
 

 

 University of Groningen

Reconstructing diet, tracing mobility
Panagiotopoulou, Eleni

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Panagiotopoulou, E. (2018). Reconstructing diet, tracing mobility: Ιsotopic approach to social change during
the transition from the Bronze to the Early Iron Age in Thessaly, Greece. [Thesis fully internal (DIV),
University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/b8c40fa7-bf12-439c-80d1-a8c89ebee03d


11Part I  •  Chapter 1  •  Introduction

Chapter 1 • Introduction

1.1  Summary
The aim of this thesis is to shed light on the beginning of the Early Iron Age in Greece (1100 – 900 
BC), the so-called Protogeometric period. This period was characterised by social regression, but also by 
partial and incipient recovery and increased population mobility. The region of focus is Thessaly (central 
Greek mainland), which constituted the northern margin of the old Mycenaean world and was, there-
fore, affected by the decline and disintegration of the Mycenaean civilization.

The centuries after the collapse of the Mycenaean palatial system (12th century BC) were traditionally 
referred to as the Dark Ages, as there was insufficient archaeological evidence, compared to earlier or 
later periods, as well as loss of hierarchy, script, and monumentality. The highly stratified and centralised 
Mycenaean system broke down and communities had to adapt to new social and cultural conditions; 
material culture, technology, living conditions, and mortuary practices were all affected in this process 
of regression and decline. Intense population mobility occurred at the same time, perhaps as a result of 
these fluid and unstable conditions.

How were communities organised during the EIA? Do we see continuity or abrupt changes after the end 
of the Bronze Age? These are the central questions for anyone studying the Early Iron Age in Greece, and 
are also the central questions of my doctoral dissertation. My main aim is to reconstruct social structure 
and social change in EIA Thessaly through the study of burial practices, dietary variation, and population 
movements. It is essential to understand how people related to the Mycenaean traditions, how they 
adapted to new living conditions, how they organised their social life and whether they were affected 
by population movements.

To answer these questions, I employed two different methods, the carbon, nitrogen, sulfur, and 
strontium isotope analysis of human skeletal material for the reconstruction of diet and population 
movements, and the contextual analysis of mortuary practices. Isotope analyses of light elements (car-
bon and nitrogen) as well as heavier elements (strontium) are well-known and long-established meth-
ods for the reconstruction of diet and the study of population movements, respectively. Sulfur isotope 
analysis, however, is a new method that aims to complement both dietary reconstruction and mobility 
studies. The contextual analysis of mortuary practices is also a long-established method for the recon-
struction of social structure of living communities. I would like to argue that the study of human skeletal 
remains along with the detailed analysis of funerary practices, and the exploration of dietary variation 
and population movements can provide invaluable insights to social change during a crucial period of 
Greek protohistory. I hope that my research will promote the use of scientific methods and the study of 
skeletal assemblages, as this is highly necessary in Greek archaeology, especially for the protohistorical 
and historical periods.

I firmly believe that an integrated approach is necessary in the study of the process of social formation 
and social change. My main argument is that the results from the isotope analysis can only be interpreted if 
compared with the results from the contextual analysis of mortuary practices and the osteological analysis 
of the skeletal assemblage. The detailed contextual analysis of mortuary variation will provide the basis for 
an informed sampling strategy, and is essential for a nuanced interpretation of the isotope data and a deep-
er understanding of social structure during this turbulent period. The thesis is divided into three main parts: 

i. PART I: Chapter 1

The introduction provides information on the historical background of the period and region. The
main methods employed are presented in detail, as well as the contextual analysis of the funerary prac-
tices in the four sites –Voulokaliva, Kephalosi, Chloe, and Pharsala.
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ii. PART II: Chapters 2-5

The main body of the thesis is composed of four articles (published or submitted), which discuss the
dietary variation and population movements in the different sites. The results of the isotope analyses 
are compared to, and interpreted in line with, the results of the contextual analysis of the funerary 
practices.

iii. PART III: Chapter 6

The final discussion and conclusions, which draw together the various arguments presented in the
four articles, integrate the results of the contextual analysis of mortuary practices and the results of the 
different isotopic analyses and reach conclusions on social structure, dietary variation and mobility in 
Early Iron Age Thessaly.

The main conclusions of my research are as follows:
The contextual analysis of the mortuary data revealed mainly subtle variation rather than rigid divi-

sions between the different social groups in the Protogeometric period. Age seems to be an important 
criterion of differentiation in EIA communities. In contrast, gender differentiation could also be observed 
though, only in a few aspects of mortuary behaviour, mostly in the provision of grave goods. Status 
differences within communities –as much as they can be reconstructed on the basis of tomb elaboration 
and offerings– are not very pronounced, and these different aspects of the mortuary treatment do not 
always coincide. However, differences in wealth placed in the tombs are observed between commu-
nities. We can conclude that during this period the social structure is still in flux, but differentiation is 
already emerging.

Detecting status differences is complicated by another factor, as it is not always possible to establish 
if elaborate tombs are an indication of status, or adherence to old Mycenaean funerary tradition. The 
mortuary practices show both continuity and change, sometimes in the same community –though the 
situation varies among the sites studied.

In terms of diet, during the Early Iron Age, human diet in Thessaly relied mainly on C3 plant and 
animal protein; fruits, vegetables, cereals, and pulses were being consumed, while meat and/or dairy 
products were a significant share of the diet. The use of C4 resources was very limited. It is possible that 
the signal comes from deliberate consumption of millet (the main edible C4 plant in Greece) and not co-
incidentally through animal fodder. Consumption of aquatic resources has not been positively attested, 
despite the proximity of the sites to aquatic sources. This implies some cultural preferences, as aquatic 
resources were accessible in the sites under study.

The analysis of differences in dietary preferences did not produce any rigid patterns, but rather sub-
tle differentiation, which corresponds well with the analysis of mortuary variation. Interestingly, animal 
protein is not associated with higher status, as individuals, both males and females, from poor graves 
also	showed	high	δ15N values.

Population mobility was attested in the beginning of the Early Iron Age as newcomers have been 
identified in the populations studied here; we cannot, however, yet trace the provenience of these indi-
viduals. The comparison between the results of the mobility analysis and those of the study of mortuary 
practices revealed a complex picture where newcomers were buried in the traditional Mycenaean way, 
while at least some local individuals preferred newer and simpler forms which will become the norm in 
the Early Iron Age.

A final note: the data used in this research all come from rescue excavations, carried out under dif-
ficult conditions and under time pressure. Despite the many problems of uneven documentation, this 
study proves that these data can be used and can lead to important new insights on past societies.
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Samenvatting
Het doel van dit onderzoek is het verkrijgen van nieuwe inzichten het begin van de vroege IJzertijd 
(1100-990 v. Chr.) in Griekenland, de zogenaamde Protogeometrische periode. Dit tijdperk staat 
bekend als een periode van sociale achteruitgang, maar wordt ook gekenmerkt door een beginnend 
herstel en een toenemende bevolkingsmobiliteit. Het onderzoek richt zich op Thessalië in centraal  
Griekenland. Dit gebied vormde de noordelijke grens van de Myceense wereld en de teloorgang van de 
Myceense beschaving had dan ook een grote invloed op Thessalië.

De eeuwen na de ineenstorting van het sterk gestratificeerde en gecentraliseerde Myceense 
paleissysteem in de 12de eeuw v. Chr. worden gewoonlijk de ‘Dark Ages’ genoemd. Niet alleen omdat 
er voor deze periode erg weinig archeologisch bewijs is vergeleken met eerdere en latere tijdperken, 
maar ook omdat sociale hiërarchieën, monumentaliteit en het schrift verloren raakten. De lokale 
gemeenschappen moesten zich aanpassen aan nieuwe sociale en culturele omstandigheden; materiële 
cultuur, technologie, leefomstandigheden en grafpraktijken werden allemaal beïnvloed door het proces 
van regressie. Ook trad op dit moment een intense mobiliteit op, mogelijk als gevolg van deze vloeibare 
en onstabiele omstandigheden.

De belangrijkste onderzoeksvragen voor de vroege IJzertijd zijn gericht op het begrijpen van de invloed 
van al deze veranderingen op lokale gemeenschappen. Hoe werden gemeenschappen georganiseerd? Zien 
we na het einde van de Bronstijd continuïteit in de sociale organisatie, of juist abrupte veranderingen? Ook in 
dit proefschrift staan deze vragen centraal. Het voornaamste doel van dit onderzoek is het reconstrueren 
van de sociale structuur en sociale verandering in Protogeometrisch Thessalië. Dit wordt gedaan door een 
interdisciplinair contextueel onderzoek naar grafpraktijken, variatie in voedingspatronen, en migratie. 
Het is van groot belang om te begrijpen of en hoe mensen vasthielden aan de Myceense tradities, hoe 
ze zich aanpasten aan nieuwe levensomstandigheden, hoe ze hun sociale leven organiseerden en of 
gemeenschappen werden beïnvloed door bevolkingsmigratie. 

Om deze vragen te beantwoorden, heb ik twee verschillende onderzoeksmethoden toegepast: de 
eerste is een analyse van koolstof-, stikstof-, zwavel- en strontiumisotopen van menselijk skeletmateriaal 
om zo voedingspatronen en migratie vast te kunnen stellen, en de tweede is een contextuele analyse van 
grafpraktijken. Isotopenanalyses van lichte elementen (koolstof en stikstof) evenals zwaardere elementen 
(strontium) zijn bekende en gevestigde onderzoeksmethoden voor dergelijke vraagstukken; de analyse 
van zwavelisotopen is nieuw, maar vult de resultaten op belangrijke wijze aan. De contextuele analyse 
van grafpraktijken wordt binnen de archeologie al decennia lang gebruikt voor de reconstructie van de 
sociale structuur van gemeenschappen. Ik ben ervan overtuigd dat de combinatie van een studie van 
menselijke skeletresten met een gedetailleerde analyse van funeraire praktijken, voedingsvariaties en 
migratie uiterst waardevolle inzichten biedt in sociale veranderingen tijdens deze cruciale periode in de 
Griekse geschiedenis. Ik hoop dat mijn onderzoek duidelijk maakt dat het gebruik van wetenschappelijke 
methoden en de bestudering van skeletresten noodzakelijk is in de Griekse archeologie, en dat deze 
studie het gebruik hiervan zal bevorderen.

Ik ben ervan overtuigd dat een geïntegreerde aanpak noodzakelijk is bij het bestuderen van het proces 
van sociale vorming en sociale verandering. Mijn belangrijkste argument is dat de resultaten van de 
isotoopanalyse alleen kunnen worden geïnterpreteerd als ze worden vergeleken met de resultaten van 
de contextuele analyse van grafgebruiken en de osteologische analyse van de skeletresten. De analyse 
van variatie in hoe men omging met de doden vormde de basis voor de gekozen bemonsteringsstrategie 
en is daarnaast essentieel voor een genuanceerde interpretatie van de isotoopdata en hoe deze zich 
verhouden tot de sociale structuur in deze turbulente periode. Het proefschrift is opgedeeld in drie 
hoofdonderdelen:

DEEL I: Hoofdstuk 1

In de inleiding worden de historische achtergrond van de periode en regio geschetst en worden 
de gebruikte methoden in detail gepresenteerd. Ook wordt hierin de contextuele analyse van de 
begrafenispraktijken op vier sites die de case studies van dit onderzoek vormen: Voulokaliva, Kephalosi, 
Chloe en Pharsala.
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ii. DEEL II: Hoofdstukken 2-5

De kern van het proefschrift bestaat uit vier artikelen (reeds gepubliceerd/ingediend), waarin de 
variatie in voedingspatronen en bewijs voor migratie op de verschillende locaties worden besproken. De 
resultaten van de isotoopanalyses worden vergeleken met, en geïnterpreteerd in samenhang met de 
resultaten van de contextuele analyse van de grafgebruiken.

iii. DEEL III: Hoofdstuk 6

In het laatste hoofdstuk worden de verschillende argumenten en conclusies uit de vier artikelen 
samengevat en bediscussieerd. De resultaten van de contextuele analyse van grafgebruiken en de 
isotopenanalyses worden samengetrokken en aan de hand daarvan worden conclusies gepresenteerd 
over sociale structuur, voedingsvariatie en mobiliteit in Protogeometrisch Thessalië.

De belangrijkste conclusies van mijn onderzoek zijn als volgt:
De contextuele analyse van de grafgebruiken liet zien dat er een subtiele variatie is in de manier 

waarop doden uit verschillende sociale groepen werden behandeld. Leeftijd lijkt een belangrijk criterium 
voor differentiatie te zijn; verschillen in gender zijn zichtbaar in de giften die werden meegegeven in het 
graf. Statusverschillen binnen gemeenschappen – voor zover deze überhaupt gereconstrueerd kunnen 
worden door middel van graftypes en grafgiften – zijn niet erg uitgesproken. Tussen de verschillende 
gemeenschappen echter is er wel een verschil te zien in de hoeveelheid en rijkdom van de objecten 
die in de graven zijn aangetroffen. We kunnen hieruit concluderen dat de sociale structuur nog in 
beweging is en niet vastomlijnd was, en dat er een sociale differentiatie in opkomst is. De identificatie 
van statusverschillen wordt verder gecompliceerd door het feit dat het niet altijd mogelijk is om vast te 
stellen of een bepaald type tombe altijd toe te schrijven is aan status of dat de keuze voor een graftype 
te maken heeft met het vasthouden aan Myceense tradities. Al met al laten de grafpraktijken zien dat 
er zowel sprake is van continuïteit als van verandering, soms zelfs binnen éénzelfde gemeenschap. De 
situatie tussen de onderzochte sites verschilt echter wel.

