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Abstract 

Human migration is a crucial component in the formation of a community and a 

fundamental aspect of the socio-politic dynamic of a group. Exploring human migration 

in prehistoric contexts implies many challenges due to the absence of written documents 

or information other than the material culture. Migration studies, initially used as a tool to 

explain changes in the archaeological record, have been at the heart of archaeological 

research. However, more recently, migration became a subject of research to be explored 

in all its aspects and complexity. The introduction of new analytic tools in archaeology, 

such as isotopic and aDNA analyses, has boosted this novel approach to migration. 

This dissertation explores human mobility in emerging complex prehistoric human 

societies. The main subject is the Villanovan material culture, a phenomenon of Pre-

Roman Italy that marked a crucial passage from a simple to a more complex urban society. 

The archaeological record points to an unprecedented reorganisation of the territory and 

emerging elite groups in charge of local resources. Additionally, the geographical 

expansion of the Villanovan material culture made the Villanovan the leading group in 

Early Iron Age Italy (EIA: 10th-8th century BCE). The Villanovan material culture was 

documented in the main territory of Etruria (current Latium, Tuscany and Umbria) and 

other places scattered across the peninsula. Nonetheless, little is known about the 

Villanovan group and even less about the Villanovan geographical expansion. Traditional 

research was mainly based on the study of necropolises and the ethnic identification of the 

Villanovan sites outside Etruria.  

This dissertation investigates how to identify migration in Villanovan population 

groups, solving persistent research questions on the identity of Villanovan sites outside 

Etruria. In tandem, it examines the mode and tempo of migration, investigating the reasons 

that incentivised these people to move. The case study is Fermo (9th-6th century BCE, 

Marche, Italy), here defined as a Villanovan enclave – a site established by a group in a 

precise area to develop a relationship with a diverse community – in the Picene territory. 

The dissertation applies a cutting-edge cross-disciplinary approach to a significant number 

of human samples from the Fermo Mossa and Misericordia necropolises. The 
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methodology includes different pieces of evidence: namely, theoretical approaches to 

migration, archaeological and osteological information, and isotopic (87Sr/86Sr, δ15N, 

δ13C) and aDNA analyses.  

This project is the first to prove the presence of non-local individuals at Fermo 

scientifically, supporting the idea of a relationship between exotic funerary ritual and 

allochthonous individuals. Furthermore, the work proposes a model of human migration 

at Fermo. The empirical findings highlighted the presence of long-distance migration 

testified by a continuous flux of migrants composed of male and female individuals from 

different geological regions. The research has also redefined possible reasons that brought 

the Villanovans to move, reconstructing some aspects of the EIA Mediterranean’s socio-

economic dynamics.  

This dissertation provided a new interpretative scenario on mobility dynamics in 

emerging complex prehistoric societies. The work contributes strongly to the delineation 

of a historical picture of Mediterranean early history, meanwhile giving a more human 

dimension to the migratory phenomenon. 
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Chapter 1. Introduction 

This dissertation focuses on the question of migration in later prehistory and aims to 

challenge established ideas about the mobility and sedentary nature of earlier societies. 

Just as contemporary and historical societies have found the need to move and migrate, 

often documented by historical sources, so too did such patterns of movement take place 

in the past. Here, the thesis questions the migratory details of origins, time and people 

during the 1st millennium BCE in light of new advanced science-based methodologies. 

At the beginning of the 20th century, three million Italians migrated to America. 

Francesco DiPinto and Lucia Capurso started their trip from Bisceglie (Puglia, Italy) and 

arrived on Ellis Island carrying small bags of clothes. The immigration paper documented 

that the young couple moved to America due to “poverty”, as did other Italians. Details 

on their and other migrants’ lives are provided by letters, pictures and official documents 

(Molnar, 2010). 

 
Figure 1: Publius Vergilius Maro 

(Monnus Mosaic, Rheinisches 

Landesmuseum, Treviri, 3rd 

century CE) 

Mantua me genuit, Calabri rapuere, tenet nunc / Parthenope; cecini pascua, rura, duces 

Mantua gave me birth, Calabria snatched me away, now Parthenope holds me; I sang of 

shepherds, pastures, and heroes (Virgil’s epitaph, Naples, Italy) 

In Roman times, Publius Vergilius Maro, known as Virgil (Fig. 1), the famous 

Latin Augustan poet (70–19 BCE), was born at Andes, now Pietole, close to Mantua in 

Cisalpine Gaul (northern Italy). Following Virgil’s epitaph located in Naples, southern 
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Italy, it is possible to reconstruct a part of the movements Virgil experienced in life. The 

poet attended schools in Cremona, Mediolanum, Rome and Naples. He died in southern 

Puglia, at the time recognised as Calabria. Later on, he was buried in Naples (Fowler, 

1996). 

Mobility has always been a significant aspect of human lives, recognised as the 

relocation of one or more individuals to a new environment. However, human mobility 

does not just involve movement from one geographical point to another, but it comprises 

a complex ensemble of biological, socio-cultural, linguistic and, especially, human 

aspects. Migration is pervasive in our globalised world: in 2019, the number of migrants 

globally reached an estimated 272 million, according to the UN. Depending on the 

perspective, people can experience migration either as a threat or as a great opportunity. 

In any case, migration always involves a human’s experience, the change from the known 

to the unknown and a challenge in a person’s life.  

Exploring human mobility in archaeology involves many challenges. The study 

becomes even more challenging when prehistoric communities are involved due to the 

absence of written documents or information other than the material culture. This 

dissertation intends to address research questions about human mobility in prehistoric 

archaeology, an enduring and debated area of interest within the archaeological field. 

1.1 The Villanovan material culture 

The specific objective of this study is to investigate the Villanovan material culture 

phenomenon in Early Iron Age Italy (EIA: 10th-8th century BCE). The Villanovan material 

culture offers an appropriate example for detailed research into migration in late 

prehistory. The Villanovan group dominated the material culture archaeology of the 1st 

millennium BCE in Pre-Roman Italy. This phenomenon marked a fundamental passage 

from a village community to a more complex urban organisation, culminating with the 

origin of the first cities in the 7th century BCE. The main concentration of Villanovan sites 

was in Etruria on the Tyrrhenian coast. Other sites, such as Bologna, Verucchio, 

Pontecagnano, Capua, Sala Consilina and Fermo, were scattered within the Italian 

Peninsula, recognised as a Villanovan expansion across the Italian territory. Those sites 
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enabled the Villanovan people to interweave relationships with local communities (e.g., 

Fossa culture, Picene) as well as with people arriving from the East, i.e., Greeks and 

Phoenicians (Fig. 2), as testified by the presence of artefacts from a broad range of 

provenance within the Villanovan sites and vice versa (Bartoloni, 2002). 

 
Figure 2: The Villanovan material culture expansion during the EIA (10th 

-8th century BCE) 

All these sites displayed hybrid features in their funerary rituals, with mixed local 

and Villanovan funerary traditions. The mixed assemblages and confusing impression of 

Villanovan sites outside Etruria led Italian archaeologists of diverse traditions to attempt 

an interpretation, resulting in various contrasting debates on the ethnic origin of those sites 

(§3.4). Indeed, the research invested greater effort in the ethnic identification of those 

sites, generally neglecting the socio-cultural development of the migration phenomenon 
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and the impact it had on the Villanovan group as a whole. Hence, many questions remain 

open. 

The case study analysed in this dissertation is Fermo (Marche, Italy), which 

constitutes a prominent example of Villanovan expansion within the Italian territory (§§ 

3.5 and 3.7). Additionally, different from other sites, the community of Fermo formed an 

isolated location, surrounded by other communities with a completely different form of 

material culture (i.e., Picene material culture). For this reason, scholars have classified 

Fermo as a “Villanovan island” (Pallottino, 1984, p. 144), a “Villanovan outpost” (Lollini, 

1976, p. 159; Gentili, 1987, p. 7) or a “Villanovan colony” (Torelli, 1986, p. 26; Gentili, 

1987, p. 7). In this thesis, I will use the term colonial enclave1 for the site of Fermo – 

intended as a place established by a group A, in our case the Villanovans, in a precise area 

to develop a relationship with another group (B), the Picenes (Renfrew and Bahn, 2016, 

p. 376). Nonetheless, future studies require a revision of the terminology for both the site 

of Fermo and the other sites located outside Etruria. 

1.2 Research questions 

This dissertation will investigate persistent as well as more recent questions connected to 

human mobility in EIA Italy. The work will give a multifaceted interpretation of human 

mobility in late prehistory while exploring the relationship between material culture and 

ancient ethnic groups. The main research questions this thesis will address are: 

1. Was Fermo a Villanovan enclave or a local group? 

2. What is the type of human mobility attested at Fermo?  

3. Who moved to Fermo? 

4. What reasons caused these people to migrate? 

 The first question will definitively clarify if sites with Villanovan material culture 

outside Etruria can be identified as founded by non-local groups from Etruria. This 

question is part of a long-standing debate that has limited the research to identify the ethnic 

nature of these sites. The second and third questions will offer a more detailed and 

 
1 The term enclave was also applied to Pontecagnano by d’Agostino in response to Peroni (1994b). 
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multifaceted investigation into socio-cultural aspects of this phenomenon of human 

mobility and Villanovan expansion in the EIA. This innovative analysis, which has never 

been attempted before, will focus on the human dimension of migration. The fourth 

research question will explore the reasons why the EIA Villanovan people moved to such 

a far-away and unknown place as Fermo, incurring very high risks. 

1.3 A cross-disciplinary approach 

The exploration of human mobility has represented a central challenge in prehistoric 

archaeology (§2). A sudden change in the material culture hinted at migratory phenomena, 

but this is not always true and verifiable. Indeed, human mobility does not always leave 

diagnostic marks in the archaeological record. However, the environment can leave 

indicative information in human bodies. Isotope (e.g., 87Sr/86Sr, δ18O, δ13C, δ15N) and 

aDNA studies have made a significant contribution to the investigation of human mobility 

in the field of archaeology in recent years (§§2 and 4). This thesis interweaves well-

structured archaeological knowledge with osteological, isotopic and aDNA analyses to 

tackle the long-standing debate on Villanovan sites located outside Etruria. It explores 

how an integrated approach supported by a robust theoretical framework can identify 

specific human mobility patterns in past societies.  

The analysis includes a significant number of inhumed and cremated samples from 

the Fermo Misericordia and Mossa necropolises (§§5 and 6). Demonstrating the presence 

of non-local individuals at Fermo, the thesis will define the nature of the site. Furthermore, 

the cross-disciplinary approach will explore diverse mobility patterns otherwise 

impossible to observe (e.g., the relationships between mobility and sex, age-at-death, 

chronology and, funerary ritual). More generally, the thesis proposes an alternative and 

multifaceted reading of the possible phenomena of human mobility in late prehistoric 

Italy. 

  



6 

 

1.4 Structure of the thesis 

This thesis comprises nine main chapters:  

Literature review 

Chapter 2 shows the general theoretical background on migration in archaeology 

and how the archaeological agenda has tackled this topic since the 1900s. After being used 

as an explanatory tool, migration became a subject of enquiry in the archaeological field. 

Innovative theoretical approaches and advanced science-based methodologies such as 

isotope and aDNA analyses boosted a renewed interest in migration. This chapter also 

proposes a possible theoretical framework to guide and systematise this novel cross-

disciplinary approach. Chapter 3 introduces the Villanovan material culture phenomenon 

of Pre-Roman Italy. This chapter illustrates the uniqueness of the phenomenon in terms of 

social and political organisation. Villanovan sites outside Etruria are the outcomes of the 

political expansion of this group within the territory. The Fermo case study is thoroughly 

framed within its geographical and temporal coordinates. This chapter furthermore 

outlines how the exclusive analysis of the archaeological record was not always 

appropriate for clarifying mobility phenomena at the site of Fermo. Chapter 4 shows the 

basic principles behind strontium (87Sr/86Sr), carbon (δ13C), nitrogen (δ15N) and aDNA 

analyses used in this work to address archaeological questions linked to mobility 

phenomena and past human behaviours in Early Iron Age Italy.  

Material and methods 

Chapter 5 reports archaeological and osteological methods adopted to select the 

right samples for science-based analyses and then interprets the data. Chapter 6 illustrates 

the analytical procedure and chosen samples for 87Sr/86Sr, δ13C, δ15N, aDNA and 14C 

analyses performed on the selected samples. Principal and secondary research questions 

are examined in light of the theoretical and methodological framework exposed in 

Chapters 2 and 4. 

Results, discussion and conclusion 

Chapter 7 introduces the main outcomes of the research, which are thoroughly 

discussed in Chapter 8 in relation to the rich archaeological record from Fermo. Chapter 
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9 presents the conclusions resulting from the research and identifies some future aims for 

further investigation.  
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Chapter 2. Human mobility, migration and ethnicity in 

archaeology  

 

Figure 3: A typical Villanovan long-neck urn, from Gozzadini (1868, Fig. 7) 

The long-neck cinerary urn (Fig. 3) has traditionally symbolised and marked spatially an 

ancient population spread over Italy during the EIA, the Villanovans (§3). Nonetheless, 

the interpretation of this archaeological culture as descriptive of an ancient ethnic group 

was based on old-fashioned and obsolete theories of migration and ethnicity. From the 

1960s, the equation that “archaeological culture = ethnic group” was strongly criticised 

and dismissed as too simplistic, both by Italian archaeologists as well as elsewhere (see 

below). Hence, questions about the nature of the Villanovan material culture, its expansion 

within the Italian territory and its mobility patterns still remain unanswered. Recent 

advances in theoretical and methodological approaches in archaeology can facilitate 

exploration of themes of human mobility and to a much more meaningful level. 

Human mobility (e.g., postmarital residence, hostages and forced mobility, 

fostering, merchants) and migration describe significant phenomena in human 

populations. A simple but clear definition of human mobility describes it as the “capacity 

and need for movement from place to place” (Wendrich and Barnard, 2008, p. 3). The 
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movement of people and objects has been one of the most discussed subjects in 

archaeology (van Dommelen and Knapp, 2010). The presence of exotic artefacts, non-

local funerary rituals and material culture have made migration, mobility and colonisation 

principal subjects of archaeological studies for a long time. However, the interest in human 

mobility has shown “ups and downs” in archaeological studies due to the difficulties 

encountered in exploring this sensitive subject. For example, migration themes are 

strongly connected to ethnic identity, a very complex subject often hard to identify through 

the archaeological record. This chapter will briefly introduce the background to 

archaeological interest in migration, diffusion and ethnic theories to propose more 

appropriate, new and integrated studies for exploring this subject. 

Section 2.1 examines the Culture-Historical paradigm, strongly interwoven with 

concepts of migration, diffusionism and ethnicity. Processual (New Archaeology) and 

Post-processual archaeologists strongly criticised the Culture-Historical approach. This 

critique led to an abandonment of migration studies in archaeology for a long time (§2.2). 

The seminal paper by Anthony (1990) reintroduced human mobility into the 

archaeological analysis (§2.3). Such new approaches have freed the study of migration as 

an explanatory tool and now regard it as a topic to study and around which to develop 

theory. However, the fuzzy nature of the archaeological record does not always allow the 

identification of migratory phenomena. Section 2.4 demonstrates that isotopic and aDNA 

studies have helped to explore mobility in all its forms. This thesis proposes the use of a 

cross-disciplinary approach integrated with a robust theoretical framework to study 

mobility and the phenomena connected to it in the archaeological record (§2.5). 

2.1 Diffusionism and migration theories: a Culture-Historical approach 

The concepts of migration (population movement) and diffusionism (movement of ideas) 

became fundamental tools within the Cultural-Historical paradigm between the end of the 

19th century and the Second World War (Johnson, 1999). At the base of this paradigm was 

the idea that innovation was rare in past societies. Consequently, cultural ideas which 

originated in a single place later arrived in other geographical areas through either 

migration or diffusion (McSparron et al., 2020, p. 222). Nationalism strongly influenced 



10 

 

Culture-Historical ideas (Trigger, 1984). Recurrent assemblages of artefacts defined 

geographical areas and were associated with ancient ethnic groups (Burmeister, 2000). 

The Nationalistic concept of a specific race spread within an individual state might have 

inspired this latter idea (Jones, 1997, p. 44). Hence, European prehistory appeared as a 

mosaic of monolithic and unchangeable cultures identified as historical agents (Cavazzuti, 

2019). The equation that archaeological “culture = ethnos” favoured the use of migration 

and diffusionism as essential explanatory tools to justify changes in the material culture 

(Hakenbeck, 2008).  

The Culture-Historical paradigm was adopted in Europe and Britain by two very 

different scholars, namely Gustaf Kossinna and Gordon Childe. Kossinna’s research aim 

was to identify a Proto-Germanic homeland (McSparron et al., 2020, p. 222). To do so, 

this scholar formulated the concept of the Kulturkreis – archaeological areas that identify 

specific tribes of people (Kossinna, 1911, p. 3). Kossinna believed that Indo-Germans 

originated in the southwestern Baltic region and southern Scandinavia and then moved to 

the south and east of Europe, exporting culture and civilisation (Trigger, 1980; 

Hakenbeck, 2008, p. 13). Kossinna supported migration as a significant driver of change 

since he believed in the superiority of only certain people. In Kossinna’s idea, the Indo-

Germans were the only possible actors who invented and spread technologies. Childe – a 

Marxist and entirely opposed to the political notions of Kossinna – imported the 

Kulturkreis concept into the Anglophone world and used it as a principal tool of 

investigation in prehistory (Trigger, 1980, p. 43). Despite having a more complex view of 

the ancient past, Childe also interpreted migration as the primary cause of cultural 

changes. 

New archaeological trends from the 1960s criticised and challenged the inadequate 

theoretical background of the Cultural-Historical approach. Indeed, the interpretation of 

ethnos as a monolithic and unchangeable reality (Barth, 1969) represented by specific 

forms of material culture was considered too simplistic. Ethnic groups were now seen as 

actors themselves able to actively alter their connotations (Barth, 1969; Popa and Stoddart, 

2014). Additionally, the idea of geographical and social isolation was soon abandoned 

(Barth, 1969). Archaeologists started to adopt a more fluid and dynamic approach to ethnic 
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groups (Jones, 1997; Cifani et al., 2012). Accordingly, the geographical borders of diverse 

cultures became fuzzier than previously postulated. Therefore, migration and diffusionism 

were discounted as explanatory devices of social changes and banned from the 

archaeological agenda for a long time (Hakenbeck, 2008, p. 14). 

2.2 Immobilism and anti-migrationism in archaeology  

From the 1960s onwards, archaeologists were accused of immobilism (Hawkes, 1987, p. 

203) or anti-migrationism (Härke, 1998, p. 19). The sudden lack of interest in migration 

and diffusionism resulted from a general critique by the New Archaeology exponents to 

Culture-History theories (Hakenbeck, 2008, p. 14). New Archaeology criticised Cultural-

Historical approaches for ignoring human beings. Indeed, pottery style and other 

archaeological features seemed to move around without reference to the humans who 

produced them. Hence, New Archaeologists asked for innovative explanations to describe 

the relationship between artefacts and people.  

New Archaeology brought a “loss of innocence” in the theoretical framework 

(Clarke, 1973), completely refusing the equation between artefacts, cultures and people. 

Based on systems theory and ecological approaches, New Archaeology explained changes 

in the archaeological record as the outcome of internal factors rather than through 

migration or diffusion brought from outside (Trigger, 1996, p. 304). According to Clark, 

indigenous evolution was much more visible in the archaeological record than migration, 

which, anyway, “has to be demonstrated rather than assumed” (Clark, 1966, p. 188). 

Contextually the idea of cultures was rejected overall, showing little interest in ethnicity 

(Jones, 1997, p. 5) with some exceptions. Renfrew, for example, still recognised the 

importance of using archaeological cultures as analytical tools to define space and time 

coordinates (Renfrew, 1972, p. 17). 

Post-processual Archaeology challenged the fundamental assumption proposed by 

New Archaeologists, refusing to base archaeology on universal laws and general 

processes. Instead, these scholars focused their interests on the agency of individuals 

(Hakenbeck, 2008, pp. 16-17). Research interests shifted from large-scale regional 

overviews to the histories of specific sites or landscapes. Simultaneously, archaeological 
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culture and ethnicity came back into the spotlight with more multifaceted explanations 

(Hodder, 1982). The concept of migration was freed from the processual view of a 

universal description of the topic, suggesting a case-by-case analysis (Jones, 1997). 

However, archaeologists continued avoiding the study of migration for a long time. 

2.3 A renewed interest in migration  

Migration and mobility have become subjects of interest for archaeologists again since the 

1990s. The seminal paper by Anthony (1990) was a milestone that broke the tendency of 

immobilism and antimigration that flourished in previous years. Scholars no longer used 

migration as an explanatory tool, but they turned it into a subject of research to explore in 

its complexity. This was possible because migration was interpreted as a process – in 

opposition to random events beyond human decision (McSparron et al., 2020) – which 

can be modelled by archaeologists. Indeed, the traditional interpretation of migration as 

an invasion of a tidal wave (Rouse, 1986, p. 177) or an “irregular” occurrence (Champion, 

1990, pp. 214-215) was based on undocumented assumptions. In other words, migration 

and more generally human mobility were seen as a structured process of human behaviour 

and a traceable field of study.  

To identify human mobility and migration within the archaeological record, 

Anthony called for the construction of a robust theoretical background. An essential point 

of Anthony’s research was first to clarify what migration is and how it behaves. Anthony 

recommended borrowing migration theories from other disciplines (e.g., geography, 

biological and applied anthropology, and sociology) that, contrary to archaeological 

studies, had long investigated and theorised this subject. Nonetheless, the concepts of 

human mobility and migration are hard to frame and delineate because of their 

multifaceted and complex nature. In order to explore diverse types of human mobility in 

the past, Anthony constructed the theoretical framework for migration studies inspired by 

the work of Lee (1966) and other geographers. Migration can be explored on two fronts: 

its nature and the cause of migration itself. 
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2.3.1 The nature of migration: short- and long-distance migration 

Human mobility (Anthony’s short-distance migration) defines short-distance and short-

term movement (Gregoricka, 2021), taking place within one’s own cultural and/or 

political boundaries (Tsuda et al., 2015). This type of human mobility can be related to 

marriage and new employment in a different area within the same region. Alternatively, 

mobility can be seasonal for accessing territorial resources at diverse times of the year or 

based on networking and relationships with neighbouring villages (Gregoricka, 2021). 

According to Anthony (1990), this type of human mobility has a small impact on the 

material culture; therefore, it is challenging to spot it within the archaeological record.  

Migration (Anthony’s long-distance migration) is classified as long-term or 

permanent mobility of one or more individuals who cross political environmental or 

cultural borders (Cabana and Clark, 2011; Tsuda et al., 2015; Gregoricka, 2021). In 

contrast to human mobility, long-distance migration is simpler to identify since it creates 

a radical change in the archaeological record (Anthony, 1990). Migration exhibits four 

patterns, and these are not always visible in the material culture:  

a. Interregional migration or chain of migration, where pioneer members of the 

group (e.g., merchants, trappers, mercenaries) explore new lands. Subsequently, other 

people from the homeland migrate to the new place. Archaeologically this might be 

identified by the presence of earlier penetrations followed by new groups. Chain migration 

sites should look like “islands” of settlement in amenable places surrounded by ethnically 

different neighbourhoods;  

b. migration streams, where migrants move along well-known routes, creating 

pathways and providing information for newcomers. From an archaeological point of 

view, this is visible through artefact distributions that follow a specific line of movement, 

which is often difficult to intercept. Artefacts are replicated in the homeland style and 

rapidly replaced by objects that evolve in form and design (McSparron et al., 2020, p. 

