors with Pb isotopes are 1) modern pollution makes it difficult to use modern
day flora or faunal samples to establish domain reference data fields, and 2) the archaeological record
needs to be considered in two parts, pre- and post- anthropogenic redistribution of Pb through mining,
smelting and production of artefacts. To demonstrate the application of lead isotope signatures to
faunal provenance studies we present reference fields of compositions based on geological data, and
validate these, where possible, with human and faunal data in order to assess the geographic origins of
Neolithic fauna of Great Britain.

75

O36
Trace element patterns in Roman copper-alloys: a review of the legacy chemical
dataset and new British case studies
Peter Bray1, Graham Barker1, Matthew Ponting2
University of Reading, Reading, United Kingdom. 2University of Liverpool, Liverpool, United Kingdom

1

Abstract
The analysis of Roman copper-alloys stretches back to the earliest days of chemistry. The broad palette
of designed alloys and mixtures is well established, with key projects looking in detail at brooches
(Bayley), northern Britain (Dungworth), and coins (Caley, Ponting, Northover and others). This paper
looks below the alloying patterns to explore what can be understood from the trace element character,
particularly for key diagnostic elements: arsenic, antimony, silver, nickel, and iron. Here, the situation is
less positive, particularly when compared with the abundance of data that is available for earlier
periods.

By drawing on public domain data from across the Roman sphere of influence, this paper highlights the
potential for a fresh look at copper-alloys in Britain. This includes unique chemical signatures based on
antimony, which are common in Roman contexts, but essentially absent at any other time. New analysis
case studies by the authors further demonstrate how chemical data can help define the use, flow, and
reuse of metal in Britain. This work includes pXRF analysis of coinage issued by the rebel Emperor
Carausius (d. A.D. 293), and MP-AES (microwave plasma – atomic emission spectrometry) analysis of key
artefacts from the British Museum. Overall, chemical analysis of metal offers a unique tool to social
archaeology, with the Roman period clearly offering a vast area of potential work.
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Abstract
The aim of this project is to identify the clay sources used to manufacture Neolithic pottery from ditched
settlement sites in the Tavoliere region of SE Italy dating to the 6th–5th millennia BC. Over 800 settlement
sites have been identified from aerial photography; however deep ploughing has destroyed many of
these sites. Evidence of Neolithic activity remains in the form of pottery fragments which can be
collected by fieldwalking. These fragments come from various pottery types, including finewares with
walls 3–5mm thick, which would have required great skill to produce. River clays are plentiful, and as
many sites are near rivers this material would have been readily available to Neolithic potters. We do
not know if pottery was manufactured at a few sites, or whether every site or group of sites had its own
local production. Neither do we know if the skilled potters required to produce fineware were located at
particular sites, or if they were mobile and made vessels with whatever clay was available. To address
these questions we collected 76 geological clay samples from across the Tavoliere and 1116 ceramic
fragments from 32 archaeological sites, and subjected these to trace element analysis by portable X-ray
fluorescence (pXRF) spectrometry. The resulting data were used to compare ceramic fragments with the
clay samples to identify the source area(s) of the raw materials used in pottery production. The typical
approach to data analysis in a project of this nature is to use principal components analysis (PCA) to
assign samples to clusters. However, with our data a large percentage (>90%) of the variance was
typically accounted for by PC1, and the placement of samples into clusters was highly subjective. We
therefore combined PCA with two other methods: discriminant function analysis (DFA), which tests the
affiliation of samples with predefined groups and has previously been used in ceramic provenancing;
and dendrogram (tree) construction, which takes a different approach to the identification of clusters
and has not been commonly used with data of this type. Using these methods, clay samples could be
placed in groups that reflected in part, but not exclusively, the river valley of origin. The ceramic samples
at individual sites also fell into discrete clusters, with multiple clusters at nearly every site. With a few
exceptions, each ceramic cluster could be affiliated with a clay group, and in some cases with a single or
small number of individual clay sources. The clustering revealed that at most sites the ceramics are
made of clays from a variety of locations, though often with one or two geographically-proximal river
systems predominating. In some cases, the ceramics found at different sites come from the same clay
source. The results suggest that ceramic production in the Neolithic Tavoliere was non-centralized, and
also reveal a high incidence of mobility in the movement of ceramics between different sites and in the
exploitation of clays from different sources.
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Abstract
Identifying geographical origins has long been important in archaeology. Isotope analysis can provide
direct data with strontium, relating to geology, and oxygen, to climate, the most commonly applied.
Sulphur isotopes have the potential to add to this but have not been as widely used. The inclusion of
sulphur isotopes in multi-proxy studies has lagged behind other isotope systems due to the technical
challenges of low S concentration in collagen. Recent methodological advancements have allowed
smaller amounts of organic material to be analysed along with the ability to co-analyse carbon, nitrogen
and sulphur. Biosphere maps are essential for placing individuals in the landscape, however, previous
studies have suggested negative δ34S values in such biosphere maps are the result of modern coalsourced SO2 pollution rather than reflecting underlying waterlogged/poorly drained terrain. This view
has hindered the progression of sulphur isotopes in biosphere mapping.
The central aim of this project is to develop a method of identifying humans and animals that lived in
waterlogged or wetland areas though the analysis of the sulphur isotope composition of bone or
dentine collagen. Negative sulphur isotope values form a low percentage of human and animal data
found in the UK. Our hypothesis is that certain rock formations in England have relatively low (often
negative) δ34S values that are transmitted into the soil and biosphere. Furthermore, these clays and
mudrocks tend to be impervious and readily form wetlands such as the Somerset levels, which further
support anaerobic conditions and low δ34S values. Our aim is to demonstrate that low δ34S values can
be traced from underlying geology up into the biosphere, that they are natural and not caused by
modern pollutants, and that they will provide a geographic fingerprint for wetland populations. The
analysis of modern plants and animals together with archaeological remains from the Somerset Levels
and Cambridge provide new insights into the degree and nature of variability in S isotopes in wetland
environments. These data form part of a new BGS UK biosphere map comprising 548 samples from 350
locations thus enhance the interpretative potential of sulphur isotopes for provenancing. Post-industrial
SO2 emissions were long considered problematic for biosphere mapping of S, but this study
demonstrates, following UK legislation in the 1950/60’s, SO2 emissions have declined rapidly,
accompanied by an increase in δ34S values. In combination with the new biosphere map, we
demonstrate that currently, δ34S vegetation values do now reflect underlying substrates and δ34S
biosphere maps can be used as a diagnostic tool for identifying individuals originating from waterlogged
terrains.
http://mapapps.bgs.ac.uk/biosphereisotopedomains/index.html
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Abstract
Bere is a variety of barley which was once extensively cultivated throughout Scotland but in recent years
has only been grown on a small scale in Orkney, Shetland and the Western Isles. It was well-suited to the
crofting system of subsistence farming, as it gives reasonable yields on unimproved nutrient-poor soils,
and has a relatively high growth rate, resulting in a short period from sowing to harvesting which is an
advantage in northern latitudes where there are long summer day lengths but a short, cool growing
season. Bere is a survivor of pre-industrial agriculture and is thought to be the oldest barley variety still
cultivated in Britain and possibly in all of Europe. Local tradition holds that was brought to Scotland by
Norse and Danish invaders during the 8th century AD. To investigate the origins of bere barley and its
relationship with Scandinavian varieties, we used genotyping-by-sequencing to type 1,946,469 single
nucleotide polymorphisms in 203 wild accessions and 401 cultivated barleys from all parts of Europe,
the latter including 35 beres. The data analysis showed that the beres formed two genetically-distinct
groups, the larger of which included beres from Orkney and the Scottish Western Isles, as well as
varieties not identified as bere from the Faroe Islands. This group of beres was distinct from other British
barleys, but had a close genetic affiliation with Scandinavian accessions. Although the data were partly
compatible with the traditional view that bere was introduced to Scotland from Scandinavia during the
8th century AD, the evidence as whole suggested that the bere and Scandinavian barleys are sister
groups descended from a more distant common progenitor, possibly dating from the Bronze Age when
hulled barleys first become common in northern Europe. Since the Bronze Age, the Scandinavian barleys
have become admixed with other European varieties, whereas the beres have evolved as an
independent group. More recently, there has been gene flow from bere into Polish barleys, possibly
following export of grain to the Baltic region during periods when Orkney was under Norwegian or
Danish rule. A second, smaller group of beres, which included a traditional Welsh variety, was
genetically distinct from the main group and probably represents a more recent introduction of barley
from central Europe. Our results provide insights into the nature of Bronze Age farming practices, and by
revealing the remarkable continuity of bere cultivation over several millennia emphasize the importance
of bere as a heritage crop that provides an unbroken link between prehistory and the modern day.
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Abstract
The Covesea Caves are a series of funerary caves on the south shore of the Moray Firth. There are at
least five caves of archaeological significance, although not all have been extensively excavated. The
Sculptor’s Cave is the best-known, and derives its name from the Pictish symbols which adorn its
entrance walls. Immediately west of the Sculptor’s Cave are an additional two caves: Covesea Cave 1
and Covesea Cave 2 (the Deer Cave). These three caves appear to have been used, intermittently, for
funerary rites from the Neolithic to Roman Iron Age with both human bones being retrieved from
several excavation campaigns. The collective human material that remains today, was examined
macroscopically, microscopically and using histology. Results showed that the bones had evidence of a
variety of surface modifications such as cut marks, trampling and surface exposure. Additionally, there
was evidence of mummification and the histological analysis revealed no or very little bioerosion,
indicating enhanced preservation of the bodies interred in the caves. Results support the interpretation
that excarnation was at least one mortuary treatment offered to the dead brought to the Covesea
Caves.
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Abstract
Despite the rapidly growing availability of ancient genomes from western Eurasia, the Picts of early
medieval Scotland (ca. 300-900 CE) are under-represented and poorly characterised. This paper presents
the analysis of four genomes (0.2 – 16 X) retrieved from two Pictish sites, Lundin Links (Fife, Southern
Pictland, 340-660 CE) and Balintore (Easter Ross, Northern Pictland, 402-605 CE). First, conventional
allele frequency-based methods (PCA, f-statistics, and ancestry modelling) were employed to assess the
genetic affinity of the Picts with ancient and modern reference populations and to determine the
proportion of deep ancestries in their genomes (European hunter-gatherers, Early European Farmers,
and Yamnaya-like ancestry). Then, we used a new combined set of imputed European genomes (n = 285,
coverage 0.7-16X), including newly or re-imputed diploid genomes dated to the Iron Age to Medieval
periods from Britain, Iceland, Scandinavia and central Europe, to analyse the Pictish genomes with
several haplotype-based methods (identity-by-descent, ChromoPainter, and FineSTRUCTURE). These
high-resolution techniques allow for a significantly refined assessment of the biological relatedness of
the Picts to populations of north-western Europe. Overall, our results show a greater relative genetic
affinity of the Picts with Iron Age populations from the British Isles than other ancient Europeans, albeit
with possible genetic structure amongst Picts. In addition, the imputed genomes reveal that the Picts
were genetically similar to present-day Welsh, Northern Irish and Scottish populations. The data
presented here highlight the advantages of using high-quality DNA sequences, coupled with new
haplotype-based analytic tools, to disentangle complex and recent demographic history between
ancient populations.
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Abstract
Due to the poor preservation of Pictish Period structures and the occupation deposits within them, very
little is known of daily life in early medieval Scotland. The vast majority of settlement sites have
produced few artefacts or lack coherent stratigraphy, which has restricted interpretations in both
unenclosed and fortified sites. Although new discoveries are increasing our knowledge of the period,
many aspects of early medieval society – its occupation patterns, life ways and social economy – remain
frustratingly elusive. Part of the issue lies in the fact that we do not yet fully understand the mechanisms
behind this absence of detail. In some cases, the reasons are clear: the destructive nature of agriculture,
erosion and urban development have been well documented and their influence across Scotland is
widely apparent. Yet there are other examples where such factors have not played a significant role. In
these cases, interpretations of the evidence (or lack thereof) have typically centered around function,
reuse or post-depositional truncation, but there has been little attempt to delve any deeper into the
contributing factors. Such broad interpretations often risk creating a narrative based on preconceived
notions and assumptions of the preservation environment, rather than confirmed findings.