De studie naar voedingspatronen in de vroege IJzertijd liet zien dat het menselijk dieet vooral 
gebaseerd was op C3-planten en dierlijke eiwitten; er werden groenten, fruit, granen en peulvruchten 
geconsumeerd, en vlees en/of zuivelproducten vormden een belangrijk deel van het dieet. Het gebruik 
van C4-voedingsbronnen was zeer beperkt. Het is goed mogelijk dat het signaal afkomstig is van 
opzettelijke consumptie van gierst (de belangrijkste eetbare C4-plant in Griekenland), en niet bijvoorbeeld 
via veevoer. De consumptie van aquatische voedingsstoffen is niet aangetoond, ondanks de nabijheid 
van waterstromen en/of zee bij de verschillende sites. Dit impliceert dat er een culturele voorkeur was 
voor zuivel en vlees, ten koste van vis en zeevruchten. Ook de analyse van voedingspatronen leverde 
geen duidelijke patronen op, maar van subtiele variatie was zeker sprake. Dit komt overeen met de 
gegevens uit de grafanalyse. Het valt op dat van status- en genderdifferentiatie geen sprake is als het 
om dierlijke proteïnes gaat: zowel mannen als vrouwen en individuen uit arme en rijke graven hadden 
hoge	δ15N-waarden die wezen op vlees- en zuivelconsumptie. 

Mobiliteit, ten slotte, is bewezen voor het begin van de vroege IJzertijd omdat nieuwkomers werden 
geïdentificeerd in de populaties die hier zijn bestudeerd. Op dit moment kunnen we echter nog niet de 
herkomst van deze personen traceren. De vergelijking tussen de resultaten van de mobiliteitsanalyse 
en die van de grafraktijken onthulde een complex beeld van nieuwkomers die begraven werden op 
de traditionele Myceense manier, terwijl ten minste sommige lokale individuen de voorkeur gaven aan 
nieuwere en eenvoudigere vormen die de norm zouden worden in de Protogeometrische periode. 

Een laatste opmerking: de gegevens die in dit onderzoek zijn gebruikt, komen allemaal uit 
noodopgravingen die werden uitgevoerd onder moeilijke omstandigheden en onder tijdsdruk. Ondanks 
de nadelen die aan dergelijk materiaal kleven, bewijst deze studie dat de gegevens zeker kunnen worden 
gebruikt en kunnen leiden tot belangrijke nieuwe inzichten over vroegere samenlevingen. 
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Περίληψη

Ο	σκοπός	της	διατριβής	αυτής	είναι	να	ρίξει	φως	στην	Πρώιμη	Εποχή	του	Σιδήρου	στην	Ελλάδα	(1100-
900	 π.Χ.),	 την	 επονομαζόμενη	 Πρωτογεωμετρική	 περίοδο.	 Αυτή	 η	 εποχή	 χαρακτηρίζεται	 από	 έντονη	
κοινωνική	υποβάθμιση	αλλά	μία	σχετική	 και	 αρχόμενη	βελτίωση	 έχει	 ήδη	αρχίσει	 να	διαφαίνεται,	 με	
αυξημένη	μετακίνηση	πληθυσμών.	Η	μελέτη	επικεντρώνεται	στη	Θεσσαλία,	η	οποία	αποτελεί	το	βόρειο	
όριο	του	παλαιού	Μυκηναϊκού	κόσμου	και	κατά	συνέπεια	είχε	υποστεί	τις	συνέπειες	της	διάλυσης	και	της	
πτώσης	του	Μυκηναϊκού	πολιτισμού.

Οι	αιώνες	μετά	 την	πτώση	 του	Μυκηναϊκού	ανακτορικού	συστήματος	 (12ος	αι.	π.Χ.)	παραδοσιακά	
αποκαλούνταν	ως	Σκοτεινοί	Αιώνες,	κυρίως	λόγω	της	έλλειψης	αρχαιολογικών	δεδομένων,	συγκριτικά	με	
άλλες	εποχές,	αλλά	και	λόγω	της	απώλειας	της	κοινωνικής	ιεραρχίας,	της	γραφής	και	της	μνημειακότητας	
της	προηγούμενης	περιόδου.	 Το	 ιδιαίτερα	στρωματοποιημένο	 και	συγκεντρωτικό	Μυκηναϊκό	σύστημα	
διαλύθηκε	και	η	κοινωνία	έπρεπε	να	προσαρμοστεί	στις	νέες	πολιτισμικές	και	κοινωνικές	συνθήκες.	Ο	
υλικός	πολιτισμός,	η	τεχνολογία,	οι	συνθήκες	ζωής	και	οι	ταφικές	πρακτικές	επηρεάστηκαν	έντονα	τόσο	
κατά	την	υποβάθμιση	όσο	και	κατά	τη	διάρκεια	της	ύφεσης.	Ταυτόχρονα,	εμφανίζεται	έντονη	κινητικότητα	
πληθυσμών,	πιθανώς	ως	αποτέλεσμα	των	ρευστών	και	ασταθών	συνθηκών.

Πώς ήταν οργανωμένες οι κοινωνίες κατά τη διάρκεια της Πρώιμης Εποχής του Σιδήρου; Μπορούμε να 
δούμε κάποια συνέχεια από την Εποχή του Χαλκού ή οι αλλαγές ήταν απότομες και αιφνίδιες; Τα	δύο	αυτά	
ερωτήματα	καταλαμβάνουν	κεντρικό	ρόλο	στη	μελέτη	της	Πρώιμη	Εποχή	του	Σιδήρου,	και	φυσικά	απο-
τελούν	και	το	κέντρο	της	διδακτορικής	μου	διατριβής.	Ο	κύριος	σκοπός	μου	είναι	να	σκιαγραφήσω	την	
κοινωνική	οργάνωση	και	κοινωνική	αλλαγή	στη	Θεσσαλία	κατά	την	Πρώιμη	Εποχή	του	Σιδήρου	μέσα	
από	τη	μελέτη	των	ταφικών	πρακτικών,	των	διατροφικών	συνήθειών	και	μεταβολών	και	των	μετακινήσεων	
πληθυσμών.	Είναι	ιδιαιτέρως	σημαντικό	να	καταλάβουμε	πώς	κάποιοι	άνθρωποι	συνέχισαν	να	σχετίζονται	
με	τη	Μυκηναϊκή	παράδοση,	πώς	άλλοι	προσαρμόστηκαν	στις	νέες	συνθήκες	διαβίωσης,	πώς	οργάνωσαν	
τις	κοινωνικές	τους	σχέσεις	και	αν	επηρεάστηκαν	από	την	έντονη	κινητικότητα.

Για	να	απαντήσω	τα	παραπάνω	ερωτήματα	χρησιμοποίησα	δύο	διαφορετικές	μεθόδους,	αφενός	τις	
αναλύσεις	ισοτόπων	άνθρακα,	αζώτου,	θείου	και	στροντίου	σε	ανθρώπινο	σκελετικό	υλικό	για	την	ανασύ-
σταση	της	διατροφής	και	των	μετακινήσεων	και	αφετέρου	τη	συστηματική	μελέτη	των	ταφικών	πρακτικών.	
Η	ανάλυση	των	ισοτόπων	άνθρακα	και	αζώτου	όπως	επίσης	και	του	στροντίου	είναι	γνωστές	μέθοδοι	με	
πολύ	καλά	αποτελέσματα	στην	ανασύσταση	της	διατροφής	και	των	μετακινήσεων	πληθυσμών,	αντίστοι-
χα.	Οι	αναλύσεις	ισοτόπων	θείου	είναι	νέα	μέθοδος	η	οποία	μπορεί	να	συμπληρώνει	τις	δύο	προηγούμε-
νες	και	να	ενισχύσει	τα	αποτελέσματά	τους.	Η	συστηματική	ανάλυση	των	ταφικών	πρακτικών	είναι	επίσης	
μια	γνωστή	μέθοδος	για	την	μελέτη	κοινωνικών	διαφοροποίησεων.	Θα	ήθελα	εδώ	να	επισημάνω	πως	η	
μελέτη	του	αρχαιολογικού	σκελετικού	υλικού	σε	συνδασμό	με	τη	συστηματική	μελέτη	των	ταφικών	πρα-
κτικών	και	την	έρευνα	της	διατροφής	και	των	μετακινήσεων	μπορεί	να	προσφέρει	πολύτιμα	στοιχεία	για	τις	
κοινωνικές	μεταβολές	κατά	την	καίρια	αυτή	περίοδο	της	Ελληνικής	πρωτο-ιστορίας.	Προσδοκώ	η	έρευνά	
μου	να	προάγει	τη	συνδυασμένη	μελέτη	του	σκελετικού	υλικού	με	τη	χρήση	αναλυτικών	μεθόδων	κυρίως	
στις	πρωτο-ιστορικές	και	ιστορικές	εποχές.	

Πιστεύω	βαθιά	πως	ο	συνδυασμός	 των	παραπάνω	μεθόδων	 είναι	 απαραίτητος	 για	 την	μελέτη	 της	
κοινωνικής	δομής	και	κοινωνικής	αλλαγής.	Το	κύριο	επιχείρημά	μου	είναι	πως	τα	αποτελέσματα	των	ισο-
τοπικών	αναλύσεων	μπορούν	να	ερμηνευτούν,	προσφέροντας	σημαντικές	πρόσθετες	πληροφορίες,	μαζί	
με	τα	αποτελέσματα	της	μελέτης	των	ταφικών	πρακτικών	και	της	οστεολογικής	μελέτης	του	ανθρωπίνου	
υλικού.	Η	λεπτομερής	συστηματική	μελέτη	των	ταφικών	πρακτικών	και	διαφοροποιήσεων	προσφέρει	τη	
βάση	για	ενημερωμένη	στρατηγική	δειγματοληψίας	για	τις	ισοτοπικές	αναλύσεις.	Επίσης	είναι	σημαντική	
για	μία	σε	βάθος	ερμηνεία	των	ισοτοπικών	δεδομένων	και	την	κατανόηση	της	κοινωνικής	δομής	κατά	τη	
διάρκεια	μιας	ταραχώδους	περιόδου.	Η	διατριβή	χωρίζεται	σε	τρία	τμήματα:

i. ΜΕΡΟΣ Ι: Κεφάλαιο 1

Αποτελεί	την	εισαγωγή	της	διατριβής.	Περιλαμβάνει	τη	θεωρία	και	την	ιστορική	βάση	της	εποχής	και	
της	περιοχής	που	μελετάται.	Παρουσιάζονται	λεπτομερώς	οι	κύριες	μέθοδοι	που	χρησιμοποίηθηκαν,	κα-
θώς	και	η	συστηματική	ανάλυση	των	ταφικών	πρακτικών	των	τεσσάρων	θέσεων	–Βουλοκαλύβα,	Κεφάλω-
ση,	Χλόη	και	Φάρσαλα.

ii. ΜΕΡΟΣ ΙΙ: Κεφάλαια 2-5

Το	κύριο	σώμα	της	διατριβής	αποτελείται	από	τέσσερα	άρθρα	(ήδη	δημοσιευμένα	ή	προς	δημοσίευ-
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ση),	στα	οποία	γίνεται	η	ανάλυση	διατροφικών	διαφοροποιήσεων	και	πληθυσμιακών	μετακινήσεων	στις	
διαφορετικές	θέσεις	που	μελετώνται.	Γίνεται	σύγκριση	των	αποτελεσμάτων	των	ισοτοπικών	αναλύσεων	τα	
οποία	και	ερμηνεύονται	σύμφωνα	με	τα	αποτελέσματα	της	μελέτης	των	ταφικών	πρακτικών.

iii. ΜΕΡΟΣ ΙΙΙ: Κεφάλαιο 6

Το	τελευταίο	μέρος	περιλαμβάνει	τη	συζήτηση	και	τα	συμπεράσματα.	Συγκεντρώνονται	τα	αποτελέ-
σματα	και	τα	συμπεράσματα	των	τεσσάρων	άρθρων	και	ενοποιούνται	με	σκοπό	την	εξαγωγή	συμπερα-
σμάτων	για	την	κοινωνική	δομή,	τις	διατροφικές	διαφοροποιήσεις	και	μεταβολές	και	την	κινητικότητα	στη	
Θεσσαλία	κατά	την	Πρώιμη	Εποχή	του	Σιδήρου.

Τα	κύρια	συμπεράσματα	της	έρευνάς	μου	είναι	τα	ακόλουθα:
Η	συστηματική	μελέτη	των	ταφικών	πρακτικών	έδειξε	πως	οι	διαφοροποιήσεις	ήταν	λεπτές	ενώ	δεν	πα-

ρατηρήθηκε	έντονος	διαχωρισμός	μεταξύ	διαφορετικών	κοινωνικών	ομάδων	κατά	την	Πρωτογεωμετρική	πε-
ρίοδο.	Ενώ	η	ηλικία	φαίνεται	πως	είναι	σημαντικό	κριτήριο	διαφοροποίησης,	διαφοροποίηση	βάση	φύλου	
μπορούμε	να	παρατηρήσουμε	μόνο	σε	ελάχιστες	όψεις	της	ταφικής	συμπεριφοράς,	κυρίως	στα	κτερίσματα.	
Δεν	είναι	σαφής	διαφοροποίηση	της	κοινωνικής	θέσης,	όσο	αυτό	μπορεί	να	ανασυσταθεί	βάση	της	πολυπλο-
κότητας	των	τάφων	και	των	κτερισμάτων,	ενώ	οι	διάφορες	πρακτικές	της	ταφικής	μεταχείρησης	δε	συνάδουν	
πάντα.	Παρόλα	αυτά,	παρατηρούνται	διαφορές	μεταξύ	των	θέσεων	κυρίως	στην	ποσότητα	–αλλά	και	κάποιες	
φορές	και	στην	ποιότητα-	των	κτερισμάτων	που	τοποθετήθηκαν	μέσα	στους	τάφους	οι	οποίες	δεν	είναι	τόσο	
έντονες	μεταξύ	των	ατόμων	της	κάθε	θέσης.	Μπρούμε	να	συμπεράνουμε	πως	κατ’αυτήν	την	περίοδο	η	κοι-
νωνική	δομή	είναι	ακόμα	ρευστή	αλλά	κοινωνικές	διαφοροποιήσεις	κάνουν	ήδη	την	εμφάνισή	τους.