224); 
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c. return migration, where migratory streams generally produce a counter stream 

that moves back to the homeland. The presence of goods typical of specific areas within 

the homeland represents useful archaeological information to spot return migration;  

d. migration frequency, when a person generally migrates more than once in 

his/her life. This form of migration is hard to spot archaeologically. 

2.3.2 Causes of migration 

Lee pointed at four main factors that people who migrate have to face and evaluate:  

a. factors related to the place of origin; 

b. factors related to the place of destination; 

c. intervening obstacles; 

d. personal factors. 

Both the place of origin (a) and destination (b) have negative (push) and positive 

(pull) factors that can either attract or repel people from an area. A migrant-to-be possesses 

an exhaustive judgment of the factors of the place of origin. Nonetheless, the same may 

not be true for the place of destination. Knowledge of the area of destination is often the 

outcome of information perceived by other people. Intervening obstacles (c), i.e., the 

distance that separates the place of origin from the destination, are fundamental factors 

evaluated by the people who have to move. Finally, personal factors (d) are considered 

prominent in the evaluation of migration. These can be constant in an individual life or 

vary according to the stage of life. For example, an adult individual who has lived for a 

long time in a place (place of origin) will overvalue the positive factors of this place. 

Furthermore, not all persons can independently decide whether or not to migrate (e.g., 

wife, children) (Fig. 4). 
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Figure 4: Migration model according to Lee (1966) 

Push and pull factors can be related to environmental, social, economic and 

political reasons. Push factors imply war, famine, drought or unemployment. Pull factors 

include employment opportunities, a safer atmosphere, fertile and available land, food 

suppliers, lower risk of natural hazard/a better climate or a favourable political situation. 

Hence, the selectivity in migration can be positive (pull) and negative (push). If migrants 

move mainly for positive attractors at the destination, these are positively selected. In 

contrast, if migrants move for negative factors at the place of origin, they are negatively 

selected. Despite admitting the difficulties of intercepting the causes of migration within 

the archaeological record, Anthony borrowed the notions of push and pull factors from 

geography studies (Lee, 1966; Anthony, 1990, p. 899). Push and pull factors originate 

long- and short-distance migrations (Fig. 5).  

 

 

 



16 

 

 
Figure 5: Summary of the theoretical framework by Anthony (1990) 

Burmeister (2000), who adhered entirely to the framework proposed by Anthony, 

disregarded the idea of theorising migration without referring to archaeological data. 

Instead, Burmeister proposed distinguishing migration and other forms of mobility 

through the actual changes documented in the archaeological record. This scholar 

suggested that there are two domains of migrant culture, namely the internal and external 

domains. The internal domain (e.g., houses, place of worship) shows more traditional 

traits, whereas the external domain (e.g., necropolises) displays more adaptation to the 

host culture. Hence, archaeologists should look for possible proof of migration within the 

internal domain. However, the elusive nature of the archaeological record makes it often 

challenging to intercept evidence of migration and to distinguish it from other phenomena 

of mobility. 

Despite the enormous effort made in the last few years in archaeology for 

exploring migration, intercepting human mobility and migration in the archaeological 

record remains a challenge. As highlighted by Anthony (1990), short-term distance 

migration seldom generates detectable signs in the material culture. Meanwhile, even if 

long-distance migration produces changes in the material culture indicative of mobility, it 

is difficult to clearly distinguish if non-local goods and costumes were traded across 

geographically distant places or if these were locally imitated through cross-cultural 
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emulation strategies. Bioarchaeology which includes ancient DNA analyses and 

radiogenic and stable isotope analyses, has facilitated the study of human mobility and 

migration in archaeology. New science-based methodology integrated with the 

archaeological record has improved our ability to identify both short- and long-term 

migration in archaeology. 

2.4 A ‘third science revolution’ 

Even if human migration does not always leave permanent and clear-cut marks in the 

landscape or the archaeological record, the environment can leave diagnostic information 

in human bodies. Biogeochemistry (87Sr/86Sr, δ13C, δ15N isotope analyses) and 

archaeogenetics (aDNA) on ancient humans have revolutionised the study of human 

mobility in archaeology in recent years. These studies have enabled archaeologists to 

explore aspects of human mobility otherwise invisible only through the archaeological 

record. Archaeologists traditionally inferred migration through assumptions drawn from 

the material culture. Since these interpretations could not be verified, the equation that 

“new culture = new population” was seen as a taboo for a long time. However, aDNA and 

isotopic analyses have shown that a change in the material culture or funerary ritual can 

possibly explain migratory phenomena (Cavazzuti, 2019, p. 303).  

The studies of ancient DNA have recently demonstrated that three principal 

genetic components characterise modern European populations (Gamba et al., 2014; 

Lazaridis, 2018; Cavazzuti, 2019; Modi et al., 2020). The first component is the European 

Palaeolithic “Western Hunter-Gatherers” (WHG). The second involves the Neolithic 

farming societies – “Early European Farmers” (EEF) (Hofmanová et al., 2016; Omrak et 

al., 2016) – who came from the East, more precisely from Anatolia (Hofmanová et al., 

2016; Omrak et al., 2016). The last one, during the period 2900-2500 BCE, saw the 

herders from the Pontic-Caspian steppes – so-called Yamnaya – coming into central 

Europe and Asia (Allentoft et al., 2015; Haak et al., 2015). The Corded Ware Culture 

(CWC) population was strongly characterised by a Yamnaya genetic component within 

its male branch. Hence, the Yamnaya migration was prevalently male and formative for 

the CWC culture (Cavazzuti, 2019, p. 299).  
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aDNA outcomes from Ireland have shown that the Yamnaya component arrived 

on the island around 2500 BCE with the introduction of “Bell Beaker Culture” (BBC) 

(Cassidy et al., 2016), showing a mix between previous EEF population and the BBC 

genome. Additionally, the Yamnaya component is also visible in Britain, south-eastern 

Europe and Spain within the BBC culture (Cavazzuti, 2019, p. 300). aDNA can also 

provide information on an individual level. Studies that involved genetic analysis of 

kinship exposed stimulating patterns in the social structure of the necropolis analysed and 

possible relationships with other contemporary nearby necropolises (e.g., Mittnik et al., 

2019). 

Isotope studies have become prevalent in archaeology to explore the movement of 

people at an individual level. Isotope analyses are a powerful tool to examine the 

assumptions formerly inferred from the archaeological record (§4). Such studies range 

across periods and geographical areas: from the Neolithic (Price et al., 2001; Bentley et 

al., 2002; 2003) to the medieval period (Guede et al., 2017; Montgomery et al., 2005) and 

from diverse geographical regions (e.g., Price et al., 1994; Ezzo et al., 1997; Knudson et 

al., 2004; Price and Gestsdottir, 2006; Nafplioti, 2010; Emery et al., 2018).  

However, according to Kristiansen (2014), both isotope and aDNA studies are still 

at an embryonic stage associated with the 14C revolution before calibration. As for 

87Sr/86Sr analysis, the methodology is becoming more defined with high-resolution 

baseline maps of diverse geographical areas. Meanwhile, potential issues in the method 

have arisen (§4.1.2). Additionally, different types of samples, such as cremated remains, 

which were previously dismissed, have recently been included in this field of studies 

(§4.1.3.3). Carbon (δ13C) and nitrogen (δ15N) analyses have shown the importance of 

constructing a baseline and a possible interpretation issue due to bone remodelling. As for 

aDNA, there is a more robust understanding of the best sample to choose (i.e., the inner 

pars of the petrous bone; Gamba et al., 2014; Kristiansen, 2014; Pinhasi et al., 2015; 

Veselka et al., 2020) and the construction of a comparative database of prehistoric times.  

Both aDNA and isotopic analyses have contributed substantially to the study of 

migration in archaeology, revealing unprecedented details and multifaceted information 

on mobility in the past. A recent trend in archaeology sees the association of diverse 



19 

 

science-based methodologies joined together to collect as much information as possible 

from the archaeological record.  

2.5 Cross-disciplinary approaches: a new method to explore migration 

in the past 

Archaeological studies which intended to explore migration in the past have lately 

employed diverse disciplines to collect as much information as possible. The starting point 

of all this work is the impossibility of addressing specific types of research questions on 

mobility by just analysing the material culture. The disciplines involved are osteology and 

aDNA and isotope analysis, supported by a robust archaeological background.  

Alt et al. (2014) were amongst the first to use a cross-disciplinary study on the 

Lombard necropolis of Szólád, Hungary (6th century CE). The study sought to test if 

composite approaches (i.e., archaeological, osteological, 87Sr/86Sr, δ13C, δ15N and ancient 

mtDNA analysis) could confirm the high human mobility rate reported by written sources. 

The combined outcomes revealed a highly mobile lifestyle at the site during the 

“Migration Period”. Additionally, the results pointed out that Lombard settlers occupied 

Szólád for a short term. The paper also built three model phases according to isotopic and 

osteological data, i.e., different isotopic information of adults and children. Phase I 

displayed patrilocal residential rules. Indeed, 87Sr/86Sr values in male subadult and male 

adults overlapped with 87Sr/86Sr local values. In contrast, female individuals had divergent 

87Sr/86Sr values. During Phase II, the results indicated that individuals of all ages and 

classes came from isotopically diverse areas to Szólád. In Phase III, the high presence of 

children with local 87Sr/86Sr buried at the cemetery, compared to adult individuals, 

supported the idea of possible abandonment of the cemetery. Therefore, Alt et al. draw 

the main conclusions of the study from isotopic and osteological data and less so from 

archaeological and aDNA information. 

Recent and more sophisticated work on the Post-Roman necropolis of Mözs 

(second quarter of the 5th century CE) – in the Carpathian Basin (Hungary) – by Knipper 

et al. (2020) has given more promising results. Archaeologically, the cemetery of Mözs 

represents a newly founded graveyard that testifies to a melting pot of population groups. 
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The integration of diverse data such as δ13C, δ15N, 87Sr/86Sr isotopes and osteological 

analyses has shown an early occupation of the cemetery. The individuals from the previous 

phase displayed 87Sr/86Sr which span across all three values of the local 87Sr/86Sr range 

and they ate variable shares of millet. In the latter stage, the data highlighted that twelve 

individuals at the cemetery shared the same non-local origins. These individuals all show 

an 87Sr/86Sr ratio higher than the local range and similar δ13C and δ15N isotopic values 

amongst them, implying a similar diet. 

Additionally, ten out of the twelve non-local individuals had artificially deformed 

skulls. The presence of children with deformed skulls and local 87Sr/86Sr values indicated 

that the new, incoming group became culturally and socially dominant. Later on, people 

at Mözs mixed local and non-local traditions, testified by the hybridisation of late antique 

practices and newly arrived traditions (i.e., artificially deformed skulls). In this study, all 

the data seem sensibly integrated. Knipper et al. exhaustively interpreted archaeological 

information (planimetry of the cemetery, chronology) together with osteological and 

isotopic data on diet and mobility. 

An exceptional example of cross-disciplinary study is the work by Sjögren et al. 

(2020) on two southern German cemeteries of the late Bell Beaker culture (~2300-2150 

BCE): Irlbach (county of Straubing-Bogen) and Alburg (Lerchenhaid, city of Straubing). 

Besides using various disciplines, as was the case for the other two studies presented 

above, Sjögren et al. supported their work with a solid theoretical background. The 

combined analysis of archaeological (e.g., funerary customs, material culture and 

chronological sequences), osteological, genetic (ancestry and kinship) and isotopic 

(87Sr/86Sr, δ18O) evidence was indeed reinforced by cultural anthropological and linguistic 

theories. The work aimed to document specific residency structures and social 

organisation criteria at the sites. Furthermore, it intended to demonstrate that the Bell 

Beaker people of Irlbach and Alburg had a patrilocal structure and practised exogamy at 

a community level, as shown in previous works for Corded Ware groups (~2900-2100 

BC).  

Sjögren and colleagues demonstrated that the basic kinship units were nuclear 

families. Genetic data pointed at close familial relationships in the first phases in both 
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necropolises. Furthermore, the groups buried in both necropolises were based on 

patriarchal, patrilinear and patrilocal residency. This idea was supported by three main 

pieces of evidence: the Y-chromosome homogeneity, the female individuals isotopically 

recognised as non-local and the presence of more male children within the cemetery. The 

variety of mitochondrial haplotypes and missing half-siblings in the genetic records 

pointed at monogamous marriages based on exogamy. The presence of more male children 

in the graveyard endorsed the idea that the inheritance system was based on male 

primogeniture. This interpretation is supported by the slight female deficit for the infant 

I/II class, and the presence of child burials with weaponry sets that point at an inherited 

rather than an achieved status (Sjögren et al., 2020, p. 20). Hence, the combination of data 

and cultural anthropological and linguistic frameworks demonstrated that both cemeteries 

had a dominant male line. This male line might have favoured the establishment and 

persistence of Indo-European cultural, social and linguistic coherence towards central 

Europe. 

Overall, the study by Sjögren and colleagues has proved how a theoretical 

framework can boost these types of cross-disciplinary work. To date, studies that include 

aDNA and isotopic analysis have lacked a sufficient body of theory on migration 

phenomena. Suffice to say that geneticists often use archaeological cultures in an 

uncritical way to represent ancient people (Cavazzuti, 2019, p. 310). Likewise, 87Sr/86Sr 

or δ18O isotope analyses often stand on their own to demonstrate the presence of 

allochthonous human individuals at a site without building a consistent theoretical 

framework. As stated by Anthony, it is necessary to understand migration before studying 

it. Since aDNA and isotope analyses are unique tools to explore migration in the past, I 

propose using the theoretical framework elaborated by Anthony (1990) as a guide to study 

migration more effectively.  

2.6 The need for a theoretical framework 

Figure 6 reports how the theoretical framework by Anthony can guide the understanding 

of the archaeological data and isotope and aDNA analyses to explore migration in a more 

detailed way. A clear-cut example is short-distance migrations. As mentioned above, this 
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type of migration is invisible through the archaeological record only since no substantial 

changes are reported in the material culture (§2.3). The use of both 87Sr/86Sr isotope 

analyses and the material culture analysis can identify short-distance migration. If the 

geological landscape has significant variability, possible short-distance migration can be 

intercepted by building the 87Sr/86Sr icescape of the area around the necropolis within 50 

km distance (Cavazzuti, Skeates et al., 2019; Snoeck et al., 2020). The individuals who 

are buried with artefacts and funerary rituals which follow a local tradition but have 

87Sr/86Sr values which differ from that at the necropolis and point to values within 5 to 50 

km distance, could possibly represent people who came from nearby villages.  

 
Figure 6: Summary of the theoretical framework on migration by Anthony (1990) integrated with 

isotopic and aDNA analyses 

Likewise, long-distance migration can be recognised on an individual scale by 

associating isotopic analyses interwoven with chronological information. Anthony (1990) 

distinguished between two types of long-distance migration, namely, the chain of 

migration and the migration stream (§2.3). These are both visible archaeologically, as 

ethnically isolated islands, but they might be confused. Indeed, the archaeological record 

would reveal very similar patterns for those two types of migration. A migration chain 

would be the result of a group of pioneers (e.g., merchants, mercenaries and trappers) who 

first explored a specific place and were subsequently followed by actual migrants. In 
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contrast, a migration stream would be the result of diverse waves of migrations – namely, 

groups of people that migrated in various chronological periods.  

Hence, archaeological and isotope analyses together can define the type of long-

distance migration as long as a robust chronological framework is provided. The migration 

chain would ideally show exotic material culture with no allochthonous individuals 

identified through isotopic analysis (e.g., 87Sr/86Sr and δ18O) in earlier chronological 

phases. Later phases should have both exotic material culture and non-local individuals. 

In contrast, the migration streams might show exotic material culture and isotopically non-

local individuals since the first phases. 

Another interesting case is migration frequency, i.e., when a person moves more 

than once in his/her life. This form of mobility is archaeologically invisible, but it can be 

intercepted through high-resolution strontium isotopic analysis. Contrary to bulk tooth 

enamel sampling (largely used in strontium samples), laser ablation multi-collector 

inductively coupled plasma mass spectrometry (LA-MC-ICP-MS) offers high spatial 

resolution sampling of the tooth (Lewis et al., 2014). Since tooth enamel sequentially 

mineralises from cusp to cervix, temporal information on the strontium ratio is preserved 

in the growth axis of the tooth enamel. This can give high-resolution temporal information 

on the mobility of the individual analysed. 

A further step for a more detailed interpretation of migration within the 

archaeological record would be integrating diverse disciplines supported by a robust 

theoretical framework. Figure 7 shows how osteological, archaeological, isotopic 

(87Sr/86Sr, δ18O, δ15N, δ13C) and aDNA data can be used to catch diverse aspects of 

migration in the past. 
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Figure 7: Scheme to guide migration study in archaeology 

2.7 Chapter conclusion 

The long-neck vase represented in Figure 3 has been the symbol of the Villanovan group 

spread within the Italian Peninsula in the EIA for a long time. The equation 

“archaeological “culture = ethnic group” was strongly criticised and dismissed as too 

simplistic from the 1960s in Italian archaeology as elsewhere. New Archaeologists 

avoided migration and diffusionism in the archaeological agenda for a long time. 

Following this trend, some exponents of Italian archaeology challenged the idea of 

Villanovan material culture as representative of a well-defined ethnic group. 

Consequently, interest in the dynamics of this group’s expansion within the Italian 

territory also fell (§3). During the 1990s, a renewed interest in migration as a subject of 

study changed this scenario, refocusing the spotlight on mobility in archaeological studies. 

aDNA and isotope analyses have been a further boost for the study of mobility in 

archaeology, often demonstrating that a change in the material culture can represent 

migratory phenomena. The time is now ripe for exploring migration in archaeology and 

understanding these phenomena in a more detailed way, especially concerning prehistoric 

groups. A cross-disciplinary approach supported by a robust theoretical framework will 

advance the understanding and interpretation of migration in prehistoric groups. 
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Chapter 3. Pure association of artefacts or representation of a 

people: are traditional archaeological approaches enough to 

explain what is behind the Villanovan material culture? 

Chapter 3 presents one of the most debated archaeological topics of Pre-Roman Italy: the 

Villanovan material culture and its origin and diffusion within the Italian Peninsula. This 

chapter gives the reader an insight into the political and social organisation of the 

Villanovan group. It attempts to explain why these people achieved a leading position in 

the Italian Peninsula during the 1st millennium BCE (§3.1). Subsequently, the chapter 

clarifies how traditional archaeology classified, through recurrent features in the material 

culture, the Villanovan groups within the main territory of Etruria (§3.2) and the sites 

scattered across the peninsula (§3.3). However, the presence of classical Villanovan 

features mixed with other traditions, documented primarily in the Villanovan sites located 

outside Etruria, challenged the traditional interpretation of the Villanovan material culture 

as representative of a defined group (§3.4). Sections 3.5, 3.6 and 3.7 introduce the main 

case study of Fermo – a prominent Villanovan colonial enclave in Picene territory. 

3.1 The Villanovan material culture: an introduction 

The Villanovan material culture was identified for the first time by Giovanni Gozzadini at 

Villanova di Castenaso, near Bologna, in the mid-19th century, hence the culture name. 

Ever since, the Villanovan material culture has been documented in modern Tuscany 

(northern Etruria), western Umbria (internal Etruria) and northern Latium (southern 

Etruria); these areas were recognised as the central Villanovan pole. Other sites 

characterised by Villanovan material culture scattered within the peninsula were classified 

as the outcome of the Villanovan groups’ expansion (Fig. 8). These places were often 

geographically related to sites linked to the Etruscan people, a historically recognised 

ethnic group (7th-1st century BCE; Torelli, 1986; Spivey and Stoddart, 1990). Hence, 

recurrent features in the material culture (§3.2) and the geographical and cultural 

continuity between Villanovan and Etruscan2 sites brought scholars to recognise the 

 
2 Diverse elements supported the continuity between these two forms of material culture. First of all, the 

Villanovan and Etruscan necropolises corresponded geographically. Subsequently, according to ancient 
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Villanovan material culture as representative of a people who formed and achieved a 

leading position in the Mediterranean during the 1st millennium BCE. 

 

Figure 8: Areas of Villanovan expansion during the EIA (10th-8th century BCE) 

  

 
written sources, Etruscan people identified themselves as a group from the Final Bronze Age (FBA: 12th -

10th century BCE) (Torelli, 1986; Bietti Sestieri, 2012; Cuozzo, 2012). For example, Varro reported that the 

Etruscan name was almost ten centuries old (Cens. De die Natali XVII, 5-6 and Serv. ad Aen. VIII, 526). 

According to Servius, the 10th century from the formation of the Etruscan people started during Augustus’ 

empire (Ecl. IX, 46). Finally, archaeologists discovered Etruscan inscriptions within Villanovan sites from 

as early as the 7th century BCE (e.g., Colonna, 2002). 
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It is crucial to define geographical and temporal coordinates to understand the 

Villanovan material culture phenomenon and its evolution through time. This section 

introduces the Final Bronze Age premises that foreshadowed the Villanovan material 

culture (§3.1.1). Subsequently, it defines what is known about the Villanovan people, their 

organisation within the territory, social structure and exploitation of resources (§3.1.2). 

However, it must be stressed that our knowledge of the Villanovan material culture is 

restricted to the reading of the necropolises, mostly concerning grave goods and spatial 

analysis. The investigation of settlements through excavations and ancient landscape 

through archaeological surveys and osteological analyses have been rarer. Additionally, 

an imbalance in the documentation (e.g., southern Etruria is far more documented than the 

areas of internal and northern Etruria) constitutes a further problem in interpreting this 

phenomenon.  

3.1.1 The Final Bronze Age (FBA: 12th-10th century BCE): the Proto-Villanovan 

material culture 

The Villanovan material culture is traditionally considered rooted in the Proto-Villanovan 

phenomenon of the Final Bronze Age (FBA). This latter is a phenomenon connected with 

the Urnfield culture beyond the Alps (Fig. 9; Kristiansen, 2000, p. 63), for the employment 

of cremation as a funerary ritual and the use of a group of symbols such as the solar ship 

and zoomorphic decorations (Di Gennaro, 1996; Bietti Sestieri, 2010). The Proto-

Villanovan material culture was homogeneously distributed across Italy and part of Sicily 

(Negroni Catacchio, 2010). This form of material culture spread in southern Etruria and 

Campania (Tolfa-Allumiere culture), in the Romagna, Tuscany, Umbria and Marche 

region (Chiusi-Cetona culture) and in eastern Lombardy and Veneto (Proto-Villanovan 

Padano). Most importantly, this phenomenon initially marked significant changes in 

territorial organisation, social structure and employment of natural resources, a prelude to 

the more radical development witnessed in the Early Iron Age (Di Gennaro, 1996; Peroni, 

2000; Bietti Sestieri, 2010). These changes are summarised in the following sections. 
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Figure 9: The Urnfield culture’s diffusion in Europe  

3.1.1.1 Settlement structure 

In southern Etruria (Tolfa-Allumiere), small groups of people gathered on fortified 

settlements (5-15 hectares) located on high hills or tuff plateaux (Di Gennaro, 1996; Bietti 

Sestieri, 2012). In the last phase of the FBA, many of these sites were abandoned, and 

larger plateaux (up to 150 hectares) were partially occupied (Allumiere culture) – an aspect 

more broadly testified in the Early Iron Age (see below). In northern Etruria and Umbria 

(Chiusi-Cetona culture), the territory appeared differently organised compared to southern 

Etruria (Zanini, 2012). The settlements in this area looked like a polyfocal system of 

villages working together in contrast to the more defined nucleation of southern Etruria 

(Stoddart, 2017). 