This paper presents the results of integrated geoarchaeological analyses to provide a foundational
assessment of the major formation processes identified across early medieval settlement sites in
eastern Scotland. It combines spatial geochemical data (pH, electrical conductivity, magnetic
susceptibility, organic matter content and multi-element analysis by XRF) with micromorphological
analysis from structures at three key sites – Burghead (Moray), Dunnicaer (Aberdeenshire) and Lair
(Perth and Kinross) – to examine the potential reasons for the fragmented settlement record. This
includes characterising preservation conditions and post-depositional events, as well as the ways in
which architecture and settlement location may have influenced archaeological signatures. It also
explores how the geoarchaeological data relates to evidence for internal activity and whether such
integrated approaches may help interpret occupation activity in similar structures.
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Abstract
Despite a rich corpus of eponymous symbol stones that adorn the Scottish landscape to the present day,
the Picts have been characterised as amongst the most enigmatic ancient peoples of Northern Europe.
Considered in late Roman sources as troublesome tribes, the Picts went on to become one of the most
powerful kingdoms in northern Britain, occupying a large swathe of eastern and northern Scotland.
Although current archaeological investigations are unearthing important new information, relatively
little is known about many economic and social aspects of Pictish lives – such as animal management
practices, and individual dietary and mobility histories. Here we present an overview of the findings of
the Pictish Isotope Project – a large, long-term, and ongoing study utilising multi-isotope analysis,
combined with zooarchaeological, osteoarchaeological, archaeological, historical, and art historical
evidence, to explore early medieval lifeways in northern and eastern Scotland. Working with a large
network of collaborators and method specialists, and as part of the Collaborative Kingship Project,
samples include human and faunal bone and tooth samples from multiple sites across north-east
Scotland.
At the sites of Burghead, Clatchard Craig and Rhynie, analyses of faunal bulk bone collagen (carbon,
nitrogen; n=37) reveal differences in animal management practices between domestic herbivores
(particularly sheep and cattle). Porcine nitrogen isotope values were consistent with omnivorous diets
but with some variation/grouping in δ13C values. This may be consistent with varying modes of
management/feeding strategies or with the porcine samples representing a mixture of domestic pigs
and wild boar. δ34S of faunal bone collagen indicate that, in some instances, animals (or animal
products) were being moved to sites for consumption, particularly at the high-status fort site of
Burghead. At Burghead, strontium isotope analysis of cattle teeth (n=6), coupled with Sr concentration
determinations, provided corroborative evidence of animals being moved to the site, possibly from as
far afield as Orkney or Shetland.
Carbon and nitrogen isotope analyses of bulk bone collagen from adult human burials (n=48) suggest
limited intra-group dietary variability at cemetery sites (e.g., Lundin Links, Red Castle), and a relatively
homogenous diet (at least isotopically) across all sites (including both cemeteries and individual burials).
Comparison with faunal isotope data suggests that dietary protein was dominated by terrestrial faunal
sources, including higher-trophic level sources such as pork, but may have included freshwater protein,
wild/domestic fowl, or riverine fish. Marine fish consumption is, on the whole, low relative to later
Medieval and Viking sites in Scotland, although with a notable outlier from Burghead. While strontium
and oxygen isotope ratios determined in tooth enamel from the human burials are largely consistent
with individuals spending their childhoods local to the areas in which they were eventually buried, both
male and female incomers (including from the west coast of Scotland, or even Ireland) have been
identified.
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Abstract
Archaeological excavations conducted in the past three decades produced an extensive skeletal
collection from four major medieval burial grounds in the city of Aberdeen, one of Scotland’s largest and
most influential Royal Burghs. The skeletal remains from these distinct burial contexts represent
different segments of medieval Aberdonian society and provide an unparalleled opportunity to gain
insight into the influence of social and religious variability on the dietary and mobility landscape of a
developing urban centre in north-east Scotland. In order to explore the dietscape of Aberdeen during
the first half of the second-millennium δ 13C, δ 15N, and δ 34S isotope analyses were conducted on bulk
bone collagen extracted from individuals unearthed from three mendicant friaries resident in the city
(Carmelite, Dominican and Franciscan orders). These results were compared to data produced as part of
a previous study which focused on a contemporary lay population from the burgh kirk of St Nicholas
(n=29). Furthermore, to address early life patterns in individuals from different social backgrounds,
these methods were employed to produce time-series isotope data, building on incremental dentinal
samples (from M2 and M3 teeth) obtained from both monastic and lay individuals. As a royal burgh city,
Aberdeen was one amongst a limited number of urban centres with exclusive rights to engage in
overseas trade, elevating the importance of mobility studies in the area. Access to such large-scale and
well-preserved material from this period also enabled the exploration of contemporary immigration into
the city, utilising 87Sr/86Sr and δ18O analyses on a sub-sample of the materials as part of a related pilot
study. Drawing on the abundant archaeological and historical evidence, and extensive multi-isotope
data, this talk will explore a major body of research into the social and isotopic landscape of a growing
medieval urban population.
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Abstract
Medieval society was comprised of numerous subgroups that were disproportionality affected by
various health conditions and infectious diseases. Factors such as age, biological sex, socioeconomic
status, diet, and lifestyle all contributed to the types of injuries, conditions and diseases that an
individual experienced throughout their life. Using a collective osteobiographical approach, this research
explores individual health at the intersection of multiple factors in order to reconstruct a more nuanced
understanding of the lived experience of those within different social subgroups that lived in medieval
Aberdeen. Individuals that were interred in the burial grounds of the Carmelite friary, Greyfriars church
and the Kirk of St Nicholas in Aberdeen were macroscopically analysed and selected elements were
further assessed using micro-computed tomography (µCT). Through a series of case studies, we
interpret the macroscopic, radiographic, and historical data to reconstruct the experiences of ‘typical’
medieval people, as well as those that experienced severe illnesses such as Tuberculosis, Leprosy
(Hansen’s disease) and cancer. This multidisciplinary approach contributes to the ongoing discussions
about socially constructed health disparities and further enhances our understanding of how debilitating
illnesses and conditions were experienced, viewed, and treated within medieval communities.
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Abstract
The Medieval period was a time of increased mobility and urbanization across Europe. Despite the
availability of historical accounts, there is still uncertainty as to the extent to which these changes
affected the demography of different regions, including Scotland. The sequencing and analysis of
ancient genomes allows us to interrogate Medieval population dynamics and migration, as well as the
social structures and kinship patterns that existed within specific cemetery sites. To this end, we
examined burials from an urban graveyard within The Kirk of St. Nicholas in Medieval Aberdeen,
sampling evenly from two distinct phases: A (12th -15th century) and B (15th-18th century). The Kirk of
St. Nicholas is a significant cemetery as it was one of the largest burgh churches in Scotland and the
primary place of worship in a city with increasing wealth during the Medieval period. We sequenced 30
individuals to genomic coverages between 0.01-3X, allowing us to assess kinship and inbreeding within
the site, as well as the population’s broader genetic affinities to other Medieval and present-day
populations. The cemetery population has the closest affinity to modern-day Scottish and Irish.
However, some outliers were also detected using both SNP-based and haplotypic analysis, made
possible through genotype imputation. When combined with isotopic data, these fine-grained individual
ancestry profiles have the potential to inform on individual life histories and Medieval mobility. We also
assessed broader genomic changes in the Scottish population through time. We detected multiple pairs
of genetic relatives among the burials spanning several centuries, suggesting the Kirk cemetery was
utilised by extended familial groups with access to distinguished burial. Spatial patterning of burials with
respect to genetic relatedness was also assessed, with one father-son pair buried side by side. Case
studies such as this illustrate the potential of dense sampling from single archaeological sites as a means
to study the fine-scale social and population dynamics of past peoples.
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Abstract
This paper examines one aspect of the Looking In From The Edge (LIFTE) research project, a joint venture
between the University of the Highlands and Islands, University of Lincoln, Deutsches
Schifffahrtsmuseum (German Maritime Museum) and the University of Tubingen. The project studies
the impact of international commercialization on production, commerce and consumption in Orkney
and Shetland between 1468–1712. During the early modern period the development of a world system
of capitalist trade expanded until it brought much of the globe within its influence. In Europe it led to a
closer incorporation of peripheral places into the European trade network and transformed their largely
subsistence and low-level trading economies into commercialized, surplus-producing ones. This spread
of commercialization had profound effects on local communities, as it required peripheral lands to
increase the scale and nature of production, but also made imported goods and materials available to
these communities, influencing local cultures and social display.
This paper synthesises published and grey literature biological data from animal bone (mammal, bird
and fish), marine shell and plant macro-fossil assemblages from across Orkney and Shetland as well as
Scottish mainland sites to examine how these economies were transformed through the process of
international commercialization and Scottification. Data will be presented from sites of Viking and Late
Norse date, through to the post medieval period up until the end of the period of Hanseatic Trade. The
earlier data will be used as a base line economy for the two island groups prior to the commercialization
process and basic statistical methods and QGIS will be used to examine spatial and temporal data
patterns. The largely fish-producing economy of Shetland, which during the post medieval period, was
directed towards the German market, will be contrasted with the agricultural economy of Orkney, which
was orientated more towards markets in Norway and Scotland. These preliminary results will be
examined considering the key research question: How did the Northern Isles of Scotland respond to the
economic and cultural impacts of European-scale trade in the period 1468-1712? The beginning of the
period being marked by the transfer of the island groups from the Danish- Norwegian crown to the
Scottish crown, and by the gradual arrival of German and other merchants; the final date is marked by
the last voyages of the German merchants to Shetland. These preliminary findings will be used as a
springboard point for identifying sites and areas where more in depth study can be made to elucidate on
more specific research questions such as: can barrelled beef production be identified? What fish
products were being produced and exported? In what form was grain being imported and/or exported?
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Abstract
Gough’s Cave in Cheddar Gorge is one of the most archaeologically significant sites in Britain, and
numerous excavations have provided a large volume of human remains dated to several periods in the
late Pleistocene and early Holocene. The largest assemblage excavated over the past 100 years is dated
to ~14.7kBP and shows extensive evidence of cannibalism (cut-marks, percussion damage, and human
chewing marks), the modification of the human cranial vaults into skull-cups and artistic bone engraving.
Recent genomic work on a single petrous from the assemblage has identified an individual with genetic
affinities to the Goyet cluster, a genomic signature associated with populations found in the glacial
refugia of Southern France and Northern Spain at the end of the Last Ice Age (~22-15kBP), which
corroborates previous archaeology interpretation which identified these remains as being Magdalenian
in origin. Here, I present initial results of DNA sequencing experiments of 15 post cranial bone fragments
from the assemblage, which sought to identify biological kin relationships, the degree of inbreeding
within the group, and ancestral origins of the group at the population level. Alongside this sequence
data, an investigation into the performance of a variety of publicly available kinship programs will be
presented, the results of which showed asymmetrical and inconsistent kinship classifications both
between and within software packages at differing genome coverages. Such a study was carried out to
best inform the downstream analysis of the sequence data from Gough’s Cave, which, when combined
with robust archaeological interpretation, will greatly enhance our understanding of the social
structuring and funerary practice of the Magdalenian group inhabiting the cave.
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Abstract
In 1986 a mass grave was discovered along the bank of the river Tryggevælde where it empties into the
Køge Bugt, the bay south of what is today Copenhagen, Denmark. The human remains, dating to the late
Mesolithic Ertebølle culture (c. 5400-4000 BC) of southern Scandinavia, consisted of eight individuals of
multiple ages, ranging from a c. 35-45 year old individual to newborn children. Four individuals were
arranged on one side of the grave, with four on the other, placed head to foot. Their relationships to
one-another and what befell them is a mystery. Herein, we present the bioarchaeological assessment of
these individuals and apply an acid etch-based analysis of dimorphic sex chromosome-linked tooth
enamel peptides to determine their biological sex. Our results allow a direct connection between
engendered grave treatment and biological sex in non-adult individuals as young as c. four years of age.
We conclude with a discussion of the possible circumstances of their deaths.
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Abstract
We apply a suite of bioarchaeological analyses used to identify an ancient hunter-gatherer massacre
event at Lake Baikal, Russia. In particular, we present novel palaeogenomic data indicating extensive
biological kinship within this mortuary group, suggestive of familicide of thirteen individuals, as well as
providing insight into ancient hunter-gatherer group organisation and social relationships.
The Shamanka II cemetery (excavated by the Baikal Archaeology Project in 2000-2008 and 2019)
comprises one of the largest Early Neolithic cemeteries within this region (totalling 171 individuals), with
excellent preservation due to limestone bedrock. Within the north sector of this cemetery, a small
distinct cluster of 11 graves date millennia later, with mortuary treatment characteristic of the Glazkovo
tradition, corresponding to the Early Bronze Age (though retaining a hunter-gatherer subsistence
economy). Of the 13 individuals in this group, eleven show evidence of perimortem violence (including
sharp and blunt force trauma, and embedded projectile points), with three adults and one child showing
excessive ‘overkill’ lethal violence. Of the two individuals without apparent perimortem injuries, one is a
neonate. Across the large number of other ancient hunter-gatherers studied in the Lake Baikal region,
perimortem violence is rare, making this group exceptional. Radiocarbon modelling from direct dating
and dating of associated deer-tooth pendants indicates a date between 3900 and 3700 cal BP (with
corrections for a freshwater reservoir effect on the human dates), and stable isotope data indicates high
levels of broadly aquatic resource consumption. Strontium isotope data from dental enamel are also
consistent with local origins.
Whole genome shotgun sequence data (derived from samples of dental cementum) revealed
consanguineal or co-affinal relationships between all individuals within this group, allowing
reconstruction of a detailed most probable pedigree. A very high degree of spatial organisation linked to
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biological relatedness was found. For instance, both shared graves contain siblings, and other siblings or
parents and offspring are buried in graves beside one another. The apparent intentionality behind this
burial arrangement indicates their interment by people who knew their relationships in life, despite
these potentially being the victims of a massacre. High levels of polygamy are also inferred for this
group, though no exogamy is apparent. The implications of this event as a single massacre or as other
scenarios will be considered through a model-based approach, combining data from ancient DNA,
radiocarbon dating and bioarchaeological findings, as well as consideration of the broader implications
for understanding of hunter-gatherer lifeways.
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Abstract
The Iron Age saw the expansion of Phoenician and Greek colonies across the Mediterranean, the rise of
Carthage as the major maritime power of the region, and later, the beginning of Roman Imperial
expansion. These events were facilitated by the ease of long-distance travel following major advances in
seafaring. From the archaeological record, we know that trade goods and materials were moving across
great distances in unprecedented quantities, but it is unclear how these patterns correlate with human
mobility since artifacts are an indirect proxy. To understand interactions between populations directly,
we sequenced the genomes of 30 ancient individuals from Carthaginian and Etruscan sites around the
central Mediterranean. In combination with available published data from this and adjacent regions, we
examine the patterns of mobility emerging in the central Mediterranean and how these shaped the
populations on its shore.

At Kerkouane, a Carthaginian town on the Cap Bon peninsula in Tunisia, we observe three genetic
clusters: one indicative of continuity with earlier North African farming populations, one reflecting
mobility from Italian, Sicilian, and Greek territories, and one connected to nomadic Saharan populations.
At Tarquinia, a coastal Etruscan city in central Italy, we observe significant continuity with the preceding
Bronze Age population. The continuity is accompanied by a significant increase in heterogeneity with
about one-third of individuals better modeled with ancestry from other populations of the Iron Age
Mediterranean, including the Phoenicians, Celts, Carthaginians, and Greeks. I will discuss these two case
studies and the ways in which they illuminate the complicated interplay between continuity and
mobility resulting in extensive genetic exchanges across the Iron Age central Mediterranean and
beyond.
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Abstract
An archaeological intervention allowed the excavation of a graveyard associated with the old Chapel of
the Holy Spirit (Bucelas, Portugal, 15th-19th centuries AD), yielding 157 primary burials comprising the
skeletal remains of 98 adults (60 males, 27 females and 11 of undetermined sex) and 59 non-adults.
Among these, nine were identified as individuals of African ancestry, estimated by the analysis of cranial
traits. Additional information supported ancestry assessment, including the cultural modification of the
anterior teeth and indirect documentary evidence. This presentation focuses on the funerary
archaeology and the biological profile of these individuals.
All individuals, including those with African ancestry, were buried according to the Catholic funeral rites.
The sub-sample of African ancestry included six adults and three non-adults (one child and two
adolescents). Among the adults, two younger women and four middle aged / older adults (three men
and one woman) were identified. Three adults presented with cultural teeth modifications. The multiple
skeletal injuries of an aged male are discussed in the broader social, cultural and ecological context of
Post Medieval Bucelas, with a particular focus on the issues of structural violence (slavery,
impoverishment and labour force exploitation).
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Abstract
In Belgian cremated remains, a significant difference can be seen in strontium elemental ([Sr]) and
isotope (87Sr/86Sr) results between Metal Ages and Roman individuals. This pattern was well-observed
within the site of Destelbergen, where both a Metal Ages urnfield (ca. 10th – 3rd century BCE) and a
Gallo-Roman cemetery (1st – 3rd century CE) occur closely together, affected by the same bio-available
strontium. The Gallo-Roman results show significantly higher [Sr] and a narrower range in 87Sr/86Sr,
reminding of the value of modern-day seawater (0.7092) and thus, seem indicative of a certain marine
influence. After exclusion of many possible causes, the increase in [Sr] seems likely related to an
increased salt use as a food preservative, including salt-rich preserved meat and fish in the Gallo-Roman
period.
Although it cannot be ignored that multi-component diets remain highly complex and isotopic results
cannot provide direct and universal interpretations, this observation might help extend the
interpretation range of cremated remains. Indeed, [Sr], which are often overlooked due to the presence
of more informative stable isotopes, can be an interesting additional variable when studied on a
population scale. This study highlights potential dangers of changing dietary practices in cross-period
palaeomobility studies based on strontium isotope ratios.
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Abstract
This paper provides new insights on the character and lifeways of communities in early medieval Wales,
by presenting results from recent programmes of multi-isotope, osteological and kinship analyses.
Communities in early medieval Wales have been subject to less research than contemporaneous
inhabitants of England, partially due to acidic soils causing poor skeletal preservation and more limited
developer-funded archaeology. Valuable isotope research by Hemer identified likely migrants from
southern Europe, but datasets remain sparse, small and dominated by south Wales. Opportunities for
redressing this imbalance have arisen through collaborations between Cardiff University and three
commercial units in Wales – Red River Archaeology, Archaeoleg Brython Archaeology and Archaeology
Wales. These collaborations have facilitated varied scientific analyses on remains from three newly
excavated sites – Five Mile Lane (Vale of Glamorgan), Llangefni Link Road and Wylfa (Anglesey).
The thematic foci of the research are mobility, diet and kinship. Multi-isotope (87Sr/86Sr, δ18O and δ34S)
analysis on c. 100 individuals provides evidence for mobility throughout early medieval Wales, situating
these communities within wider networks by identifying likely migrants from elsewhere in Britain and
perhaps beyond. It also adds to the relatively limited corpus of analyses from southwest Britain, raising
questions about the range of δ18O values that might be expected in humans from this region. Dietary
isotope (δ13C and δ15N) research on c. 120 individuals revealed a pattern of relative homogeneity and no
clear variation in relation to origins, demographics or pathologies. An ongoing PhD project (Ciara Butler)
funded by Archaeoleg Brython Archaeology has added novel biodistance data to explore kinship in early
Medieval Wales. Dental metrics are utilised to estimate genetic affinity between individuals (c. 400 from
8 sites), and spatial analysis explores how kinship affects patterns of burial. Biodistance analysis in
several cemeteries has identified individuals who are phenotypically distinct from the majority of the
burial population, adding to the evidence for diversity within communities. The size and geographic
range of the dataset also allows analysis of affinity between regions in Wales at this time.
Overall the research further demonstrates the great potential of commercial-academic collaborations in
exploring under-studied regions and bolstering limited datasets as new sites are unearthed. The
combined lines of evidence show some contrasts between the north and south and add further
evidence for a diverse, mobile population in early medieval Wales.
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Abstract
Almost two decades ago Catherine Hills (2003:57-67) identified the need and potential for biomolecular
evidence to answer questions about the nature and scale of early medieval migration to England. Largescale isotopic data are now available to integrate with the other lines of evidence to fill this gap. We use
isotopic data here to address questions about the amplitude of migration to England, where people
moved from and the regional variations evident in the documentary evidence and funerary
archaeology.
Most isotopic studies of mobility in early medieval England have been site specific, focussing on the
identification of outliers within the cemetery, occasionally comparing data to a baseline or other sites
for context. This study presents the first large-scale synthetic analysis of mobility in cemeteries from
early medieval England, to look for first generation migrants and re-frame narratives of migration to
England from Late Antiquity to just after the Norman Conquest of 1066 AD.
The two main historically attested migration events investigated here are the “Adventus Saxonum” or
“coming of the Saxons” of the fifth century AD and the Scandinavian settlements from the ninth century
onwards. Migration caused by the Norman Conquest is also touched upon, but with less data from this
period and the isotopic similarities between much of Normandy and southern Britain likely rendering
many Normans isotopically “invisible”, the earlier events are the core focus of the study.
We tackle core questions of early medieval English studies surrounding migration during the period into
England:
•
•
•
•

Did these migration events occur?
If so what was the scale of migration?
What region(s) did people possibly migration from?
Does isotopic data support any of the previous models of cultural change and migration?