Η	ανίχνευση	διαφορών	βάση	 της	κοινωνικής	θέσης	γίνεται	περίπλοκη	από	έναν	ακόμα	παράγοντα.	
Δεν	είναι	πάντα	εύκολο	να	διακρίνει	και	να	καταλάβει	κάποιος	αν	η	κατασκευαστική	πολυπλοκότητα	ενός	
τάφου	είναι	ένδειξη	ανώτερης	κοινωνικής	θέσης	ή	οφείλεται	στην	προσκόλληση	στη	Μυκηναϊκή	παρά-
δοση.	Παρόλο	που	τα	ταφικά	έθιμα	δείχνουν	εν	μέρη	μια	συνέχεια	των	προηγούμενων	παραδόσεων,	
συχνά	διακρίνεται	έντονα	η	μεταμόρφωσή	τους	ακόμα	και	μέσα	στην	ίδια	κοινότητα	–η	κατάσταση	βέβαια	
ποκίλλει	από	θέση	σε	θέση.

Περνώντας	στη	μελέτη	της	διατροφής	γίνεται	κατανοητό	πως	στη	Θεσσαλία	κατά	την	Πρώιμη	Εποχή	
του	Σιδήρου	αυτή	βασιζόταν	κυρίως	σε	C3	φυτική	και	ζωική	πρωτεϊνη.	Καταναλώνονταν	φρούτα,	λαχανι-
κά,	δημητριακά	και	όσπρια	αλλά	και	σημαντικές	ποσότητες	κρέατος	και/ή	γαλακτοκομικών	προϊόντων.	Η	
κατανάλωση	C4	φυτικών	προϊόντων	ήταν	περιορισμένη.	Είναι	πιθανό	το	ισοτοπικό	C4 σήμα	να	προέρχεται	
από	άμεση	και	εσκεμμένη	κατανάλωση	κεχριού	(το	μόνο	βρώσιμο	από	τον	άνθρωπο	C4	φυτό	στην	Ελλά-
δα)	και	όχι	έμμεσα	από	την	κατανάλωση	ζώου	που	είχε	το	ίδιο	καταναλώσει	C4 ζωική	τροφή.	Η	κατανά-
λωση	τροφής	από	περιβάλλοντα	όπως	η	θάλασσα,	οι	λίμνες	και	τα	ποτάμια	δεν	έχει	επιβεβαιωθεί,	παρά	
την	εγγύτητα	 των	θέσεων	σε	υγρά	περιβάλλοντα.	Αυτό	 ίσως	υποδεικνύει	κάποια	πολιτισμικά	κριτήρια	
στην	επιλογή	της	τροφής	εφόσον	τα	ψάρια	είτε	του	γλυκού	νερού	είτε	της	θάλασσας	ήταν	προσβάσιμα	
από	τους	πληθυσμούς	που	μελετήθηκαν	στη	διατριβή	αυτή.

Κατά	τη	σύγκριση	των	διατροφικών	επιλογών	παρουσιάστηκαν	κυρίως	μικρές	και	λεπτές	διαφοροποι-
ήσεις	οι	οποίες	ταιριάζουν	με	τα	αποτελέσματα	από	την	ανάλυση	των	ταφικών	εθίμων.	Ενδιαφέρον	έχει	
πως	η	ζωική	πρωτεϊνη	τελικά	δε	φαίνεται	να	σχετίζεται	με	την	κοινωνική	θέση	κάποιου	ατόμου	ή	ομάδας	
μέσα	στην	κοινωνία	εφόσον	οι	δ15N	ήταν	υψηλές	και	σε	άντρες	και	γυναίκες	που	προέρχονταν	από	ταφές	
με	φτωχικά	κτερίσματα.

Όσον	αφορά	τις	μετακινήσεις	πληθυσμών,	εντοπίστηκαν	άτομα	-ή	μικρές	ομάδες-	τα	οποία	είχαν	με-
τακινηθεί	από	άλλη	περιοχή	χωρίς	όμως	να	είναι	δυνατός	ο	προσδιορισμός	αυτής.	Η	σύγκριση	μεταξύ	
των	αποτελεσμάτων	της	ανάλυσης	των	μετακινήσεων	και	των	ταφικών	εθίμων	απεκάλυψε	μια	πολύπλοκη	
εικόνα	όπου	οι	Μυκηναϊκοί	παραδοσιακοί	τρόποι	ταφής	ακολουθούνταν	είτε	από	γηγενή	πληθυσμό	είτε	
από	άτομα	που	είχαν	μεταναστεύσει	εκεί	από	άλλες	περιοχές.	Παράλληλα	μεγάλο	ποσοστό	των	γηγενών	
πληθυσμών	προτίμησαν	νέες	και	πιο	απλές	φόρμες	ταφής,	οι	οποίες	έγιναν	τελικά	ο	κανόνας.

Ένα	τελικό	σημείωμα	πριν	το	τέλος	την	περίληψης:	τα	ανασκαφικά	δεδομένα	που	χρησιμοποίηθηκαν	
στην	 έρευνα	προήλθαν	από	σωστικές	 ανασκαφές,	 οι	 οποίες	 διεξήχθησαν	υπό	δύσκολες	 και	 πιεστικές	
συνθήκες.	Παρά,	λοιπόν,	τα	όσα	προβλήματα	της	ανομοιόμορφης	καταγρφής	του	υλικού,	η	μελέτη	αυτή	
έδειξε	πως	τα	δεδομένα	αυτά	μπορούν	να	χρησιμοποιηθούν	για	την	εξαγωγή	σημαντικών	συμπερασμά-
των	που	αφορούν	προηγούμενες	κοινωνίες.
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1.2  Scope and Aims
The Early Iron Age (EIA) in Greece dates to the 1025-770 BC and marks the transition from the decline 
of the Mycenaean civilization to the beginning of the Archaic period (ca. 770 BC). The first half of EIA 
is referred to as the Protogeometric period (1025-900 BC), a term deriving from the first appearance 
of geometric decoration on pottery (Desborough 1948; Desborough 1952: 119-126, 291-295; Lemos 
2002: 2). During the 12th century BC both social and economic structures of mainland communities 
were disturbed, resulting in various changes in technology, material culture, mortuary and other social 
practices across the entire Aegean (Map 7.1.1) (Dickinson 2006: 242-255). These changes were not as 
abrupt as initially believed and continuity can also be observed (Crielaard 2011). The new conditions 
affected Thessaly significantly because the region has been considered the northern margin of the  
Mycenaean world, and therefore was part of the Late Bronze Age networks1 (Map 7.1.1) (Papadimitriou 
2008; Eder 2009; Feuer 2011; Crielaard 2011).

Based on the ceramic sequence, a chronological framework is provided below (Dickinson 2006; 
Shelmerdine 2008; Lemos 2013; Papadopoulos et al. 2011):2

Period Date (BC)
Submycenaean (Bronze Age) 1100 – 1025
Protogeometric (Early Iron Age) 1025 – 900
Geometric (Early Iron Age) 900 – 770
Archaic (Iron Age) 770 – 500

It has been argued that during the Early Iron Age, communities experienced regression, although the 
first signs of a partial and incipient recovery have also been observed, and population movements inten-
sified (Morris 2007: 216-217). Recently, resilience theory (Holling 1973; Redman 2005) has been applied 
to the Early Iron Age, and specifically to the transitional period between the Late Bronze Age and Early 
Iron Age (Papadopoulos & Smithson 2017: 973-974), in order to discuss the cause and consequences 
of change in adaptive systems.

The changes observed in the material culture and in burial practices have been considered as evi-
dence of population mobility (Bouzek 2002; Rückl 2014; Lis et al. 2015). However, the new practices 
may have been the result of trade links and contacts or internal social change, making things more 
complex (Middleton 2010: 288-289, 370). Indeed, a certain degree of continuity, from the preceding 
period, in overseas contacts and in the organisation of the communities has been proposed (Crielaard 
2006; Crielaard 2011) as well as in the burial practices (Georganas 2009).

Funerary practices of the Protogeometric period appear to be very diverse; some Mycenaean prac-
tices had either survived or were still imitated though they were not as elaborate and rich as in the 
Mycenaean period. At the same time, new practices were also introduced (Dickinson 2006: 174-195). 
This increased diversity may indicate significant changes in the social structure of the new communities, 
or different attitudes to tradition. The diversity could also be attributed to the presence of non-local 
individuals. 

In the following sections I will present the mortuary evidence from EIA Thessaly with emphasis on the 
diversity in funerary practices. At the end of the chapter I will conclude with the main questions I will 
address in my thesis.

The main aim of the thesis is to shed light on Early Iron Age society and its internal organisation. 

1. The evidence comes mainly from eastern Thessaly, as evidence from inland Thessaly is scarce (see Papadimitriou 2008: 
99; Voutsaki 1993: 99-118).

2. The debate surrounding the chronology, periodization, and especially the transition to the Early Iron Age makes it 
difficult to adopt a definitive chronological framework – see, for instance, the debate on whether the term Submycenaean 
describes a pottery style or a chronological phase between Late Helladic IIIC and Protogeometric (for extensive discussion and 
new 14C dates see Papadopoulos et al. 2011 and relevant references). Resolving these problems is beyond the scope of this 
study’s, and I have therefore decided to follow the generally accepted chronology and the sequence I have obtained from the 
excavators of the sites I have included.
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However, it is now generally accepted that mortuary practices do not faithfully reflect social organ-
isation (Morris 1992), often seen as some kind of static order. Instead, it will be argued here that a 
detailed contextual analysis of the mortuary practices allows us to reconstruct social structure, i.e., the 
organisational principles governing social life, such as divisions along age, gender, and possibly status. 
In addition, two more variables are investigated in this thesis, namely diet in correlation to social differ-
entiation (Ross 1987) and the presence of non-local individuals in the community.

1.3  The Late Bronze Age and the Early Iron Age

1.3.1  The End of Late Bronze Age
Around the 12th century BC (Late Helladic IIIB2, 1190 BC) the palatial system, a centralised economic 
organisation of a rigidly stratified society, known as the Mycenaean Civilization, came to its final end 
(Deger-Jalkotzy 2008: 387; Wright 2008: 248-249). The destruction of the palaces occurred within 
a short time in the entire Mycenaean world (central and southern Greek mainland, Map 7.1.1) and 
was followed by a period of disintegration (Dickinson 2006: 242-245; Galaty & Parkinson 2007: 14-
15; Deger-Jalkotzy 2008: 287-415), though a degree of continuity is also observed (Crielaard 2006;  
Crielaard 2011). This research will not investigate the collapse as such but its aftermath, i.e., the unrest, 
instability, and regression during the centuries which followed, but also any signs of continuity as well 
as the gradual recovery. Living conditions during the Submycenaean and the Protogeometric period 
deteriorated, population declined,3 and material culture changed.

The Mycenaean civilization has attracted a lot of attention in the scholarly literature. I will attempt 
to summarise briefly the main features of this complex civilization, in order to facilitate the comparison 
with the Early Iron Age. The Mycenaean civilization is characterised by relative homogeneity and some 
overarching developments, although of course each region followed (more or less) different trajecto-
ries. A clearly stratified society and a centralised political system developed, where the palaces held the 
economic and political power supported by local elite groups (Shelmerdine 1997; Cavanagh & Mee 
1998; Bennet 2006; Galaty & Parkinson 2007). Trade and contacts with neighbouring areas (Minoan 
Crete and Aegean islands), as well as more distant regions (Cyprus, Egypt, and the Near East) intensified 
(Map 7.1.1). Furthermore, the Mycenaean world was characterised by a sophisticated material culture 
and technological achievements, with rich and elaborate objects produced for artistic, domestic, and 
funerary use, as well as for warfare (Dickinson 1994; Shelmerdine 1997; Shelmerdine 2008). Material 
production was influenced and further developed due to contacts with more advanced civilizations, 
while imports (luxury goods) played an important role in social life (Voutsaki 1998; Burns 2010). 

Burial practices in the Mycenaean period were quite elaborate with a large degree of differentiation. 
The Mycenaeans were buried according to their social status, or that of their family. Already in the Early 
Mycenaean period (Late Helladic I – Late Helladic IIA – LHI/LHIIA – ca. 1700-1600 BC) tholos tombs were 
used by elite families, while chamber tombs, introduced in the same period, were probably used by a 
wider segment of society (Mee 2010; Voutsaki 2010). These tombs were elaborate, often rich or very 
rich, and contained multiple inhumations. They were used for longer periods by several generations, 
a practice indicating strong kinship bonds (Cavanagh & Mee 1998). The rich, diverse, and sometimes 
unique grave goods in elaborate and occasionally monumental tombs (tholoi and chamber tombs) indi-
cate an emphasis on display and the ostentatious representation of status, implying intense competition 
between elites at both the local and regional level (Cavanagh 2008). Simpler grave types, such as pits 
and cists were also used, probably by poorer groups indicating a high degree of stratification, though 
regional variation also plays a role here (Cavanagh & Mee 1998; Lewartowski 2000; Dakouri-Hild 2012).

3.  Population decline has been inferred on the basis of the number known sites, the size of the sites and the number of 
graves found (Snodgrass 1971: 364-367) – though these data need to be revised. More recently, Morris (Morris 1991: 25-34; 
Morris 2007) also suggested that settlement size and house size decreased, but also that population movements took place.
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1.3.2  The Early Iron Age (EIA)
The post-Mycenaean period was mainly characterised by regression and decline though, as already 
mentioned, signs of continuity are also attested. The Submycenaean period in particular, is marked by 
disturbances, depopulation, and unrest; it seems to last until the first, usually localised, signs of recovery 
that made their appearance at the beginning of the Early Iron Age during the Protogeometric period 
(Snodgrass 2006; Morris 2007; Papadopoulos et al. 2011).

According to the evidence thus far, in the Early Iron Age a decrease in the number of settlements 
has been noted, while their size and population also seem to have had seriously declined (Mazarakis-
Ainian 2007; Morris 2007; Whitley 2007: 84-85). However, we need to keep in mind that the picture 
we have so far may be biased because of a) the relatively few systematic excavations which have been 
undertaken, b) the perishable materials which were probably used for houses (Mazarakis-Ainian 2007: 
164; Whitley 2007: 84-85), c) the fact that the small EIA settlements remained inhabited in the histori-
cal and even modern periods, and therefore their remains are often obscured (Lemos 2002: 196) - or a 
combination of all these different factors (Dickinson 2006: 43; Crielaard 2011: 87).