3.1.1.2 Social structure 

Meanwhile, the structure of the society had initial changes, according to the analysis of 

grave goods and the spatial deposition of the tombs. The necropolis plans point towards 

emergent hierarchical kinship groups of leading families (where leading males were 

buried with weapons) associated with client followers (Pacciarelli, 2000, p. 280). The 

former communities based on extended kinship and “tribal” egalitarianism transmuted into 

socio-economic centralisation of leading families that controlled the agricultural, metal 
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and craft production (e.g., Pacciarelli, 2000, p. 282). Indeed, this initial formation of a 

warrior elite came together with a more general process of economic change (agriculture 

and craft production).  

3.1.1.3 Exploitation of resources 

The above-mentioned socio-political changes were strongly interwoven with the 

modification of the economic structure of those groups. The resources available in the 

territory, such as good arable lands, good routes and extensive metal sources, played an 

essential role in the growth of these groups. The use of metals achieved new and 

unprecedented levels in this period and became a form of accumulated portable wealth 

(Stoddart, 2016). The ores of Monti della Tolfa in southern Etruria (copper, lead, zinc and 

iron) and Colline Metallifere in northern Etruria (antimony, mercury, lead, zinc, iron and 

tin) achieved a prominent role in the FBA, and more substantially in the Iron Age 

(Bartoloni, 2002, p. 58). Furthermore, the advance of metallurgy brought a parallel 

development in agricultural activities with the introduction of new tools (e.g., sickles, saws 

and chisels), which provided considerable fuel for the growth in population (Bartoloni, 

2002, p. 78). Trade networks also recorded a substantial boost. Sestieri (2012) recognised 

two central places for the production and exchange of ceramics, metalwork, cloth, horn, 

ivory, glass and amber. These sites were Frattesina in the eastern Po valley, an emporium 

located 30-40 km from the Adriatic coastline, and Maccarese in the Latium region.  

The Proto-Villanovan groups of the FBA exhibited an initial social and economic 

enthusiasm, particularly in southern Etruria, which then led to a significant shift in 

population dynamics, organisation of the territory and the formation of the cultural identity 

of the so-called Villanovan people. 

3.1.2 The Early Iron Age (EIA: 10th-8th century BCE): the Villanovan material 

culture 

During the EIA, the cultural and regional homogeneity of the FBA had a significant 

change: regional differences emerged in the Italian Peninsula (Bietti Sestieri, 2012; 

Zanini, 2012) and diverse cultural groups emerged, arguably corresponding to specific 

ethnic entities (Fig. 10). 
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Figure 10: The main archaeological groups in the Italian 

Peninsula during the EIA 

These cultural realities had specific archaeological traits such as funerary ritual, 

settlement structure and material culture. According to recent theories, these groups were 

the outcomes of growing networks between groups of diverse origins (Blake, 2014). This 

hypothesis was based on the idea that shared mentalities, which eventually become 

common identities, are shaped by the interaction between groups. The Villanovan material 

culture (Table 1) stood out due to its structural and territorial organisation and dominant 

presence within the Italian territory. Contrary to the other regional groups, the political 

landscape in Etruria witnessed a rapid and marked process of demographic nucleation 

together with a process of identity formation (Stoddart, 2017). The Villanovan group 

demonstrates the crucial moment of transition from a simple to a complex society. 

Innovation in the territorial layout and the social and economic dimensions is far clearer 

cut than in the FBA. These aspects are discussed below.  
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Chronology Culture Organisation 

EIA1 

(925-825 BCE) 

Villanovan I End of villages, 

formation of proto-urban 

centres  

EIA2 

(825-725 BCE) 

Villanovan II Consolidation of proto-

urban centres 

Orientalising 

(725-575 BCE) 

Orientalising  Urban civilization 

Table 1: Summary of the Villanovan material culture chronology and 

territorial organisation (Pacciarelli, 2016) 

3.1.2.1 Settlement structure 

In the early phase of the Iron Age (EIA1, Villanovan I phase), FBA settlements were 

abandoned (in some cases, this process started in the FBA3; Bartoloni, 2002, p. 114). 

Larger groups of people occupied naturally defined sites in the form of tuff plateaux or 

clustered hills (125-200 hectares, whilst secondary sites were 40-90 hectares; Pacciarelli, 

2000, p. 279). These sites were located in strategic areas for the control of resources. 

Italian scholars have classified those settlements as proto-urban centres (Di Gennaro, 

1996; Pacciarelli, 2000; Peroni, 2000), which corresponds to Renfrew’s definition of the 

Early State (Renfrew, 1975). However, as outlined by Stoddart, “the emphasis on proto-

urban landscape is perhaps overworked by scholars specialising in this period” (Stoddart, 

2016, p. 8). To comprehend the uniqueness of the Villanovan phenomenon, it is worth 

mentioning that the nearby contemporary Latium area had only small centres located 

nearby each other (5-10 km) (Bartoloni, 2002, p. 115). The proto-urban centres appeared 

in Latium only later (Guidi, 1985; Bartoloni, 2002) except for Gabii and Rome 

(Pacciarelli, 2000, p. 279).  

During the Villanovan II phase (Table 1), proto-urban centres stabilised and 

eventually became city-states in the Orientalising period (Stoddart et al., 2020). Barceló, 

Pelfer and Mandolesi (2002) compared the 8th-century BCE Villanovan settlements to 

sites in the Near East. In this latter case, the towns became the focal centres of work 

specialisation and exercised their power at a great distance, absorbing smaller 

neighbouring centres. For example, Tarquinia, a leading Villanovan site, controlled the 

surrounded territory and the nearby Gravisca emporium, situated on the coast. Relying on 
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diverse sources, Villanovan centres were independent competing equals, which might 

have been the reason for their rapid growth and development (Stoddart, 2020).  

3.1.2.2 Social structure 

The sophisticated organisation of the territory mirrored the social complexity documented 

within the cemeteries. The emerging social structure identified in the final FBA cemeteries 

crystallised in the Villanovan I (Pacciarelli, 2000, p. 281; Bartoloni, 2002, p. 169). Small 

to medium-sized groups of tombs represented nuclear or extended families characterised 

by both genders, all ages and various social roles. The nucleus of tombs generally 

consisted of a male and a female individual (probably a couple) of similar status 

surrounded by the other tombs. Tombs displayed very few grave goods, implying apparent 

social equality within the cemetery. However, it is a common opinion that the funerary 

ideology masked the real social inequality which emerged in this period (Bartoloni, 2002, 

p. 150). The actual social structure is reflected only in some cases with the presence of 

“chiefly” tombs whose inhabitants were buried with weapons. During the Villanovan II, 

this apparent equality was abandoned, and elite groups appeared in the Villanovan 

cemeteries. The wealth of the grave goods increased drastically in both female and male 

tombs, showing the high rank of those groups. 

3.1.2.3 Exploitation of resources 

The growing warrior elite could guarantee the defence of the resources within the 

landscape, which started to be more intensively exploited during the EIA. The Villanovan 

settlements were strategically located in the vicinity of available resources (e.g., crops, 

pastures, metal ore), or the nearby position of the coastal harbour (Vulci, Tarquinia, 

Cerveteri, Populonia), or fluvial harbour (Chiusi, Orvieto, Veio) and lakes (Bisenzio) 

(Bartoloni, 2002, p. 191). Each Villanovan centre seemed to privilege a particular activity, 

and this resulted in significant variation in the organisation of the territory. For example, 

Populonia and Vetulonia, which are located on the coast, had a crucial role in the metal 

trade (Bartoloni, 2002, p. 58; Stoddart, 2020). 

During the EIA, there was a substantial increase in agricultural production 

(Bartoloni, 2002, p. 144). As by the few studies of settlements, an increment of cereals 

and infesting weeds, which imply intensive crops, was recorded in layer IX of the Narce 
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settlement (Bartoloni 2002, p. 144). Another example is the Gran Carro settlement which 

showed the use of grapevines (Bartoloni, 2002, p. 144). Recently, pollen studies have 

demonstrated that the original vegetation of the area was manipulated to provide cereal 

and tree crops as well as grazing for sheep, cattle and pigs (Stoddart et al., 2019; 2020). 

Additionally, the new social structure favoured the increase of land exploitation by nuclear 

families (Bartoloni, 2002, p. 145). Meanwhile, the development of new metal tools 

specialised for agricultural activities already found in the FBA (see above) further 

improved agricultural activities (Bartoloni, 2002, p. 78). 

The exploitation of metal ores became pivotal in the EIA1 and even more in the 

subsequent periods. The analysis of slags at Populonia showed that the 

Villanovans/Etruscans retained control of the full range of operations, from mining ore, 

smelting and smithing to making the finished artefacts (Mommersteeg, 2011, p. 137). 

Bronze was prominent in the Villanovan I and II with some minor appearance of iron 

which became prominent in the Orientalising period. The exchange of metal, one of the 

most significant activities of the Villanovan people, influenced the political and economic 

development of this group. The exploitation of metal ores, indeed, favoured new networks 

supported by maritime trades. In fact, the position of Etruria, in the centre of the 

Mediterranean, favoured access to, and the success of, maritime transport and trades 

(Stoddart et al., 2020). During the Villanovan II, trade networks were established with 

incoming Greek and Phoenician people who were notoriously attracted by the metal assets 

of Etruria. Subsequently, during the Orientalising era and afterwards, trade with eastern 

groups reached a peak (Bartoloni, 2002, p. 205). Additionally, artefact exchanges amongst 

the Villanovan centres were recorded ever since the first phases (Bartoloni, 2002, p. 170). 

Contrary to other EIA groups, the Villanovans achieved a leading position in the 

Italian territory, most likely because they were able to extensively exploit the resources of 

the territory (agricultural, trade networks, metals) through a well-established political 

organisation of single groups and settlements. All these aspects contributed to the 

demographic and social burgeoning of the Villanovan groups.  
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3.2 Principal characteristics of Villanovan sites in Etruria 

Ever since the first discovery at Villanova di Castenaso, archaeologists started to classify 

Villanovan sites based on a variety of recurrent features. These features represented a 

people who retained a leading position in the Italian Peninsula during the EIA. There were 

three main elements that were used to label a site as Villanovan which were: 

a. The distinctive funerary ritual. The ritual of cremation with distinctive 

long-neck vases covered by re-entrant rim bowls was a unique element within the 

Villanovan necropolises. Both the urn and the bowl, the latter used as a lid, displayed 

diagnostic shapes and Villanovan-style decoration. The cinerary urn was generally placed 

in a pit excavated in the earth and filled with “terra di rogo” – the pyre remnants (Iaia, 

1999; Iaia and Pacciarelli, 2012) (Fig. 11). 

 

Figure 11: Structure of a Villanovan tomb, 

Tarquinia, Villa Bruschi necropolis 

adapted from 

http://etruriameridionale.beniculturali.it 

b. The typical Villanovan artefacts. Weapons (e.g., swords and helmets), 

lunate razors and disc fibulae were amongst the most common types within Villanovan 

necropolises. 

http://etruriameridionale.beniculturali.i/
http://etruriameridionale.beniculturali.i/
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c. The peculiar and diagnostic settlement structure (§3.1.2). Villanovan 

settlements were commonly placed on the top of extensive isolated plateaux or hilltops 

located in well-defended areas and surrounded by necropolises (Fig. 12).  

  

Figure 12: Villanovan settlements in Etruria 

Black squares indicate the necropolises 

  Even though the affinities amongst the Villanovan sites of Etruria have so far 

reinforced the idea of a homogenous phenomenon, this interpretation does not reflect a 

real picture of the Villanovan material culture. A more in-depth analysis of the diverse 

contexts points out substantial differences amongst the Villanovan necropolises. An 

indicative example is the ritual of cremation (a), considered an essential element for 

labelling a site as Villanovan. Nonetheless, Cerveteri – a main Villanovan site that became 

Etruscan in historical time – recorded both cremations and inhumations ever since its first 

phases (beginning of the 9th century BCE; Pohl, 1972). Inhumations at Veio were already 

present around the 9th-8th century BCE but were attested some decades later at Tarquinia 

and Vulci (Peroni, 1992). In contrast, cremations were still widespread in Vetulonia and 

Populonia in the 8th century BCE and until the 6th century BCE at Chiusi. Those affinities 

are even less remarkable in the areas outside Etruria. 
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3.3  Villanovans outside Etruria: a complex phenomenon 

Besides the Etruscan territory, four areas in the Italian Peninsula displayed Villanovan 

features (Peroni, 1992). These areas were located in (see Fig. 10):  

a. the Campania region with the main sites of Pontecagnano, Sala Consilina and 

Capua and a territorial system of villages (d’Agostino, 2011; Cinquantaquattro 

and Pellegrino, 2017); 

b. the Emilia region with the main site of Bologna and a territorial system of villages 

along the entire upper and lowland regions between the Idice and the Reno 

valleys, later on including the areas of Panaro and Santerno (Sassatelli, 2012; 

Malnati, 2017); 

c.  the Romagna region with the main site of Verucchio and a territorial system of 

villages in a territory that extended from San Marino to Cesena (von Eles and 

Baldelli, 2017, p. 1458); 

d.  the Marche region with the site of Fermo. 

  Archaeologists have long debated the nature of these sites, which displayed some 

or all of the above-listed features (§3.2) while having a hybrid material culture (Cuozzo 

and Pellegrino, 2016) interwoven with local practices (with the exception of the area of 

Bologna (Peroni, 1992); Table 2). There are a number of elements that distinguish those 

sites and make their classification even more difficult. The sites of the Campania region, 

except for Sala Consilina, and the Emilia region seem to experience a parallel history 

compared to the sites of Etruria. During the FBA, the Proto-Villanovan culture is attested 

in both areas (d’Agostino, 2011; Malnati, 2017). Later on, in the EIA, a phenomenon of 

proto-urbanisation is shown (d’Agostino, 2011; Cinquantaquattro and Pellegrino, 2017). 

During the Etruscan time, those territories are recognised tout court as Etruria Campania 

and Etruria Padana in ancient sources. Furthermore, an Etruscan re-colonisation of those 

regions in the 6th century BCE is documented (d’Agostino, 2011; Sassatelli, 2012). 

 The sites of Fermo and Verucchio behaved slightly differently from the other sites. 

These two were surrounded by the Picene material culture (§3.5) and did not become 

Etruscan in historical time as thee other sites. The site of Verucchio was abandoned in the 
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second half of the 7th century. However, recent studies (von Eles and Pacciarelli, 2018; 

Rondini and Zamboni, 2020) have pointed out the presence at Verucchio of human groups 

of Proto-Villanovan tradition as early as the FBA, similarly to the sites of Campania and 

Emilia. In contrast, Fermo, where so far, no FBA or other EIA Villanovan findings have 

been reported3, could be classified tout court as a colonial enclave (cf. §1.1).  

 Due to the complex and diverse development of the sites outside Etruria, much of 

the research has mainly focused on interpreting their ethnic association and origin. The 

hybrid nature of the Villanovan sites outside Etruria and their confused character in terms 

of FBA premises and historical outcome locate these sites in a complicated, fuzzy position, 

making it impossible to frame them within a set of standardised items. The confusing and 

composed nature of these sites has stimulated a long-lasting debate on their origin.  

 
3 With the exception of a substantial group of findings (types from Etruria) from the so-called “Salino 

necropolis” – located approximately in the nearby Teramo plain between Salinello and Vibrata (Abruzzo) 

(Lucentini, 2000, 2002, 2007). 
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3.4 Pure association of artefacts or representation of a people: what is 

behind the Villanovan material culture? 

Archaeologists have proposed three interpretations of the Villanovan material culture: 

a. One view was held by traditional Etruscologists who interpreted the 

material culture as representative of a clear and distinct ethnos directly related to the 

Etruscans (e.g., Bartoloni, 2002; d’Agostino, 2011). According to these scholars, the 

shared Villanovan ritual habitus testified to the common identity of the people who 

practised it (d’Agostino, 1982; 1985; 2011). Consequently, the areas outside Etruria were 

fully-fledged considering the outcomes of Villanovan colonisation within the Italian 

territory.  

b. In contrast, the second view, held by Peroni, a leading Italian prehistorian, 

rejected the hypothesis proposed by Etruscologists, considering the association between 

material culture and ethnic groups to be too simplistic (Peroni, 1994b). Peroni argued 

that the Villanovan material culture represented similar traits (e.g., funerary ritual, 

material culture and settlement structure) shared by diverse ethnic groups. According to 

Peroni, these groups intentionally broke with traditional customs of the past and adopted 

new, shared settlement organisation and social structures. Hence, Peroni interpreted 

Villanovan models as a re-elaboration of an ideal prototype rather than indicating the 

exchange of goods and movement of people (Peroni, 1992). The inconsistency of shared 

features in the material culture amongst the Villanovan sites within Etruria and, even 

more, the ones located outside this territory further supported Peroni’s hypothesis. 

According to Peroni, those groups recognised themselves as ethnically bounded through 

the Etruscan identity only in historical time (Peroni, 1992). Hence, Peroni postponed the 

concept of the ethnic formation of the Etruscans in the 7th century BCE. 

c. Other scholars pointed out an EIA human mobility phenomenon that 

superimposed itself on the FBA substratum of socio-political allegiances to control local 

sources and maritime traffic (Pacciarelli, 1994; von Eles and Pacciarelli, 2018). 

 This debate placed the Villanovan issue within a more general traditional 

archaeological problem which aimed to understand if specific recurrent features in the 
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archaeological record can identify an ancient ethnic group. As a consequence, this research 

slightly obscured other types of analysis. Indeed, scholars have more rarely attempted to 

explain why Villanovan groups (in the case of hypotheses a and c) might have expanded 

beyond the territory of Etruria.  

 Some sites were recognised as trading spots to access specific routes. For example, 

Verucchio (9th-7th century BCE), at 15 km from the Adriatic Sea, might have been 

established by groups from Bologna and southern Etruria to control the transalpine trade 

route of Baltic amber (Bartoloni, 2002, p. 146; 2012, p. 169). Likewise, Bologna was 

interpreted as a trade site that replaced the FBA site of Frattesina (see above). Indeed, an 

exchange of metals coming from Etruria (Bartoloni, 2002, p. 173; 2012, p. 166), amber 

from the Baltic and bronze objects from the Hallstatt areas (Bartoloni, 2002, p. 173) are 

documented at Bologna. Alternatively, these sites were interpreted as military outposts. 

D’Agostino proposed that Pontecagnano was the outcome of the ver sacrum (sacred 

spring) on the basis of the presence of male individuals, who had exclusively been 

cremated in the first phases of the necropolis (d’Agostino, 1982). The ver sacrum was 

widespread amongst Italic communities that incentivised young men of a specific 

community to migrate to a new place. In other cases (e.g., Capua and Fermo), the use of 

fertile lands was indicated as a possible reason for migration (d’Agostino, 1988). 

  This thesis aims to clarify the nature of the Villanovan sites outside Etruria while 

advancing the interpretation and discussion of human mobility in Early Iron Age Italy. 

3.5 The site of Fermo as a Villanovan enclave in the Picene territory: a 

geographical framework  

During the EIA1, a substantial difference in the material culture and landscape 

organisation was visible between the western and the eastern sides of central Italy. On the 

west side, the Villanovan material culture style dominated, and an organised group of 

people led a complete reframing of the landscape (§3.1). On the east side, the 

archaeological evidence is rare, with a drastic break between FBA and EIA1 documented 

by a scarce presence of settlements (Macerola, 2018). Later on (9th-8th century BCE), 

specific forms of material culture appeared in the archaeological record in the Marche and 
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northern Abruzzo regions (Fig. 13). Archaeologists have traditionally identified this form 

of material culture as representative of the Picene people (Lollini, 1976; Naso, 2000), a 

group documented by ancient direct and indirect written documents in historical times. 

 

Figure 13: Area where the Picene material culture is attested during 

the Iron Age 

 A substantial homogeneity in the material culture and funerary ritual in the area 

between Novilara and Tortoreto (Fig. 13) has been observed by Macerola, who analysed 

settlements as well as the funerary record (Macerola, 2018, pp. 489-491). As for the 

material culture, spectacle fibulae (Fig. 14 A), zoomorphic pectorals (Fig. 14 B), bronze 

falere, bronze fibulae earrings decorated with amber and the cothon (Fig. 14 C), a ritual 

vase, were mostly documented in this area. The funerary ritual consisted of inhumations, 

where crouched bodies were placed on gravel beds (Fig. 15). However, some variabilities 

were also recorded. For example, the Monte Roberto and Porto Sant’Elpidio cemeteries 

(9th-8th century BCE) also displayed supine inhumations on gravel beds (Lollini, 1998b; 

Bergonzi and Ritrecina, 2009). Notable exceptions were also the cremations – a type very 

different from the Villanovan ones – found in some Picene necropolises (e.g., Ancona, 

Novilara, Sirolo-Numana, Matelica, and Moie di Pollenza; see Macerola, 2018, p. 440). 

Indeed, the cinerary urns found in the Picene contexts are represented by a with a 
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cylindrical or truncated cone', and in one case, an olla (Novilara), very different from the 

canonic Villanovan long-neck vases. 

 

  

Figure 14: Typical Picene material 

culture 

A) spectacle fibula; B) zoomorphic 

pectoral; C) cothon. 

Figure 15: A classical Picene burial 

Tomb 1, Moie di Pollenza, adapted from 

Lollini (1998a) 

 During the EIA, the Picene territory was differently organised compared to the 

contemporary Villanovan area. Most of the settlements (roughly 70%) were smaller in 

size (20 hectares) than the Tyrrhenian counterpart (§3.1.2). Furthermore, these settlements 

appeared clustered, approximately 20 km apart, and were located at the river’s mouth to 

control maritime and internal traffic (Macerola, 2018, pp. 489-491). 

 Within this cultural and geographical framework, archaeologists classified the site 

of Fermo as a Villanovan “island” (Pallottino, 1984, p. 144), “outpost” (Lollini, 1976, p. 

159; Gentili, 1987, p. 7), or alternatively, a “colony” (Torelli, 1986, p. 26; Gentili, 1987, 

p. 7) in the Picene territory. This thesis identifies the site of Fermo as a colonial enclave 

(cf.§1.1). The following sections explore in detail the discovery of the site of Fermo and 
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illustrate the features of the funerary ritual and material culture which have supported the 

archaeological interpretation of Fermo as a Villanovan enclave. 

3.6 Fermo: the discovery of a Villanovan enclave  

The site of Fermo is located close to the Adriatic coastline (15 km away) in the Tenna 

valley. The site is 170 km away from the Villanovan site of Verucchio and is surrounded 

by the Picene sites of Porto Sant’Elpidio (12 km away), Torre di Palme (11 km away), 

Grottazzolina (12 km away) and Belmonte Piceno (21 km away) (Fig. 16). 

 
Figure 16: The site of Fermo in the Picene territory (Marche, Italy) 

 Several excavation campaigns from the 1950s to the 2000s4 brought to light 

approximately 345 cremations and inhumations. The tombs were found in the 

Misericordia and Mossa necropolises of Fermo located on the opposite sides of the 

 
4 A group of tombs has recently been excavated by the Soprintendenza Archeologica delle Marche in the 

Misericordia necropolis (Grilli et al., forthcoming) 
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Girfalco hill’s plateau (Fig. 17, Esposito, forthcoming; Esposito and Miranda, 

forthcoming).  

 
Figure 17: The Iron Age settlement might have been located on the Girfalco hill and 

surrounded by the necropolises 

 
 The Misericordia necropolis was excavated between 1956 and 1959 (Bonfigli, 

1956; 1959; Brusadin, 1956). The Mossa necropolis was excavated between 1968 and 

2000 (Lollini, 1968; Baldelli, 1985; Sabbatini, 2000). Table 3 reports the tombs excavated 

in the Fermo Mossa and Misericordia necropolises according to the archaeological 

documentation deposited at the Archive of the Soprintendenza Archaeologica delle 

Marche. 