We consider how the documentary accounts, linguistics, the funerary archaeology and material culture
align with bioarchaeological data, specifically isotopic data to investigate migration and identity
formation and expression during the period.
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Abstract
Emerging techniques in analysing sequential dentine carbon and nitrogen isotopes provide the
opportunity to re-address previous interpretations of adolescence in Viking Age (VA) Orkney based on
bone collagen. Evidence of diet from stable carbon and nitrogen isotope analysis indicates significant
increases in marine resource consumption by both males and females in the VA, which may reflect
Scandinavian-influenced dietary preference or economic practices and begins before the advent of the
Fish Event Horizon (ca. AD 1000; Barrett et al. 2000; Richards et al. 2006). Changes in diet and health
from the Pre-Viking phase (AD 500-790) through the Late Norse phase (AD 1050-1200) reveal complex
and nuanced changes, reflecting evolving economic and subsistence practices and differences in social
constructs of status, social roles, and ethnicity.
Carbon and nitrogen stable isotopes (indicators of diet) are used to distinguish changes in marine
resource consumption, while strontium and oxygen isotopes (indicative of mobility) are used to
determine whether a person was local or non-local. Both diet and mobility isotopes were employed in
this study to trace differences in patterns of marine resource consumption between Orcadian local and
non-local adolescents of different biological sexes. Unlike bone collagen isotope analysis, sequential
dentine isotopes enable us to track dietary patterns from childhood through adolescence and young
adulthood. While previous interpretations based on smaller sample sizes have claimed that significantly
higher nitrogen values in males reflected their role as fishermen, this new approach will allow us to alter
our interpretations of male/female roles in Orcadian society, with the increased resolution providing
the potential to pinpoint the age at which diets between males and females began to diverge and
whether geographic origin of the individual may have played a part.
While higher resolution isotope methodology is immensely useful, it requires advances in data
processing and visualisation for interpretation. This talk addresses not only this emerging trend in
biomolecular archaeology but also employs novel statistical and data visualisation approaches such as
longitudinal data analysis and machine learning to maximise its implications and potential.
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Abstract
A burgeoning approach to investigate past diets is the biomolecular analysis of artefacts. For prehistoric
periods, ceramic vessels have been frequently studied, however biomolecular testing of grinding stones
is comparatively limited, despite the potential to reveal which plant and animal products were ground
during food preparation. Previous biomolecular research on grinding stones, whereby researchers have
analysed lipids and proteins adhering to grinding stones using colorimetric assay, suggest they were
used to process a range of products, including meat, cereals, legumes, and nuts.
Although cutting-edge research indicates that traces of ancient foods and other ground organic
materials can be recovered from archaeological grinding stones, there is limited understanding of how
these biomolecules are physically preserved on or within these relatively ubiquitous artefacts. It is an
open question if lipids, proteins, starch grains and DNA are dispersed across the surface of grinding
stones or if pores and crevices may act as microscopic traps to protect biomolecules from the
depositional environment. To improve our understanding of biomolecular preservation on artefacts, we
explored whether optical methodologies, such as thin sectioning can provide visual indications of how
microscopic residues are preserved.
Here we demonstrate the results of ongoing work on experimentally produced and used grinding
stones. Replica grinding stones used to process a variety of plant taxa under different conditions were
buried for over a year. The methodology under development seeks to reveal how deeply plant
microtissues may be embedded into grinding stones, thereby providing perspectives on how far into the
grinding stone matrix one may need to sample to most effectively recover biomolecules from an
artefact. Once optimised, the optical method could be applicable to a range of grinding stone types,
providing information on how stone type (e.g., sandstone, granite, basalt) may differentially trap plant
tissues, thereby guiding approaches for biomolecular recovery from archaeological grinding stones.
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Abstract
What is it that truly makes us human? Palaeolithic researchers have been attempting to answer this
question for centuries, all with conclusions that emphasise human choice and agency. Previous studies
have acknowledged that during the Middle-Upper Palaeolithic transition (ca. 45,000–35,000 cal BP), an
array of behavioural changes are evident in the archaeological record. Ornaments, as objects of
adornment, have been intensely studied as they are a gateway to uncovering the fundamental workings
of the hominin mind and behaviour. The study of lithics has also provided extensive insight into the
development of tools for utilitarian use. Likewise, zooarchaeological analyses provide an abundance of
information regarding the palaeoenvironment, hominin occupation, and interaction with other species.
These are all invaluable sources for the study of resource acquisition, material selection, and artefact
distribution in the wider landscape. However, we have recently begun to uncover a new, previously
hidden source of information; the species choice of material for worked bone. Previous studies that
assessed manufactured bone tools were restricted to material that could only be identified due to
minimal alterations on the worked bone. Frustratingly, most bone artefacts have undergone significant
amounts of anthropogenic surface modification. The transformation process from animal resource to
cognitively meaningful bone artefact thereby removes the visible species identity of the source material
and the bone artefact becomes unidentifiable based on morphological observations. Previous studies
focusing on the materiality of bone artefacts are therefore severely limited in their taxonomic and
chaîne opératoire conclusions.
As a response to these investigative limitations, new methods such as ZooMS – Zooarchaeology by Mass
Spectrometry, have been pivotal in bridging the gap within research where unidentifiable faunal
material is ignored and deemed uninformative. My study will address these limitations by applying
ZooMS to unidentified worked bone from the Middle-Upper Palaeolithic of Europe. I will present the
methodological approach that has been developed as part of the pilot project of this study which will
establish the sampling technique(s) that cause minimal/no destruction to the worked bone. This
approach will shed light on bone tool manufacture and what the human-environment interaction
entailed. Finally, the application of ZooMS will assist in understanding if and how resource acquisition
and modes of procurement compare throughout the Middle-Upper Palaeolithic, as Neanderthals
become extinct, and Homo sapiens thrive as the single species in Europe.
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Abstract
Ancient environmental DNA research has allowed archaeologists to gain a greater understanding of past
biodiversity and climate and provided context for archaeological enquiry. However, previous ancient
environmental DNA research has focussed primarily on answering broad questions and only rarely on
the individual study of archaeological sites. Furthermore, the expense associated with the sequencing
and analysis of ancient DNA often makes it inaccessible to archaeologists on a small scale, therefore, it is
frequently overlooked as a tool for exploring site-specific questions. This research, as part of a new PhD
project, aims to develop a time and cost efficient method of studying ancient DNA recovered from soils
and sediments through the circumvention of expensive full genome sequencing. A two-step PCR
method, which allows for the authentication of DNA as truly ancient, will be evaluated for its efficiency
in DNA barcoding for species identification from environmental samples. To achieve this, the past
biodiversity of a case study archaeological site will be explored using this method, the results of which
will contribute to reconstruction of the past environment and activity local to the site. If proven
successful, this method will allow archaeologists to conduct ancient environmental DNA research more
routinely and cost effectively to address questions surrounding regional biodiversity and ecosystems.
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Abstract
Apart from being an object of study for material culture and micromorphology studies, clays have the
potential to become an essential part of the repertoire of climatic proxies used by environmental
archaeologists, namely geoarchaeologists. As a component of lacustrine (i.e., lake) deposits, the
identification of particular clay minerals, their chemistry, and O and H isotope composition, can provide
information on water chemistry and salinity, degree of leaching, palaeotemperature, palaeoclimate, and
on the nature of the lacustrine deposit. Clay minerals can thus be significant archives for the
reconstruction of palaeoenvironmental changes.

Olduvai Gorge provides a valuable case-study to demonstrate the relevance of clay minerals as climatic
proxies for archaeological research. Situated within the East African Rift System in northern Tanzania,
Olduvai Gorge provides a geological record that includes lacustrine and fluvial deposits, and vast fossil
and artefact records related to three hominin species, Australopithecus boisei, Homo habilis, and Homo
erectus. During the Pleistocene, this area accommodated a mostly saline and alkaline lake, designated as
palaeolake Olduvai.

My project focuses on a timeframe between ~1.9 and ~1.3 Ma (Early Pleistocene), an interval within the
deposition of Beds I and II. This is a part of the Olduvai record that includes evidence for the coexistence of two or more Early Pleistocene hominin species. The overarching goal of my project is to
investigate whether it is possible to establish how this landscape was occupied by different hominins,
for which it is fundamental to understand the environmental context in which these hominin groups
inhabited this region. Therefore, the objective of this project is to study the chemical changes in the
palaeolake Olduvai during Beds I and II, as a function of the climatic changes that occurred in the
Olduvai Gorge Early Pleistocene landscape. Climate-derived chemical changes in lakes are manifested in
alterations of lake salinity, the latter of which is registered in the mineralogy, especially in the clays. To
this end, I am studying the mineralogy and chemistry of sediments from lacustrine and peri-lacustrine
deposits of Olduvai Gorge, with a focus on clays. These have been analysed by X-Ray diffraction (XRD),
Fourier-Transform infrared spectroscopy (FT-IR) and inductively coupled plasma – atomic emission
spectroscopy (ICP-AES); methods which allow the obtainment of mineralogical, structural and chemical
data essential for the identification and study of clay minerals.
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Preliminary results and data analysis have shown a significant volcanic material input (from the
Ngorongoro Volcanic Highland area), and have allowed the identification of evidence of mineral
alteration in freshwater or saline conditions. This is of relevance to understand both climatic and
environmental changes that occurred in the Olduvai basin during the sampled interval. Freshwater and
saline conditions are not only associated with the extension and contraction of palaeolake Olduvai, but
they can also be related to more humid or arid conditions, respectively. This climatic and environmental
knowledge is fundamental to better understand how those different Early Pleistocene hominins
occupied the Olduvai basin landscape.
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Abstract
As one of the most significant advancements in archaeological science over the last decade, incremental
micro-sampling of tooth enamel has evolved as a method particularly suited to increasing the temporal
resolution in archaeological mobility isotope studies. Recorded in the enamel from different locales of a
single tooth, the variations in the strontium isotope ratios are especially useful to understand and track
mobility over a finite time-period, as well as to interpret farming practices and husbandry strategies.
High crowned cattle molars are formed over a year, with enamel secreted sequentially from the crown
to the enamel root junction. Here we present incremental 87Sr/86Sr data from the 2nd molars of eight
middle Bronze Age cattle recovered from an enclosure excavated from under the AstraZeneca New Site
Cambridge Biomedical Campus, south of Cambridge. This study aims to identify transhumance and
assess the possibility that the site was used to ranch cattle from a variety of herds. As this site is close to
the border between two isotopically distinct geological regions, it is possible to identify transhumance
even over relatively short distances. 87Sr/86Sr data indicate the cattle come from at least three herds on
two different geological regions: one consistent with the chalklands the site is situated on; one
consistent with the surrounding geologies, > 2km away from the site; and one showing movement
between the two geologies.
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Abstract
Multiomics is a fast emerging approach whereby various omic data sets are integrated during analysis to
provide detailed insights into biological systems; has massive potential in the study of human health and
disease; and is already leading to advances in biomarker discovery. To date biomolecular archaeology is
largely dominated by ancient genomics despite being the least stable molecule over archaeological
timescales and is generally limited to well-preserved mineralised material hosted in temperate
environments. As such, ancient DNA (aDNA) alone has limited applications in fields such as
paleopathology and ancient disease discovery in general. Multiomic approaches allow inference of
phenotype, in addition to genotype, whereby proteomic and metabolic (including lipidomic) data sets
offer potential to investigate host-pathogen interactions in addition to the presence of a particular
pathogen. Furthermore, due to the better preservation of proteins and lipids, samples that would
otherwise be unfavourable for aDNA studies, such as mummified soft tissues, can provide valuable
insights into past disease and transmission.
We devised a novel, integrated protocol for the extraction of DNA, protein, lipids and other metabolites.
We performed an initial comparison of our protocol with dedicated standalone protocols using
artificially mummified porcine soft tissue. Initial results showed comparable recovery of protein, lipids
and metabolites and increased recovery of DNA. Following these promising results, we moved on to
investigate the molecular preservation of these molecules from spontaneously mummified soft tissues
from two ancient Nubian cemeteries of Kulubnarti (Early Christian Period, ~550–800 CE) in modern day
northern Sudan. Preliminary results via flurometric quantification are very promising and show good
recovery of DNA and protein with our protocol, which are comparable to dedicated standalone
protocols, whilst shotgun genomic sequencing and liquid chromatography-tandem mass spectrometry
(LC–MS/MS) for shotgun proteomics, lipidomics and metabolomics is currently underway.
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Abstract
Ceramic vessels are a persistent, and often abundant, material in the archaeological record. Frequently
used in the preparation, serving and consumption of food and beverages, ceramic vessels have the
potential to provide broad insight into past diet, subsistence and cuisine. Previous analyses have
indicated that proteomic analysis of organic residues preserved on pottery can reveal the presence of
specific foods, including plants, milk and other animal products. Nevertheless, extracting proteins from
archaeological pottery and associated food crusts can be methodologically challenging due to the
uncertainty surrounding the role of ceramic matrices in protein binding and preservation. Here, we
explore methods for extracting protein from preserved food crusts and ceramic matrices using a unique
assemblage of modern experimental pottery from Papua New Guinea. We trial a range of reagents,
treatments and analytical methods to maximise peptide yield whilst minimising destructive sampling.
Moreover, we assess several screening procedures for protein preservation ahead of more expensive
and time-consuming LC-MS/MS analyses. We find that Bradford assays and Qubit fluorometry are
generally unreliable quantitative indicators of protein preservation in the modern experimental pottery,
while MALDI mass spectrometry may provide some indication of protein presence. We then apply our
optimized methodology to archaeological ceramics to assess protein preservation within a range of
archaeological contexts.

Acknowledgments and Funding
This work was supported by a Leverhulme Trust Philip Leverhulme Prize to JH, a Social Science and
Humanities Research Council (SSHRC) New Frontiers in Research Grant to CS, and the Canadian
Foundation for Innovation/SSHRC Canada Research Chair (Tier II) to KT.