In the Submycenaean period there was a change in settlement patterns and a fluctuation of  
population levels –for instance, population decreased in the Argolid, Thessaly, Messenia, and Laconia 
but probably increased in eastern Attica, Euboea, Kephallenia, and Achaia (Map 7.1.2) (Desborough 
1972; Dickinson 2006). At many Mycenaean sites, such as the Lower Town of Tiryns, continuity in 
habitation can be observed, while other settlements and cemeteries were abandoned, such as Gla and 
Orchomenos in Boeotia (Maps 7.1.2 & 7.1.3). New settlements, however, were also established (Des-
borough 1964; Deger-Jalkotzy 2008; Middleton 2010). 

In the beginning of the EIA, settlements were mostly dispersed and consisted of small clusters of 
houses. In later periods the settlements started to increase in size and by the end of the 8th century BC 
small villages begun to merge and form larger units (Coldstream 2003: 406-8). Protogeometric soci-
ety, because of the dispersed settlement pattern and low population levels, which set limits to politi-
cal developments, shows predominantly low levels of social differentiation (Lemos 2002: 220) though 
exceptions such as Lefkandi (Thomas & Conant 1999: 85-114; Lemos 2002: 218-219; Lemos 2006; 
Crielaard 2006), Athens (Papadopoulos & Smithson 2017), Torone (Papadopoulos 2005), and Crete 
(Catling 1996; Cavanagh 1996) may represent more differentiated societies.

The material culture underwent a substantial transformation during this period. The Protogeometric 
pottery (mainly from cemeteries, as fewer settlement sites have been excavated) had a narrower reper-
toire and consisted of simpler forms (mainly oenochoai and skyphoi – forms for pouring and drinking) 
(Lemos 2002: 27-99). However, pottery typology and decoration still indicates trade connections or the 
imitation of foreign styles (Papadopoulos 2015). Iron became the new raw material, which dominated 
metal production. Ornaments (fibulae, pins, hair spirals, and earrings), tools (spindle whorls and knives) 
and weapons (daggers, arrowheads, spearheads, and swords) were mainly made out of iron; though 
bronze did not disappear, its use decreased significantly. Gold and silver were also sporadically used for 
ornaments, and stone was used for tools (Dickinson 2006: 114-115, 144-150, 155-171; Papadopoulos 
2014: 181-184, 188-190).

The mortuary practices of the Protogeometric period are characterised by diversity. Many of the 
old Mycenaean cemeteries were still in use, e.g., the burial plots south of the Acropolis in Attica and 
Nea Ionia in Volos (Map 7.1.3) (Lemos 2002: 154, 173-174), but new ones were also established, as 
new settlements were founded after the collapse already in the LHIIIC period, e.g., Perati in Attica 
(Map 7.1.3) (Lemos 2013: 88; Deger-Jalkotzy 2008: 392, 398). Similarly, many Mycenaean practices  
continued but new ones were also spread. Tholoi and chamber tombs, or rudimentary constructions 
which seem to imitate these types were also found. Pits and cists, although used already in the My-
cenaean period (Lewartowski 2000) became widespread in the Protogeometric period, when many 
cemeteries consist, either exclusively or predominantly, of such graves. Moreover, internments were also 
found in vases, especially for infants (enchytrismos) but also for adults –small amphorae for infants or 
large pithoi for adults. The same burial ground may contain all these different tomb types (Lemos 2002: 
186-188; Georganas 2009).
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As far as body treatment is concerned, both inhumations and cremations are found, sometimes in 
the same cemetery. Inhumations have been found single or sometimes double in simple graves, while 
multiple inhumations, just like in the Mycenaean period were most often found in tholoi and cham-
ber tombs (or imitations thereof). In contrast, cremation is introduced in the Protogeometric period 
and represents a clear departure from earlier tradition (Desborough 1964; Thomas & Conant 1999: 
89-91; Lemos 2002: 186-188; Dickinson 2006: 174-195). Different interpretations for the introduc-
tion of cremation have been offered: Cremations have been attributed to newcomers arriving at the 
end of the Late Bronze Age (Snodgrass 1971: 162; Hammond 1972: 403-404); seen as a response to  
changing political and social realities (Georganas 2002) or as a strategy of status expression and distinction  
(Crielaard 2016).

1.3.3  Thessaly in the Early Iron Age
As Thessaly is located between northern and southern Greece, during the Protogeometric period there 
is evidence for contacts and corresponding influences in both directions (Lemos 2002: 191, 205-207). 
The disintegration of the Mycenaean system and the ensuing changes from the Submycenaean to the 
Geometric period affected Thessaly. Just as in the rest of southern Greece, changes in social organisa-
tion, trade and interaction, production and technology, and material culture continued in Thessaly.

The region of Thessaly forms a distinct geographical region, though it can be divided in sub-regions as 
the large central plains are interrupted by hills, mountains, and rivers. The region is rich in archaeological 
evidence as it was continuously occupied since the Neolithic period –and even earlier– due to its fertile 
soils. Having said that, the number of excavations in eastern Thessaly by far outnumber the excavations 
in inland Thessaly. The uneven intensity of research creates an unbalanced picture for the archaeology of 
Thessaly (Arachoviti 1994: 135).

In this study Thessaly is treated as a unity because the mortuary practices show certain similarities 
despite some sub-regional differences which will be discussed in more detail below (PART I, CHAPTER 
1, 1.3.4: MORTUARY PRACTICES IN PROTOGEOMETRIC THESSALY (ca. 1100-900 BC)). The sites I focus on are 
located in eastern Thessaly –Halos and Chloe– and inland Thessaly – Pharsala; the site of Halos –cem-
eteries of Voulokaliva and Kephalosi– are situated be the coast of Pagasetic Gulf; the site of Chloe is 
situated north of the site of Halos, near the lake Voiviis; the site of Pharsala is located in a fertile valley 
between the rivers Pharsaliotis and Enipeas (see Figure 5.1 of PART II, CHAPTER 5, DETECTING MOBILITY 
IN EARLY IRON AGE THESSALY BY STRONTIUM ISOTOPE ANALYSIS). These sites represent very well the diver-
sity of mortuary practices in Early Iron Age Thessaly and therefore offer excellent case-studies for an 
investigation of social structure, dietary variation and the presence of non-local individuals and natural 
environments.

Thessaly demonstrates considerable variation of funerary customs and material culture. Some cus-
toms survived from the Mycenaean period, as has been observed in other regions. Tholoi, chamber 
tombs, and rock-cut tombs were used alongside each other in many sites, while some pit graves and 
cists also exist. Only one Mycenaean tumulus has been found in Thessaly, at Hexalophos in Trikala 
(Map 7.1.3), though more have been located in neighbouring regions (Hourmouziadis 1968; Theocharis 
1968; Voutsaki 1993: 110, 119, 121).

Departure from traditional practices has also been observed. Contacts with southern Greece and 
Euboea as well as northern regions in the 11th c. BC are attested in the wider use of cist tombs, and 
the presence of northern Aegean amphorae, and the hand-made burnished ware (brought either by 
trade or migration). Cremation was not widely used in Thessaly in the beginning of the period, as was 
the case in Euboea; the practice gradually spread mainly from the Late Protogeometric to the Geometric 
period,4 as can be seen in the cremation tumuli of Halos (Morris 1989: 76-85; Lemos 2002: 186-7, 211; 
Coldstream 2003: 43, 87; Snodgrass 2008: 673; Lemos & Mitchell 1997; Deger-Jalkotzy 2008: 398-
400; Georganas 2009; Lagia et al. 2013).

4.  There is, as yet, no detailed chronology of EIA cremations in Thessaly.
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1.3.4  Mortuary practices in Protogeometric Thessaly (c. 1100-900 BC)
The following description of Protogeometric Thessalian mortuary practices is based on the published 
material up to date. 

i. Location and spatial organisation
The Early Iron Age burial grounds were either intramural or extramural. Graves within the confines of 

a settlement or in areas with a few buildings, as well as organised cemeteries have been exposed mainly 
by rescue excavations and only occasionally by systematic excavations (Snodgrass 1971: 140-97; Leekley 
& Efstratiou 1980: 129-160; Lemos 2002: 187-90; Georganas 2009). During the period, new cemeteries 
were established, sometimes close to existing Mycenaean ones. Old Mycenaean burial grounds remained 
in use or were reused, such as those at Kapakli and Pteleon in Magnesia (Map 7.1.3) (Lemos 2002: 174-
5). The proximity to Mycenaean cemeteries or the reuse of old tombs can be seen either as “…a sign of 
respect or reverence…” or “…a desire of status by association” with the Mycenaean past (Georganas 
2000). The association of cemeteries with settlements cannot be established with certainty as only a few 
Protogeometric settlements have been excavated or preserved (Georganas 2000; Lemos 2002: 195-7).

At the same time, single tholoi or small clusters of tombs have been found across Thessaly either 
in remote areas, away from settlements or other cemeteries, or associated with organised cemeteries 
(for the location of the sites mentioned below see Map 7.1.3). For instance, a cluster of four tholoi 
was found at Kallithea in Pharsala (Theocharis 1964; Katakouta 2012), a cluster of three tholoi at  
Lestiani (Arvanitopoulos 1911a: 292-294) and several tholoi (the exact number has not been reported) 
at Milies in Pelion (Arvanitopoulos 1910b); one tholos was found at each of the following sites: Agioi 
Theodoroi in Karditsa (Intzesiloglou 1990), Argyropouli in Tyrnavos (Arvanitopoulos 1911b), Chasam-
bali in Larisa (Lemos 2002: 177), Argalasti (Arvanitopoulos 1910a), Paspalia (Arvanitopoulos 1914) and 
Pyrasos in Magnesia (Batziou-Efstathiou 2011); the Mycenaean tholos at Kapakli in Iolkos was reused 
during the EIA (Arvanitopoulos 1912; Lemos 2002); more tholoi were found at the following sites to-
gether with other tomb types: one tholos with several cists at Gonnoi in Larisa (Arvanitopoulos 1910b;  
Arvanitopoulos 1911a: 315-329), one tholos and five chamber tombs at Homolion (Theocharis 1961) 
and six tholoi and one cist at Marmariani (Heurtley & Skeat 1930; Tziafalias 1989b). The dispersed 
clusters of tombs have been tentatively associated with small residential units, which have not been 
located or not been preserved. They may have been used as family burial grounds, indicating perhaps 
an emphasis on kin relations (Lemos 2006: 524-7). Tomb clusters within organised cemeteries cannot 
be identified easily; most cemeteries have been discovered during rescue excavations where the entire 
extent of the burial ground has rarely been revealed. Eastern Thessaly has yielded more burial grounds 
than western Thessaly –the site of Fiki dating to the Early Iron Age, near the Mycenaean tumulus of 
Exalophos, has yielded a few cist graves but the excavators expect to be part of an larger cemetery 
(Batziou-Efstathiou 1984)– but this may well be the result of investigation bias.

ii. Tomb type
The tomb types used in Thessaly during the EIA were pits, cists, pithoi and other vases (as cinerary 

urns), burial enclosures, tholos tombs, chamber tombs, and tumuli. Sometimes these types co-exist in 
the same burial ground (Desborough 1972: 101-4, 206-16, 266-77; Lemos 2002: 173-8; Dickinson 
2006: 174-95; Georganas 2009). Each type is described separately below.

Pit graves are simple pits dug in the earth, covered with stones or schist slabs. This type has been 
found in Magnesia and the eastern Larisa region.5 Cists were constructed with four vertical (usually 
schist) slabs forming the four sides. They are covered with one to three schist slabs and the floor is usu-
ally covered with pebbles, sand, or smaller slabs (Georganas 2009). The cist grave is the most commonly 
used type in this period; they seem to prevail in eastern Thessaly but this observation may also have to 
do with investigation bias.

5.  In the following sites: Volos, Volos-Nea Ionia, Velestino, Velestino-Temple of Enodia, Halos, Platykambos, Sesklo, Gon-
noi, and Peneiada
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Pithoi and other vases, such as amphorae, were used for inhumations. Desborough suggested that 
pithoi were not used in Thessaly (Desborough 1972: 272); however, later excavations revealed burials 
in pithoi at Trikala, Volos, and Kallithiro (Map 7.1.3) (Georganas 2009). These vases contained inhu-
mations. Cremations have also been placed in vases (cinerary urns). They have been found at Krannon 
and Halos (Map 7.1.3) (three cremation urns from Tumulus Beta) (Georganas 2009). This practice was 
already in use in earlier periods (Gallis 1979; Deger-Jalkotzy 2013), but became more common during 
the EIA, especially in the later phase, i.e., the Late Protogeometric and Geometric periods.

The tholos tomb is a popular type in Early Iron Age Thessaly. According to some scholars (Kurtz & 
Boardman 1971: chapter 9; Snodgrass 1971: 154-5), tholoi did not disappear after the collapse at the 
end of the Mycenaean period, as they did in other regions, but were used without a break. However, 
according to Georganas (2009) all tholoi in EIA Thessaly seem to date to the LPG, with an exception of 
one Submycenaean tholos in Pharsala (Map 7.1.3). Because of the absence of accurate dates, no firm 
conclusions can be reached.

The EIA tholoi retained the basic characteristics of the Mycenaean prototypes –dromos, stomion, 
tholos– but with a few differences: the Thessalian Protogeometric tholoi are small and not elaborate, 
while in the Mycenaean period both large monumental and small rudimentary tholoi occurred; the 
entrance was usually blocked with stones, schist slabs or a combination of the two but there were 
no jambs and the doorway was not distinguished from the dromos as it led straight into the circular 
chamber (Heurtley & Skeat 1930; Georganas 2000; Georganas 2009). Regarding location, cemeteries 
with tholoi were usually built on hill slopes, following the Mycenaean practice. However, because Pro-
togeometric tholoi were small, they were also constructed in flat terrain. The construction material of a 
Thessalian tholos tomb is schist. Heurtley & Skeat (1930: 11) suggested that the preservation of tholos 
constructions were associated with the abundance of schist geological formations in Thessaly. Although 
schist slabs may be easier to build with, tholoi could be built with many different materials sometimes 
brought from a distance, and were not necessarily constructed near schist sources (Heurtley & Skeat 
1930; Georganas 2000).