Excavation Necropolis Tot Tombs Cremations Inhumations Other Note  

1908 excavation Misericordia 3 0 3 0  

1911 excavations Misericordia 16 0 16 0  

Bonfigli 1956 Misericordia 60 36 24 1 ca 

Bonfigli 1959 (Alidori) Misericordia 32 28 4 7 ca 

Brusadin 1956-1957 Misericordia 86 46 40 6 ca 

Bonfigli (Sardellini) Misericordia  2 2 0 0  

Lollini 1968  Mossa 14 3+1* 11 0 ca 

Baldelli 1983-1984 Mossa 30 5 25 0 ca 

1999-2000 excavation Mossa 102 8 94 0 ca  

Total  345 128 217 14  

*in multiple toms (note: it is no counted in the total) 

Table 3: Tombs excavated at Fermo according to site diary records 
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 Recent studies have documented the archaeological record of Fermo (Esposito, 

2015; Miranda, 2019). Additionally, a robust relative chronology, which spans from the 

9th to the 6th century BCE and connects the site of Fermo to the broader Villanovan 

panorama (§5.1.1), has been proposed (Table 4).  

General Chronology Fermo 

EIA1/Villanovan I 

(925-825/800 BCE) 

IA/IB 

EIA2/Villanovan II 

(850-725 BCE) 

IIA-IIB 

Orientalising 

(725-575 BCE) 

III-IV-V 

 

Table 4: Relative chronology for the site of Fermo and main 

Villanovan sites 

3.7  Why was Fermo traditionally defined as an outcome of the 

Villanovan expansion? 

As soon as the first tombs were excavated, scholars grasped the uniqueness of the site of 

Fermo, suggesting its connection with other Villanovan necropolises (Annibaldi, 1956). 

Due to the contemporary presence of Villanovan and local Picene rituals, many scholars 

confirmed the hypothesis of a Villanovan component in Fermo. However, various scholars 

pointed at a slightly different reading of the possible origin of Fermo based on the grave 

goods typology. Some scholars hypothesised the presence of a group from southern 

Etruria (Lollini, 1976, p. 159; Torelli, 1986, p. 24; Gentili, 1987, pp. 7-14; Landolfi, 1988, 

p. 327), whilst others referred to a group from the area of Bologna or internal Etruria (e.g., 

Chiusi and Orvieto) (Randall-MacIver, 1927, p. 126; Colonna, 1986, p. 94; Naso, 2000, 

p. 70; Bartoloni, 2002, p. 132; Drago Troccoli, 2003, p. 78; Camporeale, 2016). In sharp 

opposition to these views, Peroni believed that Fermo did not represent a colonial enclave 

founded by a group from Etruria, but was instead the outcome of local people’s re-

organisation of the territory. According to Peroni (1992), Fermo, as the other Villanovan 

sites, was a socio-political epiphenomenon rather than an ethnic reality – marked by the 

proto-urban organisation – which equated the diverse Villanovan sites (§3.4).  
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 Fermo was labelled as a Villanovan site outside Etruria because it showed three 

main features that recalled other Villanovan sites (§3.2):  

a. The funerary ritual 

 The ritual of cremation in a long-neck urn adopted by Fermo’s group closely 

recalled features shared by other Villanovan necropolises in Etruria, especially in the first 

phases. Alternatively, supine inhumation on a gravel bed hinted at the Picene tradition. 

b. The artefacts 

 Urns, bowls and the grave goods found in Fermo closely recalled features typical 

of various sites of Etruria. Alternatively, artefacts could represent Picene types or 

independent local production.  

c. Settlement structure which recalled the proto-urban centres of Etruria 

 According to various scholars, Fermo’s ancient settlement was located on the 

Girfalco hill (Peroni, 1992; Naso, 2000; Drago Troccoli, 2003). Hence, the expansion of 

the site (Peroni (1992) proposed 100 hectares, whereas Naso (2014) calculated 38 

hectares) and the position of the two necropolises, on the opposite sides of this hill, 

recalled proto-urban models of Etruria (§3.1).  

 Recently, a more accurate analysis of the material culture has added some 

complexity to the interpretation of the site. The funerary ritual (a) and the artefacts (b) 

varied according to diverse chronology with a more substantial adaptation to the local 

environment in the later phases (Tables 5-8). Furthermore, Fermo, like Sala Consilina, did 

not become Etruscan in historical time (Table 2). According to traditional interpretations, 

the local component, i.e., Picene groups, encircled Fermo from the 6th century BCE 

onwards (Baldelli, 1996; Naso, 2000). Nonetheless, as recently demonstrated (Miranda, 

2019), the idea of a cultural embodiment does not adequately describe what happened in 

Fermo. Fermo looks indeed like a hybrid site that developed its own autonomous 

character, as other Villanovan centres.  
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Table 5: Main features of the Fermo funerary ritual, Phases IA-IIA 
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Table 6: Main features of Fermo funerary ritual, Phases IIB-IV 
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Table 7: Main features of Fermo artefacts, Phases IA-IIA 
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Table 8: Main features of Fermo artefacts, Phases IIB-IV 
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Much of the work on Fermo has focused on understanding the ethnic association of 

Fermo’s group, without reaching a clear answer (Peroni, 1992; 1994b). The debate froze 

on ethnicity and diffusion as for other Villanovan sites outside Etruria (§§3.3 and 3.4). In 

consequence, as well as the lack of documentation on settlements, scholars have rarely 

explored the motivations and consequences behind the movement of Villanovan people at 

Fermo and other Villanovan sites outside Etruria. An exception was Gentili, who 

compared the site of Fermo to the foundation of the Villanovan site of Verucchio. These 

two sites, located on the river-mouths of Marecchia (Verucchio) and Tenna (Fermo) and 

close to the Adriatic coast, might have ensured trade with Istria and Illyria for the Baltic 

amber exchange (Gentili, 1987, p. 14). Alternatively, Bartoloni hypothesised that Fermo 

was founded out of the necessity of new land (Bartoloni, 2012, p. 132). 

3.8 Chapter conclusion 

Chapter 3 has reviewed the Villanovan phenomenon in Early Iron Age Italy. It has shown 

how the Villanovan material culture was traditionally classified as indicative of a 

biological people, whilst other scholars questioned this view due to the hybrid nature of 

the material culture especially documented in the Villanovan sites outside Etruria. The 

case study of Fermo, here classified as a Villanovan enclave, has been geographically, 

culturally and chronologically contextualised. This thesis aims to finally clarify the nature 

and origin of Villanovan individuals buried at Fermo by establishing whether individuals 

were of local or more exotic origin. Then, by linking the characteristics of the funerary 

material culture associated with those individuals, the aim is to explore the migration of 

certain groups within Italy in the 1st millennium BCE.  

Once such movement and diversity of individuals are demonstrated within the 

cemeteries of Fermo, it may be possible to refute many of the established theories 

proposed by earlier scholars (§3.4). Indeed, I question the idea that traditional 

archaeological approaches can offer, on their own, a full understanding of the Villanovan 

migration and the Villanovan phenomenon as a whole. I propose the use of a cross-

disciplinary approach, which includes traditional archaeological methods, osteology and 
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isotopic (87Sr/86Sr, δ13C, δ15N, 14C) and aDNA analyses to tackle the complexity of this 

subject, further enhancing our understanding of the motivations and consequences of 

human movement. The methodologies used will be presented in the next chapters. 
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 Chapter 4. Archaeological science as a way to investigate 

migration in the archaeological record 

Human mobility and other forms of interaction have always been central research topics 

in archaeological research (§2). The movement of artefacts and the spread of distinctive 

funerary rituals have often been related to the possible movement of people. Nonetheless, 

human mobility was avoided in the archaeological agenda for a long time. Thanks to what 

is today recognised as the “third science revolution in archaeology” (Kristiansen, 2014), 

mobility is back in the spotlight. The use of new science-based technologies such as 

isotopes (e.g., δ18O, δ13C, δ15N, 87Sr/86Sr) and aDNA analyses has enabled researchers to 

answer old archaeological questions related to specific forms of human mobility in the 

past.  

This chapter reports the basic principles of the methods applied in this dissertation 

to address archaeological questions linked to mobility phenomena and past human 

behaviours in Early Iron Age Italy. Section 4.1 illustrates strontium (87Sr/86Sr) isotope 

principles and explains how this methodology is employed to identify past human 

migration in the archaeological record. Section 4.2 displays how carbon (δ13C) and 

nitrogen (δ15N) isotopes can inform us about the palaeodiet of an ancient population. 

Additionally, it explains how these analyses enable a better interpretation of 87Sr/86Sr 

analysis. Section 4.3 clarifies the benefits of aDNA analyses and how they can support 

87Sr/86Sr outcomes. Section 4.4 highlights how all these analyses, together with 

archaeological and osteological data, allow the reconstruction of the osteobiography of 

single individuals besides giving broader information on the entire population. 

4.1 Strontium (87Sr/86Sr) isotope analysis 

This section introduces the basic principle of strontium isotopic analysis (§4.1.1). It 

illustrates the difficulties of assessing the 87Sr/86Sr local baseline and the methodologies 

so far employed (§4.1.2). Subsequently, it provides essential information on 87Sr/86Sr in 

human bone tissue (§4.1.3), briefly looking at bone modelling and remodelling processes 

(§4.1.3.1). Finally, it proposes the best bone tissue to analyse for inhumed (§4.1.3.2) and 
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cremated (§4.1.3.3) human samples. Section 4.1.4 highlights the possible diagenesis 

problems of these samples. 

4.1.1 Basic principles of strontium (87Sr/86Sr) 

Strontium is an alkaline earth element with four naturally occurring isotopes, namely 84Sr, 

86Sr, 88Sr and 87Sr (Bentley, 2006). 87Sr is the stable daughter isotope produced by the β--

decay of the radionuclide 87Rb (Kutschera and Müller, 2003). The strontium isotopic 

signature (87Sr/86Sr) of a certain geological area depends on: a) the original composition 

of the rock, i.e., the original Rb-Sr ratio at the time the rock crystallised; and b) the 

radioactive decay of long-lived radionuclides (87Rb) to stable daughter isotopes of a 

diverse element (87Sr) (Bentley, 2006; Sengeløv et al., 2020). Hence, the isotopic 

signatures in different geological formations can approximately vary as follows: a. pure 

carbonates <0.710 (0.706-0.709); b. granites, gneisses >0.710; c. basalts <0.706 

(Kutschera and Müller, 2003).  

The 87Sr/86Sr isotopic ratio passes from the geological environment (local bedrock 

geology) to soil and groundwater through weathering processes, and from these latter to 

local plants and animals (Fig. 18) (e.g., Price et al., 2002; Grimstead et al., 2017).  

 

Figure 18: Simplistic scheme of 87Sr/86Sr in the biosphere, adapted from Grimstead et al. (2017), Fig. 2 
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Despite the significant number of physical processes (e.g., condensation, 

evaporation, diffusion), the 87Sr/86Sr ratio remains unchanged and does not undergo 

fractionation because of the relatively small mass differences between the strontium 

isotopes (Capo et al., 1998). Even if small mass-dependent fractionation of 87Sr/86Sr 

isotopes occurred, this is corrected for during mass-spectrometer measurements by 

normalising to non-radiogenic isotopes of known values (86Sr/88Sr=0.1194 (Steiger and 

Jäger, 1977)). Hence, humans, who primarily take up 87Sr/86Sr through local food and 

water, have 87Sr/86Sr values similar to those available in the local bedrock geology 

(Bentley et al., 2004). However, calculating local 87Sr/86Sr might involve some 

difficulties. Some variables (e.g., complex differential weathering of the bedrock and 

atmospheric inputs) can influence the overall local 87Sr/86Sr values. For this reason, recent 

studies have adopted a more critical approach to calculating the biologically available 

strontium (BASr) as well as considering other possible solutions (§4.1.2).  

Local 87Sr/86Sr values eventually reach human mineralised hard tissues such as 

teeth and bones through diet. Tooth enamel and the otic pars of the temporal bone (pars 

petrosa) are sampled to spot possible non-local individuals at a site. Whereas bone 

continuously remodels, tooth enamel for most permanent human dentition and the pars 

petrosa form in early childhood and do not change once formed (§§4.1.3.2 and 4.1.3.3). 

Human tooth enamel and pars petrosa 87Sr/86Sr values are compared with local 87Sr/86Sr 

outcomes – generally identifiable at the place of death – to spot possible non-local 

individuals. If 87Sr/86Sr in human samples differs from the local values, the analysed 

individual might have spent his/her childhood elsewhere. Alternatively, this difference 

could indicate that the individual consumed food and water from an area other than the 

one around the cemetery.  

4.1.2 The challenge of assessing the local 87Sr/86Sr baseline  

Assessing the local 87Sr/86Sr ratio is a fundamental step to spot possible non-local 

individuals amongst the analysed human samples. In pioneer studies, the local 87Sr/86Sr 

values were measured on the local geology (Bentley et al., 2004; Sjögren et al., 2009; 

Evans et al., 2010). However, several studies have demonstrated that those values do not 
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precisely reflect human 87Sr/86Sr values (Sillen et al., 1998; Price et al., 2002). Complex 

weathering of the bedrock (Dasch, 1969; Toncala et al., 2020) and atmospheric inputs 

(Capo et al., 1998; Probst et al., 2000; Bentley, 2006) can influence local bedrock 87Sr/86Sr 

values to a large extent. Additionally, the complexity of geobiological processes, i.e., the 

estimation of various food sources of an end consumer in the food chain (Phillips, 2012; 

Fernandes et al., 2014; Vaslet et al., 2015; Toncala et al., 2020) and possible food imports 

(Kelly, 1983; Wright, 2005; Price and Gestsdottir, 2006) might add some more difficulties 

for spotting non-local individuals. 

For all these reasons, recent studies have proposed to evaluate the local 87Sr/86Sr 

with various approaches. There are four principal approaches available: a. the definition 

of local biologically available strontium (BASr); b. consideration of statistical methods on 

human samples; c. a baseline calculated on human bones and dentine; and d. the estimation 

of subadult (0-10 years of age) 87Sr/86Sr values. However, it is still a matter of debate 

which the best methodology to adopt is (Grimstead et al., 2017; Toncala et al., 2020). The 

following sections (§§4.1.2.1-4.1.2.4) review the techniques so far applied, listing the pros 

and cons of each methodology. 

4.1.2.1 The local biologically available strontium (BASr) 

Diverse studies have pointed out the validity of local biologically available strontium 

(BASr) to construct a solid local baseline. Indeed, this methodology considers the various 

87Sr/86Sr sources which enter the system and contribute, together with the bedrock 

87Sr/86Sr values, to the 87Sr/86Sr values found in plants, water, soil and fauna (e.g., Capo 

et al., 1998; Bentley, 2006). The best approach for constructing a local baseline is to 

sample a variety of specimens. All those specimens display advantages and disadvantages 

due to their intrinsic archaeological and environmental biases, however. This section 

illustrates the variety of sample strategies for constructing an appropriate BASr.  

4.1.2.1.1 Soil 

Studies have proposed soil samples as a suitable baseline reference because they are easy 

to collect and are considered primary food sources for terrestrial carnivores and omnivores 

(Kohn et al., 2013). However, mineral weathering and atmospheric inputs, such as sea 
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spray or dust, can influence 87Sr/86Sr values in soil samples (Capo et al., 1998; Stewart et 

al., 1998; Probst et al., 2000; Bentley, 2006).  

Minerals from the same local bedrock can have a different 87Sr/86Sr ratio. These 

values might contribute in diverse ways to the 87Sr/86Sr ratio in soils according to 

weathering rates (Capo et al., 1998; Pett-Ridge et al., 2009; Maurer et al., 2012). For 

example, the periodic dissolution of secondary minerals, even if highly unlikely, could 

change the amount of 87Sr/86Sr entering the system through time. Furthermore, the change 

in weathering rate might vary depending on tectonic activity and climate change 

(Armstrong, 1971; Capo and DePaolo, 1990; Berner, 1991; Capo and Chadwick, 1999). 

Additionally, since soil samples have a very narrow 87Sr/86Sr value, which is limited to the 

area where the sample is collected, a place with a highly variable geological composition 

can show diverse 87Sr/86Sr values in soil (Sillen et al., 1998).  

Sea spray, which has an average 87Sr/86Sr ratio of 0.7092 (Chadwick et al., 1999; 

Whipkey et al., 2000; Price and Gestsdottir, 2006), contributes significantly to soil values 

in sites near the coast compared to inland samples (Capo et al., 1998). Studies conducted 

on the Hawaiian Islands have pointed out that 87Sr/86Sr values in soils at the coast has more 

than half of marine strontium values: up to 84% (Chadwick et al., 1999; Whipkey et al., 

2000, p. 44). Dust is another contributor to the soil 87Sr/86Sr isotopic values. Even if locally 

derived dust bears similar values to the exposed soils, sediments and bedrock, aeolian 

processes can introduce minerals with different isotopic signals. An example is Sahara 

dust, which has values between 0.715 and 0.747 (Capo et al., 1998).  

Although atmospheric inputs have a significant impact on 87Sr/86Sr values, Probst 

et al. (2000) have pointed out that local bedrock weathering is still the primary supplier 

for 87Sr/86Sr values in soil samples. Another factor that can influence soil 87Sr/86Sr values 

is the depth at which the soil is sampled (Probst et al., 2000); in fact, the lower the level 

the soil is collected, the closer to the weathering system of the bedrock, whereas the higher, 

the closer to the atmospheric contribution.  

It follows that soil samples do not always show consistent values. 87Sr/86Sr soil 

values are indeed often in contrast with values obtained from plants collected nearby. 
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Thus, Maurer et al. (2012) have suggested that soil samples must be interpreted only with 

caution. 

4.1.2.1.2 Plants 

Many studies have used modern plants as a biosphere proxy because it is relatively easy 

to collect and obtain permits (e.g., Evans et al., 2009; 2010; Copeland et al., 2011; Laffoon 

et al., 2012; Maurer et al., 2012; Snoeck et al., 2020). Additionally, having a higher 

strontium concentration than drinking water, meat and dairy products, plants may 

represent the primary strontium source for humans (Snoeck et al., 2020). However, several 

factors, such as atmospheric inputs from outside the region, plants’ root depth and modern 

fertilisers, can influence 87Sr/86Sr values in plants.  

A study conducted at the Sangre de Cristo Mountains in New Mexico has 

highlighted that atmospheric inputs from out of the region (see also soil samples above) 

might represent a significant 87Sr/86Sr contributor for modern plants compared to bedrock 

weathering, 75% versus 25% respectively (Graustein and Armstrong, 1983; Graustein, 

1989). Atmospheric inputs may vary depending on the location where samples are 

collected. As for soil samples, plants gathered nearby the coast have shown 87Sr/86Sr 

values more influenced by the modern ocean 87Sr/86Sr value (0.7092) (Hess et al., 1986; 

Snoeck et al., 2020) compared to plants collected inland with 87Sr/86Sr values which are 

closer to 87Sr/86Sr bedrock (Whipkey et al., 2000; Bentley, 2006; Knudson et al., 2014; 

Snoeck, 2014; Alonzi et al., 2020).  

Recent studies have highlighted that shallow-rooted plants grown in fields from 50 

m to 200 m from the coast are highly impacted by the sea-spray effect (Alonzi et al., 2020). 

Nonetheless, plants within 50 m are not affected as much. The impact for sites at a distance 

>200 m was not documented. Additionally, this study has demonstrated that sea spray 

does not uniformly contribute to a plant’s bioavailable strontium in coastal areas. In other 

words, sea-spray values introduce a further variability into radiogenic strontium isotope 

ratios in coastal environments, which must be taken into account. 

Plants’ root depth can also influence their 87Sr/86Sr values in plants (Nakano et al., 

2001; Dijkstra et al., 2002; Reynolds et al., 2012). More precisely, the longer the plant 
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root, the closer its 87Sr/86Sr value is to the local bedrock values (Evans et. al, 2009; Knipper 

et al., 2012; Reynolds et al., 2012). Additionally, plant physiology, which affects the 

strontium cycle and varies according to the type of plant, also influences 87Sr/86Sr values 

(Poszwa et al., 2004). Since animals and humans feed on diverse kinds of plants (Kohn et 

al., 1999; 2013), various specimens from the same area must be collected (Grimstead et 

al., 2017). 

Fertilisers and pesticides are sources of strontium themselves (Alt et al., 2014; 

Thomsen and Andreasen, 2019; Snoeck et al., 2020) and can influence 87Sr/86Sr in modern 

plants. Maurer et al. (2012) have highlighted that modern vegetation contains less 

radiogenic 87Sr/86Sr than archaeological samples (i.e., tree cores) due to the anthropogenic 

effect (e.g., mining, forest liming and soil acidification). Therefore, if modern plants are 

used for building a baseline, it is advisable to collect tree leaves, which may record a lesser 

grade of pollution, or sample plants in pristine areas (Evans et al., 2009; Knipper et al., 

2012). 

4.1.2.1.3 Water 

According to some scholars, drinking water is a valid sample to construct BASr because 

it constitutes an essential source in humans’ and animals’ diets (e.g., Frei and Frei, 2011). 

Water in rivers and natural streams is also a composition of weathering and atmospheric 

inputs (Capo and Chadwick, 1999). Furthermore, 87Sr/86Sr values in water are highly 

variable; being a time-dependent system (Aubert et al., 2002), water 87Sr/86Sr values may 

change through the year according to flow periods and are strongly biased towards the 

location where the sample is collected (Zerling et al., 2003; Grimstead et al., 2017). Water 

87Sr/86Sr values seem to differ from snail shells and soil leachates collected at the same 

place (Wadleigh et al., 1985). This difference may be due to the close contact water has 

with the bedrock surface. Additionally, as for other samples, particular care must be taken 

when collecting water samples since these might be influenced by modern contamination 

(Maurer et al., 2012; Thomsen and Andreasen, 2019; Snoeck et al., 2020). 

Soil, water and plants from the same area might show significantly variable 

87Sr/86Sr values (Budd et al., 2000) and high standard deviation between samples (Price et 
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al., 2002). Furthermore, these samples show small range values that are not representative 

of the values reflected in human bones and teeth, outcomes of a far ampler and complex 

diet. For this reason, the collection of a significant number of these samples from diverse 

areas around the cemetery is necessary. Alternatively, the use of archaeological and 

modern fauna samples, which are closer to human systems, is also encouraged. 

4.1.2.1.4 Fauna 

Fauna samples have been long considered a good proxy since they show a lower standard 

deviation compared to soil, water and plants (Bentley, 2006). Price et al. (2002) indicated 

that the 87Sr/86Sr values in animal bones within the same area are much more homogenous 

than their rock, plant and water counterparts. Following the seminal paper by Price et al. 

(2002), many studies have considered modern and archaeological fauna a reliable source 

for constructing an 87Sr/86Sr local baseline. The increasing use of those samples has 

enabled scholars to outline advantages and disadvantages of the specimens, however.  

Modern fauna has the advantage of being easy to sample; it has, in fact, fewer 

constraints for permits compared to archaeological samples. Should modern animals be 

chosen, small mammals and snail shells must be selected to exclude any potential non-

local food intake. However, small-range fauna might only partially reflect the 87Sr/86Sr of 

the geographical area under examination (Bentley and Knipper, 2005; Benson et al., 2008; 

Knudson et al., 2012; Grimstead et al., 2016). These specimens generally feed on shallow-

root plants that incorporate different 87Sr/86Sr ratios compared to long-root plants 

consumed by humans and larger animals (see above; Benson et al., 2008; Knudson et al., 

2012; Reynolds et al., 2012).  