111

P9
Unlocking the full potential of strontium isotopes (87Sr/86Sr & δ88Sr) in
bioarchaeology
Carina T. Gerritzen1,2, Christophe Snoeck1,2, Tamara Leskovar3, Matija Črešnar3, Hannah F. James1,2, Doris
Potočnik4, Nives Ogrinc4, Steven Goderis1
Analytical, Environmental & Geo-Chemistry Research Unit, Vrije Universiteit Brussel, Brussels, Belgium.
Maritime Cultures Research Unit, Vrije Universiteit Brussel, Brussels, Belgium. 3Centre for
interdisciplinary Research in Archaeology, Department of Archaeology, Faculty of Arts, University of
Ljubljana, Ljubljana, Slovenia. 4Department of Environmental Sciences, Jožef Stefan Institute, Ljubljana,
Slovenia
1
2

Abstract
Isotopic analysis of 87Sr/86Sr is a trusted tool in archaeology, particularly for mobility and landscape use
studies. While δ88Sr has been previously applied to provide insights to diet, this tool is less well
understood and needs further refinement to be applicable for the study of archaeological materials.
δ88Sr values are typically measured using double-spike thermal ionization mass spectrometry (DS-TIMS)
or Zr-doped sample-standard bracketing multi collector inductively coupled plasma mass spectrometry
(Zr-doped SSB via MC-ICP-MS). The key advantage of the Zr-doped SSB method (MC-ICP-MS) is that it
allows the user to measure radiogenic and stable Sr- isotope variations at the same time.
This work focussed on the application of the Zr-doped SSB method on plants. Generally, radiogenic
87
Sr/86Sr ratios measured in plants and animals are directly related to the age and type of bedrock from
which they draw their nutrients. These ratios are generated by the fractionation of Rb from Sr during
magma formation and segregation. To date, it has not been shown whether there is also an effect on
the isotopic fractionation of δ88Sr between different types of rocks.Furthermore, the uptake of
bioavailable Sr in plants is not yet fully understood. Feeding experiments have shown that δ88Sr are
linked to changes in trophic levels (Lewis et al. 2017). We aim to expand this work in investigating
differences in sampled plant material due to differences in the underlying bedrock.
In essence, we seek to combine the analyses of δ88Sr and 87Sr/86Sr. In doing so we aim to quantify not
just the geographical variations, but also the underlying causes of inorganic and biogenic isotopic
fractionation. The scope of variation caused by these physicochemical and biochemical processes are
the key factor to tracing the lithological-biological interplay for Sr isotope analyses. This will largely
benefit the study of landscape use and diet, and can potentially improve isotopic mapping and mobility
studies. This poster presents preliminary δ88Sr and 87Sr/86Sr data obtained on plants sampled from
different types of bedrock from Slovenia and Ireland to investigate the potential of using both δ88Sr and
87
Sr/86Sr in archaeological contexts.
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Abstract
The Late Bronze Age and Early Iron Age (LBA-EIA, c. 900-600BC) was a period of climatic deterioration
and economic crisis that saw far-reaching shifts in European society. The greatest upheaval was caused
by the dissolution of long-standing European networks surrounding copper extraction, bronze
production and artefact manufacture and exchange at a time when the climate was getting far wetter.
In southern Britain, society did not shift focus to iron, which was not yet widespread, but rather focused
on agricultural intensification and communal feasting on a grand scale. These feasts led to a new site
type known as a midden –monumental mounds of material culture, sometime comprising millions of
artefacts dominated by animal bone and pottery. These sites signal connectivity, consumption, and
social mobilisation on an arguably scale unprecedented in British prehistory, indicating the coming
together of vast numbers of people and animals for feasts. Although middens represent a very rich
resource for understanding social and economic change during this transitional phase, they are among
the most under-researched sites in Britain.
The AHRC-funded FeastNet project aims to reconstruct patterns of connectivity and approaches to
husbandry in response to these crises, through multi-isotope analysis of the animals that were feasted
on at these middens. The epicentres of activity are Wiltshire and the Thames Valley and this paper
presents preliminary data from animals from six sites from these regions: East Chisenbury, Potterne, All
Cannings Cross and Stanton St. Bernard in Wiltshire and Runnymede and Wallingford in the Thames
Valley. Strontium (87Sr/86Sr) and oxygen (δ18O) isotope analysis provides geological and climatic signals
for origins, whilst sulphur (δ34S) analysis shows whether individuals were raised in coastal, wetland or
inland areas. Carbon (δ13C) and nitrogen (δ15N) isotope analysis also reconstruct the husbandry and
foddering regimes for animals at middens. The results are coupled with analysis of modern plants local
to the middens as a baseline from which to identify non-local individuals. These data provide new
insights on the problematic issue of how the economy and connectivity changed to make communities
resilient when the climate was deteriorating and the bronze trade network dissolving.
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New Strontium and Sulphur Isotope Layers for Isotope Domains map of Great Britain
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This research presents new biosphere data for sulphur and strontium isotope distributions in Great
Britain. These data are incorporated in the Isotope Biosphere Map (link given below). This interactive
map allows the user to input their own data for up to three isotope systems at a time (Sr, S, O) and
search for areas of Great Britain with the same isotope distribution This can be used to exclude areas
incompatible with the data input.
As isotope systems play an ever more important role in archaeology studies, it is essential to have well
provenanced reference data. By combining multiple isotope systems, a higher level of spatial specificity
in a search for geographic provenance can be achieved.
The strontium isotope layer has been restructured and updated with c. 500 additional samples to
include 94 searchable domains. We plan to provide the option to search at two uncertainty levels (50%
or 90% of the domain data range) to provide more flexibility of analysis.
The sulphur isotope dataset was developed in conjunction with the British Academy/Leverhulme funded
Wet Feet project (PI A. Lamb). The map is based on plant material and uses 548 samples from 350
locations to define δ34S zones at 5‰ intervals ranging from -31.6 to. +22.6‰. This new map reveals four
dominant influences on sulphur across Britain
1) Marine proximity.
2) Underlying geology.
3) The effects of soil hydrology on microbial mediation and chemical reactions within the soil.
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4) Regional climatic differences (rainfall etc), particularly in Scotland.
The Jurassic clays of southern England support negative sulphur isotope biosphere values. This is
controlled by the natural composition of the rocks and their tendence to support waterlogged
conditions. These are seen as areas with low δ34S values (< 0.0‰) that correspond to wetland terrains.
These new data, and the resultant maps, advance understanding of isotope variation in the biosphere of
Britain, thus improving the potential for exploring mobility in the past. The improvement of sulphur
mapping has particular legacy benefits, as variation can be explored well beyond just coastal influence.
For the interactive Isotope Biosphere Map go to:
http://mapapps.bgs.ac.uk/biosphereisotopedomains/index.html
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Abstract
Hypsodont teeth molars develop in a short lapse of time. Both dentine and enamel dental tissues do not
regenerate once formed. This fact enables the reconstruction of isotopic sequences covering short
moments of the individual’s lifespan, a useful approach in current zooarchaeological and paleontological
studies. Sampling design usually follows a serial or sequential extraction of dental bands perpendicular
to the tooth’s growth axis, from the apex to the root along the whole crown height. However, dentine
develops following a secretion of layers oblique to the tooth vertical axis and this pattern makes hard to
isolate isotopic signals. A new experimental study with modern sheep was conducted where carbon and
nitrogen isotopic signatures of consumed plants were known and controlled for several months. Dentine
was longitudinally sampled in previously-demineralized mandibular second and third sheep molars. In
this contribution we explore the possibilities of the sequential sampling procedure implemented on
dentine to obtain intra-tooth isotopic variability of δ13C and δ15N values tied to diet changes. The
integration of this high-resolution analysis in archaeological studies is evaluated, considering the
potential resolution to reconstruct dietary patterns, seasonal dietary changes and animal husbandry
practices in past populations.
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Abstract
Cremation is the most common funerary practice in Belgium during the Late Bronze Age. However, often
only limited information on the burned individuals was obtained due to the fragmentary nature of the
bones resulting from the cremation process. Due to its good preservation and documentation, the site
of Herstal, located close to the Meuse River and its 21 burials offer a unique opportunity to reevaluate
the funerary practices using multi proxy analyses.
Osteology, Sr isotope analyses and radiocarbon dating have been combined at the site of Herstal,
revealing the presence of non-contemporary individuals in two graves: three in grave 6 and two in grave
4. Furthermore, grave 6 reveals the somewhat unique presence of several nonadults buried together in
an urn as opposed to other cemeteries where commonly nonadults are buried together with at least
one adult. One of these nonadults was aged between 7 and 12 years and could already have been
considered socioculturally as an adult within this community based on the age and the grave goods.
Moreover, as the remains seem to have been kept for a while, this practice might show a possible
family/genealogical meaning at Herstal.
The aim of this study is to compare the osteological and isotopic results of the graves 6 and 4 of Herstal
with three graves from Grand Bois and Achelse Dijk, Belgium, where a similar pattern was observed. This
research allows for new interpretations regarding the curation of the bones at the end of the 2nd –
beginning of the 1st millennium BCE and improves our understanding of the society at that period. It
significantly contributes to our knowledges of the funerary practices in the Late Bronze Age in the
Belgian Meuse Valley.
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Abstract
This study aims to obtain innovative data about livestock strategies in the north-eastern Iberian
Peninsula during the Late Iron Age. The relevance of this chronological period lies in being an important
transitional phase just before the Roman influence.
Before romanisation, the Iberian civilization was characterized by hierarchical societies organized into
different centralized political entities. Settlement patterns including fortified settlements, rural
establishments, small village and silos field emerged and were structured around central nucleus, the
so-called first-order Iberian cities. In all cases these humans' groups developed economic strategies
strength related to the ecological condition of each area.
This fragmented territorial system showed a predominantly local agricultural economy, focused on selfconsumption and with cereal surplus as the main exchange product. In the framework of this economy,
animal husbandry (mainly focused on caprine with a sheep predominance) was a central activity, with
diversified livestock strategies adapted to the necessities of each settlement.
To obtain a more precise view of the different livestock practices displayed in the present-day Catalonia
during the Late Iron Age, here are presented the preliminary results of the sequential stable isotope
analyses performed on sheep’s second lower molars from various relevant Iberian settlements (Mas
Castellar de Pontós, Sant Esteve d'Olius, Tossal de Baltarga). All the sites selected for this study are
contemporary (about III century BC) and are located in different ecological and cultural areas, that
influenced in different ways their husbandry strategies.
Results from δ18O sequential analysis performed on dental enamel bioapatite of several individuals are
modelled following the cosine function proposed by Balasse et al. 2012 and compared with modern
reference data set populations, in order to estimate birth seasonality and duration of the lambing
period.
Preliminary results show evidence of the existence of diversified sheep reproductive patterns and,
consequently, different demographical management deployed by each community. Both natural (late
winter-spring) and “out-of-season” (autumn) births are attested. Data suggest that different
reproductive sheep strategies were directly related to specific exploitation needs of secondary products,
to herd size and to the ecological condition of each area. The sheep husbandry organisation adopted by
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the last Iron Age societies therefore appears much more complex and planned than previously glimpsed
by studies to date.
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Abstract
Dating is integral to the study of archaeology and palaeoenvironments. Beyond the limit of radiocarbon
dating (ca. 60 ka), several dating techniques are widely applied, but none are able to span the entire
Quaternary (2.58 Ma) for all sample types. Amino acid geochronology exploits the time-dependent
breakdown of proteins (e.g. racemisation of amino acids). Intra-crystalline protein degradation (IcPD)
targets the fraction of protein trapped within the crystal structure of certain biominerals (e.g. mollusc
shell and tooth enamel). As the intra-crystalline fraction has effectively formed a closed system, IcPD
analysis minimises the effects of contamination, leaching and other environmental impacts, providing
robust and reliable relative amino acid geochronologies on Pleistocene timescales. Alongside IcPD, mass
spectrometric (MS) analysis of fossil protein can provide further insights into additional diagenetic
mechanisms, as well as providing useful taxonomic information.
The South-Central African region is increasingly thought to have played an important role within
mammalian (including hominin) evolution during the Quaternary. Archaeologically, the region has
yielded the Kabwe cranium (Homo heidelbergensis (rhodesiensis)), changing tool technologies and early
pigment use (~265 ka). Ecologically, the region was once an extensive palaeo-wetland, encompassing
the Okavango delta, the Makgadikgadi pan and the Zambezi and Kafue rivers. This provided both a
migratory corridor between Southern and Eastern Africa, and an ideal environment for hominin
habitation. Currently the chronology within the South-Central African region is not well understood, but
biominerals present at notable sites in the region could be amenable for amino acid geochronology. By
targeting several biominerals (notably Achatina mollusc shell and tooth enamel from a number of
mammalian species) from regional archaeological and palaeoenvironmental sites, we aim to provide a
series of well-constrained geochronologies. As there is a taxonomic effect on the breakdown rates in
the IcPD fraction, we are also undertaking soft ionisation protein MS to explore the applicability of
palaeoproteomics to identify the taxonomy of the tooth enamel we are using and provide further
insights into additional diagenetic mechanisms. These techniques have potential for wider application
across Africa, helping to elucidate critical archaeological and palaeoenvironmental questions. Here we
present the first IcPD and MS studies on fossil rhino teeth from Twin Rivers archaeological site in
Zambia.
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Abstract
The recent development of easy-to-use stable isotope mixing model (SIMM) programs/software, such as
IsoSource, FRUITS, MixSIAR, and ResSource, has encouraged an increasing number of archaeologists to
attempt to quantify past dietary components using stable isotope data. The straightforward interfaces
of these programs/software allow users to bypass the complicated inner-workings of the modelling
processes. Users are required only to input minimal information, such as expected discrimination and
the isotope compositions of sources and consumers. However, the convenience of this “black box”
operation has also meant that model specifications and limitations are hidden from the users. Some
models provide an output regardless of whether the inputs are reasonable. Additionally, some
software/programs allow the incorporation of more sophisticated modelling parameters (i.e. priors) to
“improve” the modelling output. If users are not fully aware of how these additional features could
affect the output, by incorporating them they could inadvertently increase the margins of errors, or
even produce erroneous estimations. Moreover, SIMMs were initially developed for ecological studies,
and later adopted by archaeologists. Therefore, when applying SIMMs in archaeological studies,
precautions need to be taken as there are some fundamental differences between the two fields. We
outline some of the most common mistakes that archaeologists should be mindful of when using
SIMMs. We also demonstrate the strengths and pitfalls of using SIMMs to reconstruct palaeodiets, using
data from a simple diet-switch study.
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Abstract
This poster presentation will present preliminary results from the analysis of preserved organic residues
from Neolithic pottery recovered from one of the enigmatic ‘crannog’ sites recently excavated from the
Outer Hebrides. This crannog has been excavated as part of Islands of Stone project (led by Duncan
Garrow, Fraser Sturt and Michael Copper), which revealed a large assemblage of highly decorated and
well-made pottery on the loch bed around the islet. Lipid residue analysis has been conducted to extract
and characterise lipid biomarkers preserved in ceramic walls of the Loch Bhorgastail pot sherds. This
provides both insights into foodstuffs that were processed or stored in these vessels, and allows
functional comparison of and the use of different types of vessels, such as Unstan-style bowls,
shouldered bowls and ridged and non-ridged baggy jars, that were deposited here.
These findings from Bhorgastail help to understand the nature of the Neolithic Outer Hebrides. These
vessel forms here such as unstan-style bowls, ridged and non-ridged baggy jars and shouldered
bowls conform to those seen at other crannog sites in the region. It has been theorised that this site as
well as other Neolithic crannog sites such as Eilean Dòmhnuill were important sites of commensal
activities such as feasting and were important sites of identity formation and shaping social organisation
(Garrow and Sturt 2019). Uncovering information about activities and practices relating to the
deposition of pottery at these sites are important to understand the nature of the Hebridean Early
Neolithic.
This research employs acidified methanol extraction methodologies followed by analysis using gas
chromatography (GC) and gas chromatography and mass spectrometry (GC-MS). Single-compund stable
isotope analysis using gas chromatography-combustion-isotope ratio mass spectrometry (GC-C-IRMS)
determines the 𝛿𝛿13C values of C16:0 and C18:0 fatty acids further classifies the origins of animal fats
identified (e.g., whether they are of predominantly dairy or adipose fats). Additionally, I will ultimately
use recently-developed methods of compound specific AMS radiocarbon dating to date selected C16:0
and C18:0 lipids from several pot sherds- which will provide new dates for some sites where other
dateable material is lacking (e.g. tombs).
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Abstract
Cremation was the main funerary practice in Belgium during the Late Bronze Age (LBA), the Early Iron
Age (EIA), and the Roman period. As a result, burnt human bones are commonly found in Belgian
archaeological contexts. The high temperatures reached during burning (up to 1000°C) lead to
significant structural, chemical, and isotopic changes to the inorganic fraction of bone, while the organic
components (skin, muscles, collagen, etc.) of bone totally destroyed. Until the end of the 20th century,
researchers argued that most biological, chronological, and environmental information recorded in bone
was destroyed during the burning process. However, recent developments in Infrared Spectroscopy and
carbon and oxygen isotope analysis indicate that the study of cremated bones plays an increasingly
important role in understanding pyre technology as well as body and pyre management in ancient
societies in which cremation was the dominant funerary practice. The variability in the way cremation
was performed is related to the different attitudes of ancient communities towards death and different
management and treatment of the deceased.
The aim of this study is to investigate the differences in cremation conditions between the LBA/EIA and
the Roman period using Attenuated Total Reflectance-Fourier Transform Infrared Spectroscopy (ATRFTIR) and carbon and oxygen isotope analysis on burnt human remains from Belgium. In total, five sites
from the Metal Ages and five sites from the Roman period were chosen. The spectroscopic and isotopic
results of different skeletal elements (diaphysis, cranial bones, ribs) per studied individual, from the
different selected sites, indicate that there are statistically significant differences in the way cremation
was performed between the Metal Ages and the Roman period as well as between the different sites. In
addition to FTIR-ATR and carbon and oxygen isotope analysis, strontium (Sr) isotope analysis on the
cremated remains highlights some interesting links between human mobility and cremation practices.
This inter-and intra-site variability adds to our understanding regarding the pyre technology, body
treatment, and pyre management at the studied sites and on the use of fire in funerary rituals.
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Abstract
This paper presents a novel approach for the examination of chronology alongside paleoclimatic proxies
for specific localities, helping to bridge gaps in Mongolian paleoclimatic records, and focusing on
understanding climatic and environmental change from the ‘smaller picture’ up. Presented here will be
an extensive suite of new and published radiocarbon dates alongside stable isotope data for C/N, O, Sr
isotopes from human and animal remains excavated from burial contexts across the Egiin Gol to
construct a robust Bayesian chronology for north Mongolia that supplements current chronological
frameworks, corroborates emerging narratives of increasing cultural complexity across Eurasian
Prehistory and demonstrably questions traditional narratives of homogeneity. This multi-faceted study
explores the application of stable isotopes as proxies for paleoclimate (alongside diet and foddering
practices) and explores how nomadic pastoral communities adapted to the dynamic and changing
environments of Eastern Eurasia during the Middle Holocene, and the Bronze and Iron Ages. This will
enable a better understanding of the environments and climates of Eurasian landscapes, whilst
contributing to Pan-Asian narratives of human adaptation and resilience throughout the Holocene.
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Abstract
Here we outline a new isotopic approach for exploring the importance of wetlands in the past.
Saltmarshes and other wetland habitats are important cultural and ecological resources because they
can provide abundant, lower-input fodder for livestock and perform vital ecological services. For this
reason, archaeological and historical ecological communities share a common interest in developing
approaches for generating long-term retrospectives on how humans have shaped saltmarsh ecosystems.
Stable nitrogen isotope analyses (δ15N) of archaeological animal bone collagen have become part of this
toolkit, based on the observation that plants (and the animals that feed on them) growing in
coastal/saline areas sometimes appear to be enriched in 15N relative to plants in other areas. While this
δ15N approach remains an important contribution, it can be difficult to apply in some cases because
baseline 15N variation can result similar patterns in non-wetland regions. We propose an alternative and
complementary approach, relying both on isotopic variation (δ13C, δ34S) and patterned relationships
between particular isotopic compositions (δ34S & δ15N, δ34S & δ13C), to detect the presence and intensity
of saltmarsh grazing in animals in North America. We offer a case study using archaeological herbivores
(n=80) from historical settlements in Canada, which were renowned for their agricultural use of
saltmarsh ecosystems dominated by Spartina spp., a group of C4, sulfide-tolerant cord grasses. Results
show extreme isotopic variation, consistent with feeding along C3-to-C4 and sulfate-to-sulfide-derived
sulfur continuums, as well as a correlation between δ13C and δ34S, helping to confirm that these patterns
reflect the relative importance of Spartina as a food source for past animal husbandry. We also found a
strong negative correlation between δ34S and δ15N that suggests wetland sulfur and nitrogen cycling
processes are linked (independent from Spartina consumption), providing new potential insights into
the mechanism behind 15N enrichment observed in saltmarsh plants and a possible indicator for
identification of wetland resources in other regions. While this approach works particularly well in areas
where saltmarshes are C4 dominated (where δ13C can provide a straightforward indicator), it may also
hold promise for other wetland ecosystems (by assessing correlations between δ34S & δ15N as an
indicator).
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Abstract
Stable carbon (δ13C) and nitrogen (δ15N) isotope compositions of bone and dentine collagen are a wellestablished tool for exploring past human and animal behaviour, including diet and mobility. A detailed
understanding of the chemical composition of collagen has provided a foundation for robust quality
control (QC) criteria for isotopic measurements. Among these QC criteria, the most important and
widely used is C:NAtomic (the % ratio of C to N). Collagen C:NAtomic provides an indicator for whether the
amount of C and N present in an archaeological collagen extract is in line with expectations based on the
known composition of pure collagen. Collagen extracts with C:NAtomic falling outside the known range are
likely contaminated or diagenetically altered, which can impact isotopic compositions. Using acceptable
C:NAtomic range (2.9-3.6) criteria identified in the 1980s, tens of thousands of archaeological and modern
bone and tooth collagen isotopic measurements have been parsed to remove data with potentially
unreliable isotopic compositions. Our aims in this poster are twofold. First we show that, while in some
cases the traditional C:NAtomic collagen QC parameters are applicable, in many others they can result in
use of unreliable (altered) isotopic data. We therefore argue that the traditional ‘one size fits all’
approach to the C:NAtomic QC criterion should be used with caution. Second, we outline new taxon- and
region-specific collagen QC criteria, based on revised acceptable C:NAtomic ranges, that can help to
improve archaeological interpretations of past human and animal diets by more accurately identifying
problematic isotopic data. Based on a recent survey of 25,000+ isotope compositions published over 30
months, more than a third of recent analyses fall outside our revised C:NAtomic.. It is therefore critical that
future research pays closer attention to collagen QC criteria.
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Abstract
The creation of bioavailable strontium baseline maps are critical for interpreting bioarchaeological data.
With the increasing production of local archaeological site-specific, regional or national maps, devising
an approach for combining these datasets to create larger or higher density isoscapes is crucial. Using
Portugal as a case study, this presentation will discuss how combining different archives and scales of
strontium isotope data can provide a robust baseline for archaeological mobility studies. The
presentation will introduce the first country-wide bioavailable strontium baseline for Portugal, created
using paired plant and soil leachate measurements from 151 sampling sites. Our dataset will be used as
a foundation, with additional data from published archaeological site baselines (using modern plant,
human bones and faunal remains), our recently collected regional plant samples, and published
European and global datasets (on agricultural soils and mineral waters) compared. Plant samples
provide the majority of strontium data in Portugal, and are a solid base for archaeological studies. This
approach provides an opportunity to compare different archives to this plant base to highlight the
variability in the archives used for strontium mapping and to highlight inadequacies in our current
sampling strategies. Comparing datasets also allows for an evaluation of isotopic variation on varying
scales; wide-scale sampling highlights how the diverse geological, geographical, and climatic regions of
Portugal lead to an interesting spatial distribution of 87Sr/86Sr across the country. Furthermore, regional
and site-specific sampling allows for the assessment of residential mobility and the range of landscapes
used by past human populations. Reconstructing palaeomobility patterns requires a full picture of