A type that is similar to a tholos, and was perhaps used as an imitation of a tholos, is the burial en-
closure –a circular stone-built construction with an entrance. A few burial enclosures have been found 
in Thessaly– one at Krannon and one at Kastri Agias (Map 7.1.3) (Tziafalias & Zaouri 1999).

Chamber tombs are rare in EIA Thessaly, and were not very common in the Mycenaean period ei-
ther. The Mycenaean chamber tomb has a dromos, a stomion, and a chamber dug into the rock, but 
the Protogeometric ones should better be described as rock-cut tombs (Dickinson 1983; Lemos 2002: 
173-8). Six chamber tombs have been reported –five at Homolion and one at Mesorrachi (Map 7.1.3)– 
however none resemble a Mycenaean chamber tomb. At Homolion they look more like rock-cut caves 
than chamber tombs. At Mesorrachi the chamber is circular resembling more a tholos tomb, but it had 
no dromos (Theocharis 1961; Tziafalias 1989a; Lemos 2002: 176-7; Georganas 2009).

Tumuli are mounds of stones, slabs, and soil covering burials of various tomb types. While they 
occurred frequently in Macedonia, Epirus, and Phthiotis (Map 7.1.2), they became popular in Thessaly 
during the later years of EIA (Desborough 1972: 273-4; Leekley & Efstratiou 1980; Georganas 2002; 
Georganas 2009). When first introduced, they covered inhumations in various grave types, while later– 
Late Protogeometric to the Archaic period– tumuli are gradually found only over cremations (Georganas 
2008). Most known tumuli come from Halos in Magnesia, Chyretiai in Larisa and Agioi Theodoroi in 
Karditsa (Map 7.1.3). At Agioi Theodoroi the excavated tumulus covered only one tholos. At Chyretiai 
the tumulus covered four or five tholoi (Map 7.1.3) (Georganas 2009). The excavated tumulus at Halos 
covered pits with cremations. All of them date from the Late Protogeometric, Subprotogeometric to the 
Geometric period6 (Wace & Thompson 1911; Lagia et al. 2013).

The existence of all these various tomb types in the cemeteries of EIA Thessaly already reveal the 
diversity in mortuary practices. The main aim of this thesis is to interpret this diversity and reconstruct 
the social structure of the period.

6.  In Thessaly, Euboia and adjacent regions the Subprotogeometric period corresponds to the Early Geometric period in 
Athens based on pottery (Papadopoulos and Smithson 2017: 31 with relevant references)
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iii. Treatment of the dead

In Thessaly in the Protogeometric period, different ways to dispose the body can be found in the 
same burial ground. The dominant mode of disposal was inhumation, especially in the beginning of the 
EIA. However, both inhumation and cremation were present as well as single and multiple inhumations 
(Desborough 1972: 267-77; Dickinson 2006: 174-95). While inhumation was the old and widely used 
practice, cremation is considered new to this period and signifies a change in burial customs.

Single graves, i.e., pits and cists, included primarily single inhumations. In contrast to the Mycenaean 
multiple inhumations, in the EIA single inhumation was the dominant practice. Double inhumations, 
consisting of either two primary or a combination of one primary and one secondary burial, were also 
often present in the same cemetery but were not as common (Lemos 2002: 166, 189; Georganas 2008).

In EIA Thessaly, alongside simple graves, tholoi and burial enclosures were still in use for multiple in-
humations continuing the Mycenaean practice (Desborough 1972: 267-77; Georganas 2009). Multiple 
inhumations in cists, however, have also been reported at Krannon. Detailed information on body po-
sition of the deceased is not always available but from available reports both extended and contracted 
body positions were noted (Lemos 2002: 173-8).

In the beginning of the EIA, cremation is new in Thessaly and used only sporadically, as inhumation 
was still the dominant custom (Snodgrass 1971). Cremations have been found in pits, tholos tombs, 
burial enclosures, and tumuli such as those found at Kastri Agias and Halos. The Halos tumuli, which 
date to the Subprotogeometric – Geometric period, contained cremations (Georganas 2002; Stissi et al. 
2004; Dickinson 2006: 186-7; Lagia et al. 2013). At Kastri Agias the cremations dated to the Geometric 
period and were placed in pits inside burial enclosures; no evidence of a pyre was found. As mentioned 
earlier, cremations were also placed in cinerary urns (Lagia et al. 2013).

iv. Grave goods

There is a range of materials and types of grave goods in the Protogeometric period. However, im-
ports, valuable, and wealthy objects are not as common as in the Mycenaean period. The most common 
grave goods were pottery, bronze and iron ornaments, and weapons (Lemos 2002: 189-90). Ceramic 
vases were of types mainly used for pouring and drinking, such as jugs, cups, oenochoai, and feeding 
bottles. Iron and iron-working is considered a new feature in the EIA – only a few small iron objects are 
known from the Late Bronze Age Aegean (Waldbaum 1978: 11). Because of the properties of this ma-
terial, iron replaced the earlier bronze and was widely used for ornaments, tools, and weapons during 
the Protogeometric period. However, the new material was also used exclusively for weapons, i.e. the 
Mycenaean swords Naue II type, which were considered valuable and must have accompanied promi-
nent individuals, or warriors. In the EIA this type, now made of iron, was probably also associated with 
warriors, or generally elite burials (Georganas 2005; Crielaard 2011; Papadopoulos 2014). Only a few 
valuable materials have been found in Protogeometric tombs; these are gold ornaments, objects made 
of faience, glass, and stone (Arachoviti 1994).

The number of grave goods also varied; we find tombs with numerous grave goods, with a few 
grave goods or empty within the same burial ground (Georganas 2009). Tombs with multiple burials, for 
example burial enclosures such as the one at Krannon (Tziafalias & Zaouri 1999), contained sometimes 
meagre and sometimes rich grave goods. Tholoi are considered wealthy tombs, as they contained vases, 
metal, stone, glass ornaments, and iron weapons (Georganas 2000). For instance, in one of the tholoi 
at Chloe (Map 7.1.3), 20 vases, two iron knives, six iron arrowheads, six pins (five of iron and one of 
bronze), a bronze fibula, five hair spirals made of gold, five bronze rings, two bronze and several faience 
and glass beads, clay buttons, and a whetstone were found (Arachoviti 1994; Georganas 2008). Cists 
are reported as less wealthy than tholoi. The difference, however, may be due to the greater number of 
individuals buried in tholos tombs (Lemos 2002: 186-90); for instance, cists in Halos-Voulokaliva (Map 
7.1.3) may be considered wealthier than a tholos if we compare individual burials. Tholos tombs in the 
EIA may not always have been used for the most prominent individual in a community. Distinctive buri-
als, such as a warrior, are found in simple single cists.
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v. Discussion of the Thessalian mortuary practices
On the basis of the published literature, we can conclude that burial practices in Early Iron Age Thes-

saly are quite diverse. Organised cemeteries and isolated burial clusters are found in various sites. The 
tomb types also vary from simple graves, such as pits, cists, and burial vases, to more complex construc-
tions such as tholoi and chamber tombs –though the latter are simpler in form than their Mycenaean 
counterparts. There are also intermediate forms, i.e., burial enclosures and circular constructions, pos-
sibly imitating complex tombs. Inhumations and cremations were both practiced, sometimes even in 
the same burial ground. Both practices are found in various tomb types without any clear patterns and 
associations. As for grave goods the range of types and differences in quantity confirms the diversity 
and fluidity of the practices of this period.

The degree of social stratification which was reconstructed for the Mycenaean period is not present 
anymore in the Protogeometric period. However, the clusters of graves, tholos tombs, cists, and remote 
and isolated groups of tholos tombs (the significance of which has not yet firmly been determined) 
constitute an indication of some kind of social differentiation or at least an attempt of some groups or 
individuals to differentiate themselves in the social strata.

In most cases a burial may be distinguished in terms of location, tomb elaboration, or wealth, but 
these aspects only rarely coincide in the same tomb. For instance, Lemos suggests that individuals bur-
ied as warriors with the sword Naue II can be considered members of an elite casta (Lemos 2002: 188-
89; Tsiouka 2008: 177, 183-5) –but these individuals were buried in a simple cist grave. The idea of a 
warrior grave belonging to an elite casta has been reconsidered; Whitley (2002) proposed that burials 
with weapons may express a claim on, rather than reflect a distinct status. Recent studies also stress 
that firm conclusions can only be reached after complete study of a burial, including osteological analy-
sis (D’Onofrio 2011). In Krannon, the burial enclosure was built on top of a mound, perhaps indicating 
a prominent burial, but the grave goods of the tomb were not wealthy. Therefore, quality, quantity, and 
diversity of grave goods do not always correlate with tomb size, type, and elaboration.

The observations on gender and age divisions that are presented below are often based on grave 
goods and grave size analysis, which are not considered reliable age or gender indicators. Unfortunately, 
only very few osteological analyses have been undertaken on Early Iron Age Thessalian assemblages (Pa-
pathanasiou et al. 2013; Lagia et al. 2013). Following such analyses, gender differentiation may perhaps 
be observed when weapons accompany males.

It has been suggested that in the burial grounds of Early Iron Age Thessaly both sexes were included. 
Significant divisions are not attested between males and females; we see some differences only in grave 
goods, i.e., weapons attributed to males (Snodgrass 1971; Lemos & Mitchell 1997).

Regarding age divisions, all age groups were included, but differentiation between different age 
groups can be observed in intramural and extramural cemeteries. Intramural burials were intended for 
subadults under the age of 10 years old and especially for infants. This was also the case in the early 
Mycenaean period, where infants were underrepresented in extramural cemeteries but older subadults 
received extramural burial (Lewartowski 2000: 22-3). Consequently, mainly adults were mainly buried in 
extramural cemeteries (Snodgrass 1971; Lemos 2006; Georganas 2009), though young subadults have 
also been reported (Lemos 2002 :189; Dickinson 2006: 175). 

In earlier years, it was believed that age differentiation occurred in burial location as well as in tomb 
types; tholoi were thought to contain adults and cists to be used for subadults (Snodgrass 1971). Later 
excavations revealed that cists were used by all age groups while young subadults have occasionally 
been found in tholoi (Lemos 2002: 189).

Age divisions are also reflected on grave goods. While objects accompanying both adults and sub-
adults were mainly of the same type, a few differences can be observed: objects for subadults were 
sometimes smaller; special objects were intended for infants, such as feeding bottles. Regarding wealth, 
both adult and subadult graves showed different levels of wealth, from empty to rich (not as rich as 
the Mycenaean tombs), though occasionally subadult burials were richer than adult graves (Georganas 
2009). It has been suggested by Langdon (2008) and Papadopoulos (2010) that during the EIA the rich-
est burials in many cemeteries are of younger women that may have died before marriage.

We could therefore conclude that age differentiation seems to be more pronounced than differentiation 
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along sex. However, as mentioned in the beginning, these inferences have not been reached on the 
basis of osteological analyses. These issues need to be re-examined on the basis of contextual analyses 
as well as skeletal data.

Kinship may be emphasised in the burial practices. Clusters in cemeteries, the multiple burials, intra-
mural burials, the burial of young subadults with adults, the remote groups of tholoi which are probably 
associated with small residential clusters, and tumuli may all indicate the significance of kin relations.

1.4  Questions and Theories

The main question in EIA mortuary analysis has been the following: How can we explain the diversity in 
mortuary practices?

One way to approach this is to study variation in the different aspects of the mortuary evidence and 
observe differentiation along gender, age and status. 

Another way to investigate diversity is to examine change and continuity in burial practices. Earlier 
theories saw a sudden break between the Mycenaean period and the Early Iron Age and attributed it 
to the invasion of northern tribes into the Greek mainland (Desborough 1972: 107-11). Modern schol-
arship recognises also evidence for continuity from the Mycenaean period and reconstructs gradual 
changes in funerary customs (Lemos 2002: 184-6; Dickinson 2006: 246-8; Georganas 2007; Snodgrass 
2008; Crielaard 2011). For instance, Mycenaean burial grounds were often used during the Protogeo-
metric period. Tholoi were still constructed, though they were much smaller when compared to the 
Mycenaean ones; some can be considered more a distant imitation of Mycenaean tholoi. In other sites, 
a Mycenaean tholos was reused.

This continuity is accompanied by some new practices, such as the spread of single burials in cist 
graves, the cremations, and the use of iron for jewellery, tools, and weapons. The study of the pottery 
and metalwork of the period has identified both northern and southern influences which could be at-
tributed to trade activities or cultural influences (Lemos 2002: 184-6). However, the changes could also 
indicate the arrival of newcomers bringing along their lifestyle and customs (Rückl 2014). Alternatively, 
the diversity in forms and practices could also have been prompted by internal social change. To con-
clude, the observed diversity can be attributed to different causes –internal social change, external influ-
ences, and population mobility– the latter not so much in the form of grand invasions or migrations but 
interaction and movements within the old Mycenaean territories, as well as contacts with other regions.

The changes in living conditions, social organisation, and population composition could result in such 
diversity. More targeted questions arise:

How should we explain the diversity in mortuary practices and forms? Does it indicate differentiation, 
and if so, along which dimensions –status, age, gender, or kin?

Can the diversity be attributed to the co-existence of old Mycenaean and new practices? If so, were the 
new practices adopted by the local population or were they brought by newcomers?