In light of this potential bias, many papers have proposed to collect snail shells 

from a larger radius around the site of interest so that the samples might reflect the entire 

range of strontium ratios from the area (Price et al., 2002; Nafplioti, 2008; 2010). 

Nonetheless, modern snail shells display some issues: first of all, snail shells are not easy 

to find on acidic soils and can reflect rainwater 87Sr/86Sr values (Evans et al., 2009; 2010; 

Panagiotopoulou et al., 2018). Additionally, these samples are strongly biased towards 

soil carbonate since snails incorporate up to 40% of soil carbonate in their diet (Yanes et 
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al., 2008; Maurer et al., 2012). Finally, modern pollution can impact 87Sr/86Sr values in 

snail shells and other small modern domestic (Aberg et al., 1998; Sillen et al., 1998; Probst 

et al., 2000) and wild fauna (Maurer et al., 2012). 

Archaeological fauna has the advantage of not being influenced by modern 

pollution. Furthermore, fauna from archaeological sites – especially if those samples are 

from sites contemporary with the necropolis – is supposedly closer to the system under 

examination. Pigs and small rodents are preferred since these are low-mobility animals 

and, in the case of pigs, “most likely eating human by-products” (Bentley and Knipper, 

2005, p. 633). Nonetheless, potential issues have also been highlighted for the sampling 

of archaeological animals. 

Archaeological rodents’ teeth can be affected by diagenesis. Indeed, diagenetic 

dentine cannot be so easily eliminated (contra Sillen and Sealy, 1995; Sillen et al., 1998) 

due to the small dimension of the tooth (Budd et al., 2000). In contrast, larger fauna, which 

might have travelled long distances, could reflect 87Sr/86Sr of another geological area 

(Bentley et al., 2003; Knudson et al., 2012; Grimstead et al., 2016). Selecting diverse 

species could be a solution to have a more accurate 87Sr/86Sr baseline (Grimstead et al., 

2017). However, recent work has substantially limited archaeological and modern fauna 

sampling for local BASr (Grimstead et al., 2015; 2016; 2017) due to the number of issues 

which have risen.  

Along with the question of the best specimen to select for the local baseline, 

various papers have shown concern about what should be considered the catchment area 

identified as local (Ericson, 1985; Snoeck, Schulting et al., 2016; Cavazzuti, Skeates et 

al., 2019). According to Higgs and Vita Finzi (1972), a distance of 5 km from the site 

would express a sedentary area of catchment, whilst 10 km an area for mobile economies 

with a walking travel time of one to two hours. Recent work has considered the BASr 

from three areas around the site with 5 km, 20 km and 50 km distance respectively 

(Snoeck, Pouncett et al., 2016; Cavazzuti, Skeates et al., 2019). The 5-km-distance area 

is assumed to be the area of direct control of the community and their exploitation of the 

land. The 5- to 20-km-distance area is accepted as the immediate hinterland with a one-
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day walking distance. The 20- to 50-km-distance area is regarded as a broader radius 

reachable after more than one day of travel.  

Recent studies have used a variety of samples to construct biologically available 

87Sr/86Sr maps. These maps illustrate the variability of biologically available strontium in 

the landscape (Snoeck et al., 2020). Various publications have produced maps of Britain 

(Evans et al., 2009; 2010), Ireland (Snoeck et al., 2020), Sweden, Denmark (Frei and Frei, 

2011; Frei and Price, 2012), southwest Germany (Bentley et al., 2004; Bentley and 

Knipper, 2005), France (Willmes et al., 2013), Greece (Nafplioti, 2011) and Italy (Emery 

et al., 2018). Nonetheless, the methodologies employed are inconsistent and often in 

contrast to one another (Grimstead et al., 2017).  

In contrast to the variability observed for environmental samples, human tissues 

generally show more homogenous 87Sr/86Sr values. Humans indeed consume a more 

extensive variety of foodstuffs, which is averaged (Burton and Hahn, 2016). For this 

reason, two-component or three-component mixing models (Lengfelder et al., 2019; 

Toncala et al., 2020) - which take into consideration drinking water, vegetation and fauna 

- to predict the local 87Sr/86Sr range of an archaeological site have been proposed. 

However, these methods seem to underestimate the locally bioavailable 87Sr/86Sr ratios 

when the sample size is too limited. For this reason, a combined approach that considers 

diverse 87Sr/86Sr signatures, such as underlying geology, BASr samples, statistical analysis 

of human remains, human bone and dentine 87Sr/86Sr values and subadults’ 87Sr/86Sr 

values, is so far considered the best method to calculate the local 87Sr/86Sr values (Oelze 

et al., 2012; Knipper et al., 2020; Toncala et al., 2020). 

4.1.2.2 Statistical analyses of human remains for identifying outliers 

Some studies have proposed statistical methods to identify possible outliers (i.e., non-local 

individuals) in the analysed population, spotting values that do not fit the distribution of 

the majority of data (Wright, 2005; Price and Gestsdottir, 2006; for oxygen, Lightfoot and 

O’Connell, 2016; Sengeløv et al., 2020). Several mathematical definitions identify 

outliers as “significantly deviant from other values” (Barnett and Lewis, 1994, cited in 

Lightfoot and O’Connell, 2016, p. 6) or as “unusual observations compared to the other 
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observations” (Johnson and Wichern, 2007, cited in Lightfoot and O’Connell, 2016, p. 6). 

Providing the sample number is consistent enough (e.g., >25; for oxygen analyses, see 

Lightfoot and O’Connell, 2016), statistical approaches have the advantage of avoiding 

comparison between different specimens (human samples versus plants, fauna or soil).  

Wright (2005) and, more recently, Sengeløv et al. (2020) have assumed that human 

87Sr/86Sr values of a population – where most individuals are expected to be local – are 

normally distributed. In both studies, human samples were plotted along with the normal 

distribution, namely the Gaussian. The samples closer to the normal were considered the 

most likely to be locals, and their values were used as the local range. This method has 

shown to be particularly valuable in the Tikal case study where all the human 87Sr/86Sr 

values (n=83) fell above the local 87Sr/86Sr range (calculated on two soils and five guinea 

pigs) (Wright, 2005). Having considered that it is highly unlikely that all the individuals 

from the site were outsiders, Wright adopted a statistical approach to give a better 

interpretation of the record.  

If a statistical approach of human tooth enamel sample distribution is used to assess 

the local baseline at a site, some considerations must be given. First of all, this 

methodology cannot be applied to mass migrations, major battlegrounds and extremely 

mobile populations (Evans and Tatham, 2004) since the majority of individuals must be 

locals. Secondly, the site under examination should not present substantial variability in 

the local geology. Finally, sites characterised by significant imports of food from distant 

areas must be excluded.  

4.1.2.3 Human bone and dentine  

Some studies have used human bones for constructing the local 87Sr/86Sr baseline (Goude 

et al., 2012; Triantaphyllou et al., 2015; Tafuri et al., 2016; Wang et al., 2019). The 

rationale behind this choice is that human bone tissue remodels at different rates through 

an individual life, contrary to human tooth enamel and the otic capsule of the petrous bone 

(§§4.1.3.2 and 4.1.3.3), which form in early infancy. Cortical bones such as ribs arguably 

reflect the 87Sr/86Sr levels of the last ten years of an individual life (Cox and Sealy, 1997). 

In contrast, long bones such as femurs arguably give information on the last thirty years 
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of a person’s life (e.g., Hedges et al., 2007; §4.1.3.1). Hence, bone samples reflect 87Sr/86Sr 

values of later stages of an individual’s life compared to tooth enamel. 

Nonetheless, if these assumptions are valid, a series of observations needs to be 

made. Concerning bone-rate remodelling, if a long bone (e.g., the femur) is analysed, the 

information obtained is on the last thirty years of the individual’s life. Therefore, it cannot 

be excluded that 87Sr/86Sr values reflect a place different from where the individual died. 

Furthermore, several studies have demonstrated that post-burial contamination affects 

bones (§4.1.4). Some scholars have used this reason to justify the choice of sampling 

human bones for assessing the 87Sr/86Sr baseline. Since bones are porous and more subject 

to diagenesis, local strontium could completely alter the original in vivo strontium value 

in bones during the post-mortem period (Price et al., 1994; 2001; Grupe et al., 1997; 

Bentley, 2006). However, Trickett et al. (2003) and Bentley et al. (2004) have criticised 

this approach, questioning whether local contamination could completely alter the in vivo 

values.  

Other studies have sampled dentine for calculating the local baseline (Hoppe et al., 

2003; Trickett et al., 2003; Milella et al., 2019). The idea behind this approach is that 

dentine completely takes up local 87Sr/86Sr through diagenesis. The doubt here is whether 

the 87Sr/86Sr values in dentine mirror, even partially, the in vivo strontium (which also 

refers to early infancy for primary dentine) mixed with local diagenetic 87Sr/86Sr. 

4.1.2.4 Baseline based on subadult individuals 

Several studies (Alt et al., 2014; Knipper et al., 2017; 2018; 2020; Cavazzuti, Skeates et 

al., 2019) have proved the validity of employing subadult individuals to detect a local 

baseline. Subadult individuals include diverse age classes: new-borns (0), young children 

(1-5 years of age), older children (5-10 years of age) and juveniles (10-16 years of age). 

Excluding new-borns, since they show maternal isotopic imprinting, and juveniles, who 

are more likely to have moved, the young and older children categories seem to be the 

most relevant for this purpose. The underlying principle is that permanent tooth enamel in 

subadult individuals formed shortly before death, and, consequently, a limited possibility 

of residential mobility can be inferred (Knipper et al., 2020). By contrast, deciduous teeth 
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might be less reliable since, forming mostly in utero, they show the mother’s 87Sr/86Sr 

signal during the pregnancy and breastfeeding period.  

Diverse papers have proved the accuracy of using subadult individuals as a 

baseline. Evans and Tatham (2004) showed that the 87Sr/86Sr ratio of seven children from 

the 12th century CE Anglo-Saxon population had a smaller standard deviation than other 

samples. Kernel density plots in various studies (Knipper et al., 2018, Fig. 4; 2020, Fig. 

4; Toncala et al., 2020, Fig. 3) – which display the 87Sr/86Sr distribution of adult and 

subadult individuals over a continuous interval – demonstrate that subadult 87Sr/86Sr 

values are distributed in a similar manner to that of the majority of adult individuals. 

Furthermore, their 87Sr/86Sr values correspond to the local baseline (Knipper et al., 2018). 

Nonetheless, this approach also needs some consideration for possible biases. Firstly, 

infants and children show slightly more restricted 87Sr/86Sr values than adults due to their 

less variable diet. Additionally, the residential mobility of children cannot be excluded 

(e.g., Alt et al., 2013; Díaz-Zorita Bonilla et al., 2018).  

It seems preferable to choose more than one type of method when assessing local 

87Sr/86Sr since all the approaches mentioned above can show potential biases. Several 

studies have proposed a combined approach as the best method.  

4.1.3 Strontium (87Sr/86Sr) in skeletal human remains  

The non-nutrient trace element of strontium (Sr) substitutes for calcium (Ca), which is 

contained in food and drinks and is deposited into human bone tissues (Montgomery, 

2002; Evans et al., 2009). However, bone tissues have a diverse time of formation, 

depending on bone modelling and remodelling rates (§4.1.3.1). Hence, bone tissues reflect 

the isotopic composition of food ingested in different periods of a person’s life (Fry and 

Arnold, 1982). The following sections (§§4.1.3.1-4.1.3.3) clarify the time of formation of 

diverse bone tissue in order to spot the most appropriate samples for 87Sr/86Sr analysis. 

4.1.3.1 Bone modelling and remodelling in skeletal human remains  

Except for tooth enamel (§4.1.3.2) and the otic capsule of the petrous bone (§4.1.3.3), the 

skeleton is a tissue that continuously remodels through life after formation (turnover) 
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(Priest and Van de Vyver, 1990; Montgomery, 2002; Hillson, 2005). Bone formation 

consists of two steps: bone modelling and bone remodelling processes. Bone modelling 

starts in utero and lasts until pubescence with different rates according to the bone tissue 

(Fahy et al., 2017; Pitfield et al., 2017). Additionally, bone modelling is rarer in adult 

individuals in the absence of pathologies (Allen and Burr, 2014). Bone modelling consists 

of two main steps, namely, the formation of bone by osteoblast and resorption by 

osteoclast.  

Bone remodelling is continuous throughout a person’s life (Robling et al., 2006; 

Peacock, 2010; Burr and Allen, 2014; Fahy et al., 2017; Katsimbri, 2017) and consists of 

replacing the existing bone with a new one. In contrast to bone modelling, osteoclasts and 

osteoblasts cooperate sequentially in a coupled manner in the Basic Multicellular Unit 

(BMU) (Ruimerman, 2005; Allen and Burr, 2014). Bone turnover is not entirely modelled 

because it is influenced by several variables (e.g., age, genetics, bone type, physical 

activities, nutrition, hormonal activities). Some of the possible variables which affect the 

bone remodelling rates of the individual analysed are reported below. 

4.1.3.1.1 Type of bone 

Bone remodelling varies according to bone tissues. Cortical bone is estimated to have 2-

3% bone turnover per year in adult individuals (Parfitt, 2004; Clarke, 2008). In contrast, 

trabecular bone has a higher turnover rate: 28% per year (Manolagas, 2000). Therefore, 

turnover rates closely depend on the percentage of cortical and trabecular bone of specific 

bone tissues (Montgomery, 2002). Indeed, femurs, composed of a more significant 

percentage of cortical bone, have a slower turnover rate than ribs, composed mainly of 

trabecular bone (Brady et al., 2008). A number of studies support this idea. For example, 

Hedges et al. (2007) demonstrated that the femur has low remodelling rates, reflecting a 

much more extended period than ten years previous to death with a mix of juvenility and 

adulthood signals. In support of this idea, Pollard et al. (2012, p. 90) have shown that δ15N 

in rib and femur samples may have different values.  

In contrast, Olsen et al. (2014) demonstrated that δ13C and δ15N values in different 

bones from adult human skeletons did not vary substantially except for pathological bones. 
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Nonetheless, this contribution might indicate no substantial changes in diet during life 

amongst the individuals analysed. More recently, Fahy et al. (2017) have demonstrated 

through a combined study of stable isotope (δ13C and δ15N) and histomorphometric 

measurements (calculating osteon population density: OPD) that the bone remodelling rate 

does not show striking differences between femur and ribs. Instead, the humerus, 

metacarpal and ribs have a faster bone remodelling rate, whilst the occipital bone of the 

skull records the lowest rate. Therefore, the study has suggested the possibility of 

substituting ribs with the humerus or metacarpal, while occipital bones should be used for 

longer-term information instead of femur samples. However, the low number of 

specimens analysed in this study (n=10) demands further confirmation.  

4.1.3.1.2 Age 

Infants and children record significant variability in bone remodelling according to age. 

Bone remodelling can indeed reach up to a maximum of 100% remodelling rate per year 

in cortical and trabecular bones (Aufderheide and Wittmers, 1992, p. 814; Stamoulis et 

al., 1999, p. 177; Montgomery, 2002, p. 43). Studies of 90Sr uptake and retention 

conducted on 717 persons at the Techa river, including 361 men and 356 women, have 

shown that the period of maximum intake is between infancy and 10-15 years of age in 

both sexes. However, the difference increases between males and females during 

adolescence (Tolstykh et al., 1997). By contrast, a high level of bone loss happens in old 

age (Montgomery, 2002, p. 43). A histological study on late medieval Sudanese Nubia has 

also confirmed that the OPD index significantly differs by age. OPD increases in males 

and females from the third and fourth decade and then decreases until the sixth decade 

(Mulhern and Van Gerven, 1997). 

4.1.3.1.3 Sex 

Bone turnover rate varies between male and female individuals (Mulhern and Van Gerven, 

1997). Hedges et al. (2007) demonstrated that collagen turnover is much higher for males 

than females before 20 years of age. It decreases in both females and males from 20 to 80 

years of age with an average of 4% to 3% and 3% to 1.5% a year respectively. However, 

females may undergo periods of metabolic stress such as pregnancy, breastfeeding and 
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menopause when Ca balance changes significantly, resulting in a diverse bone 

remodelling (Gulson and Gillings, 1997; Gulson et al., 1998; Montgomery, 2002). During 

menopause, for example, remodelling increases for the loss of circulating oestrogen, 

which generally regulates remodelling rates in women (Burr and Allen, 2014, p. 85). 

4.1.3.1.4 Pathologies 

Pathologies might cause an imbalance between bone resorption and bone formation, 

influencing the general turnover rate of the affected bone. For example, metabolic diseases 

such as vitamin D deficiency affect bone mineralisation, causing an increase in bone 

turnover (Sahota et al., 1999; Baroncelli, 2000). Other pathologies that may cause changes 

in bone remodelling are non-specific infectious diseases (e.g., osteomyelitis) or physical 

trauma (Olsen et al., 2014). In the latter case, bone fractures take roughly six to eight 

weeks to repair (Sfeir et al., 2005), increasing the turnover rate significantly at the fracture 

site (Ingle et al., 1999; Veitch et al., 2006). Another common bone pathology that causes 

changes in the resorption and formation rates of the bone is osteoporosis, which is typical 

in female individuals after menopause (Feng and McDonald, 2011). Some studies have 

demonstrated that changes in bone remodelling caused by pathologies record a substantial 

difference in δ13C and δ15N values too. Bone collagen in pathological bone show different 

δ13C and δ15N values compared to a healthy counterpart in the same individual (Olsen et 

al., 2014). 

Despite the increasing number of studies that have attempted to clarify bone 

remodelling rates, this subject remains only partially addressed. Compared to δ13C and 

δ15N studies, bone tissues are less targeted for 87Sr/86Sr analysis. This choice is due to the 

unclear bone turnover rate and post-burial chemical alteration, i.e., diagenesis (§4.1.4), 

particularly documented in inhumations. Tooth enamel is instead favoured for 87Sr/86Sr 

analyses for various reasons in inhumations (§4.1.3.2). In contrast, bone tissues from 

cremated human remains have been more often employed for 87Sr/86Sr analyses. Indeed, 

calcined bones rarely show post-burial alteration (§4.1.3.3) and maintain in vivo strontium 

intact.  
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4.1.3.2 Inhumations: tooth enamel  

Tooth enamel (Fig. 19) is the most targeted tissue for 87Sr/86Sr analysis in inhumations, 

and the reason is threefold:  

a.  tooth enamel in permanent human dentition starts to mineralise at birth (lower 

M1s) and ends at roughly 13-14 years of age (AlQahtani et al., 2010);  

b.  once mineralised, it does not remodel during life;  

c.  it presents less diagenetic imprint than bone dentine (§4.1.4).  

Modality and time of teeth formation must be well acknowledged to target the right 

sample and guarantee a standardised sample selection. Hence, this section provides basic 

information on tooth development on a microscopic (enamel and dentine) and 

macroscopic (tooth growth) scale.  

4.1.3.2.1 Enamel and dentine formation 

Mature dental enamel (Fig. 19) is 96% inorganic, whilst less than 1% is organic, and the 

rest is water (3%; Hillson 1996; Williams and Elliott, 1989). The enamel formation 

process is called amelogenesis and consists of two stages, namely matrix production and 

maturation. During the matrix production stage, the ameloblasts, the enamel-forming cells, 

produce a substrate composed of minerals, protein and water. This substrate is deposited 

from the coronal tip of the crown in ribbon-shaped structures (the future enamel prism) 

(Hillson, 1996). The maturation phase starts once the ameloblasts stop secreting the 

ribbon-shaped substrate and substitute the protein and water with hydroxyapatite micro-

crystallites (Hillson, 1996; 2005). A fraction of proteins remains close to the enamel 

dentine junction (EDJ), the least mineralised enamel region (Lacruz et al., 2017). Final 

mineralisation takes place when the tooth has erupted in the mouth. Once tooth enamel 

has completely mineralised, it cannot regenerate and remodel. Therefore, the composition 

of the enamel crystallites does not change its chemical signature and remains the same 

throughout life (Hillson, 1996; AlQahtani et al., 2010; Dean, 2017).  
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Figure 19: Tooth structure  

Dentine (Fig. 19) is a living tissue made up of 72% inorganic material, 18% 

collagen, 2% other organic material and water (8%) (Hillson, 1996, p. 184). Odontoblasts, 

the cells that form dentine, incrementally secrete organic and inorganic material which 

will form the primary dentine wave-shaped lines from the EDJ to the pulp chamber in the 

form of micro-tubules (Hillson, 1996). Primary dentine, usually, does not remodel after 

its formation (Smith, 2008; Dean, 2017). Dentine behaves halfway between tooth enamel 

and bone tissue: in fact, dentine does not remodel as bone tissue does, but its organic 

matrix is not entirely removed, contrary to tooth enamel. Unlike ameloblasts, odontoblasts 

remain active, and the apposition of new dentine – recognised as secondary and tertiary 

dentine – happens through life. Once the roots are fully formed, secondary dentine 

formation occurs along the walls and the roof of the pulp chamber, starting from the root 

to the crown (Gustafson and Malmö, 1950; Hillson, 2005; van Rensburg, 1986; 

Montgomery, 2002; Tang et al., 2015). Tertiary dentine might occasionally appear as a 

response to a specific pressure, i.e., attrition or caries, to seal exposed dentinal tubules and 

protect the pulp cavity (Hillson, 2005; Goldberg, 2014). 

Besides having distinctive structures and location, primary and secondary dentine 

retain specific information on the time of formation if caries or other types of trauma are 

not present (Rowles, 1967; van Rensburg, 1986; Montgomery, 2002). Likewise, the tooth 

root – which is the only tooth part that survives high temperatures in cremations (see 

below) – because of their mechanism of additive deposition of primary dentine, might 

hold potential as a source of information for isotopic analyses of dentine collagen. 
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However, recent studies have demonstrated that the precise assignment of ages to dentine 

serial sections is not so straightforward due to the changing extension rate (the speed at 

which new odontoblasts are recruited at the cemental dentine junction towards the apex of 

the root) and oblique growth layers of dentine (Tsutaya, 2020). Indeed, dentine serial 

sections, commonly used to infer dietary changes in infancy and childhood by means of 

carbon and nitrogen isotopes, seem to have a broader and different age range than 

previously supposed (Czermak et al., 2018). 

4.1.3.2.2 Tooth growth 

Humans have two sets of dentitions with a specific period of formation (Fig. 20). 

Deciduous dentition consists of 20 teeth and form between 14-16 weeks in utero and 

roughly 3 years of age (Hillson, 1996, p. 139; Montgomery, 2002, p. 50). Permanent 

dentition consists of 32 teeth, which form shortly before birth (first lower molar: M1) and 

16 years of age, excluding the formation of the third molar (M3). The first lower M1 

generally starts to form before birth, as witnessed by the presence of the neonatal line, an 

accentuated incremental line forming at birth (Sabel et al., 2008). M3 formation and 

eruption vary significantly amongst individuals (Gustafson and Koch, 1974; Montgomery, 

2002, p. 52) and can start between 6 and 12 years (Liversidge, 2016), erupting until 24 

years of age.  

Tooth formation patterns have been investigated through modern comparative 

radiographic imaging (Hillson, 1996; AlQahtani et al., 2010), which shows only 

mineralised tissues through radio-opacity. However, since enamel and dentine are 

primarily deposited in a poorly mineralised form, radiographic imaging seems slightly 

delayed than the actual tooth growth (Hillson, 1996). The time necessary for an individual 

tooth to grow goes from two to three years for the deciduous teeth to eight to twelve years 

for the permanent teeth (Liversidge, 2016). Consequently, teeth do not form at a punctual 

and precise point in time (Montgomery, 2010).  