129

isotopic diversity at both the local, regional and broader level, combining datasets of varying scales
moves us one step closer to creating the robust baselines required.

Acknowledgments and Funding
Research is supported by the ERC Starting Grant LUMIERE (grant agreement number 948913) and ARC
Discovery Project DP160100811.

130

P23
Identification of pathogenic mutations in Gaelic Medieval individuals with
Multiple Osteochondromas
Iseult Jackson1,2, Valeria Mattiangeli1, Lara Cassidy1, Eileen Murphy3, Daniel Bradley1
Smurfit Institut of Genetics, Trinity College Dublin, Dublin, Ireland. 2The SFI Centre for Research Training
Genomics Data Science, Galway, Ireland. 3Queen's University, Belfast, United Kingdom
1

Abstract
Multiple Osteochondromas is a rare, autosomal dominant genetic condition, which results in the
formation of benign cartilaginous bone tumours. As this is a skeletal condition, it is possible to identify it
in the paleopathological record, where it has been observed in skeletons from the Middle Bronze Age
until the post-medieval period. Two Medieval individuals buried in the graveyard at Ballyhanna, Co.
Donegal showed evidence of bone tumours caused by Multiple Osteochondromas. These individuals
were dated to at least 100 years apart (AD 689-975 and AD 1031-1260), and initial analyses of biological
kinship suggested that they were not related. Analysis of whole-genome sequencing data revealed two
distinct likely pathogenic mutations. A known disease-causing mutation was identified in the first
individual: this is a missense mutation in the second exon of EXT1, one of the most commonly identified
disease genes. However, in the later individual, a novel mutation was identified. This novel mutation
was a frameshift mutation in the same gene, resulting in a premature stop codon and a complete loss of
the protein product of EXT1. The identification of two completely distinct mutations causing the same
rare genetic condition is surprising: just 10% of modern cases are suspected to be caused by de novo
mutation, and clusters of this disease have been identified in modern isolated populations, suggesting
founder effects, which would have been expected in the same graveyard in northwestern Medieval
Ireland.
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Abstract
Early hominins evidence in North Africa are today a major topic of research in human evolution. The
recent findings dated to Plio-Pleistocene boundary in this territory, especially in Morocco and Algeria,
have given rise to a heated debate about human dispersal behaviors and major characteristics of the
first hominins population in this area. By contrast, such high-resolution and comprehensive
palaeoecological studies during this period in Africa are currently missing beyond East and South Africa
regions.
Guefaït 4 (GFT), located in the Plio-Pleistocene basin of Aïn Beni Mathar-Guefaït (Jerada, eastern
Morocco), has proven to be a locality that is very rich in small vertebrates, in a time interval for which
this kind of fauna is rare in North Africa1. Biostratigraphic correlations with other North African sites,
suggests an age close to the Plio-Pleistocene boundary (2.58 Ma). GFT has been attributed to the Early
Pleistocene from both the biostratigraphy of micromammals and paleomagnetism1,2.
The aim of this work is to reconstruct the ecological behavior of the large mammal species identified in
the fossil locality GFT, characterizing the diet and habitat of the communities of herbivores through
stable isotope analysis and to integrate these data to understand the palaeoecological context of the
first hominins in the Maghreb.
A total of 187 samples of tooth enamel from a large diversity of mammals (n=12), including the families
Anancidae, Equidae, Rhinocerotidae, Suidae, Hippopotamidae and Bovidae among others, were selected
for stable carbon and oxygen isotope analysis.
Our preliminary results show that carbon values indicate a major domain of C3 plants (i.e. trees, shrubs
and C3-grass adapted to mild growth season) on animal’s diet. However, consume of C4 plants is also
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attested in some sampled species. The presence of both C3 and C4 plants could indicate a heterogeneous
ecosystem but the absence of C4 pure consumers would not support a landscape dominated by
grassland-savanna biomes as today and during late Pliocene and much of the Pleistocene in eastern
Africa. However, although our results show certain similarity with the few and reduced studies available
for the study region (Tighennif (ca. 1 Ma) or Ahl al Oughlam (ca. 2.5 Ma)) with the presence of C3, our
data indicates the consumption of C4 plants in some species4.
Oxygen isotope results show important differences at specific level. The difference in δ18O between nonobligate and obligate drinker tooth enamel has been used as a proxy for relative aridity3. A major
difference is attested between obligate and non-obligate species, suggesting a greater aridity than
modern African savannah from Lakipia and Tsavo in Kenya3.
Overall, our study suggests that the GFT landscape does not appear to be dominated by a specific
habitat. This reconstruction situates the mammalian community in a patchy mosaic ecology with a
predominance of C3 plants (including grass) with increased aridity and presence of C4 plants, most
probably during the warm season.
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Abstract
The application of incremental enamel sampling on human dental enamel allows researchers to observe
how isotopic values may vary over an individual’s early life. For archaeologists, this means we can
observe how an individual’s diet and geographical mobility may have changed over time. Currently,
incremental isotope studies on human enamel primarily use in-situ techniques, which while allowing for
small and targeted analysis, are limited in access, precision or applicable isotopes. An alternative is the
use of micro-milling techniques, which are more accessible and cost-efficient. Whilst milling techniques
are commonly used on faunal dental enamel (i.e., sheep and cattle), the amelogenesis process in human
dentition is shorter and more intricate. As such, placing enamel increments, removed by milling, into a
chronological order is difficult without the knowledge of that tooth’s specific growth pattern. Whilst the
construction of such a methodology is challenging, it is essential to investigate if incremental milling
techniques can be viable on human dental enamel, to enable high resolution dietary and mobility
reconstructions for humans.
The aim of this study is to produce an incremental sampling technique for the enamel of human molars
and canines, to reveal variations in strontium (Sr), oxygen (O), and carbon (C) isotopic ratios during the
tooth enamel formation period. This technique uses milling guided by thin-sections of the enamel to
ensure a developmentally informed sampling strategy. Preliminary results from a combination of both
modern and archaeological samples reveals a promising indication that enamel increments can be
successfully sampled along a human tooth enamel growth axis. However, the growth pattern of human
tooth enamel limits the number of increments that can be milled in a resolvable time series. As such,
this study provides a critical evaluation of the proposed technique, and a plan of how to increase the
resolution of the methodology in our future research.