The key question in this research is the relation between mortuary variability (i.e., the use of different 
mortuary practices), social organisation, dietary variation, and provenience of the buried groups in four 
Protogeometric communities in Thessaly, Greece. I try to reconstruct social differentiation and examine 
whether it correlates with dietary preferences and the provenience of individuals. In order to investigate 
these questions and study the variation systematically, the following methods are employed:

a. contextual analysis of mortuary practices.
b. osteological analysis of the skeletal assemblage of the cemeteries.
c.  stable carbon, nitrogen, and sulfur isotope analysis of human and animal bone collagen –for diet 

reconstruction.
d. strontium isotope analysis of human tooth enamel –for the analysis of provenience.
These methods are presented in more detail in the section which follows. 
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1.5  Methodology

1.5.1  Contextual analysis of mortuary practices
As we have seen in the previous section, several theories about the variation in mortuary practices in EIA 
Thessaly have been presented, but no systematic analysis of the mortuary data has ever been undertak-
en. Therefore, in this study I propose to carry out a detailed and systematic contextual analysis of mortu-
ary practices. The study of mortuary practices of past societies has been a central question in theoretical 
debates in archaeology and their interpretation has undergone different theoretical paradigms. Here, 
I will not discuss these different theoretical approaches – i.e., the processual approach (New Archaeol-
ogy) (Binford 1982; Renfrew 1976) and its post-processual critique (Parker-Pearson 1982; Tilley 1982; 
Hodder 1985) –in detail, as these have been discussed at length in different publications (Parker-Pearson 
1982; Nilsson Stutz & Tarlow 2013). I would like to focus instead on one important methodological 
point made by the proponents of the post-processual approach, who emphasised that burial practices 
should be analysed and understood within their context. The notion of context includes different as-
pects: the immediate context constitutes the associations and correlations between different aspects 
of the mortuary practices, while spatial context and historical context should also be incorporated in 
the analysis (Parker-Pearson 1982). Therefore, mortuary practices should be studied within their own 
period and region and under their particular historical circumstances in order to understand their form, 
variation, and social meaning (Voutsaki 1998). A central tenet of my study is that the contextual anal-
ysis of mortuary practices facilitates the study of variation and helps detecting patterns underlying this 
variation.

Following Voutsaki (1998) and Parker-Pearson (1999), during this analysis I take into account the fol-
lowing aspects of the evidence: a) the spatial organisation of the cemetery, b) the different grave types 
that have been used, c) the different modes of treatment of the body, and finally, d) the different grave 
goods that have been placed in the grave.7 Based also on the correlation between the number, sex, and 
age of the individuals buried in these cemeteries and in terms of their statistical occurrence, my main 
aim is a) to identify social status (on the basis of tomb elaboration and the quantity, quality, and diversity 
of the grave goods)8, but also b) to examine differentiation along age, gender and kin, i.e., reconstruct 
the social structure of each community, and c) examine the continuity with, or the departure from My-
cenaean funerary tradition and explore the possible presence of non-local individuals.

1.5.2  Isotope analysis
Social organisation and population movements in the Early Iron Age have been hotly debated by both 
archaeologists and historians who have used archaeological and literary evidence respectively to ap-
proach the problem (Desborough 1972: chapter 6; Snodgrass 1971: chapter 7; Dickinson 2006: 110-2; 
Lemos 2002: chapter 6; Whitley 1991; Middleton 2010: 68-122; Morris 2007). Reconstructing social or-
ganisation in the Protogeometric period is quite problematic because substantial information is lacking 
–settlement evidence is scarce. Moreover, population movements do not always leave archaeological 
traces which can be recognised by traditional archaeological methods.

Isotope analysis can complement traditional methods of investigating the protohistoric past. The 
study of mortuary practices alongside bioarchaeological and isotope analyses of the buried individuals 
are extremely useful tools that can be used for a) the reconstruction of social structure and b) the iden-
tification of non-local individuals buried in the cemeteries. In the following section, these methods will 
be presented in more detail.

7.  Of course, these aspects are taken into account as much as possible given the limitations, problems and biases discussed 
in PART I, CHAPTER 1, 1.6.i QUALITY OF DOCUMENTATION.

8.  The issue of social status reconstruction is discussed in more detail in PART I, CHAPTER 1, 1.6.ii ASSUMPTIONS UNDERLYING 
THE CONTEXTUAL ANALYSIS OF MORTUARY PRACTICES.
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TISSUE
i. Bone and tooth
Bone is a composite structure of organic and inorganic matter. Dry inorganic matter constitutes 70% 

of the bone, and the remaining 30% is organic matter and water. Hydroxyapatite [Ca10(PO4)6(OH)2] is 
the inorganic part of the bone consisting of carbonates and various ions such as potassium, sodium, 
magnesium, fluorine, and chlorine (Cornwall 1974: 204; Jans 2005: 5-6).

The organic fraction of the bone consists of 80% collagen and 20% non-collagenous proteins with 
water. Collagen is a protein consisting of amino acids. There are several types of collagen but only the 
so-called type I is the main component of bone (Mbuyi-Muamba et al. 1988; Trebacz & Wojtowics 2005; 
Jans 2005: 6). Bone collagen is a tissue that changes and remodels throughout the lifetime of each 
individual (Jans 2005: 6-8; White & Folkens 2005: 42-6). Collagen remodelling time ranges from 2-10 
years. The remodelling rate depends on the bone type; e.g., rib remodelling occurs in a time period of 
two years while for femora the rate is longer, up to 10 years. The essential elements and amino acids, 
which are incorporated into the inorganic as well as the organic parts of the bone, are provided through 
diet. Therefore, by analysing bone collagen through measuring the stable carbon, nitrogen, and sulfur 
isotopes we can reconstruct the diet of an individual. In particular, we can identify the type of protein a 
living organism has consumed the last 2-10 years of his life (Pate 1997).

The composition of human tooth is similar to bone but it has a totally different formation history. 
Teeth consist of three layers – enamel, dentine and cementum. The enamel, the thin, outer layer of the 
tooth, is a non-porous white mineralised substance (97% hydroxyapatite). Dentine is attached onto the 
enamel; it is a yellow, porous, less mineralised inorganic material (68%) with organic matter (collagen) 
up to 20%. Cementum is similar to bone, with 45% hydroxyapatite, 33% collagen, covering the tooth 
root; its main purpose is to stabilise the tooth in the pulp (Cornwall 1974: 74; White & Folkens 2005: 
127-8; Bocherens & Drucker 2007).

ii. Diagenesis and contamination of bone
While bone collagen is more suitable than bone apatite for diet reconstruction because it is resistant 

to post-mortem contamination, it can still be diagenetically altered due to its porous body but to a 
much lesser extent; it becomes vulnerable to exogenous materials (Ambrose 1987; Price et al. 1992). 
Post-mortem diagenesis occurs on account of the burial environment. Water in the burial ground can be 
very destructive; bones soak in water resulting in an altered chemical structure. Furthermore, lipids and 
carbonates from the apatite or the environment, temperature, acidity (pH) of the burial environment 
caused by humic acids, various bugs and microbes, and rootlets contribute to further damage of col-
lagen. Consequently, all environmental conditions letting exogenous material to enter the body of the 
bone and alter the constituents of the bone increase the porosity and alter the chemical composition 
resulting in degraded collagenous matter (Katzenberg 2000; Lidén 1995; Jorkov et al. 2007; Bocherens 
et al. 1997; DeNiro 1985; Jans 2005; Ambrose & Krigbaum 2003; Hedges & Millard 1995).

STABLE CARBON, NITROGEN, AND SULFUR ISOTOPE ANALYSIS (CNS)
i. Carbon
Carbon is present in various compounds in the biosphere (Hoefs 2006: 48). In nature, the element 

carbon (C) consists of three isotopes with the following abundances:
12C: 98.89%
13C: 1.11%
14C: 10-10%

The isotopes 12C and 13C are stable; the isotope 14C is radioactive. The carbon isotope ratio in a tis-
sue is the heavier 13C against the lighter 12C isotope. They are calculated as deviation from a standard 
known as PDB, or calcium carbonate of a fossil belemnite from the PeeDee Formation in South Carolina, 
USA.	The	deviations	are	calculated	as:	δ13C=[(13C/12C)sample / (

13C/12C)standard]-1 and expressed in per mil 
(‰). Carbon is transferred from the biosphere to biological systems through photosynthesis of green 
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plants in terrestrial environments as well as symbiotic bacteria in deep-sea in marine environments. 
During photosynthesis the content of 12C is increased against 13C (13C content becomes smaller) in  
living organisms in relation to the carbon source. The isotopic composition of atmospheric CO2 and the 
photosynthetic	pathway	of	the	plant	determine	the	isotopic	value	of	carbon	δ13C (Schoeninger & Moore 
1992; Ehleringer 1991; DeNiro 1987).

Plants use inorganic starting materials to produce organic compounds by using solar radiation, which 
provides the necessary energy to capture and assimilate carbon dioxide from the environment and 
transform it to carbohydrate. There are three photosynthetic pathways utilizing carbon – C3, C4, and 
CAM (Furbank & Taylor 1995; Ranson & Thomas 1960).

The photosynthetic pathway that a plant uses depends on the environmental conditions in which 
the plant grows. The difference between the photosynthetic pathways lies on the way the plants cap-
ture and assimilate carbon during photosynthesis (Boutton 1991). In C3 photosynthesis, the first prod-
uct of CO2 reduction to carbohydrate through the Calvin cycle, is a molecule of three (3) carbon atoms 
(C3) (Furbank & Taylor 1995). C3 plants grow mainly in temperate environments with abundant water, 
cool temperature and medium to low sunlight. Among others, these plants are: wheat, barley, oat, rice, 
legumes (pulses such as lentils, beans, chickpeas and peas), fruits and vegetables, most trees and shrubs 
(Sealy 2001).

C4 carbon fixation process is an adaptation of C3 pathway in dry and hot environments, in which 
plants capture carbon from the environment through the stomata of their leaf surface; the stomata 
open and close to prevent water loss. Hence, CO2 absorption is low and the carbon fixation needs a 
booster pump to increase the concentration in the plant. This booster pump is a two-step process, 
taking place in C4 plants, which increases the concentration of CO2 approximately by a factor of 10. 
Initially an organic acid of four (4) carbon atoms (C4) is produced and then by decarboxylation of the 
acid, the reduction of CO2 follows through the Calvin cycle. C4 plants grow in environments where the 
sunlight and heat are high and water concentration low –subtropical climates. Examples of such plants 
are maize, sugarcane, sorghum, millet, and some weeds (nutgrass, barnyard grass, papyrus) (Furbank & 
Taylor 1995; Sealy 2001).

The CAM (Crassulacean Acid Metabolism) photosynthetic pathway is used by succulent plants as an 
adaptation to dry and arid environments (Ranson & Thomas 1960). Because these plants have not been 
used as human food in ancient Greece, this photosynthetic pathway is beyond the scope of this study.

ii. Nitrogen
Nitrogen is present mostly in the form of N2 in the atmosphere (99%) or dissolved in the ocean  

(Katzenberg 2000). The abundance of the two natural nitrogen isotopes is:
14N: 99,64%
15N: 0,36%

Both isotopes are stable. Analogous to the isotopes of carbon, the isotope ratio is calculated as: 
δ15N=[(15N/14N)sample / (

15N/14N)standard]-1 (DeNiro 1987). The standard here is ambient air. Most organ-
isms cannot utilise N2 straight from the atmosphere but absorb/incorporate it in other forms. Plants 
use ammonia (NH3) from the soil. In the form of nitrate (NO3

-) and nitrite (NO2
-) in the air, nitrogen is 

converted into ammonia through reduction steps by an enzyme called nitrogenase (biological nitro-
gen fixation) (Petroutsa 2007; Garvie-Lok 2001). There are two types of plants based on the way they  
incorporate nitrogen –leguminous and non-leguminous plants. Leguminous plants (pulses: lentils, peas, 
beans, chickpeas) use nitrogen-fixing symbiotic bacteria that live in the plants’ roots (in terrestrial en-
vironments these are nodules and in aquatic environments these are blue-green algae). The bacteria 
utilise atmospheric nitrogen along with hydrogen to produce ammonia in, most of the time, anaerobic 
conditions. Then, the organic compounds of the plant assimilate ammonia to synthesise amino acids, 
which are incorporated into collagen (Schoeninger & DeNiro 1984; Ambrose 1987). In non-leguminous 
plants (cereals, fruits, vegetables) bacterial decomposition of nitrogenous organic material produces 
nitrates that can be utilised by vascular plants (Katzenberg 2000).
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iii. Sulfur
The analysis of stable sulfur isotopes from bone collagen complements the analysis of stable carbon 

and nitrogen isotopes in the investigation of past diets (Richards et al. 2001). Sulfur is present in the 
biosphere, as the 15th most abundant element on earth, while it is the 7th most abundant in organic 
human tissue (Nehlich 2015). Sulfur mainly exists in the environment as an oxidised form of sulphates. 
Oceanic sulphate, evaporitic sulphate and pyrite are the main forms of sulfur presence on earth (Hoefs 
2006: 71-2; Nehlich 2015).

Sulfur isotope geochemistry studies were done as early as the late 1940s (Thode 1991). The relative 
abundance of natural sulfur isotopes has thus been found to be:

32S: 94.93%
33S: 0.76%
34S: 4.29%
36S: 0.02%

The isotope of interest to archaeology is 34S.	 As	 with	 C,	 the	 content	 is	 expressed	 in	 δ	 values:	
δ34S=[(34S/32S)sample / (

34S/32S)standard]-1 (Hoefs 2006: 71-2; Nehlich 2015). The standard used was the Troi-
lite (FeS) from the Canyon Diablo iron meteorite (Thode 1991). However, because it has been observed 
that the Canyon Diablo iron meteorite was not homogeneous, an artificially prepared international 
standard reference has been introduced, Vienna-CDT (V-CDT) – Ag2S (IAEA-S-1) which is 0.3‰ lower 
than the original standard (Hoefs 2006: 72).