The most targeted sample for 87Sr/86Sr analysis is the permanent first molar (M1) 

or permanent second molar (M2) tooth enamel. There is minimal difference recorded in 

development for upper or lower dentition (AlQahtani et al., 2010; Liversidge, 2016). 
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Alternatively, other studies have also resorted to other teeth, i.e., permanent first and 

second premolar (P3 and P4) tooth enamel, which have a roughly similar formation to M2 

(Cavazzuti, Skeates et al., 2019). Deciduous molars’ tooth enamel is also used, although 

it can record the mother’s signal during pregnancy and breastfeeding (see below). Figure 

20 reports the ranges of formation of deciduous (m1 and m2) and permanent molars (M1 

and M2) for the mandible.  
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Figure 20: Representation of tooth crown formation 

Period of formation of the first and second deciduous molar 

(m1-m2) and first and second permanent molar (M1-M2) 

according to AlQahtani et al. (2010) and Liversidge (2016). 

Ci = initial cusp formation; CCo = coalescence of the cusp; 

CoC = cusp outline complete; Cr ½ = crown half completed 

with dentine formation; Cr ¾ = crown three quarters 

completed; Crc = crown completed with defined pulp roof; Ri 

= initial root formation with diverging  edges 
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Deciduous teeth and early-forming permanent teeth (e.g., M1) might give 87Sr/86Sr 

information that reflects the mother’s signal during pregnancy and lactation (Fig. 21). 

Several studies used teeth formed in post-weaning periods (i.e., M2) to avoid mother and 

weaning signals (Cavazzuti, Skeates et al., 2019), particularly when oxygen (δ18O) 

analyses were performed. Indeed, breastfeeding can significantly alter δ18O values. 

However, M2 reflects a later signal, presenting a higher probability to sample an 

individual who might have moved before or during the period of formation of the 

examined tooth. Consequently, possible differences in 87Sr/86Sr values between the 

individual analysed and the place at death could be missed. 

 

Figure 21: Scheme of possible nutrition sources for deciduous and 

permanent teeth 

Adapted from Yazicioglu-Santamaria (2015, Fig. 1). Teeth: m1 = first 

deciduous molar; m2 = second deciduous molar; M1 = first permanent 

molar; M2 = second permanent molar; P3 = first permanent premolar; P4 

= second permanent premolar 

To conclude, when a tooth is sampled for 87Sr/86Sr analyses, it is crucial to consider 

that: 

a. in the case of inhumations, enamel samples are preferred compared to dentine 

because these samples do not present substantial problems of diagenesis (see 

below contra Hoppe et al., 2003; Lee-Thorp and Sponheimer, 2003) and 

remodelling (second and third dentine); 

b. the sample selected must be core tissue only, preferably the cusp, and must be free 

from dentine; 
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c. M1 is often targeted for investigating early infancy signals; 

d. The M1 crown starts to form before birth and is completed around 3 years of age, 

but this might show the mother’s signal (placenta, breastfeeding and weaning 

signals); 

e. The M2 crown begins to form at 3 to 4 until 7 to 8 years of age. 

4.1.3.3 Cremations: petrous bone  

Recent studies have pointed out the possibility of performing 87Sr/86Sr analysis on 

cremated human remains (Harbeck et al., 2011; Snoeck and Pellegrini, 2015), one of the 

most common funerary rituals in Bronze and Early Iron Age Europe (Harbeck et al., 2011; 

Cavazzuti, Cardarelli et al., 2019; Cavazzuti, Skeates et al., 2019). As already 

demonstrated for 14C studies (§5; Lanting and van der Plicht, 1998), combusted bones and 

teeth undergo a process of crystallisation at 650˚-750˚C represented by a white “calcined” 

appearance (Bonucci and Graziani, 1975; Shipman et al., 1984; Galeano and García-

Lorenzo, 2014; Cavazzuti, Cardarelli et al., 2019; Cavazzuti, Skeates et al., 2019). 

Crystallised bone tissues preserve in vivo strontium and are far more resistant to the 

process of diagenesis (Harbeck et al., 2011; Snoeck and Pellegrini, 2015; Snoeck, 

Schulting et al., 2016) compared to inhumed bones.  

Nonetheless, complete teeth are rarely found in cremated human remains, or 

cremains, due to heat effects, while the roots are more frequently recovered (Fig. 22). 

Indeed, teeth crowns are only preserved when developing teeth are protected inside the 

mandible or the maxilla of subadult individuals (McKinley, 1994; Hillson, 2005).  

 

Figure 22: Transversal section of an unburnt 

(A) and a cremated tooth (B) 
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Therefore, Harvig et al. (2014) have proposed the otic capsule of the temporal 

bone (pars petrosa) as a valid substitute for tooth enamel (Fig. 23).  

 

Figure 23: Diverse stages of the petrous bone formation 

 

The pars petrosa is considered a good sample because:  

a. it is resistant to heat, therefore is often found in cremations;  

b. it forms between 16 and 18 gestational weeks, and becomes fully ossified after 2 

years of age, giving a signal which roughly overlaps the M1 tooth enamel;  

c. it does not remodel during life (Sørensen et al., 1992; Sørensen, 1994; Jeffery and 

Spoor, 2004).  

Cavazzuti, Skeates et al. (2019) have confirmed the correspondence between 

87Sr/86Sr values in tooth enamel and the otic capsule, sampled according to Jørkov et al. 

(2009). However, Veselka et al. (2020) have recently demonstrated that only a thin layer 

of the otic capsule, the inner cortex, shows no remodelling. For this reason, the paper has 

proposed an improved sampling method compared to the one suggested by Jørkov et al. 

(2009; §6.1.1.b). 

As already noticed for M1 and the deciduous teeth, the petrous portion forms in 

part before and during the gestation and weaning period. Consequently, the 87Sr/86Sr ratio 

partially reflects the food consumed by the woman who breastfed the infant. However, as 
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noticed by Cavazzuti, Skeates et al. (2019), there is no reason to believe that infants (after 

weaning) and mother ingested food with different provenance. Other studies (Snoeck et 

al., 2018) have analysed bone tissues (e.g., the occipital bone of the skull) which arguably 

provide information on the last ten years or so of the samples analysed (contra Fahy et al., 

2017; §4.1.3.1). Since the tooth root is the only part that survives burning, this tissue might 

be used to unravel information about the early stage of the analysed individual’s life, even 

if possible biases linked to remodelling processes and diagenesis should be better 

understood.  

4.1.4 Diagenesis of bone and teeth  

Diagenetic changes are the result of physical, chemical and biological interaction between 

the skeleton and the soil. This alteration can vary according to the type of burial (i.e., 

cremations versus inhumations), the grade of preservation of the bones and the type of 

soil. As previously mentioned, cremated human remains do not present substantial 

alteration in the chemical composition of bones (Harbeck et al., 2011; Snoeck and 

Pellegrini, 2015; Snoeck et al., 2015), while inhumed human remains are more affected.  

Being characterised by a high component of organic material, bone tissues are 

more exposed to diagenesis than tooth enamel, formed mostly of inorganic apatite 

(hydroxyapatite). The organic material is subject to the formation of secondary minerals 

(Kohn et al., 1999; Budd et al., 2000), which alter the in vivo 87Sr/86Sr signature (Bentley 

et al., 2004). Processes of diagenesis are always present in buried bones (Nelson et al., 

1986; Sillen and Sealy, 1995; Hedges, 2002; Trickett et al., 2003; Lee-Thorp and Sealy, 

2008), but these are subject to many variabilities (Nielsen-Marsh and Hedges, 2000) which 

can alternatively produce weaker or stronger interactions. Diagenetic strontium can be 

incorporated in pore spaces through weak bonds or can be more insidiously embedded 

through a re-crystallisation of hydroxyapatite or direct exchange of diagenetic Sr and Ca 

in the original hydroxyapatite crystals (Bentley, 2006). 

In the case of weak bonds, a weak acid can remove diagenetic Sr (Sealy et al., 

1991; Price et al., 1994; Sillen and Sealy, 1995; Nielsen-Marsh and Hedges, 2000). The 

idea is that in vivo Sr is more strongly bounded in the bone hydroxyapatite than diagenetic 
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Sr present in pore spaces (Bentley, 2006). Hence, weak acid can effectively remove all the 

diagenetic Sr (e.g., Sealy et al., 1991; Price et al., 1994; Ezzo et al., 1997), but acid 

leachates might alter the initial Sr value (Montgomery, 2002). In contrast, if diagenetic Sr 

is tightly bonded, removing diagenetic Sr is ineffective (Collins et al., 2002; Bentley, 

2006). For example, Nelson et al. (1986) tested marine animal fossils, which had an 

expected 87Sr/86Sr value of 0.7092, but which fully took on local Sr. Like bone tissues, 

dentine, formed of 72% organic material, is subject to diagenesis. Budd et al. (2000) have 

demonstrated that dentine samples show 87Sr/86Sr values similar to the local 87Sr/86Sr 

value, whereas 87Sr/86Sr tooth enamel samples are more variable. Chiaradia et al. (2003) 

have proved that the 87Sr/86Sr from twelve dentine samples were very much like each other 

and closer to the soil 87Sr/86Sr values than the much more variable associated enamel.  

Besides providing information about early infancy, tooth enamel in inhumations is 

preferred for detecting people’s movement due to low diagenesis (Chiaradia et al., 2003; 

Hoppe et al., 2003; Lee-Thorp and Sponheimer, 2003; Trickett et al., 2003; Bentley, 

2006), though this cannot always be wholly excluded (Nava et al., 2020).  

4.2 Introduction to carbon (δ13C) and nitrogen (δ15N) isotope analyses  

Carbon (13C/12C) and nitrogen (15N/14N) stable isotope analyses performed on inhumed 

human remains provide information on long-term past feeding behaviours (van der Merwe 

and Vogel, 1978; Ambrose, 1993). These analyses show foodstuff values incorporated in 

both human bone collagen, which mainly indicates protein intake, and bone apatite, 

reflecting more broadly proteins, carbohydrates and lipids (Jim et al., 2004; Lai et al., 

2007; 2013). By contrast, since the organic component does not resist high temperatures, 

these analyses can only provide data on the temperature and ventilation of the pyre in 

cremations (Snoeck et al., 2018). The former technique is better explored and has been 

used for the last 40 years, however.  

13C/12C and 15N/14N in inhumed human remains can provide a variety of 

information on the long-term diet (Fig. 24): 
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Figure 24: Simplified representation of stable carbon and 

nitrogen values for the terrestrial and marine ecosystem 

Adapted from Schulting (1998, Fig. 2) 

a. 13C/12C isotope values can define different types of plant consumption, 

discriminating C3 (e.g., wheat, barley, oats, rice, potato, manioc, yam; Lee-Thorp, 2008) 

from C4 plants (e.g., maize, sorghum, millets, sugarcane and tropical pasture grasses; 

Ambrose, 1993; Malainey, 2011); 

b. 15N/14N isotope values can identify the place occupied by an organism in 

the food chain (Minagawa and Wada, 1984; Schoeninger and DeNiro, 1984; Schoeninger 

and Moore, 1992; Makarewicz and Sealy, 2015), identifying herbivores against omnivores 

and carnivores.  

c. 13C/12C, together with 15N/14N, can distinguish marine versus terrestrial 

diet. It is generally assumed that a marine diet presents increased 13C/12C values, which 

fall between C3 and C4 plants’ 13C/12C values. In contrast, the 15N/14N values are usually 

higher than those visible in terrestrial animals due to the higher amount of denitrification 

in oceans (Ambrose, 1993; Brown and Brown, 2011) (Fig. 25). Additionally, a trophic 

enrichment at each stage in the food chain also happens in the marine system (Schoeninger 

and DeNiro, 1984), contributing to making 15N/14N values of marine carnivores higher 

than terrestrial carnivores. However, as we will see below, this correlation is not so 
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straightforward since 13C/12C values in collagen do not always show a positive linear trend, 

reflecting the intake of isotopically enriched marine sources (Craig et al., 2009). 

A multidisciplinary approach which includes 13C/12C, 15N/14N and other isotopic 

analyses (e.g., strontium, oxygen and lead) and historical (Lamb et al., 2014), osteological 

(Crowe et al., 2009) and archaeological data enables a better interpretation of diet and 

mobility in the past. For example, Hakenbeck et al. (2010) have used a combination of 

carbon and nitrogen analyses and archaeological data (e.g., grave goods and funerary 

ritual) to spot possible migrants in an early medieval Bavarian cemetery. The study has 

identified a substantial difference in the diet of male and female individuals at the site. 

Furthermore, the presence of “exotic”-style grave goods in female tombs has supported 

the hypothesis of higher mobility amongst female individuals, though the correlation 

between diet and mobility is not always so straightforward. In fact, the mobility of an 

individual does not always imply a difference in his/her diet, and, vice versa, diverse diets 

do not necessary indicate diverse origins of a population.  

Intra-population variability might indicate the availability of different food sources 

for diverse group members, or it can just be the outcome of the long span of the necropolis. 

The data obtained from the analysis of the catastrophic assemblage at Herculaneum have 

demonstrated the challenge of catching intra-population 13C/12C and 15N/14N isotopic 

variability in the cemetery population (Martyn et al., 2018). The individuals analysed in 

Herculaneum, all victims of the 79 CE Vesuvius eruption and, therefore, who lived 

contemporaneously, displayed narrower differences in stable isotopic values than 

individuals buried in cemeteries, the latter being influenced by selective mortality as well. 

Hence, the differences mentioned above amongst age and sex might be the result of the 

long durée of the cemeteries analysed.  

The following sections report the basic principles of 13C/12C and 15N/14N analyses 

(§4.2.1) and how these are employed to identify ancient dietary habits (§4.2.2). The 

sections illustrate the complexity of interpreting the data and the necessity of using 

different methodologies to reach an exhaustive comprehension of the outcome. 
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4.2.1 Principles of carbon (13C and 12C) and nitrogen (15N and 14N) stable isotopes  

4.2.1.1 Carbon (13C and 12C) 

Carbon has three naturally occurring isotopes (12C, 13C and 14C) with a variable number 

of neutrons and different atomic mass. Changes in the atomic mass do not affect gross 

chemical properties, but they can generate chemical and physical differences between 

isotopes. The different atomic mass in isotopes can affect their rates of movement 

diffusion and their pace during chemical reactions (Zachary, 2007). In other words, the 

heaviest isotopes undergo chemical reactions more slowly compared to the lighter 

isotopes. That is why the abundance of diverse stable isotopes varies in the atmosphere. 

13C and 12C stable isotopes are, for example, present in the atmosphere as carbon dioxide 

(CO2) or carbon monoxide (CO) with a natural abundance of 1.1% and 98.9%, 

respectively (Schoeninger and Moore, 1992; Malainey, 2011).  

Stable carbon ratio abundance is expressed by δ13C values. δ13C is the 13C/12C ratio 

of the sample compared to the 13C/12C ratio contained in the international standard, a 

belemnite limestone fossil from South Carolina, recognised as Pee Dee belemnite (PDB) 

(Craig, 1957; Malainey, 2011). Today a new standard, the VPDB (for “Vienna PDB”), 

has replaced the original (Gonfiantini, 1984). The final value is expressed in per mil (‰).  

𝛿13C = [
.13 C/12C sample−13C/12Cstandard

.13 C/12Cstandard
] × 1000 

 

The VPDB standard has a 13C/12C ratio close to zero, typical of marine carbonates, 

which is much higher than most organic carbon samples. For this reason, δ13C values of 

non-carbonate samples are usually negative, ranging between -36‰ and -8‰. In modern 

times, the δ13C value in the atmosphere is ca. -7‰ due to fossil carbon contribution, 

whereas it must have been around -6‰ to -5‰ in prehistory (Schoeninger and Moore, 

1992). The natural abundance of stable isotopes is generally very small, but modern mass 

spectrometers can detect it precisely (Schoeninger and Moore, 1992). 
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The primary carbon source for terrestrial plants is atmospheric CO2. Carbon is 

acquired by living organisms through photosynthesis. During photosynthesis, green plants 

transform inorganic CO2 and water into organic sugar through carbon fixation. To enable 

this process, CO2, water and chlorophyll are necessary. Water and minerals are acquired 

from the soil through roots, whereas stomata, which are pores located on the leaves, absorb 

CO2 and eliminate oxygen (O) as a waste product. There are three dominant types of 

photosynthesis pathways in land plants recognised as C3, C4 and crassulacean acid 

metabolism (CAM), which have different δ13C values accordingly (Kennedy and Laetsch, 

1974). Hence, when analysing human bone collagen, it is possible to infer what type of 

plants the examined example consumed according to δ13C values (see below). 

It has been generally assumed that δ13C values in bone collagen mostly represent 

dietary protein intake (Richards and Hedges, 1999). Some studies have shown that around 

50% of carbon in collagen represents dietary protein intake, the percentage becoming even 

higher with a higher amount of protein intake in the diet (Jim et al., 2006; Craig et al., 

2009). However, this correlation is more complicated since other carbon sources such as 

carbohydrates and lipids might contribute to bone collagen (Craig et al., 2009; 2013). 

Therefore, a more complex “scrambling” model has been proposed (Craig et al., 2009) 

which reflects carbon in collagen as a result of the “scrambling” of all the diet rather than 

depending on “direct routing” with 100% routing of protein to collagen. 

4.2.1.2 Nitrogen (15N and 14N) 

Nitrogen consists of two isotopes, 15N and 14N, which occur in nature with an abundance 

of 0.36 to 99.64%, respectively (Schoeninger and Moore, 1992). Stable nitrogen ratio 

abundance is expressed by δ15N and is given by 14N/15N of the sample compared to the 

14N/15N in the international standard recognised as AIR (Ambient Inhalable Reservoir) 

(Malainey, 2011): 

𝛿15N = [
.15 N/14N sample

.15 N/14N standard
− 1] × 1000 

Atmospheric molecular nitrogen, N2, isotope composition has a low δ15N (0‰ by 

definition) (Lee-Thorp, 2008). The atmosphere is composed of 79% N2, but most 
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organisms are only capable of using nitrogen that has been fixed (Malainey, 2011, p. 41). 

During fixation, molecular nitrogen is transformed into nitrates and other compounds. 

Atmospheric N2 is converted into ammonia (NH3) through nitrogen fixation. Nitrogen 

fixation can happen through lightning, although it is rare. Alternatively, bacteria and blue-

green algae in aquatic or terrestrial systems permit nitrogen fixation. For example, 

Rhizobium bacteria, in a symbiotic relationship with legume plants, which provide energy, 

are responsible for nitrogen fixation. Other nitrogen-fixing bacteria are Azotobacter and 

Clostridium (Malainey, 2011, p. 42). Another source of nitrogen fixation involves bacteria 

which break down complex nitrogen-containing molecules in organic matter after the 

organism’s death (Schoeninger and Moore, 1992, p. 256). Diverse nitrogen fixation results 

in different δ15N values. For example, the nitrates produced by the process which involves 

bacterial breakdown contain more positive δ 15N. Therefore, in part, plants that use these 

nitrates have slightly more positive δ15N values than nitrogen-fixing plants. There is a vast 

range of δ15N values in plants, but most of them are close to atmospheric δ15N 

(Schoeninger and Moore, 1992, p. 258), which is about 1-4‰ subject to variability (Lee-

Thorp, 2008).  

δ15N values in collagen are directly connected to protein intake. For this reason, 

δ15N values reflect more the consumption of foods such as meat, dairy products, legumes 

and fish, which are richer in proteins compared to cereals, fruits and oils, the latter being 

wholly deprived of protein contents (Craig et al., 2009). Hence, if the diet of the individual 

analysed is based on cereal consumption, this might be reflected in relatively low collagen 

δ15N values compared to a carnivorous diet (Craig et al., 2009).  

4.2.2 What can δ13C and δ15N tell us about palaeodiet? 

This section reports the possible information on palaeodiet that can be collected through 

δ13C and δ15N analysis of bone collagen (Fig. 24).  

4.2.2.1 C3, C4 and CAM plants 

The estimation of δ13C in bone collagen discriminates the type of plant consumed by a 

specific population. For example, C3 plants (e.g., wheat, barley, oats, rice, potato, manioc 

and yam) – typical of cold-weather regions – have an average δ13C value around -26‰ 
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with a range between -36‰ and -22‰ (Brown and Brown, 2011; Malainey, 2011). 

Nonetheless, several factors, such as temperature (Malainey, 2011), water availability, 

light intensity and nutrient accessibility (Ambrose, 1993), can influence these values.  

C4 plants (e.g., maize, sorghum, millets, sugarcane and tropical pasture grasses) – 

typical of tropical and dry habitats – have δ13C values around -16‰ to -8‰ (Malainey, 

2011). The δ13C values of C4 plants are less affected than C3 plants by environmental 

factors such as humidity, light intensity and temperature (Lee-Thorp, 2008).  

CAM plants (e.g., cactus, sedum, pineapple), typical of hot and dry environments, 

have a δ13C ratio with intermediate values between C3 and C4 plants, namely 

between -20‰ and -10‰ (Malainey, 2011). Environmental conditions such as salinity, 

day length, night temperature and water stress strongly influence δ13C values in CAM 

plants (Ambrose, 1993). 

4.2.2.2 Marine food intake 

Combined δ13C and δ15N isotope values can give information on the consumption of 

marine food. The δ13C value in marine food appears close to δ13C in CAM plants, whereas 

δ15N is higher than δ15N for terrestrial animals. δ13C values in marine plants and 

phytoplankton range between the δ13C values of C3 and C4 plants, namely around -19.5‰ 

(Malainey, 2011, p. 180). Similarly to terrestrial plants, photosynthesis in the ocean is via 

the C3 pathway (Brown and Brown, 2011). However, δ13C values in oceans are more 

positive because dissolved bicarbonate (HCO3) has more positive δ13C values than CO2. 

Likewise, δ15N in fish and mammals is higher than in terrestrial fauna (Schoeninger et al., 

1983) due to a more significant amount of bacterial denitrification. This latter is the 

conversion of nitrates (NO3) to inert nitrogen gas (N2) and happens in oceans (Schoeninger 

and Moore, 1992; Ambrose, 1993; Brown and Brown, 2011, p. 84). Additionally, higher 

δ15N values are also influenced by the stepwise enrichment in δ15N in long marine food 

chains (Lee-Thorp, 2008). It follows that marine vertebrates show more positive δ15N 

values than terrestrial vertebrates (Fig. 25) (Schoeninger and DeNiro, 1984). 

Consequently, δ15N values in the bone collagen of humans with marine-based diets are 

around +17 to +20‰, whilst humans who fed on plants and terrestrial animals have lower 

values, around +6 to +12‰ (Schoeninger et al., 1983).  
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Some limitations, primarily related to δ13C values and marine food intake, have 

been highlighted (Hedges, 2004; Milner et al., 2004). Recent studies have shown that bone 

collagen is not directly routed in protein intake, particularly in diets where proteins are not 

the main contributors (Craig et al., 2009; 2013). At Velia, a Roman coastal site in southern 

Italy, individuals display very high δ15N values, but δ13C values are not enriched, showing 

values characteristic of terrestrial mammals (Craig et al., 2009). This outcome might be 

due to the so-called scrambling effect, which does not imply a direct relationship between 

protein intake and bone collagen. In other words, enriched δ15N values in some individuals 

were closely connected to marine fish consumption, whilst δ13C was derived from other 

food components such as cereals, which made a major contribution to the imperial Rome 

diet. Hence, human collagen is representative of various diet components described by a 

macronutrient scrambling model.  