Acknowledgments and Funding
This project is supported by the European Research Council: LUMIERE - Landscape Use and Mobility In
EuRopE - Bridging the gap between cremation and inhumation (Agreement No. 948913)

134

P26
Violence in Hasmonean Judea: Skeletal evidence of a massacre from 2nd-1st
century BCE Jerusalem
Jenna Dittmar1,2, Yossi Nagar3, Kfir Arbiv3,4, Tehillah Lieberman3,5, Piers Mitchell6
University of Aberdeen, Department of Archaeology, Aberdeen, United Kingdom. 2Darwin College,
University of Cambridge, Cambridge, United Kingdom. 3Israel Antiquities Authority, Jerusalem, Israel.
4
Tel Aviv University, Department of Archaeology, Tel Aviv, Israel. 5Bar Ilan University, The Department of
Land of Israel Studies and Archaeology, Ramat Gan, Israel. 6University of Cambridge, Department of
Archaeology, Cambridge, United Kingdom
1

Abstract
During a salvage excavation conducted by the Israel Antiquities Authority, a mass grave containing the
skeletal remains from 124 individuals was discovered in a water cistern outside the Old City of
Jerusalem. The initial assessment of the remains revealed that many of the individuals had evidence of
weapon injuries. Radiocarbon dates derived from human bone and the date of the material finds
suggest the skeletal remains date to the end of the 2nd century or the beginning of the 1st century BCE.
The aim of this research is to analyze the weapon injuries in order to reconstruct the nature and context
of this violence. The human skeletal remains from 23 individuals recovered from the cistern were
selectively retained and examined macroscopically in a laboratory setting. Silicone casts of selected
weapon injuries (n=5) were analyzed using scanning electron microscopy. Numerous examples of perimortem blunt- and sharp-force trauma were observed including evidence that at least 16 individuals
were decapitated. The extent and nature of the observed injuries as well as the evidence of their
haphazard deposition into the cistern suggest that these individuals were the victims of a massacre. As a
highly visible act of violence, massacres are often used as a mechanism for social control. When
contextualized, this skeletal assemblage is most likely evidence of a massacre that occurred during the
reign of the Hasmonean king Alexander Jannaeus. This is the first archaeological evidence for the use of
socially sanctioned violence to legitimize the Hasmonean state and to maintain social control at the end
of the 2nd century-early 1st century BCE.
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Abstract
Most of the opinions believe that cremation culture began from the Neolithic period in Korea, and it is
known that it was prevalent in the Three Kingdoms period (1st to 7th century B.C.) due to Buddhist
culture. The research about cremated bones in Korea has been mainly focused on archaeological
context and physical anthropology investigations. This poster presents the cremated human bones first
discovered from the Hanseong Baekje Period (18 B.C. – 475 A.D.) in Korea. The cremated bones were
excavated from the large-scale stone mound tomb of Baekje, estimated to be from the late 4th to early
5th centuries and were buried in the initial sedimentary state at the burial site. Since there were no signs
of burning inside the pit, it was estimated that the bones were burned outside and then buried in the pit
with a large number of burnt roof tiles, ornaments, and animal bones were buried together. All of the
bones of the animal were found unburned, while all of the human bones were exposed to fire. As a
result of physical anthropology observation conducted in previous study, it was confirmed that the
bones were exposed to temperatures above 700℃ and were crushed into fragments less than 7 cm
after burning. We selected samples according to the color of the bones, and X-ray diffraction analysis
(XRD) and Fourier-transformed infrared spectroscopy (FT-IR) were used for analysis. As a result of
analyzing the spectrum and crystallization index value through analysis, it was confirmed that all of the
cremated bones from Baekje were exposed to temperatures between 700℃ to 1000℃. This
temperature means that the people of Baekje had a good quality of burning technique for the cremation
at that time. And the effort to increase the temperature as much as from 700℃ to 1000℃ of the fire
may mean that the person who was cremated had a high status. This is the first study in Korea of
estimating the temperature exposed to ancient bones by presenting scientific evidence for the
spectroscopy analysis. In the future, we plan to conduct further scientific analysis studies that can reveal
the cremation culture of the Hanseong Baekje period through analysis of cremation bones found in
other Baekje Royal tombs.
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Abstract
Osteoarchaeological research utilising histology methods has expanded rapidly over the last five years.
Histological approaches are routinely applied for taphonomic analysis, cremation analysis, species
differentiation, ageing, and multimodal research. Despite the proliferation in histological research
dealing with cremated, taphonomically-altered, or otherwise collagen-poor bone, the difficulty and
expertise required to prepare delicate, friable bone for analysis is rarely discussed. Sample failure rates
are high and can occur at several stages in the slide preparation process, especially while sectioning,
polishing or slide mounting. Slide preparation is both time consuming and labour intensive and thus
minimising sample failure is important. This research informs approaches to reduce failure rates by
comparing different protocols for preparing histological sections with a focus on embedding media. Six
charred and calcined archaeological bone fragments were cut into 5 subsamples and prepared for
histological analysis using different protocols. These comprised embedding in standard epoxy resin, lowviscosity epoxy resin, polyester resin and methyl methacrylate (n=24). Three attempts were made to
produce a high-quality slide from each sample. High quality is defined as 1) no erosion of sample edges,
2) all histological structures visible and 3) final thin section less than 100 μm thick. Sample failure rates
and cause were recorded. The fifth sample (n=6) was submitted as an unembedded thick section for
SEM to compare the quality of images produced. Best practice recommendations for each protocol are
given with reference to sample failure rates, expense, time commitment, sample preservation, and lab
requirements. Whilst these protocol recommendations have been developed specifically for burnt bone,
the principles are broadly applicable to any taphonomically-altered, friable and/or collagen-poor bone.
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Abstract
Tuberculosis (TB) is a global disease that remains a significant cause of morbidity and mortality, despite
decades of vaccine development efforts, concerted public health campaigns, and improvements in
detection and treatment. The origin and evolution of the causative agents of TB, members of the
Mycobacterium tuberculosis complex (MTBC), can be analyzed directly using ancient genomes
recovered from archaeological remains. Our ability to predict successful MTBC aDNA recovery, however,
remains tenuous, resulting in destructive sampling that yields few successful results. To address the
uncharacterized relationship between sampling strategy and MTBC DNA yield, we selected 56 elements
representing 48 individuals with a spectrum of skeletal lesions associated with TB from Tlatelolco, a late
postclassic Mesoamerican urban center (1300-1521 CE). We subsampled and extracted DNA from each
element in various locations and across various pathological categories. DNA extracts were shotgun
sequenced, and MTBC positive samples were identified using a taxonomic binning approach with a
custom database of mycobacteria and other closely related genera. Of 56 elements, 13 representing 10
individuals were positive for MTBC DNA. Positive screening assignments were confirmed using whole
genome in-solution hybridization capture. We compared differences in sampling element, sampling
location, and pathological category between MTBC positive and negative samples and within MTBC
positive samples. Our findings suggest that sampling element, pathological manifestation, and age of
individual affect MTBC DNA recovery. Here, we discuss the implications of these results for MTBC aDNA
sampling and propose guidelines for justifying destructive sampling projects.
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Abstract
Ale— an alcoholic beverage of fermented barley malt— is characterised by specific ingredients and
process of its production and its role as a symbol in special contexts. The relationship between ale and
barley, the transformative process of ale production, the commensal contexts of its consumption, and
the mind-altering properties of alcohol, imbue ale-making and drinking with social and cultural
significance. In archaeological contexts, identifying processes of ale production and consumption is
linked to understandings of agriculture, labor mobilisation, economic surplus, feasting, gender
dynamics, social structure, tribute, community, identity, and politics. Nevertheless, brewing activity is
difficult to distinguish in the archaeological record, and is often restricted to indirect forms of evidence.
More direct approaches have been employed, including archaeobotanical analysis and organic residue
analysis, but are limited by constraints of preservation, and tissue and taxonomic specificity. A frequent
target for studies of ale production are residues formed during brewing activity, including beerstone, a
residue composed primarily of calcium oxalate which binds to ceramic vessels during ale fermentation
and maturation. Beerstone has been reported in archaeological vessels and, due to its mineral structure,
is likely to serve as a reservoir for ancient biomolecules. Here, we apply shotgun proteomics to the
analysis of modern beerstone with the aim of establishing whether a protein signature indicating ale
production can be successfully identified in this substrate as an analog for archaeological contexts. The
protein composition of beerstone is reflective of the germination and fermentation stages of ale
production, and includes barley grain (Hordeum vulgare) storage proteins and yeast (Saccharomyces
cerevisiae) proteins. The results indicate that beerstone can entrap characteristic protein signatures of
ale production, including yeasts and barley, and therefore makes it a valuable target for investigating ale
production in antiquity.
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Abstract
There are a number of different human skeletal elements which can be used for ancient DNA analysis of
both endogenous human and pathogen DNA. This poster presents the results of a comprehensive
review of the literature comparing and evaluating the use of different substrates in aDNA analysis, in
order to determine which substrates should be preferentially sampled. The petrous bone, auditory
ossicles, and tooth cementum are covered. Several criteria were used to assess each substrate, including
the average levels of preservation of endogenous aDNA, the potential aDNA yields, how destructive the
sampling of each element is, and the value of each element for other scientific and morphological
investigations. Cementum and auditory ossicles were determined to be the preferable substrates for the
analysis of endogenous human aDNA. However, factors such as the availability of elements, the
available sampling methods, and the position of those holding collections of human remains to
sampling, also influence the suitability of each element for destructive analysis. Furthermore, ethical
considerations are shown to be as important as practical concerns such as the level of preservation
when choosing substrates to sample. The study concludes that there needs to be more interdisciplinary
discussion between researchers and stakeholders regarding the sampling of different substrates for
aDNA analysis, and that substrates should be chosen on a case-by-case basis, rather than one element
being prioritised in all contexts.
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Abstract
Mass graves in ancient contexts provide insight into social interactions within and between communities
and responses to catastrophic events. This research uses a novel approach utilising a chaîne
opératoire model developed to enhance understanding of ancient mass graves by integrating
archaeological theory and scientific methods. The chaîne opératoire model, traditionally applied to the
reconstruction and understanding of lithic technology, has been applied here as a tool to understand,
firstly, the funerary behaviour in how the grave was constructed and filled, and, secondly, to understand
socio-cultural aspects of the community and the communal response to a catastrophic event. In
combining archaeological data, recording stratigraphy and location of objects in the grave, with methods
in archaeothanatology, that consider taphonomy and the burial environment, the aim is to provide an
understanding of how mass graves are constructed. Furthermore, the chaîne opératoire model allows us
to contextualise data collected through biomolecular analyses (isotopic and aDNA), paleodemography
and paleopathology to draw out patterns in socio-cultural behaviour that influence the interpretation of
the communal response to a catastrophic event.
This poster presents an initial interpretation of funerary behaviour at the 11th century CE cemetery at
Waterside, Leicester, as a case study. This cemetery is unusual for the presence of diverse funerary
behaviour including single burials, double burials and 45 mass burials (containing 3-25 individuals). The
representation of all age categories and both sexes across all of the three burial types is significant as it
presents an instance of a previously unrecorded catastrophic event, likely the result of disease or
famine.
Additionally, preliminary results of bulk collagen stable isotopic analysis of carbon (δ13C) and nitrogen
(δ15N) are presented from at least 65 individuals from across the three burial types, representing both
sexes and all age categories (where possible) to explore dietary diversity between grave type, sex and
age groupings. We compare isotopic results from Leicester with those from other populations across the
UK using recently published open-access isotopic databases to situate the Leicester community within
its broader British context, enhancing our knowledge of dietary diversity during this politically
transitional period across the UK. Analysis of aDNA as a part of a UK wide genetic project by the Francis
Crick Institute is ongoing and the results will be incorporated with the interpretation of this site when
they become available. These analyses mark the beginnings of our interpretation of the social response
to catastrophe at this site.
It is hoped that the accumulation of results from multiple lines of analysis into a single interpretive
model, the chaîne opératoire model, will promote the integration of archaeological theory and
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archaeological science and will aid in our understanding of life and death in times of catastrophe in the
High Middle Ages in Leicester.
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Abstract
Patterson et al. (2021) recently revealed evidence for substantial migration into southeastern Britain
during the Middle/Late Bronze Age, and identified four genetic outliers from Kent. Persistent longdistance networks of connectivity between Britain and the Continent have already been evidenced
archaeologically through shared aspects of material culture. Existing sources demonstrate that, rather
than being a barrier, the channel was a dynamic maritime axis during the Bronze and Iron Age.
Nevertheless, reconstructing the nature of these cross-channel interactions remains challenging. In
recent years, aDNA has confirmed movements between the Continent and Britain from the Chalcolithic
onwards (Fischer et al. 2018; Olalde et al. 2018; Patterson et al. 2021), which corresponds with previous
isotope studies (87Sr/86Sr; ẟ18O) that have identified migrants in Kent during the Bronze and Iron Age
(Millard 2014; Millard and Nowell 2015). When all these data are considered collectively, Kent emerges
as an important and persistent contact point.
In this paper we bring together existing and new multiproxy data at a regional-scale focusing on the sites
of Margetts Pit, East Kent Access Road, Cliffs End Farm and Neat’s Court. We explore several questions
including the identity of genetic and isotopic outliers (i.e. sex, age at death), the residential origins of
incoming individuals and whether this may have influenced their funerary treatment. The aim of our
study is, therefore, to better understand Kent as a crossroads in later prehistoric mobility, as well as the
communities involved in this cross-channel network.
*Joint first-author.

Acknowledgments and Funding
This research received funding from the European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 834087 (COMMIOS).

143

P34
Ratios of strontium and barium to calcium as complementary palaeodietary
indicators for seaweed consumption
Magdalena Blanz1,2, Samuel Stewart3, Ingrid Mainland2, Philippa Ascough4, Andrea Raab5, Jörg
Feldmann5, Mark A. Taggart3
University of Vienna, Vienna, Austria. 2Orkney Archaeology Institute, Kirkwall, United Kingdom.
3
Environmental Research Institute, Thurso, United Kingdom. 4NEIF Radiocarbon Laboratory, East
Kilbride, United Kingdom. 5University of Graz, Graz, Austria
1