In the human and animal body, two amino acids contain sulfur – cysteine and methionine (Brosnan & 
Brosnan 2006). However, only methionine is present and can be measured in collagen type I, the tissue 
that is analysed for diet reconstruction (Eastoe 1955).

iv. Diet reconstruction
During various nutritional processes, and while ascending the trophic chain in the biological system, 

isotope fractionation occurs. Isotope fractionation is a process that occurs when an element is divided in 
two phases with different isotope ratios due to a) different reaction rates of isotopic molecules (kinetic 
mechanisms) and b) isotope exchange reaction. This process is caused by either chemical or physical 
differences between the isotopes of an element (Hoefs 2006: 5-11).

The fractionation of carbon assimilation by plants results in three different plant groups –C3, C4, and 
CAM– depending on the photosynthetic pathway they use for carbon assimilation. There are various 
processes during photosynthesis that affect the assimilation rate of the two carbon isotopes 12C and 
13C. Here, I will only focus on C3 and C4 plants because only these could have been consumed by the hu-
mans in the study region. C3 and C4 plants yield very distinct carbon isotopic values and do not overlap 
(Katzenberg 2000; Ehleringer & Cerling 2001). C3 plants discriminate heavily against 13C yielding 20‰ 
lower isotopic values than atmosphere, from -22‰ to -33‰ with mean value -27‰ (Ambrose 1987; 
Kelly 2000; Schoeninger & Moore 1992; Farquhar et al. 1982). C4 plants, on the other hand, use all the 
available CO2 and they discriminate less than C3 plants against 13C. Therefore, they yield values closer to 
atmospheric CO2, from –8‰ to –16‰, with mean value -12,5‰ (Ambrose 1987; Sealy 2001). Frac-
tionation occurs in carbon isotopes while ascending the food chain by about 1‰ per level. Therefore, 
human values should be expected to be approximately –20‰ to –19‰ for C3 plant protein consump-
tion, and approximately –11‰ to –10‰ for C4 plant protein consumption (Vogel 1980; Bocherens & 
Drucker 2007; Richards 2015).

The values described above represent the values for a diet exclusively based on either C3 or C4 plants. 
A combination of both plant types could also have occurred in some cases. In Greece, where the flora 
consists mainly of C3 plants, the cut-off point to identify a C4 signal has been set at –19‰. In their 
paper, Papathanasiou & Richards (2015) studied a large number of samples from various sites in Greece; 
they concluded that carbon values less negative than this value point to the presence of C4 resources.

Marine and freshwater environments have different effects on the fraction and values of carbon. 
Carbon	dissolved	in	seawater	shows	enriched	δ13C values (approximately 7‰) compared to atmospheric 
values. A similar difference has been proved to follow all trophic levels of a food chain (Chisholm et 
al. 1982; Schoeninger & DeNiro 1984). Therefore, plants and herbivorous and carnivorous animals are 

01_PANAGIOTOPOULOU.indd   29 25/07/2018   9:34 π.μ.



30 Reconstructing Diet, Tracing Mobility  •  Eleni Panagiotopoulou

similarly enriched compared to terrestrial animals. In addition, the marine food chain is longer than the 
terrestrial one, with more carnivorous levels, hence producing even more positive values for fish from 
the deep sea. Therefore, a purely marine diet signal should be approximately –13‰, while that of a 
terrestrial diet should be approximately –20‰. Coastal populations would show similar values to those 
of a marine diet, because of the sea spray effect that influences the values of water, precipitation and 
soils.	Freshwater	environments	(rivers	and	lakes),	on	the	other	hand,	exhibit	a	wide	range	of	δ13C values 
because they derive carbon from various sources, such as the surrounding geological formations and 
the	atmosphere.	The	δ13C of a freshwater diet may overlap with that of a terrestrial diet. Furthermore, 
the values corresponding to a marine diet discussed above may be confused with C4 resources that have 
been consumed by humans because they overlap. Therefore, for a refined interpretation of both marine 
and freshwater resource consumption, nitrogen isotopes need to be analysed in conjunction with stable 
carbon isotope analysis (Chisholm et al. 1982; DeNiro & Epstein 1978; Richards 2015; Schoeninger & 
DeNiro 1984).

In nitrogen isotopes fractionation occurs while ascending the trophic levels; there is gradual en-
richment of 15N of approximately 3‰ per level. During metabolism in animal organisms 14N chemical 
bonds break down easier than those of 15N, leaving more 15N available for tissue synthesis; therefore, 
a consumer is isotopically enriched compared to its food –plants, herbivores (goats, cows, and sheep), 
omnivores (pigs, humans), carnivores (wolves) (Schoeninger & Moore 1992; Hedges & Reynard 2007). 
Similar enrichment is observed in aquatic environments, where, as mentioned earlier the food chain is 
longer than the terrestrial equivalent, due to more trophic levels. The enrichment is hence increased at 
higher levels, yielding more positive isotope ratios (Kelly 2000; Price 2015; Sealy 2001). The consump-
tion of resources from the lower trophic levels, such as molluscs, yields values that may overlap with 
terrestrial isotope ratios (Garvie-Lok 2001; Triantaphyllou et al. 2008).

Another group that can be distinguished using nitrogen isotope analysis is legumes. The way le-
gumes assimilate nitrogen produces lower nitrogen isotope ratios than the non-leguminous plants 
because they have assimilated less 15N from the atmosphere, compared to 14N (Schoeninger & Moore 
1992). This consequently affects the subsequent trophic levels of herbivores, omnivores and carnivores.

Nitrogen isotope values are also used to examine breastfeeding and the weaning period (Fuller et al. 
2006). The subadult that is fed by breast milk, consumes the mother’s tissue (milk) and in isotopic terms 
sits one trophic level (15N approximately 3‰ enriched) higher than the mother. When weaning begins, 
supplementary food is introduced to the subadult’s diet and the 15N values are depleted; the depletion 
ends when breastfeeding no longer occurs and the individual is dependent exclusively on other foods. 
It takes 3-5 months for the breastfeeding effect to disappear (Dupras et al. 2001).

The analysis of stable sulfur isotope ratios should be conducted in conjunction with the analysis of 
stable carbon and nitrogen isotope ratios, thereby allowing for a more thorough diet reconstruction. 
Sulfur isotope analysis may further refine palaeodietary assumptions based on the carbon –nitrogen 
values especially when concerning freshwater sources (Privat et al. 2007; Richards et al. 2003).

Studies undertaken on modern ocean water sulfate have shown that the sulfur isotope ratio is con-
stant,	approximately	δ34S=21‰ (Rees et al. 1978). Conversely, samples coming from freshwater envi-
ronments show more variable isotope ratios. That is because of the fractionation of sulfur isotopes that 
happens in lake environments due to the bacterial reduction of sulphates (Thode 1991). Furthermore, 
a wide range of sulfur isotopic values also occurs in riverine environments because water flows through 
various geological formations and the values will reflect this (Thode 1991). Measurements undertaken 
to examine the differences in methionine content in mammalian as well as fish collagen have shown 
that methionine is increased in fish collagen at least 3 times compared to mammalian collagen (Eastoe 
1957).

Terrestrial sulfate derives from precipitation; in contrast, the sulfate that marine phytoplankton uses 
comes from ocean water sulphate (Hoefs 2006: 182). Since there is little or no fractionation of the 
sulfur	isotopes	in	plant	metabolism,	plants	in	these	areas	will	have	δ34S values reflecting those in the 
rainwater (Thode 1991). The European rivers are considered to have been affected by anthropogenically 
derived	sulfur	sources	with	δ34S-values between 2‰ and 6‰ (Hoefs 2006: 156).

The sulfur of each area originates from groundwater, precipitation, and streams. It constitutes a 
mixture and its isotopic presence in a diet depends on the isotope ratios of the ecosystem. Because of 
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the association with the environment, the water and the underlying geology, sulfur isotope analysis is 
used to distinguish between aquatic (freshwater or marine) and terrestrial –based diets. Furthermore, 
because of the high portion of methionine in fish, it is possible to trace even small amounts of fish in a 
diet (Privat et al. 2007; Nehlich et al. 2010).

The isotope analysis of bone collagen detects groups of foods based on the protein that has been 
consumed. Distinction between specific types of food such as fruits or vegetables, pig or cattle does 
not occur. However, by integrating the aforementioned methods –stable carbon, nitrogen, and sulfur 
isotope analysis, we can achieve a more complete picture of the groups of foods past communities 
consumed; we can distinguish between C3 and C4 plants, terrestrial, marine and freshwater resources; 
we can also detect variation between regions, between social groups as well as through time (Ambrose 
1990; Fuller et al. 2006; Richards & Hedges 1999; Richards 2015).

v. Limitations of CNS isotope analysis
Stable carbon and nitrogen isotope analysis is now an established method which can help resolve 

different questions relating to diet. However, we need to be aware not only of the potential, but also 
of certain limitations of the method.

Various environmental conditions, such as water availability, light, temperature and availability of 
nutritional elements (Ambrose & Norr 1993; van Klinken et al. 2002), may affect the isotopic ratios.

Reduced values of carbon isotope ratios may be a result of the canopy effect. This occurs in forests 
where light intensity is low and photosynthetic activity is reduced generating more negative carbon 
isotope delta values in the plants than in normal environmental conditions for each species. In this 
environment plant decomposition and plant respiration add small amounts of CO2	with	δ13C=–26‰ 
in the lower part of the canopy. Biogenic CO2	is	recycled	and	thus	reduces	the	δ

13C values of CO2. The 
combination of low light, high humidity and biogenic CO2	reduces	the	δ

13C values of the plants. The 
animals that consume these plants have lower values, about 5‰, than animals that consume leaves 
from the upper part of the canopy (Ambrose 1987; van der Merwe & Medina 1991; Ambrose & Norr 
1993; Hsueh-Wen & Wei-Min 2001; van Klinken et al. 2002).

Water shortage (water stress causes higher excretion of urea in an animal) and nutritional stress re-
sult in elevated nitrogen isotope ratios, indicating incorrectly high animal protein consumption. Further 
elevated nitrogen isotope ratios are generated by sea-spray effect. Isotope values from coastal sites are 
affected by sea-water precipitation or evaporation of sea-water and exhibit values similar to marine 
values (DeNiro & Epstein 1981). Individuals that have consumed foods from these environments exhibit 
elevated carbon and nitrogen isotope values. Therefore, these values may be incorrectly interpreted as 
indicative for marine diet.

Last but not least, manuring cereals is another factor that could lead to misinterpretation. The 
use of manure in land fertilizing produce elevated nitrogen isotopic values in the plants. Therefore, 
since	the	primary	food	product	exhibits	high	δ15N, the consumers will exhibit values similar to animal 
protein intake (Bogaard et al. 2007). Animal manure has been used to improve soil fertility and boost 
agricultural crops. This practice enriches 15N in soil due to 14N loss by bacterial reactions (Kendall et al. 
2007). It has been suggested that the available soil nitrogen isotope ratios to plants influence their 
δ15N	by	raising	them,	even	up	to	8‰.	When	δ15N values are higher than 9‰ an alternative explana-
tion, rather than animal protein, should also be considered (Bogaard et al. 2007). Fraser et al. (2011) 
suggested	that	regarding	pulses,	only	intensive	manuring	for	very	long	periods	would	affect	their	δ15N, 
something that is not likely to have happened in ancient periods. Regarding cereals, however, the part 
of	the	plant,	used	for	consumption	by	humans	or	animals,	is	most	important,	because	the	δ15N they 
produce differs.

Carbon and nitrogen isotopes can potentially detect marine resources in a diet. There are studies 
that reveal traces of marine diet, especially based on nitrogen, but generally this is possible mainly when 
the diet consists exclusively of marine products or marine resources from the higher levels of the trophic 
chain; marine resources from lower levels overlap with terrestrial values. A study of fish consumption in 
the Aegean by means of isotope analysis of carbon and nitrogen on fish bone collagen aimed to inves-
tigate the isotopic values of fish collagen and set a baseline in order to make comparison with human 
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values feasible (Vika & Theodoropoulou 2012). The study showed that the isotope ratios in the Aegean 
are lower compared to other seas. The three groups examined in this study (freshwater, euryhaline and 
marine fish) exhibited similar ranges, which in some cases could also overlap with terrestrial isotope 
range (in the case of C4 plants). This finding suggests that fish consumption might not be conclusively 
detectable solely by the use of these two elements because of the possibility of non-distinguishable fish 
ratios.

High nitrogen values or a large difference between two trophic levels (humans-animals) show large 
variability in dietary sources; if fish was a significant dietary resource then the sulfur isotope ratios should 
fall either within the fish sulfur isotope ratios (if fish collagen has been analysed) or out of the terrestrial 
sulfur isotope range. If none of the above occurred then an alternative explanation should be sought, 
e.g., consumption of young animals (still nursing), which exhibit high nitrogen values and that will be, in 
turn, reflected in the human values (through even higher nitrogen values) (Nehlich et al. 2010).

Sulfur values may also be affected by some environmental parameters and may not always reflect 
access to aquatic sources. In geological areas, where terrestrial variation is smaller, it is easier to dis-
tinguish between terrestrial and freshwater sources than in areas where the surface geology is more 
complex (Privat et al. 2007). Both terrestrial and aquatic ecosystems demonstrate a great range of sulfur 
isotopic values, starting from -10‰ and reaching up to +20‰, while marine water is found to be very 
uniform, close to +20‰, because of the constant mixing of ocean water. Coastal soils are close to that 
value because of the sea-spray effect; its effect may even reach areas that are located some kilometers 
away from the coast. This effect from the environment, geology and agronomics may have an impact 
on	sulfur	isotopic	values	(Richards	et	al.	2001).	Human	δ34S values higher that +14‰ are indicative for 
marine resources consumption (Rees et al. 1978; Nehlich et al. 2010; Nehlich 2015).