A study conducted on nine humans and one sheep from Herculaneum that all died 

together in the 79 CE eruption of Vesuvius further confirmed this model/interpretation 

(Craig et al., 2013). Despite having perished simultaneously, individuals’ radiocarbon 

dates showed significant differences, and this might be conventionally explained by the 

incorporation of old carbon from the marine reservoir. However, this divergence was not 

entirely reflected in the δ13C values. Hence, Craig et al. suggested a mixed-model 

macronutrient scrambling which sees collagen sources taken from protein and other types 

of diet elements.  

It is important to stress that spotting possible marine food consumption in human 

bones can support other isotope analyses such as 87Sr/86Sr. The consumption of fish by 

individuals can indeed greatly influence their 87Sr/87Sr isotope values, which will be closer 

to seawater 87Sr/86Sr values (0.7092 by definition). Identifying a diet based on marine food 

can therefore benefit 87Sr/86Sr analysis. 

4.2.2.3 Freshwater fish 

The δ13C values of freshwater fish are different from marine species (Dufour et al., 1999; 

Malainey, 2011). Indeed, δ13C values in freshwater fish are lower (-32‰ to -24‰) 

compared to marine fish, but these values strongly depend on the freshwater system 
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analysed. Dufour et al. (1999) have compared the bone collagen of diverse species from 

three European lakes and a Russian lake, showing the variability of values based on the 

local conditions and the trophic position of the consumed species. The study encouraged 

archaeologists to test fishbone excavated in archaeological sites. Alternatively, if 

archaeological fishbone is not available, recent samples taken from a freshwater system 

close to the site could identify possible freshwater fish consumers. Moreover, since each 

freshwater system bears a strong distinctiveness in terms of δ13C and δ15N values, the 

method can detect non-local individuals.  

4.2.2.4 Carnivores against herbivores 

δ15N can identify carnivores against herbivores in the food chain. Since δ15N visibly 

increases along with the trophic level, primary consumers can be distinguished from 

secondary and tertiary consumers (DeNiro and Epstein, 1981; Schoeninger and DeNiro, 

1984; Sealy et al., 1987). The increase of δ15N is +2-6‰ from diet to body protein, and 

this shift continues along the food chain (Richards, 2002; Hedges et al., 2007; Tafuri et 

al., 2009; Brown and Brown, 2011). An enrichment of 0‰ is expected in a vegan diet 

(Tafuri et al., 2009). Based on the same principle, stable nitrogen isotope studies can 

identify weaning practices. Studies have demonstrated that a δ15N enrichment of 2-4‰ 

occurs between breastfeeding infants and their mothers (Katzenberg and Harrison, 1997; 

Malainey, 2011). Alternatively, δ15N increases with nutritional stress when dietary intake 

is insufficient (Beaumont et al., 2013; Beaumont and Montgomery, 2016). By contrast, 

the δ13C value shows only a small increase of 1-2‰ in collagen (Brown and Brown, 2011) 

compared to that in the diet, but the reasons for this enrichment are not entirely explored 

(Ambrose, 1993).  

Nonetheless, this principle has been questioned (Hedges and Reynard, 2007; 

Tafuri et al., 2009) due to the lack of understanding of nitrogen isotope enrichment. δ15N 

values in collagen mainly reflect protein intake, but the meat was likely a supplement to 

staple foods. Hence, δ15N in collagen often reflects cereal and legume consumption in the 

diet, assuming this food made a significant contribution to the diet. Low collagen δ15N 

values express cereal and legume consumption compared to more carnivorous diets (Craig 

et al., 2009).  
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Besides diet, environmental and cultural factors can influence δ15N values (Hobson 

and Clark, 1992; Fuller et al., 2005; Haubert et al., 2005; Mekota et al., 2006). For 

example, animals consuming nitrogen-fixing plants have lower δ15N values, whilst δ15N 

values of animals adapted to retain water under stress are higher compared to those which 

do not have this adaptation within the same trophic level (Malainey, 2011, p. 185). Indeed, 

the former retains water and expels urine highly concentrated in urea. The effect is a 

significant loss of the lighter nitrogen isotope and, consequently, a greater δ15N value is 

recorded in the animal tissue (Ambrose, 1991; Schoeller, 1999; Malainey, 2011). Murphy 

and Bowman (2006) have demonstrated a close relationship between water stress and the 

increase in δ15N values in plants. Hence, fauna bone collagen can record an increase in 

δ15N values when herbivores feed on plants with high δ15N values.  

Concerning cultural factors, certain agricultural techniques such as animal 

manuring used to improve crop production substantially raise δ15N values (Varalli et al. 

2016). For this reason, constructing geographical and temporal isotopic baselines is 

necessary to understand isotopic values in consumers (Ambrose, 1991). Additionally, a 

baseline of archaeological samples might avoid possible misinterpretation since the 

modern food web might not reflect the same values as the prehistoric ecosystem (e.g., 

Bocherens and Drucker, 2003; Jay and Richards, 2006; Richards et al., 2006; Hedges and 

Reynard, 2007). 

4.2.3 Human bone sample selection  

Being a living tissue, bone goes through a continuous turnover, which varies according to 

the type of bone sampled (see §4.1.3.1 for a broader explanation). Therefore, different 

bones are analysed to have diverse information on food ingested during life. Collagen is 

synthesised at various stages of an individual’s lifespan. For this reason, many studies 

have compared different types of bones in the same individual (e.g., ribs vs femurs) to 

spot variability in the diet (Sealy et al., 1995; Schroeder et al., 2009; Pollard et al., 2012; 

Lamb et al., 2014; Fahy et al., 2017). Femurs reflect a longer-term diet, namely far above 

ten years (Hedges et al., 2007; Handlos et al., 2018), whilst ribs recall diet from the last 

years of a person’s life (Cox and Sealy, 1997). 
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4.3 aDNA to explore ancestry and kinship 

The study of human genomes can offer information on the grand patterns of human 

migration. However, ancient DNA analysis gives a profoundly different insight on human 

migration compared to 87Sr/86Sr and other isotopic analyses. Containing information on an 

individual’s ancestry (Brown and Brown, 2011), aDNA reveals nothing about the movement 

of individuals (Skoglund and Mathieson, 2018). Still, it informs about degrees of gene 

flow at population levels. The DNA of a specific living organism is the outcome of 

maternal and paternal DNA and, at the same time, has a record of larger population 

affinities (Brown and Brown, 2011). These pieces of information allow us to detect 

potential kinship amongst a specific group and show the ancestry that dates back 

thousands of years of this same population. 

4.3.1 Ancestry 

Nuclear (ncDNA) and mitochondrial (mtDNA) ancient and modern DNA has been largely 

used to investigate ancestry and infer information on past migration (Brown and Brown, 

2011, p. 186). ncDNA is located within the nucleus of eukaryotic cells. This usually has 

two copies and is diploid, inheriting the DNA from two parents. In contrast, mtDNA is 

the small portion of the genome and is inherited solely from the mother. Being easier to 

extract, mtDNA was used more extensively in archaeology to infer the movement of 

people in the past. Indeed, mtDNA has a more significant number of copies (100-1000 per 

cell) and a smaller, circular structure (White et al., 2012). However, mtDNA is 

representative of a uniparental pattern of inheritance (Brown and Brown, 2011). For this 

reason, increasing numbers of whole-genome studies (which have clear advantages over 

partial, mtDNA or Y-chromosome haplogroup studies (Booth, 2019)) have lately 

emerged. 

By sequencing modern and ancient DNA, studies have inferred that there are three 

major strands of ancestry in modern European populations, two of which can be traced 

back to waves of migration in prehistory (i.e., Near Eastern farmers in the Neolithic and 

migrations from the Pontic-Caspian Steppe, the so-called Yamnaya, in the Bronze Age) 

(§2.4). The first “strand” which is present as a minor component in modern European 
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populations is Western Hunter-gatherer ancestry, and its origin is still being studied as 

genomes from the necessary time depth (LGM, pre and post) are rare. According to recent 

theories, the Yamnaya people contributed to the diffusion of Indo-European languages 

(Cavazzuti, 2019). This latter theory contrasts with the Anatolian theory proposed by 

Renfrew (1987; 1992), who supported the diffusion of Indo-European languages during 

the Neolithic, postponing the diffusion of Indo-European languages as previously 

supported by Mallory and Adams (2006). The study of modern and ancient population 

DNA has also enabled scholars to answer questions with a regional focus. With particular 

regard to Italian archaeology, some studies have focused on the formation of Early Iron 

Age regional groups in the peninsula. These regional groups, such as Picenes, Umbrians 

and Latins, are visible through archaeological data and, later in time, attested through 

written documents (§3.1.2). Amongst those groups, the Etruscans have captured the 

highest degree of interest due to their supposed eastern origin. Indeed, according to the 

Greek historian Herodotus (484-425 BCE), Etruscan people came from the west coast of 

Anatolia (a region called Lydia) around 1200 BCE as a result of a famine (Histories 1.94) 

(Bartoloni, 2002). The fact that the Etruscan language is classified as non-Indo-European 

further supported this idea. Many studies on ancient and modern DNA have tried to 

explore these research questions, and the outcomes are controversial.  

The pioneering study by Francalacci et al. (1996) on modern mtDNA from 

southern Tuscany has pointed at the persistence of an ancient European component 

enriched by waves of migrants from the Middle East, confirming an eastern origin of the 

Etruscan people. Subsequently, several studies based on modern and ancient DNA agreed 

with this hypothesis (Vernesi et al., 2004; Achilli et al., 2007; Pellecchia et al., 2007; 

Brisighelli et al., 2009; Guimaraes et al., 2009; Pardo-Seco et al., 2014). For example, 

Vernesi et al. (2004) have explored ten Etruscan necropolises from the 7th to the 3rd century 

BCE, noticing that the individuals from those necropolises were closer to the eastern 

Mediterranean in terms of mtDNA compared to modern populations. Brisighelli et al. 

(2009) have supported the idea that U7a2a haplogroup arrival to the isle of Elba might 

have happened in correspondence with the origin of Etruscan culture (9th-1st century BCE). 
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By contrast, other studies (Ghirotto et al., 2013; Tassi et al., 2013; Gómez-Carballa et al., 

2015) have located this migration wave earlier in time, namely during the Neolithic period. 

Recent studies have also looked at other archaeological groups such as Umbrians 

and Picenes, both located in central Italy. Both those groups are archaeologically visible 

as early as the 8th century BCE and attested in later direct and indirect written sources. 

However, differently from the Etruscan people, their language is recognised as Indo-

European. The study of these populations has clarified if any differences in ancestry with 

the Etruscan people were visible. Indeed, if the hypothesis of an eastern origin of the 

Etruscan people was valid and verifiable through DNA analyses, a certain degree of 

difference amongst the supposed non-Indo-European Etruscans and the Indo-European 

local groups (e.g., Picenes and Umbrians) should be visible. 

Modi et al. (2020) have explored the mtDNA variation of 545 present-day 

Umbrians and 19 individuals from the Iron Age cemetery of Plestia, located in the ancient 

Umbrian territory. A high mtDNA diversity is testified in modern Umbria represented by 

western Eurasian haplogroups (97%). As for the Iron Age samples from Umbri Plestini, it 

is possible to infer distinctive mtDNA variants in agreement with recent genetic data on 

the entire continent. These variants can be pointed to as being from the early Neolithic 

farmers spreading across the Mediterranean and from the Bronze Age with central-eastern 

Europeans, possibly including a few nomadic groups (Yamnaya) from the Pontic-Caspian 

steppes (Modi et al., 2020). Based on the mtDNA of ten individuals from the Picene 

necropolis of Novilara, Serventi et al. (2018) have pointed to a low nucleotide diversity 

for the inhabitants of Novilara and showed a genetic affinity of this ancient population 

with the current inhabitants of central Italy. More recently, Antonio et al. (2019) noted 

that in samples from the Iron Age it is possible to see strong resemblances to modern 

Italian and Mediterranean populations, based on the whole-genome sequencing data from 

11 individuals from 900-200 BCE. 

To date, the presence of a Near East component connected to Neolithic migration 

in all the Iron Age groups has discounted an Eastern origin during the Iron Age of the 

Etruscan people. However, much of the research on the Early Iron Age Italian Peninsula 
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up to now has been based on mtDNA, which has the disadvantage of revealing only a part 

of the population history. 

4.3.2 Kinship  

Another way of capturing insightful information about a particular ancient population is 

through the investigation of kinship (Mittnik et al., 2019; Schroeder et al., 2019). A cross-

disciplinary approach that involves archaeology, osteology, cultural anthropology and 

isotope and aDNA studies can clarify both social and biological relationships amongst 

diverse members of a necropolis (Härke, 2000; C. Meyer et al., 2012). The tombs’ 

structure and their location in the cemetery, grave goods and the treatment of the deceased 

can illuminate the possible social relationship amongst people and the structure of the 

communities. Meanwhile, biological information from aDNA analyses can show kinship 

through mtDNA and ncDNA. mtDNA can rebuild the female genealogy of the members 

of a group, assuming that those descended from each other. Meanwhile, ncDNA also gives 

information on the male line through Y-chromosome information (C. Meyer et al., 2012). 

Comparing the data on social information and biological kinship can enable us to 

understand the social structure of a specific population with high resolution. For example, 

social kinship can be inferred when no genetic kinship is found between two individuals 

connected spatially. In this way, it might be possible to reconstruct a particular social 

organisation of a group (e.g., for family groups, groups based on patrilineality or groups 

based on matrilineality) and catch possible affinities with geographically and 

chronologically contemporary groups. Additionally, non-local people – or their 

descendants – might be more easily differentiated from those who biologically and 

culturally belong to the population under study. 

4.4 Osteobiography 

Information on archaeological and osteological data, mobility, diet, ancestry and kinship 

can contribute significantly to build the osteobiography of analysed individuals. The 

bioarchaeological field has recently looked at a more humanistic approach through 

osteobiography (Hosek and Robb, 2019). Osteobiography reconstructs ancient human 
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lives through the reading of diverse data acquired from the osteological and the 

archaeological record. This renewed approach does not solely frame human beings in 

statistical and graphic relations. Individuals are investigated as single case studies taking 

into account diverse information structured in a temporal manner. General 

bioarchaeological outcomes remain essential for building osteobiographies and cannot be 

left out in this process. Indeed, data on a specific individual can be understood only when 

compared with broader data. In other words, the normal and the exceptional, local or exotic 

can only be understood if a statistically significant number of samples is examined. 

As recognised in other fields (Hosek and Robb, 2019), human lives have a 

temporal structure. The purpose of osteobiography is to reconstruct diverse chronological 

sequences of a person’s life history (Robb, 2019). In more detail, osteobiography looks at 

the individual life span as the unit of analysis. Additionally, it arranges data 

chronologically according to the life of the individual analysed (Hosek and Robb, 2019). 

Like biography, osteobiography aims to interpret diverse data to reconstruct a history of 

the body and provide a likely image of the biographee (Robb et al., 2019). The body is 

therefore intended as material culture and shaped by diverse events of human life (Sofaer, 

2006). 

Several proxy pieces of evidence are required to construct a life narrative. Diverse 

data on the body, such as age at death, sex/gender and health, are pivotal to build ancient 

individuals’ lives. Analytic science-based methods recently introduced, such as isotopic 

and aDNA analyses, have further boosted the study of osteobiography. Some studies have 

used this type of approach, such as the Bronze-Age “Egtved Girl” (Frei et al., 2015), the 

“Gristhorpe Man” (Melton et al., 2013) and the Mesolithic shaman burial of Bad 

Dürrenberg (Porr and Alt, 2006). All those studies have demonstrated that it is possible to 

reconstruct an accurate profile of the analysed individual using as many data as possible. 

Some of the information includes: 

a. the archaeological context, including mortuary environment, chronology 

and analysis of grave goods with comparison to other areas; 

b. osteological data of the individual, namely sex and age at death;  
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c. health information, inferred from palaeopathology and aDNA analysis; 

d. diet, inferred from isotopic data (e.g., δ13C and δ15N); 

e. mobility, inferred from isotopic data (e.g., 87Sr/86Sr, δ18O); 

f. ancestry and kinship from aDNA analysis where possible; 

g. signs of activity, use and degeneration and body modification. 

Osteobiography is therefore dependent on and interdependent with traditional 

bioarchaeology, isotope and aDNA analyses and archaeological information. A 

continuous comparison of the general data with the data of the individual is necessary. 

Osteobiography gives a glimpse of individual past lives, shifting from big questions of a 

population to single past life. By illustrating the life of a “typical” individual, 

osteobiography humanises the statistics and graphs which frame ancient people. 

Osteobiography, therefore, offers a way of contextualising life histories otherwise erased 

through the statistical approach.  

4.5 Chapter conclusion 

This chapter has shown the basic principles and limitations of the methodologies 

employed in this dissertation. It has illustrated 87Sr/86Sr principles to identify possible non-

local individuals amongst cremated and inhumed human remains. Furthermore, it has 

reported what type of information δ13C and δ15N isotope analyses can report on palaeodiet 

within an ancient population. It has also explained the limitations of these analyses and 

how they can benefit the interpretation of 87Sr/86Sr results. The chapter has also illustrated 

how aDNA can contribute to ancestry and kinship information. Finally, it has suggested 

how to use all of these science-based methodologies to build more human-focused 

archaeology, particularly through an osteobiographical approach.  
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Chapter 5. Methodology and materials: archaeology and 

osteology 

Chapters 5 and 6 present the methods used, and materials selected for the current research. 

As discussed, this work aims to reach a more refined and multifaceted insight into the 

archaeological record by applying a variety of combined approaches (Fig. 25) that include 

scientific analysis, osteological information and material culture data from cemetery sites.  

 

Figure 25: Flow chart with the various analyses used for the current research 

The chosen order of presentation follows the one I have used for the research itself. 

Sections 5.1 and 5.2 illustrate the archaeological and osteological methodologies adopted. 

Not only have these two steps allowed a better understanding of the archaeological and 

osteological record, but they have also assisted the sample selection of individuals for 

further analyses (87Sr/86Sr, δ13C, δ15N, aDNA and 14C). Section 5.3 reports the sampling 

criteria adopted in this research, illustrating the rationale behind that choice. Chapter 6 

provides detailed tables with selected samples and describes the methodologies used for 

87Sr/86Sr, δ13C, δ15N, aDNA and 14C analyses. At the end of the chapter, the main research 

questions are reviewed and expanded in light of the theories and the methodologies 

illustrated. 
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5.1 Sample selection: archaeological analyses  

Section 5.1 reports the methods employed for exploring the archaeological record at 

Fermo. 5.1.1 briefly describes the chrono-typological approach applied to determine the 

relative chronology of the necropolises. The assistance of a solid chronological framework 

has laid the foundation for a better understanding of mobility, ancestry and diet at the site. 

A robust relative chronology has also enabled me to capture possible patterns between the 

archaeological record and other analyses (§§7 and 8). 5.1.2 displays the methodology 

employed for the determination of gender based on the grave goods analysis. This 

approach allowed me to identify possible discrepancies between gender and sex in 

inhumations. Additionally, it has also been crucial to establishing the accuracy of the 

morphometric approach applied to assess the sex of cremated human remains (§5.2.2.2; 

Esposito et al., forthcoming). Furthermore, the analysis of funerary ritual and grave goods 

(§5.1.3) has facilitated the identification of possible non-local individuals at Fermo. 

Finally, three classes (I-II-III) have been determined based on the “wealth” of the grave 

goods (§5.1.4). This step has allowed me to observe possible correlations between status 

and diet, and status and mobility (§§7 and 8).  

5.1.1 Typological studies and chronology  

 As archaeology is a historical discipline, a chronological definition is a critical step for 

studying an archaeological context (de Marinis, 2005). Archaeologists have relied on two 

principal methodologies to date archaeological contexts: the relative and the absolute 

chronology. The former is based on the classification of artefacts into typological 

sequences and the analysis of archaeological stratigraphy. In contrast, the absolute 

chronology can be based on historical data (e.g., literary and epigraphic sources) or 

scientific methodologies (e.g., dendrochronology and 14C dates).  

The application of relative chronology is a well-established and broadly accepted 

method in Italian Early Iron Age archaeology (Müller Karpe, 1959; Pallottino, 1979; 

Toms, 1986; Bietti Sestieri, 1992; Pacciarelli, 2000; Dore, 2005; Nizzo, 2015), despite 

being criticised for several reasons (e.g., Jones, 1997, p. 132; Oliver, 1999; de Marinis, 

2005; Ekengren, 2009, p. 38). Regardless, this method remains the most used in Iron Age 
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contexts due to the difficulties (e.g., the Hallstatt plateau) encountered in absolute dating 

of this period through 14C dating (Hamilton et al., 2015; Nizzo, 2015; §6.4).  

Recent studies of Fermo have proposed a relative chronology for the site, focusing 

on the typological analysis of grave goods (Montali, 2006; Esposito, 2015; Miranda, 

2019). More specifically, bronze objects such as fibulae, pins, weapons and razors are well 

represented at Fermo, and allow a solid base for constructing the relative chronology of 

the site. This chronology spans from the 9th to the 6th century BCE and is divided into four 

principal phases, namely I-II-III-IV (Table 9 based on Montali, 2006; Esposito, 2015; 

Miranda, 2019).  

Chronology High chronology Phases proposed for the 

current work 

IA 950-925 BCE 

A IB 900/875-825/800 BCE 

IIA 850/825-800/775 BCE 

IIB 800/775-750/725 BCE B 

III 700-625 BCE 

C IVA 625-600 BCE 

IVB 600-525/520 BCE 

Table 9: Relative chronology for the Fermo Misericordia and Mossa necropolises based on 

chronologically diagnostic bronze grave goods 

I have merged the four phases into three phases, A-B-C, to have an appropriate 

quantity of samples for each chronological stage. A robust relative chronology for the 

Misericordia and Mossa necropolises has represented a fundamental building block for 

selecting samples for δ13C, δ15N, 87Sr/86Sr and aDNA analyses. Furthermore, 14C analysis 

and an absolute site chronology (§6.4) has enabled me to check the validity of Fermo’s 

relative chronology. 

5.1.2 Material culture and gender  

Since the 1980s, interest in “identity” has considerably increased with the advent of Post-

Processual Archaeology (e.g., Hodder, 1982; Díaz-Andreu and Lucy, 2005). In this 

approach to archaeology, material culture becomes the active instrument of the individual, 

representing his/her identity through a series of symbols (Hodder, 1982; 1999). The 

archaeological lens makes it particularly challenging to decode these symbols (Díaz-

Andreu et al., 2005), however. The disentanglement of the various identities becomes even 
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more arduous in the funerary sphere where the living individuals further contribute to the 

blurring of the identity of the deceased and his/her self-representation (Morris, 1987; 

Barrett, 1991; Parker Pearson, 1999; Fowler, 2004). 

Issues of gender (Díaz-Andreu and Lucy, 2005) and ethnicity (§5.1.3) are the most 

explored and studied aspects of archaeological identity (Johnson, 1999). There is a 

substantial difference between sex, which represents a person’s biological identity, and 

gender, which is an aspect of his/her social identity. Many studies have recently 

highlighted that gender is not inherently binary (Joyce, 2008; Arnold, 2016; Ghisleni et 

al., 2016), and that this is a construction of western societies. However, numerous pieces 

of work undertaken in Europe have revealed a different picture (e.g., Chapman and 

Palincaş, 2013; Díaz-Andreu and Monton-Subias, 2013; Edwards and Pope, 2013; 

Hitchcock and Nikolaidou, 2013; Sørensen, 2013; Whitehouse, 2013). 