Abstract
In palaeodietary studies, seaweed is often neglected as a possible food source for terrestrial mammals.
However, historical, ecological and archaeological evidence shows that when seaweed is accessible,
sheep, pig, cattle and red deer make use of this resource, sometimes reportedly even preferring it to
terrestrial vegetation. Several animal husbandry regimes in the Scottish Northern Isles and on Iceland
still rely on seaweed consumption to overwinter their stock. Archaeological evidence of this also exists
from Neolithic Orkney (Scotland), as evidenced by sequential analyses of stable carbon isotope ratios
(δ¹³C) in dental enamel. However, where C4 plants are present in addition to C3 plants, stable carbon
isotope ratios are no longer reliable indicators of seaweed consumption, because a mixed diet of C3 and
C4 plants can lead to similar stable carbon isotope ratios as a diet of seaweed. For this reason, the
feasibility of using trace element ratios as alternative, complementary palaeodietary markers to δ¹³C
were studied.
Focussing on strontium (Sr), barium (Ba), calcium (Ca), vanadium (V), manganese (Mn), cobalt (Co),
nickel (Ni), arsenic (As), and uranium (U) concentrations in tooth enamel of present-day sheep (n=15)
from the Orkney Islands (Scotland) consuming known diets of seaweed and terrestrial vegetation, this
study showed that enamel Sr/Ca and Ba/Ca ratios track seaweed consumption and correlate with δ¹³C.
Analyses of terrestrial vegetation, seaweed, soil and sand underpin these results with respect to the
relative amounts of Sr, Ba and Ca in the sheep’s diets. Analyses of archaeological sheep teeth showed
significantly elevated concentrations of U, V, As, Mn, Co, and Ni, likely attributable to diagenesis. In
contrast, ratios of Ba, Sr and Ca followed the trends established by the present-day sheep teeth,
indicating diagenesis did not cause significant changes for the elements. Ratios of Ba, Sr and Ca may thus
be useful as complementary palaeodietary markers to δ¹³C, but further research is required.
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Abstract
This poster presents the preliminary results of interdisciplinary bioarchaeological research on the
multicultural frontier context of the (Re)conquest of Islamic Iberia by Christian Kingdoms during High
and Late Middle Ages. This research is part of the AHRC funded project Landscapes of (Re)Conquest:
Dynamics of Multicultural Frontiers in Medieval South Western Europe and focuses on the
understanding of animal husbandry, food supply networks and human dietary habits as a proxy of
political, social and economic changes on the frontier through zooarchaeological and isotopic analyses
of humans and animals from multiple sites between 10th and 15th C CE.
The province of Guadalajara serves as a major focus for the project, located in central Spain and defined
by opposing Christian and Muslim frontier societies in the 11th and 12th centuries. Sites studied include
the castle of Molina de Aragón, Prao de los Judíos, the Cathedral of Sigüenza, Alcázar Real de
Guadalajara and Palacio de los Guzmán. They are mainly urban and military settlements which played a
role as central places in the region and represent differing religious communities, including Muslim,
Christian and Jewish contexts.
Zooarchaeological study of large fauna assemblages from these sites allow us to identify and
characterise high status contexts, such as Alcázar Real de Guadalajara, through the identification of high
frequencies of young caprines (lamb and kid) and burning marks probably caused by roasting meat. The
zooarchaeological assemblages also show remarkable differences between Islamic, Jewish and Christian
periods between and within sites, stressing the cultural significance of food consumption patterns and
their potential use for identifying ethnocultural identities.
Biomolecular techniques were applied to these contexts in order to obtain a deeper understanding
of animal husbandry strategies and food consumption patterns by both livestock and humans. Bulk
carbon (δ13C), nitrogen (δ15N) and sulphur (δ34S) stable isotope analyses have been performed on the
bone collagen of >300 samples, including humans, domestic mammals, birds and fish. Research
questions to be addressed through these data include exploring differences in production strategies
through time and between religious communities, differences between food supply networks to cities
and castles and the consequences of changes in political rulership in animal husbandry management.
Certain topics, such as the use of C4 plants as fodder or the supply and consumption of fish at these
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inland settlements, are also interesting to tackle through the isotopic record. Moreover, ZooMS (peptide
mass fingerprinting) was used mainly to distinguish accurately between sheep and goat to explore the
feeding strategies between these two species.
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Abstract
As part of the Wellcome-funded aGB project, we are sampling hundreds of archaeological human
skeletal remains from Britain dated to the last 6000 years for a comprehensive aDNA study. To minimise
impact on human remains, we apply micro-sampling approaches and downstream DNA protocols
optimised for very low amounts of bone powder. However, the skeletal element targeted is a key factor
in the quality of the DNA retrieved and, ultimately, in the success of genetic analyses.
Here we investigate DNA preservation in our large collection of DNA extracts from petrous pyramids
(cochlear portion), auditory ossicles and tooth roots, by comparing the proportion of endogenous DNA,
deamination patterns and estimated genome complexity, based on ~2 million reads generated as part of
our routine sequencing screening with Illumina HiSeq4000.
We confirm long-standing observations that the cochlear portion is a more consistent source of human
DNA than cementum or dentine from teeth, but we detect differences in DNA preservation between
different powder fractions from the same petrous or tooth root, showcasing the importance of microsampling and screening strategies. We observe that DNA recovered from single ossicles, including the
stapes (usually <3 mg), systematically show similar or better preservation than DNA extracted from the
inner-most portions of the cochlea.
These results add to recent efforts to assess post-mortem DNA preservation in skeletons and develop
less destructive sampling methods. In our current collection of DNA extracts from prehistoric and
Medieval Britain, single auditory ossicles are the preferred target to retrieve high-quality DNA for wholegenome sequencing, while removing the need for drilling holes into the skull, thus decreasing laboratory
processing times and costs associated with drilling and minimising impact on human remains.
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Abstract
The Mediterranean Basin is home to many of the world’s most celebrated winemaking regions, with
certain traditions stretching back millennia. Despite wine’s economic and cultural significance, there are
significant gaps in our knowledge of how domesticated grapevines were transported across the region
and which varieties were used at different points in time. Through the application of cutting-edge
palaeogenomic methods to well-preserved archaeological grape seeds, these questions are now being
investigated across space and time. The methods incorporate optimised recovery of short DNA
fragments and in-solution enrichment of thousands of informative loci in the grapevine genome. By
comparing archaeological samples to one another and to a large reference panel of wild and
domesticated grapevine varieties, this project provides the first widescale picture of how grapevine
lineages were transported throughout ancient Europe. In particular, the ancient DNA data demonstrate
that European winemaking practices changed dramatically during the Bronze Age, transitioning from the
collection of wild grapevine resources to the propagation of grape lineages which are closely related to
varieties still grown in modern vineyards. Longitudinal studies at individual archaeological sites provides
detailed pictures of changing viniculture practices in local regions, and the combined dataset reveals
larger patterns in cultural preferences from the late Bronze Age to the Middle Ages.
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Abstract
Fermentation is one of the oldest culinary practices. Wild yeast from plant or animal sources can lead to
natural fermentation due to its ability to convert sugar into ethanol. Ancient DNA analysis of fermented
food residues, alcoholic beverages, or associated artefacts used in fermentation can potentially provide
new insights into people’s diet, culinary practices, and even trade. To explore the potential of ancient
DNA analysis for studying the history of fermentation, I aim to recover ancient DNA from historic
Scandinavian yeast rings. Scandinavian yeast rings or yeast logs are ornate pieces of wood in use since at
least the 16th century that were dipped into fermentation vessels to collect living yeast. The rings were
then pulled out and dried quickly and later used as a starter culture for new production to introduce
microorganisms into fermentation vessels for e.g. beer brewing. This uniquely Scandinavian brewing
technique, known as “back-slopping” method, ensured the same fermentation microflora were
preserved and that the fermented beverage tasted the same from batch to batch. However, recovering
highly fragmented ancient DNA from artefacts can be challenging.
In this ongoing research project, I am therefore exploring how to best recover DNA from wooden
Scandinavian yeast rings by testing the effectiveness of different DNA extraction methods. The
experiments focus on recovering ultrashort DNA molecules (<50 bp), and analysing Illumina sequencing
data for species related to the historic brewing process, i.e. Saccharomyces cerevisiae and associated
microbes. The various extraction methods are compared using several metrics, including DNA yield and
the relative abundance of fermentation species in the shotgun sequencing data. In addition to the
results on the extraction methods, this project examines several metrics like DNA damage patterns to
confirm that the observed fermentation microbiome is indeed historic and not the result of recent
contamination. These results will help guide future work for other researchers and my own PhD
research on the analysis of older artefacts that are associated with winemaking, brewing, and other
forms of fermentation.
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Abstract
Oxygen isotopes in biological apatite are commonly used as a proxy in mobility studies to identify ‘locals’
vs. ‘non-locals’ and, as a further step, to possibly identify compatible regions for those individuals that
are characterized as ‘non-locals’. However, factors like temperature, warmer vs. colder climatic phases,
air pressure, altitude, cooking practices..., affect δ18O values rendering interpretations difficult. Different
methods to identify outliers within a population have been proposed and include 3*MAD or Turkey IQR,
and most studies primarily base their ‘non-local’ oxygen interpretations on the offsets with expectations
compared to oxygen isotope maps. However, recent oxygen results from Belgium highlight potential
issues using these maps.
Oxygen isotope results measured on tooth enamel carbonates from different Flemish cemeteries
(Koksijde, and Ypres) ranging from the early till late medieval period are inconsistent with the existing
oxygen isotope maps. Ranging up to -3.4 ‰ (VPDB), the δ18O values observed in these 2 sites are among
the highest in Europe. The exact reason for these differences with the rest of north-western Europe
remain unclear. We argue that methodological issues can be ruled out as the results from samples from
other locations in Europe, prepared with the same pre-treatment and measured in the same lab during
the same runs, are compatible with the oxygen isotope maps.
Further research is needed to understand the reasons for the large difference in oxygen isotope ratios
between Belgian populations and the rest of Europe. The implications of these findings could
significantly impact mobility studies within Europe and their interpretations.
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Abstract
The ArchaeoFINS project is centred around an old and still unresolved archaeological question of when,
why and where people began to eat fish again after the introduction of farming to Europe, which
brought about a decline in fish consumption c. 5-10,000 years ago in favour of cereal crops and dairying.
Tackling this question of aquatic consumption is timely and pertinent given recent debate over
European fisheries and the important role fish have in modern foodways and economies in our region.
Scotland and its islands have been identified as a watershed region for the re-introduction of fish
consumption during the Middle Ages in western Europe, so it is the perfect place to investigate the
mechanisms for its re-introduction and spread utilising state-of-the-art biomolecular techniques
combined with traditional archaeo-historical data. By combining multiple lines of evidence (isotopes,
pottery residues, traditional archaeo-historical data) for the first time at scale (Shetland to Southern
Britain and Ireland, with comparisons to continental Europe; from the Mesolithic to Late Medieval) in
the region ArchaeoFINS will be able the show the nature and speed of change in fish consumption
around the Irish and North Seas. It will demonstrate the cultural mechanisms behind these shifts, recentring Scotland in the narrative of Christianisation, migration and changing foodways in the Middle
Ages. ArchaeoFINS will scientifically confirm debates over the Fish Event Horizon in Europe and
challenge perceptions of its catalyst, which can now be achieved due to the advances in biomolecular
archaeology.
The core research questions of the project are:
•
•
•

•

When do fish disappear from and re-enter diets in Scotland at a scale detectable by
biomolecular techniques?
Does this differ regionally within Scotland and how does this compare with Ireland, Wales and
England?
Does the uptake of freshwater and marine fish differ chronologically and spatially? And if so, do
these events correlate with Christianisation or large-scale migration events (e.g. Scandinavian
settlement)?
How do the diet and mobility signatures in Scotland and Ireland fit within the broader context of
Western Europe?