To conclude, knowing the physical environment in which a community has developed and collecting 
environmental samples to set the local sulfur isotopic baseline are essential factors for the reliable inter-
pretation of the data.

vi. Collagen quality control
The integrity of carbon and nitrogen isotope analysis results is determined by long-established colla-

gen quality parameters. As discussed earlier, the collagen is the most suitable tissue to be analysed for 
diet reconstruction but even this tissue is subject to contamination. Collagen is not considered degrad-
ed or contaminated and is safe to be used for diet reconstruction when at least 0.5%, but preferably 
1%, of the collagen is preserved. Furthermore, the atomic C/N ratio should range from 2.9-3.6, like the 
range demonstrated for fresh bone, while the content of carbon should be 34.8±8.8%wt and of nitro-
gen 11-16%wt. Values higher than these indicate contamination, while lower values indicate severely 
degraded collagen (DeNiro 1985; Schoeninger et al. 1989; Ambrose 1990; van Klinken 1999; Mcnulty 
et al. 2002).

Like carbon and nitrogen, in sulfur analysis the collagen is also considered well preserved and can be 
used when the amount of sulfur in mammalian bone collagen is 0.28±0.07‰ and the atomic ratios are 
C:S=600±300, N:S=200±100. If the sulfur content is less than 0.15%wt or more than 35%wt then the 
tissue is problematic because it either represents only part of the original sulfur or it has been increased 
due to the addition from the environment (Nehlich & Richards 2009).

STRONTIUM ISOTOPE ANALYSIS
The measurements of strontium (Sr) isotope ratios on human tissues (tooth enamel apatite) by means 

of mass spectrometry may provide information about provenience and population movements. Stron-
tium analysis is now an established method. The natural abundance of strontium isotopes is:

84Sr: 0.56%
86Sr: 9.86%
87Sr: 7.0%
88Sr: 82.58%

Strontium is incorporated into human tissues through diet. Plants and animals, used as food by 
humans are the strontium providers. Radiogenic isotope 87Sr is formed in the underlying rocks through 
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the decay of radioactive isotope 87Rb (Rubidium). Therefore, distinctive rock types have distinctive  
Rb/Sr ratios and there are differences in the Sr isotope compositions of different regions on Earth. 
Through the weathering of the underlying rocks from water and other factors, strontium is absorbed by 
plants, which are then eaten by herbivores; this is the way strontium isotope ratios get into the trophic 
chain (Price et al. 1994; Beard & Johnson 2000; Evans et al. 2006).

Unlike light elements (C, N, and S), in strontium, following its formation in the rocks, no further 
fractionation occurs while entering or ascending the food chain. That means that the 87Sr/86Sr ratio of 
the tissue is a result of the average isotopic composition of the diet and is related to the rocks of the 
bedrock of a region. Combining information from human tissues and the bedrock one may identify 
immigrant and local individuals (humans or animals). To distinguish the immigrants in a community one 
needs to compare the isotopic Sr values of the individuals under study with those of the region they 
were found. If they differ, it means that these individuals were born somewhere else. But these values 
will be distinguishable only if the regions of birth and death exhibit unequal strontium isotope ratios 
(Beard & Johnson 2000; Evans et al. 2006; Evans et al. 2012).

In order to make correct assumptions and interpretations of the measurements and to assess the 
relationship of the humans with the area in which they were found, the measurements of the humans 
need to be compared to a baseline, that is, to the biosphere strontium compositions. Geochemists have 
tried to determine the Sr compositions of all different types of rock; the variation on Earth of these types 
is a function of both the age of the crust and their bulk compositions. Therefore, a good understanding 
of the biosphere variations within the area of interest is important. Even if there are no measurements 
of the strontium isotope ratios of specific bedrock, they can be inferred from rocks of the same com-
position and age. Measurements on samples of local soil, water and modern biota (plants, shells) are 
useful to establish the local strontium isotopic signature (Beard & Johnson 2000; Price et al. 2002; Evans 
et al. 2006).

Unlike bone, tooth enamel is a non-porous material which does not remodel from the time that it 
is deposited. For strontium isotope analysis tooth enamel is the most suitable tissue. The non-porous 
material minimises the possibility of exotic materials to be introduced by ground water; therefore, con-
tamination and diagenesis of strontium isotopes are not likely to occur. Furthermore, teeth are formed 
during childhood and the permanent denture is complete by the age of 12 years.9 Therefore, bioapatite, 
and consequently also strontium isotopes, are formed during childhood and remain unaltered through-
out lifetime, unlike collagen (Kohn et al. 1999; Hoppe et al. 2003; Bentley 2006). Thus measurements 
reflect the strontium isotopic values of early life of humans/animals, which means that they reflect the 
environment in which an individual was born and raised. Hence, an individual that moved from one 
place to another will demonstrate different Sr isotopic values from the area where they were buried 
(Beard & Johnson 2000; Bentley 2006; Montgomery 2010).

i. Limitations of strontium isotope analysis
There are various parameters that may affect the results of strontium isotope analysis, and as a result 

the human values may not always exactly reflect the geological values. Parameters like the weathering 
of local soils, or the introduction of air/waterborne sediments may change the “bioavailable” strontium 
of an area and differentiate the isotopic signature from the one of the underlying solid geology (Price 
et al. 2002; Montgomery 2010).

Furthermore, as mentioned earlier, the measurements relate to the geology of a region and the avail-
able environmental strontium sources. Therefore, the mean value of a region which is reflected on the 
human values, may not be distinguishable from another region and the interpretation will be difficult 
(Montgomery 2010).

9.  Only the 3rd molar may erupt later during adolescence or adulthood.
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1.5.3  Sampling osteological material
i. Carbon, nitrogen, and sulfur isotope analysis (CNS)
Sampling archaeological osteological remains for isotope analysis requires consideration of all factors 

that may affect the collection of the samples. The preservation state of the osteological material is a 
major factor that affects the analysis; poorly preserved or contaminated collagen and apatite will alter 
the isotopic results for dietary reconstruction and human mobility. Likewise, the collagen content of 
each bone should be considered. Hence a full record of the osteological assemblage is required. The 
skeletal elements to be sampled should not be important for identification of the skeleton or the health 
condition of the individual (pathologies, lesions etc.). Furthermore, the sampling strategy has to take 
into account some key archaeological and anthropological questions, and include samples from a) the 
different phases of a cemetery, b) different tomb types, c) different modes of burial, d) different age and 
sex categories, and e) different wealth / offerings categories.

Unfortunately, cremations present severe problems for stable isotope analyses. The method of stable 
carbon, nitrogen, and sulfur isotopes analyzes bone collagen, which is destroyed during cremation and 
only the inorganic part of the bone is left. Even if there is some collagen left, it will most likely be con-
taminated from the burial environment as well as the pyre itself (Harbeck et al. 2011; Lemmers 2012).

For the CNS analysis the preferred part of the skeleton is a fragment from a long bone (preferably 
femur), because it yields the best-preserved collagen. However, frequently rib fragments are sampled 
instead; this type of bone is not used for age/sex determination and does preserve good quality col-
lagen. In addition, rib fragments provide information for the most recent diet as its remodelling rate 
is approximately 2 years compared to femora which have a 10 year remodelling rate (Ambrose 1990; 
Schoeninger et al. 1989; van Klinken 1999; Brock et al. 2010).

For sulfur analysis it is important to have baseline data of the region studied in order to be able to 
account for the sea-spay effect or for modern pollution sulfur deposition (Richards et al. 2001; Craig et 
al. 2006). Therefore, sampling animals from the same period –if possible including carnivores, herbivores 
and omnivores –is an important precondition of isotope analysis for diet reconstruction.

ii. Strontium isotope analysis
The sampling strategy for strontium isotope analysis requires a full osteological study and detailed 

inventory of the skeletal material. Because strontium analysis will be conducted on tooth apatite, sam-
ples should be selected on the basis of the teeth preserved and available for study.

Sampling teeth needs a lot of consideration, as they bear important information about the age, diet 
and health of the deceased individual. It is better to use premolars that show no signs of infections. In 
addition, the context within which the individuals were found should be well defined prior to sampling; 
samples to be collected should belong to possible non-locals –such as those exhibiting deviant practices, 
or any foreign influences, etc. Establishing the local baseline of strontium isotope ratios of the region 
under study is important. For this reason, environmental and modern animal samples should also be 
collected prior to, or alongside, the human enamel sampling (Price et al. 2002; Bentley et al. 2003).

Having now presented the methodology employed in this study, it is time to apply these methods 
on the material from EIA Thessaly, starting with the contextual analysis of mortuary practices in the four 
communities under study. 
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The following chapters (2-5) consist of articles published or submitted in highly ranked international 
peer-reviewed journals. In each article the archaeological questions that have arisen from the archaeo-
logical analysis are discussed and specific theories are examined. The aim of these papers is to examine 
the diversity in the burial practices and the variation in social forms as these have been reconstructed 
by the contextual analysis of the burial practices. The articles / chapters focus on two aspects –dietary 
variation and different provenience– which have never been studied for EIA Thessaly before and which 
may help us understand the diversity in mortuary practices and reconstruct social structure.

The first article (Chapter 2), entitled “Isotopic (13C, 15N) investigation of diet and social structure 
in Early Iron Age Halos, Greece” has already been published by the Journal of Archaeological Science: 
Reports (Panagiotopoulou et al. 2016: Chapter 2). It discusses dietary variation in relation to social 
differentiation in the area of Halos (Voulokaliva and Kephalosi), Thessaly. This paper emphasises the 
importance of an informed sampling strategy for the stable carbon and nitrogen isotope analysis of hu-
man bone collagen. It is argued that a careful sampling design can only be based on the archaeological 
questions arising from detailed contextual analyses of mortuary practices –such as the analyses carried 
out in CHAPTER 1, 1.5.1 CONTEXTUAL ANALYSIS OF MORTUARY PRACTICES above– and facilitates a nuanced 
interpretation of the data.

The aim of the article is to reconstruct the social structure of the EIA community living in Halos, Thes-
saly by means of a detailed analysis of mortuary practices and to correlate the observed differentiation 
with dietary variation as reconstructed by means of a stable carbon and nitrogen isotope analysis of hu-
man and animal bone collagen. The paper demonstrates a correlation between diet and social divisions; 
differences along sex are visible in the use of millet by females; furthermore, differences along status are 
visible in the higher levels of animal protein consumption by individuals with weapons or other valuable 
grave goods. However, these are subtle variations rather than rigid divisions between social groups.

As carbon and nitrogen isotope analysis also reveals breastfeeding and weaning age, this investiga-
tion showed differences between the subadult groups of the cemeteries of Voulokaliva and Kephalosi 
in both carbon and nitrogen isotope intake. This difference is difficult to explain, but a possible factor 
could have been status differences between the mothers of the subadults from Kephalosi and the those 
from Voulokaliva.

The second article (Chapter 3), entitled “Diet and social divisions in protohistoric Greece: integrating 
analyses of stable isotopes and mortuary practices”, has been accepted for publication by the Journal 
of Greek Archaeology (Panagiotopoulou et al. 2018, in press: Chapter 3). The article follows the method 
described in CHAPTER 2, and discusses the social structure of Early Iron Age societies through the com-
parison of two burial sites located in central (Pharsala) and eastern Thessaly (Chloe). The site of Pharsala 
is located in a fertile valley (between the rivers Pharsaliotis and Enipeas). The site of Chloe is located 
in eastern Thessaly north of the site of Halos, near the lake Voiviis. The aim of the article is to explore 
variation in mortuary practices, to reconstruct social differentiation and to examine if it correlates with 
dietary variation. The emphasis is on the diversity of mortuary practices in the cemeteries of the three 
sites (Pharsala, Chloe, and Halos). The analysis showed that when the diet of the individuals within each 
community was compared there was no correlation between higher consumption of animal protein 
and status. On the contrary, when the diet of whole communities was compared, a correlation could 
be established between higher animal protein consumption and the diversity of grave goods and grave 
elaboration at each site. To conclude, this paper showed the fluid social conditions and differences in 
social structure between communities at the beginning of Early Iron Age.

The third article (Chapter 4), entitled “Fish consumption in Early Iron Age Greece? Sulfur stable iso-
tope analysis of human populations” aims to investigate the consumption of aquatic resources during 
the Early Iron Age (Panagiotopoulou & Nehlich, submitted: Chapter 4). This article is submitted at the 
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Journal of Archaeological Science: Reports. This paper attempts to examine the contribution of marine 
as well as freshwater resources in the diet of populations living near aquatic sources, whether these 
are rivers, lakes or the sea. The paper has a two-fold goal: a) to explore all available dietary sources 
in order to reach a complete picture of the diet in EIA populations of Halos, Chloe, and Pharsala; and  
b) to study exploitation of land and sea resources. In order to examine if aquatic resources constituted 
a significant part of human diet, sulfur isotope analysis of human bone collagen was employed. This is 
the first time this analysis is conducted on EIA Greek material; in general, the method has not been used 
in Greek archaeology very widely. Stable sulfur isotope analysis provides a new tool to investigate con-
sumption of aquatic resources. The analysis showed that while archaeological evidence has indicated 
sea exploitation during the Protogeometric period, marine products were not a staple resource in the 
three EIA communities studied despite the fact that they were situated in littoral places. However, the 
use of freshwater resources should be investigated further, as no clear signal could be obtained due to 
biases and limitations of the archaeological material.

The last article (Chapter 5), entitled “Detecting mobility in Early Iron Age Thessaly by strontium iso-
tope analysis” is currently published online by the European Journal of Archaeology (Panagiotopoulou 
et al., 2018: Chapter 5). It investigates the theory of population movements during the EIA and sug-
gests that one aspect of the diversity observed in burial practices could be the presence of non-local  
individuals within these communities. The method employed here is the strontium isotope analysis of 
human tooth enamel from the populations of Halos (Voulokaliva), Chloe, and Pharsala in Thessaly. As 
discussed in the Introduction of this thesis (PART I, CHAPTER 1, 1.3 THE LATE BRONZE AGE AND THE EARLY 
IRON AGE), the changes in the mortuary practices observed in the Early Iron Age have been attributed to 
the arrival of newcomers and to population movements. In this paper the issue of migration, a key topic 
in current archaeological debates, is discussed, in order to explore the role of population movements 
in the transformation of, and diversity in, burial practices. An important conclusion of this paper is that 
individuals identified as locals by strontium analysis are the ones who chose to depart from the tradi-
tional Mycenaean burial practices, while in contrast some non-locals seem to have adhered to earlier 
traditions.
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