This poster introduces the project, it’s aims, objectives and methodology (including data analysis
workflow) and welcomes feedback on the project in its initial stages.
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Abstract
Osteochondritis Dissecans (OD) is an idiopathic subchondral bone abnormality. It can cause instability of
the joint as well as the detachment of a bone fragment and cartilage leading to osteoarthritis. It is often
seen in the femoral head, superior to the fovea capitis and can also be seen in the medial condyle of the
distal femur. It is generally considered to be caused by an acute trauma to the joint that results in
avascular necrosis, although other causes such as genetics, abnormal ossification of the epiphyseal
cartilage have also been suggested. This poster explores a case of OD observed in the right distal femur
of a middle-aged adult female. The individual was moderately preserved and mostly complete and was
excavated from the Medieval site of Beaumont Fee in Lincoln, England by PCAS Archaeology. Evidence
of well healed fractures to the right radius and a right rib were also observed and suggest that the OD
observed might have resulted from a traumatic injury to the right side of the body. It is hoped that this
research will provide an insight into how this pathology impacted the daily life of affected individuals
living in the medieval period in England.
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Abstract
Excavations at Beaumont Fee in the centre of Lincoln, England carried out by PCAS Archaeology
uncovered 23 inhumations dating to the Medieval Period (11th to 13th centuries). One of the burials was
that of an old adult female. The positioning of the burial in the cemetery was unremarkable, so no
information on social status could be determined. However, the individual was positioned supine with
hands over the pelvis and had good preservation with minimal fragmentation. Abnormal changes to the
thoracic cavity were observed with an alternate concave and convex shape to the manubrium and
sternum and the abnormal angulation of the ribs suggesting an anterior displacement of the chest,
possibly caused by ‘Pectus Carinatum’. This paper will hopefully provide an insight into the impact this
type of pathology would have had on the health and wellbeing of an individual during the Medieval
period in Britain.
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Abstract
Sulphur isotopic analysis (δ34S) is proving increasingly useful in archaeological case studies due to an
ever-improving understanding of sulphur isotope variability within ecosystems, recent innovations in
mass spectrometry, and its potential to infer aspects of both diet and movement histories in the past.
Sulphur isotopic variation across landscapes is highly correlated with lithology but also strongly
influenced by the coastline and the sea spray effect allowing researchers to identify mobility through
variations in geology and changes in distance from the coastline. When combined with strontium
isotope analysis (87Sr/86Sr), sulphur isotopes have the potential to allow exploration of individual
movement histories and to infer species-specific spatial behaviours.
This project aims to explore the use of sulphur isotope analyses in the reconstruction of Late Pleistocene
herbivore spatial ecology. Focusing on a region of south-west France, this is being approached in three
phases: 1) the development and refining of a sulphur isoscape for the Dordogne; 2) the application of
sulphur isotope analyses to faunal remains (bone and incremental dentine) from Middle and Upper
Palaeolithic study sites in the Dordogne and 3) the integration of sulphur isotope data with strontium
isotope data from the same animals.
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Abstract
Deposition in the marine environment subjects osteological materials to forces and taphic processes
that do not occur in terrestrial archaeological sites. The effect of subaquatic diagenesis on bones and
teeth challenges traditional interpretations of zooarchaeological remains and needs more scholarship.
This is likely due in part to the paucity of animal remains recovered from inundated sites, such as
shipwrecks. The Ma‘agan Mikhael B shipwreck (mid-7th–mid-8th centuries CE) yielded an extraordinarily
preserved assemblage of diverse animal bones and teeth due to having been buried under a thick layer
of sand for nearly 1300 years, and provided an ideal case study for filling this lacuna. Adaptation of
conventional diagenetic taphonomic assessments utilized in terrestrial zooarchaeological studies
described the state of preservation of the faunal assemblage in a more meaningful way for the marine
context, as well as spoke to the integrity of the shipwreck’s faunal assemblage (in situ-ness).
Additionally, a GIS spatial analysis of the distribution of animal remains throughout the shipwreck shed
light on site formation processes, as well as inferred some aspects of nonextant naval architecture. The
subaquatic diagenetic taphonomy analysis of the Ma‘agan Mikhael B’s faunal assemblage observed and
recorded multiple aspects of surface modifications present on archaeological bones, including abrasion
stage, corrosion levels, and coloration. A novel ordinal scale of observed abrasion stages (c.f. weathering
stages) was created during this research, as this was not available in the existing literature.
Presence/absence and degree of corrosion was recorded, and coloration was standardized using the
Munsell color chart. The location of each faunal remain (NSP=241) recovered from the shipwreck site
was recorded in a GIS map. Identifying the agent or process responsible for each modification and
observing the spatial patterns of these phenomena enabled a more nuanced interpretation of the
assemblage, akin to the field of forensics where each trace leads the crime scene investigators closer to
recreating the ‘scene of the accident’. This examination of taphonomic factors provided further
evidence of the ship’s original architecture, informed upon the integrity of the shipwreck site, and
elucidated aspects of site formation processes. Future in-kind analyses of subaquatic diagenetic
taphonomy and spatial analysis will enable inter-site comparison between faunal assemblages from
shipwrecks and other types of submerged sites.
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Investigating amino acid stable isotopes using a GC-C-IRMS system: an
application in bioarchaeology
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Abstract
Compound Specific Stable Isotope Analysis of Amino Acids (CSIA-AA) has been successfully applied in the
last few decades in Archaeology but the number of applications in comparison with the bulk isotope
analysis via EA-IRMS is still rather limited .
CSIA-AA requires more laborious protocols, adequate facilities, and a major attention in instrumentation
set-up . These steps can be reduced using a LC-IRMS system, which has been defined as “the optimal
method” (Dunn, Honch, and Evershed 2011) for the analysis of AA carbon isotope values. However, this
method does not allow the measurement of nitrogen stable isotopes, which can only be achieved with a
GC-C-IRMS system.
Complications associated with CSIA-AA analysis include: i) a variety of techniques that can be used for
the derivatisation of AA; ii) several deployed standardisation practices; iii) only a few procedures
proposed for quality control of the data (Yarnes and Herszage 2017).
This paper presents the experimental design and the analytical procedure applied at BioArCh, University
of York, for the analysis of carbon and nitrogen isotopes of AA from collagen of humans from 79 AD
Herculaneum, animals from comparable contexts, and from modern grains. The data presented were
discussed in Soncin et al. (2021). Our experience with the GC-C-IRMS technology in the investigation of
AA in archaeological material will be presented. The set-up put in place at BioArCh consists of one Delta
V Plus™ isotope ratio mass spectrometer (Thermo Scientific™) linked to a Trace Ultra™ gas
chromatograph (Thermo Scientific™) with a GC Isolink II™ interface (Thermo Scientific™). Our setting
allowed an excellent peak separation of collagen AA (such as phenylalanine and threonine from
hydroxyproline and serine, respectively), and to detect AA which are low in concentration (such
methionine, lysine, tyrosine, threonine). All these AA provide important insights in the field of dietary
studies.
The differences between two derivatisation techniques, N-pivaloyl-i-propyl esters (NPIP) and N-acetyl-ipropyl esters (NAIP) will also be shown and discussed. Finally, the standardisation procedures used in
nitrogen and carbon mode will be presented, followed by a discussion on the opportunity of assessing
the quality of the data using three different approaches.
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Abstract
Around AD 1000, marine fish consumption has been argued to increase in parts of Medieval Western
Europe, while freshwater fish consumption decreased. However, evidence for this ‘Fish Event Horizon’ is
still limited in the Low Countries (present day Belgium and the Netherlands). This project investigates
diachronic change in fish consumption in the Low Countries from the 11th to the 17th centuries by
applying a multi-proxy analysis to 47 cess samples from seven cities (Aaslt = 16; Antwerp = 3; Bruges = 2;
Delft = 5; Dendermonde = 1; Leiden = 19; Mechlin = 1). This poster presents results for microscopic
analysis of parasite eggs. Some parasite species which only infect freshwater fish can provide direct
evidence for the consumption of undercooked or preserved (i.e., pickled, salted, or smoked) freshwater
fish. Additionally, we identify shotgun sequencing as a key bio-molecular method which may allow
identification, or specification of taxa which cannot be established through the study of macro/microremains. This project represents the first attempt to use parasites as dietary markers to investigate a
large-scale dietary shift.
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Sr isotopes as skeleton key: unlocking early medieval mobility on the scale of
the individual through multi-skeletal isotopic analysis
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Abstract
The early medieval cremation cemetery at Cleatham was used by North Lincolnshire communities in the
fifth to seventh centuries AD to bury and commemorate their dead. The degree and extent of migration
during this period has long been under academic scrutiny, but the re-emergence of cremation practices
in the post-Roman period, in conjunction with the appearance of styles and designs of material culture
from the continent, form the basis for more recent isotopic efforts to investigate mobility. Cleatham
cemetery contains approximately 1006 cremation burials, which makes it one of the largest burial
grounds of its time in the British Isles (Squires 2012, 2013; Leahy 2007). In its archaeological context, the
site has been shown to exist as a stage for the interplay between agency and material culture, not least
through the use and re-use of cremation urns which also highlight regional networks (Perry 2011). For
this presentation, the level of mobility of 54 of the people buried at Cleatham was assessed,
incorporating demographic variables and burial context. Strategic selection of cremated skeletal
elements such as the otic capsule of the pars petrosa, alongside cortical fragments of ribs and femoral
diaphysis made it possible to observe individual mobility for the individuals. This selection was
complemented by also sampling animals accompanying six of the dead: five horses and one bear. The
87
Sr/86Sr ratios and concentrations were measured for the selected elements and considered against the
spatial variation of 87Sr/86Sr in a 25 km catchment around Cleatham cemetery. We present the results of
the Sr isotope analysis and assess whether the methodology chosen provides a promising approach for
future investigations of early medieval cremated individuals. As this is the first larger study of its kind on
one of the major early medieval cremation cemeteries, it is hoped that this paves the way for
subsequent studies of sites from this very exciting period long known as the ‘Dark Ages’.
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Abstract
This study investigates the childhood diet of 16 individuals from the Middle/Late Bronze Age (1430-1290
BCE) Bezdanjača Cave (Lika region, western inland Croatia) using stable isotope analysis of dentin
collagen from permanent first molars. The permanent first molars are the first of the permanent teeth
to emerge. They begin to form and calcify at birth and complete their formation at approximately 9-10
years of age when the root is fully developed. For this reason, they are the best means to investigate
diet during the early years of an individual’s life. Results from the analysis revealed that the individuals
from Bezdanjača consumed notable quantities of C4 plants during their childhood. The most common C4
plant is millet, whose spread throughout Southern Europe was recently dated to the second half of the
2nd millennium BCE, which agrees with the results obtained in this research. Comparisons between the
data collected for the individuals from Bezdanjača and other Middle and Late Bronze Age sites in Croatia
suggest that only the individuals from the site of Veliki Vital (Middle Bronze Age, inland Croatia) exhibit
similar isotopic values to those from Bezdanjača. On the contrary, human isotopic values from coastal
sites reveal that during the Middle and Late Bronze Age people from the coast had a diet that still
predominantly contained C3 plant-based foods, which appears to suggest that the dispersion of millet in
Croatia during the Bronze Age followed an east-southwest trajectory, appearing earlier (Middle and Late
Bronze Age) in inland settlements such as Veliki Vital and Bezdanjača and only later (Late Bronze Age
and mostly Iron Age) in coastal sites.
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Managing the Archaeology of the Modern City
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Abstract
Archaeological management studies were first produced in England in the early 1970s to assess
what remains survived within city centres where archaeology was being destroyed by new
developments, and to devise better ways to investigate these. Since the late 1980s, Nigerian historical
archaeology has produced approximately 20 (and counting) similar studies for urban centres in Lagos
and Ibadan, referred to as archaeological zoning and/or management plans. These plans are the only
specifically archaeological mechanism used to create meaningful broad-scale perspectives about the
significance of urban archaeological resources in Nigeria. Notwithstanding their importance to date,
there has been little discussion about their effectiveness as management tools.
Ways of managing archaeological sites from their initial identification to their ultimate
interpretation continue to change and evolve. Despite the sustained production of urban archaeological
management plans (AMPs), important questions about their capacity and modus operandi remain
unanswered. For example, how effective are they in assisting the planning process, or protecting the
archaeological resource? Which ones (if any) work and why? Where do these plans best fit within
broader urban planning strategies?
This paper comprises the first rigorous assessment of the approach, structure, and application of
AMP studies to determine how these can better assist the different needs of stakeholder groups,
facilitate the management of urban archaeological resources and enable archaeology to play a more
active role than that of reactive mitigation. Discussion focuses on review of the existing plans for the city
centres of Lagos and Ibadan, six other Nigerian plans, and five comparable British archaeological studies
to provide the basis for a new model AMP that can be applied to urban centres in Nigeria.
The paper also addresses issues that affect the quality of broader management procedures and
practices in urban archaeology. It identifies particular funding and strategic initiatives, each of which has
the potential to support progressive administration and planning frameworks, and to assist the
development of professional performance standards and data management systems. This research thus
encourages more responsive and meaningful ways of managing and protecting the urban archaeological
heritage of modern cities to ensure that the outcomes — what is gained or lost from the archaeological
process, whether through excavation, interpretation or preservation – is information and experience
shared.
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Identification of organic residues stored in Goryeo Dynasty(12th Century)
archaeological ceramics from Yongjangseong Palace site in Jindo, Korea.
Eunyoung Yun, Jia Yu
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Abstract
Recently as organic residues existed in past environment and often persist over long timescales in the
archaeological record, the analysis of organic residues provides important clues relating to past human
activity.
This study details the organic residues discovered from archaeological pottery in 11-12 century of
Goryeo dynasty in Yongjangseong palace Site, Jindo, Republic of Korea.
Pottery was found next to the cornerstone inside the G-2 building site. and the size of the pottery was
34.1 cm in height, 12.5 cm in diameter, and was filled with solid, brown organic materials.
In order to examine the origins of preserved brown residues, we have been determined through
detailed compositional analysis of their component by infrared spectroscopy (FT-IR), gas
chromatography and mass spectrometry (GC-MS).
IR spectroscopy can be used to distinguish natural resins. The result of FT-IR(attenuated total reflection),
O-H band from carboxylic acids occur very broad near 3400 ㎝-1. C-H stretches for methylene groups
occur near 3000~2800 ㎝-1, carbonyl bond(C=O) found near 1710 ㎝-1 for ketone, CH3 groups are found
at 1454 ㎝-1 and 1380 ㎝-1. C-O stretching vibrations found near 1170 ㎝-1. This spectra provides the
presence of a natural resin.
Results of GC-MS analysis of the brown residue CH3Cl solution was identified one type of residue
composition, lipid profiles extracted from sample are sesquiterpene compounds characteristic of
resinous substances. The most abundant were elemene, muurolene, β-selinene, α-selinene, cadinene,
calamenene, cadalene.
These compounds are abundantly present in resin of Araliaceae plant, Dendropanax morbifera. As well
as by comparing their compound with modern reference materials from the D.morbifera grown at
Wando, Republic of Korea, were corresponding with the results of ancient resin.
Dendropanax morbifera is an endemic tree species of Korea, belongs to the family Araliaceae. It is
restricted to the southern parts of Korea, Jeju Island, Wando, Geomun-do, Geojedo, so called Korean
Dendropanax(hwangchil), Hwangchil tree. When the hwangchil tree trunk in injured, yellow sap,
hwangchil, is secreted, which is called hwangchil and is used as a natural traditional paint in Korea by
craftmen. Hwangchil varnish Related information appears in the 12th century literature by
Seojeung(1091~1153).
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In this study, organic residues remain in the burial environment without their characteristics, and
organic residues analysis is role in identifying what material were stored in archaeological ceramic and
provided direct evidence for the use of resinous exudates.
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Abstract
Groupers (Family: Epinephelidae) are large, carnivorous fish found throughout the world in tropical,
subtropical, and temperate marine waters in association with rocky coastlines. They are both
ecologically and commercially important and due to various life history traits (slow time to maturity,
long lived, sequential hermaphroditism, etc.) their populations are facing negative consequences of
being heavily exploited. This research utilises a multi isotope (δ13C, δ15N, and δ34S) approach to
collagen from archaeological fish bones to better understand past foraging ecology of groupers and
other key fish taxa in the Levant. Samples for this study come from Kinet Höyük (Turkey) (n=123), Tell elBurak (Lebanon) (n=16), and Tell Fadous-Kfarabida (Lebanon) (n=20) and predominantly date to the
Bronze and Iron Age (c. 2500 - 350 BCE) with additional samples from the Hellenistic and Medieval
occupations of Kinet Höyük. This work demonstrates some of the challenges and pitfalls to working with
archaeological fish bones from the eastern Mediterranean whilst also presenting the largest data set of
archaeological fish isotopic values from the Levant. Statistical modelling is being explored to investigate
isotopic niche spaces for the comparison of different taxa (i.e. Epinephelidae vs. Sparidae), time periods,
and sites. Looking at long term data regarding changes in isotopic niches can in turn enable a more
nuanced understanding of both past marine food webs and more specifically, grouper ecology.

Acknowledgments and Funding
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Marie Skłodowska-Curie grant agreement No 813383.

164

P52
From the Deep Sea to the Sky – Interpreting ZooMS data
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Abstract
The emergence of proteomics as a tool for species identification has created new opportunities for
research into zooarchaeological assemblages. In particular, the low cost of high throughput analyses is
allowing us to examine substantive assemblages in detail. This paper describes two case studies where
ZooMS (ZooArchaeology by Mass Spectrometry) has been utilised to identify material previously
impossible to characterise. We also consider the advantages and challenges that emerge with the
creation of these new substantive datasets and the interpretative insights they offer.
The first case study focuses on the characterisation of bone from the largest mammalian species,
whales. We have used ZooMS to characterise examined of fragments of morphologically unidentifiable
cetacean material from settlement sites in Scotland. One of our approaches has been to explore
domestic deposition by analysing at least one sample within a series of floor levels over the duration of a
single house use. This has generated an large and detailed ZooMS dataset and challenged our previous
understanding of which species were utilised. This paper compares the species distributions generated
by traditional and proteomic methodologies and considers how these new datasets can be employed to
address standard zooarchaeological enquires.
Our second case study considers the use of ZooMS in characterising a nonosseous material, eggshell.
Identification of this highly fragmented material is usually based on time-consuming microscopy at
various strengths. This paper presents the results from ZooMS characterisation of eggshell from a range
of sites across Britain. This material offers a different set of challenges with regard to quantification and
this paper considers the new insights that ZooMS offer on avian exploitation. Finally, we will discuss how
to best structure future high volume ZooMS analyses and data interpretation, to move beyond the mere
identification of new species or species separation and develop new quantification strategies.
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Aberdeen is one of the most prosperous and beautiful regions of the UK
It is rich in history from its maritime past of boat building and fishing industries, nowadays modernised with
the growth of the Oil and Gas industries. From the Cafés, Museums, Art Gallery, Theatres, Cinemas and
Shopping venues, you will find something to suit everyone in this diverse multi-national City. A coastline of
spectacular beaches and dunes stretch north of the city, while to the west lies nearby Royal Deeside, home
to some of the most beautiful countryside in Scotland and the eastern gateway to the mountainous
Cairngorms National Park.
To plan your visit and find out more, then head over to VisitAberdeenshire’s website
www.visitabdn.com
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Venues
Conference Venue | University of Aberdeen, King's College Conference Centre, Aberdeen, AB24 3FX.
To find out more, visit the website: www.abdn.ac.uk/about/campus/maps/view/135/
Disability Information
The DisabledGo service provides a pan-disability access guide to this building.
Internet Access
Internet is available for delegates to use free of charge by accessing the Aberdeen City Connect network.
Should this fail, please contact the helpdesk who can issue you with a username/password to connect to the
UoA secure networks.

Key Information
Registration check-in: King's College Conference Centre
Helpdesk: King's College Conference Centre
Lunch and Refreshment Breaks : Day One - 20 April - James Mckay Hall
Day Two - 21 April - Elphinstone Hall
Day Three - 22 April - Elphinstone Hall
Oral Talks : King's College Conference Centre
Posters : Elphinstone Hall & Linklater Rooms
Conference Dinner & Ceilidh: Elphinstone Hall
Informal Mixer : The Bobbin, 500 King St, Aberdeen AB24 5ST
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History of King's College Conference Centre
King's College Centre is set in
beautiful historic surroundings. The
Conference Centre is housed in the
former University Library, adjacent to
King's College Chapel, in Old
Aberdeen. The library building was
constructed in 1870 on the site of the
Great Hall and Common School. The
Great Hall, which was taken down in
1865, dated back to the early 16th
century, when it was the central point
for all University activity.

The expansion of the University in the
1960s resulted in the need for a larger
library, and when part of the library
transferred to the purpose built Queen
Mother Library (now called The Sir
Duncan Rice Library), the quadrangle
became little used. Although the King's
College building continued to be used, it
was on a much smaller scale, and when
it eventually closed in the 1980s, what
had effectively been the "heart" of the
University was lost.

In September 1991 the University of Aberdeen refurbished the King's Library,
creating the King's College Conference Centre.
Many of the library's distinctive features - notably the fine east window in
the auditorium and the barrel vaulted ceiling - have been carefully
preserved and are appreciated by visitors to the Centre.
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Getting Here

The University is located within a
city at the heart of a diverse and
thriving regional economy.
Aberdeen’s pivotal role in the
international oil and gas industry
means that it enjoys excellent
communications and travel links

By Air
Aberdeen's international airport is served by a number of major carriers, providing an extensive network of
routes throughout the UK, direct to Europe and worldwide through major hubs.
British and Irish destinations include four London airports (Heathrow, Gatwick, London City and Luton - just
over an hour's flight time), Belfast, Birmingham, Bristol, Dublin, Durham Tees Valley, Exeter, Humberside, Leeds
Bradford, Manchester, Newcastle, Norwich, East Midlands, Southampton, as well as the Scottish Highlands and
Islands.
European mainland destinations include Amsterdam, Copenhagen, Frankfurt, Oslo and Paris.
There is a frequent bus link or taxis available to take you to the city centre.
Aberdeen Airport

By Coach
First-class roads south to Edinburgh, Glasgow, and onwards, carry fast coach services linking Aberdeen with
the UK's major cities. Competitive return fares, using Travelcard schemes, make coach travel popular with
students.
Citylink
Megabus
National Express

By Train
Rail services connect Aberdeen both north and south. There are regular direct trains to London, and services
from Edinburgh and Glasgow link with other mainline routes. Inverness, the scenic West Coast and Highlands
are reached northwards. Sample return fares using a 16-25 Rail Card, excluding Friday travel are:
National Rail Enquiries - Aberdeen Station
www.thetrainline.com
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Getting Here
By Local Bus
City Centre to Old Aberdeen Campus
The number 20, from Littlejohn Street, next to Marischal College, links the city centre with the main Old
Aberdeen campus, and the Hillhead Halls of Residence. The number 19, from Broad Street, opposite Marischal
College, passes to the west of the University along Bedford Road. From Union Street, the city's main
thoroughfare, the numbers 1 and 2 travel east along King Street and pass the University. Alight just after the
King's playing fields on your left. First Aberdeen buses accepts cash and contactless payments. Additional
payment options can be found on the First Aberdeen web page, as well as the First Aberdeen App.

Nearest Stops to Old Aberdeen Campus
Old Aberdeen (bus no. 20)
Bedford Road (bus no. 19)
King Street (bus no. 1 and 2)
You can also use the Stagecoach Bluebird Service from the Adelphi stop on the west end of Union Street.
This goes up King Street past the University. There is also a handy Stagecoach Bus App.

By Car
Entering the city from the south or west, follow signs for the A90 (Fraserburgh and Peterhead). This leads
round the ring road (Anderson Drive). Exiting from a roundabout (signed Old Aberdeen) onto Cairncry Road,
continue to follow the A90 signs through two further roundabouts onto St. Machar Drive. After a third
roundabout, the road bisects Old Aberdeen and local signs will direct you to University sites. From the north,
Old Aberdeen is signposted on the A96 (from Dyce and Inverness) and on the A90 (from Peterhead).
Postcode: AB24 3FX
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Head to the city center for more pubs
47

Pubs
47 The Bobbin
48 St. Machar Bar
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