Concerning Italian archaeology, Robb (1994; 1997) has proposed a generalised 

gender ideology for both the Bronze and Iron Ages, which opposes men represented as 

warriors with women identified by spinning and weaving equipment. Nonetheless, this 

approach has been criticised as too simplistic (Whitehouse, 2001). Even if the binary 

representation of gender is reliable in Italian Bronze and Iron Age artefact assemblages, 

there are cases where this representation is not as clear cut. Vida Navarro and Toms have 

demonstrated the complexity of identifying diagnostic gendered grave goods for a group 

of Early Iron Age Italian necropolises (Vida Navarro, 1992; Toms, 1998). There are 

various artefacts that are not clear cut for gender determination. In the Iron Age contexts 

of Veio, Tarquinia and Pontecagnano, objects generally associated with female tombs in 

a specific necropolis are found in male tombs in other cemeteries.  

In this dissertation, the grave goods identified as gender-specific are:  

a. razors and weapons for men (Fig. 26); 

b. weaving and spinning utensils (e.g., spindle whorl, distaff and bobbins) for 

women (Fig. 27). 

Other grave goods (e.g., “drago” and serpentine fibulae, cloak pins, beads, leach- 

shaped/amber fibulae) are not always clear-cut objects for gender determination. Indeed, 
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serpentine fibulae and cloak pins are generally associated with male tombs, but they are 

also found in female tombs. Likewise, beads or leach-shaped/amber fibulae are typically 

female grave goods, but they are also found in male tombs. 

 

 
Figure 26: Artefacts considered as indicators of the masculine gender (not to scale) 

 A) weapons (swords, helmet); B) razor. Other artefacts usually found in male tombs: C) “drago” and 

serpentine fibulae; D) cloak pin 
 

 

 

 

Figure 27: Artefacts considered as indicators of the feminine gender (not to scale) 

A) weaving and spinning utensils (distaff, bobbin, spindle whorl). Other artefacts usually 

found in female tombs: B) leach and amber fibulae 
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5.1.3 Material culture and mobility 

The mobility of people and objects has been at the theoretical heart of the archaeological 

investigation, recording an increase in complexity since the second half of the 20th century 

(§2). As seen in Chapter 3, diverse scholars have given various interpretations about the 

site of Fermo and the ethnic classification of the site. Within this traditional framework, 

archaeologists employed funerary ritual and grave goods for identifying mobility 

phenomena at Fermo. In this thesis, samples were selected to test mobility with the 

following criteria, assuming that: 

a. cremated individuals buried in long-neck urns which recall types from Etruria 

were considered mostly likely to be non-locals; 

b. supine inhumed individuals were considered less likely to be mobile. 

(See §§3.6 and 3.7 for general consideration of the archaeological record at Fermo). 

Additionally, sample selection has targeted tombs with artefacts that: 

c. recall local types (e.g., cothon, rotolo and Fano pin, falere, the iron bent-blade 

knives); 

d. are typical of other Villanovan sites in Etruria (e.g., long-neck vases, re-entrant 

rim bowl). 

A more in-depth analysis of the material culture, i.e., the grave goods, which 

identifies similarities between Fermo’s artefacts and other Villanovan contexts, has 

subsequently allowed further considerations (§8). Indeed, the differences between Picene 

and Villanovan artefacts are not always clear cut, however, and many tombs have hybrid 

elements which often emerge. A comparison between the archaeological record and 

isotopic results will enable us to comprehend this relationship better. 

5.1.4 Material culture and grave goods ranking 

The funerary record, as discussed above, enables much scope for speculation about the 

grave goods rank of buried individuals. In the context of the very rich material culture of 

central Italy in the Iron Age, certain classes of artefact seem to symbolise status and imply 
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political and social roles. Archaeological theory on social status supports the idea that the 

grave goods buried with the deceased represent his/her social persona (Binford, 1971). In 

the 1970s, Processual Archaeology proposed using artefacts and the spatial analysis of the 

necropolis to identify the rank and membership of the deceased (Binford, 1971; Saxe, 

1971). However, Post-Processual archaeology has been critical of this simple approach 

since the 1980s. The funerary ritual functioned as a filter, and the grave goods represented 

people’s beliefs and agency (Parker Pearson, 1999) rather than being a direct reflection of 

the person’s status, gender identity and religion (Parker Pearson, 1982; 1999; Hodder, 

1986; Barrett, 1991 contra Morris, 1991).  

Although the critiques proposed by Post-Processual archaeologists were 

reasonable, the principle of the social persona can lead to thought-provoking 

interpretations if critically applied. Scholars have broadly applied the concept of social 

persona to Italian contexts (Peroni, 1981). Cavazzuti, Cardarelli et al. (2019) have recently 

demonstrated the validity of comparing data on social status with 87Sr/86Sr isotope analysis 

outcomes. After having identified three possible classes (1-2-3), Cavazzuti, Cardarelli and 

colleagues have shown that individuals buried at Le Narde (Frattesina, Italy) associated 

with “richer” assemblages (1) were more likely to be outliers compared to the ones related 

to “poorer” grave goods (3).  

In this research, I have adopted a similar methodology to test the possible 

correspondence between grave goods, mobility and diet in the burials from the Fermo 

necropolises. The tombs, already divided into different classes in previous work (see 

Esposito, 2015; Miranda, 2019), have been merged accordingly. Three main classes have 

been identified:  

Class I – including exceptional grave goods (e.g., distaff, amber fibulae) and 

ornaments (e.g., amber buttons, small bronze rings) in female tombs and weapons, 

ornaments (e.g., pins and fibulae) and other utensils (e.g., razors) in male tombs;  

Class II – including a lower quantity of fibulae and other ornaments in female tombs 

and ornaments (e.g., pins and fibulae) and other utensils (e.g., razors) in male tombs; 

Class III – characterised by a low quantity of artefacts or by the absence of grave 

goods. 



101 

 

5.2 Sample selection: osteological analyses  

Bioarchaeology emerged as a distinctive discipline in the 1970s, the outcome of a fusion 

between New Physical Anthropology and the New Archaeology (Larsen, 2000; Wright 

and Yoder, 2003). In the last 30 years or so, this discipline has evolved from a descriptive 

approach to a multi-comprehensive hypothesis testing field (Wright and Yoder, 2003), 

which contextualises human remains in the broader archaeological framework 

(Armelagos, 2003; DeWitte and Stojanowski, 2015). The seminal paper “The osteological 

paradox: problems of inferring prehistoric health from skeletal samples” by Wood et al. 

(1992) has had a significant impact on the discipline. Nowadays, bioarchaeology includes 

various topics such as the study of biocultural adaptation, research on population-level 

health, population demography and evolutionary processes (White et al., 2012; DeWitte 

and Stojanowski, 2015). In addition to these topics, the archaeological context has 

acquired a central position that could assist the reading and contextualisation of the data 

(Wilkinson, 1992; Wood et al., 1992; Wright and Yoder, 2003; Klaus, 2014). 

Furthermore, osteology has undoubtedly broadened its frontiers, researching questions on 

migration and population growth by applying new methodologies, i.e., stable isotope 

analyses and aDNA studies. 

Sex and age-at-death data are pivotal pieces of information for assessing mobility 

or palaeodiet of a specific population. This section presents the Mossa and Misericordia 

necropolises’ skeletal collection (§5.2.1) and the analyses performed (§5.2.2). More 

precisely, §5.2.2 presents the techniques employed to assess the minimum number of 

individuals (§5.2.2.1), age at death and sex estimation (§5.2.2.2) and further analyses 

(§5.2.2.3) of the sample. 

5.2.1 The skeletal and dental collection from the Fermo Mossa and Misericordia 

necropolises 

The current dissertation has analysed a substantial number of tombs from both the 

Misericordia and Mossa necropolises. During my placement, funded by the Northern 

Bridge Doctoral Training Partnership and conducted at the Servizio di Bioarcheologia of 

the MUCIV Museum in Rome (March-October 2018), I was able to collect and study the 



102 

 

odonto-skeletal samples from Fermo. After seeking and obtaining the permits, I 

transported the four skeletal collections to the Servizio di Bioarcheologia, where they are 

currently stored. The skeletal series, previously held at the Museo Archeologico delle 

Marche (Ancona, Marche), the Comune di Fermo (Marche) and Sapienza University 

(Latium, Rome) (Table 10), includes material from different excavations (§3.6). The 

Mossa collection was almost entirely transported to and stored in Rome. By contrast, a 

considerable number of tomb assemblages from the Misericordia necropolis are missing.5 

Excavation Necropolis Collection Current Location Total 

1908 excavation Misericordia IND IND 3 

1911 excavations Misericordia IND IND 16 

Sardellini Misericordia IND IND 2 

Bonfigli 1956 Misericordia 

Museo Archeologico delle 

Marche  Servizio di Bioarcheologia (in part)  60 

Bonfigli 1959 

(Alidori) Misericordia 

Museo Archeologico delle 

Marche  Servizio di Bioarcheologia (in part)  32 

Brusadin 1956-

1957/1959 Misericordia 

Museo Archeologico delle 

Marche  Servizio di Bioarcheologia (in part)  86 

Lollini 1968  Mossa Sapienza  Servizio di Bioarcheologia (in part)  14 

Baldelli 1983-

1984 Mossa 

Museo Archeologico delle 

Marche  Servizio di Bioarcheologia (in part)  30 

Excavation 1999-

2000 Mossa 
Soprintendenza Marche, 
Fermo Servizio di Bioarcheologia (all)  102 

    345 

Table 10: Skeletal collection and provenance 

Seventy-one tombs were analysed for the current work: 37 from the Misericordia 

necropolis and 34 from the Mossa necropolis,6 with a total of 120 individuals (Table 11). 

Samples were cleaned and analysed following White et al.’s criteria (2012). Part of the 

sample was selected for further analysis, which included δ13C, δ15N, 87Sr/86Sr, 14C and 

aDNA analyses (see below). Cremated and inhumed human remains have shown diverse 

types of challenges in sex and age-at-death assessment as well as the type of sample to be 

chosen for various chemical analyses (see below for a full explanation). The types of 

challenges and how I tackled with them are described in the following sections. 

  

 
5 It is worth noting the enormous effort made to find this collection in cooperation with SABAP Marche 

(Dr Paola Mazzieri) and Servizio di Bioarcheologia (Dr Luca Bondioli). 
6 Seven tombs (individuals n= 22) were analysed by Naomi Imposimato for her bachelor’s degree at 

Federico II University (Imposimato, 2019). 
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Necropolis Tombs Total individual Cremation  Inhumation  

MISERICORDIA 37 42 35 7 

MOSSA 34 78 12 66 

Total 71 120 47 73 

Total 87Sr/86Sr 54 60 24 30 

Total δ13C and δ15N 27   27 

Total aDNA 23   23 

Table 11: Tombs analysed for the current work 

5.2.2 Morphological and morphometric analyses of Fermo’s skeletal collection 

Section 5.2.2 reports the osteological analyses performed on the Fermo skeletal collection. 

The procedures from cleaning to data collection and sampling (Fig. 25) were conducted 

at the Servizio di Bioarcheologia.  

5.2.2.1 Minimum number of individuals  

The determination of the minimum number of individuals (MNI) is a fundamental step for 

the subsequent examinations of the sample (e.g., sex, age at death, isotopic analysis). In 

this work, I estimated MNI following White et al. (2012), who suggest counting the most-

represented skeletal element (e.g., femur, humerus) supplemented by adding elements 

showing sex or age-at-death inconsistencies.  

5.2.2.2 Age at death and sex determination  

Sex and age-at-death estimations are significant pieces of information to outline the 

biological profile of the individuals under examination. This information is a significant 

step for reconstructing the demographic profile of ancient populations (Jackes, 2000; 

Hoppa and Vaupel, 2002; Konigsberg and Frankenberg, 2002; Wright and Yoder, 2003; 

Bocquet-Appel, 2008). Furthermore, data on sex and age at death can reveal important 

patterns about the relationship amongst funerary rituals, individual mobility, diet and 

ancestry (e.g., Haak et al., 2008; Knipper et al., 2017).  

The criteria used for sex and age-at-death assessment are based on features 

recorded for the modern population of known age and sex. The existent variabilities 

between prehistoric and contemporary groups have been acknowledged, with divergent 
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results (Katz and Suchey, 1989; Schmitt, 2004; Falys et al., 2006; Hens et al., 2008; Mays, 

2014; Merritt, 2014). The criteria of age estimation and sex determination might vary 

according to a series of factors, such as the status of preservation of the sample, young vs 

adult individuals and cremated vs inhumed individuals. The criteria adopted in this work 

for age-at-death estimation and sex assessment of cremated and inhumed individuals are 

reported below. 

5.2.2.2.1 Age at death  

Age determination at the time of death (age at death) can be established on microscopic 

(e.g., bone histology; see Kemkes-Grottenthaler, 2002) and macroscopic levels. However, 

the latter is preferred due to the low costs of analysis (Ubelaker, 1989; Montgomery, 

2002). Macroscopic standards for age estimation are grounded on the basic principle that 

the human skeleton undergoes sequential chronological changes during life. The 

determination of the age of skeletal remains is a complex process and uses a variety of 

methods to avoid possible misjudgements (e.g., Kemkes-Grottenthaler, 2002; Sperduti et 

al., 2019, p. 124). These criteria refer to indicators of the skeleton related to the 

development, growth and maturation of osteological structures. They change significantly 

between subadults and adults, the former being more accurate than the latter (Klepinger, 

2006). 

Both subadult and adult age assessments share primary sources of errors that need 

to be considered. It is worth mentioning the variation between chronological and 

biological age, which is intrinsic and hard to control (Nawrocki, 2010). Indeed, the genetic 

background and environmental factors can influence biological age, modifying the bones’ 

and teeth ageing process (Sperduti et al., 2019, p. 128). The determination of age at death 

is generally more accurate for inhumations due to the better preservation of skeletal 

remains. The methodologies adopted in this work for subadult and adult age-at-death 

estimation are reported below. 

Subadults 

Age determination in subadults is far more accurate and detailed than in adults 

(Scheuer and Black, 2000; Schaefer et al., 2009; Liversidge, 2016). However, the genetic 
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background and environmental factors (such as health condition and diets) can influence 

the process of growth and development of bones (e.g., Sherwood et al., 2000), resulting 

in differences amongst human groups and individuals (Lampl et al., 1992). There are 

several criteria for age assessment of subadult individuals. In this work, I have used the 

following criteria for both cremations and inhumations:  

a. dental formation and the eruption of deciduous and permanent dentitions 

(AlQahtani et al., 2010);  

b.  long bone length (Scheuer and Black, 2000) measured using an osteometric table 

and digital sliding calliper;  

c.  epiphyseal closure of skeletal elements (Schaefer et al., 2009). 

Adults 

Determination of age in adults is less accurate than that of subadults since it relies 

on observing degenerative morphological changes of the skeleton (Montgomery, 2002). 

Degenerative changes might differ amongst individuals and populations far more than 

growth and development changes (Klepinger, 2006). Moreover, environmental and social 

factors can significantly influence these types of changes, depending substantially on the 

activity conducted in life by the individual. In this work, the age at death of adult 

individuals has been estimated with the following criteria:  

a. cranial suture (Meindl and Lovejoy, 1985);  

b. tooth-wear patterns in the maxilla and permanent mandibular dentition (Lovejoy, 

1985);  

c. degenerative changes of the symphyseal surface of the pubic symphysis of the os 

coxae (Brooks and Suchey, 1990); 

d. degenerative changes of the auricular surface of the ilium (Lovejoy et al., 1985); 

e. degenerative changes of sternal rib epiphysis (Işcan et al., 1984a; 1984b);  

f. additional indications, such as degenerative changes of vertebrae and joint surface 

(osteoarthritis, Schmörl’s nodes and other conditions with proliferation or 

eburnation) and oral disease (ante-mortem tooth loss – AMTL) (Hillson, 2008), 

were considered to confirm or integrate with the above criteria.  



106 

 

5.2.2.2.2 Sex determination 

Sex determination of adult skeletal remains reflects the biological status of the individual 

analysed (for the difference between sex and gender, see §5.1.2). Sex determination relies 

on the morphological and morphometric observation of certain traits of the skeleton, 

which start to differ significantly between males and females after pubescence. However, 

sexual dimorphism is complex and might depend on several factors. An example of this 

complexity is the interpopulation variability in size and robusticity (Walker, 2008; 

Guyomarc’h and Bruzek, 2011; Garvin, 2012). In other words, an individual with typical 

male traits within a population might be identified as a female in another group. Therefore, 

it is necessary to become familiar with a specific group for accurately determining the 

sexes within a population.  

Other sex estimation criteria for inhumed individuals include aDNA (Skoglund et 

al., 2013; §6.3) and enamel protein analyses, namely amelogenin (Stewart et al., 2017; 

Lugli et al., 2019; Parker et al., 2019). These analyses have the advantage of being able 

to assess the sex of poorly preserved samples or subadult individuals. However, these 

analyses are used only in specific cases due to the high costs of analysis, low preservation 

of the required sample or simply because they are more invasive than traditional 

techniques. Sex assessment based on conventional methods varies between inhumed and 

cremated remains due to the sample preservation status. The methods employed in the 

current work for sex assessment are reported below. 

Inhumation 

The estimation of sex in adult inhumed individuals is possible through the 

observation of sexual traits of the human skeleton, which develop during puberty. These 

characteristics include robusticity and gracility, morphometric and morphological traits. 

Morphological traits are strongly dependent on the preservation of sexually dimorphic 

elements (most frequently observable on the skull and hip bone). In this work, the sex 

estimation of inhumed adult individuals was based on the following criteria:  

a. dimorphic traits of the skull and pelvis following Acsádi and Nemeskeri (1970) 

and Buikstra and Ubelaker (1994);  
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b. dimorphism of metrical variables of the long bone;  

c.  general observation on the level robusticity of the skeleton. 

Finally, the Molecular Population Genetics Lab, Smurfit Institute, Trinity College Dublin 

(Ireland) sampled 23 individuals for aDNA analysis and assessed genetic sex.  

Sex determination is not always straightforward due to the variable preservation 

of skeletal traits. Hence establishing levels of confidence in the analysis of sex 

determination was necessary. Depending on the different evaluations of dimorphic traits, 

sex identification has resulted in the categories of male (M), probable male (M?), female 

(F), probable female (F?) or indeterminate (IND). Table 12 reports sex determination and 

confidence of determination used in this work for inhumations and cremations.  

M male 

M? probable male 

F female 

F? probable female 

IND indeterminate 

Table 12: Sex determination and 

confidence of determination for 

inhumation and cremations 

Cremation 

Sex in cremated human remains (cremains) has been more rarely assessed than in 

inhumed skeletons (Spradley and Jantz, 2011; Garvin, 2012; White et al., 2012; Ubelaker 

and DeGaglia, 2017). The prolonged exposure of bones to high temperature affects the 

skeletal elements, resulting in loss, fragmentation, distortion and volumetric shrinkage of 

bones and teeth (Shipman et al., 1984; Buikstra and Swegle, 1989; Grupe and Hummel, 

1991; Thompson, 2004; 2005). Consequently, the most-employed traits for sex estimation 

(i.e., those observable on the hip bone and skull) are rarely preserved. Hence, metric 

criteria have been proposed for the sex determination of cremains. 

Methodological studies have highlighted the impossibility of applying standards 

derived from unburnt skeletal series to cremains (Gonçalves, 2011a; 2011b). Some work 

attempted to develop diagnostic methods used on sex-known cremated individuals (van 
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Vark, 1974; van Vark et al., 1996; Gonçalves et al., 2013). Nonetheless, these 

methodologies were unreliable on chronologically or geographically distant samples 

(Onisto, 2015). Cavazzuti, Bresadola et al. (2019) have recently proposed a morphometric 

standard based on 21 skeletal traits with cut-off points to determine sex. The method was 

developed and tested on burials with known archaeological gender from Italian Bronze 

and Iron Age contexts. Recent work by Hlad et al. (2021) has confirmed the reliability of 

using morphometric standards to determine the sex of cremated human remains. 

I applied this method to 25 out of 47 cremated individuals from Fermo (Esposito 

et al., no date). This step allowed me to confirm the reliability of the method in the Fermo 

necropolises.  

The tombs for this pilot study were selected according to the following criteria: 

a. representing single burials of adult individuals;  

b. presence of a least one metric trait included in the method; 

c. a clear association of the samples with unquestionable gendered grave goods 

(§5.1.2; Montali, 2006; Esposito, 2015; 2017; Miranda, 2019). As already 

mentioned, these two categories do not have a significant discrepancy in this 

context that is consistent with other Italian Iron Age sites (Bietti Sestieri, 1992; 

Pacciarelli, 2000; Onisto, 2015).  

Twenty-two tombs were excluded because they did not meet the above criteria.  

The osteometric survey included 21 postcranial variables. Measurements were 

taken using a digital calliper. For each variable, a cut-off point for sex assessment was 

used as indicated in the reference study. The final diagnosis of every individual was given 

by calculating the Index of Metric Sexualization (IMS). For this purpose, a weight of 

reliability according to Cavazzuti, Bresadola et al. (2019; Tab. 4) was attributed to each 

variable: variables with a level of accuracy equal to or above 80% were given a weight of 

“2” if the recorded measure was in the male range, or “-2” if within the female range; 

variables with a level of accuracy between 70% and 79.9% were given a weight of “1” or 

“-1”; variables with less accuracy were given the value of “0.5” or “-0.5”. The scores were 
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then summed up and divided by the total number of observations. The index thus obtained 

classified the individuals as male (above 0.5; M); probably male (from 0.2 to 0.5; M?); 

indeterminate (from 0.2 to -0.2; IND); probably female (from -0.2 to -0.5; F?); and female 

(below -0.5: F).  

The results showed good reliability of the method for the Fermo necropolises: 22 

out of 25 individuals were correctly sexed. Subsequently, the method was applied in this 

work to the remaining 14 adult single burials where possible.  

5.3 Sampling criteria for isotope (87Sr/86Sr, δ13C, δ15N), aDNA and 14C 

analyses based on osteological and archaeological data  

Archaeological and osteological data formed the principal foundation for selecting a 

representative sample for the different types of analysis (Fig. 25). The sample selection 

considered information such as sex, age at death and other archaeological evidence to 

avoid potential biases and inconsistency in sampling. The criteria are reported below. 

Inhumed and cremated individuals for 87Sr/86Sr samples were mainly selected by 

considering:  

a. chronological factors. Tombs from different chronological phases (A-B-C) have 

been chosen, provided that the sample was available; 

b. funerary ritual (cremations and inhumations); 

c. sex and age at death of individuals; 

d. availability of sample, considering visually possible diagenesis and preservation. 

In the case of cremations, consideration of diagenesis was also based on FTIR 

(Fourier Transform Infrared Spectroscopy). 

(see also Table 14) 

Inhumed individuals were selected for δ13C and δ15N analysis, taking into account 

(see Table 15): 

a. type of grave goods; 

b. sex and age at death of the individual analysed; 

c. social status based on grave goods; 
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d. availability of sample, considering possible problems of diagenesis. 

Inhumed individuals were selected for aDNA analysis based on (see also Table 16, 

Chapter 6): 

a. grave goods with particularly “exotic” and “local” artefacts to verify if any 

difference in ancestry can be identified; 

b. other types of analysis performed on the samples; 

c. availability of sample, considering possible problems of diagenesis. 

Samples for 14C analysis were selected based on (see Table 17): 

a. relative chronology determined through chrono-typological methodology; 

b. in the case of cremated individuals, the state of preservation of the bone, looking 

for white calcined bones. 
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Chapter 6. Methodology and materials: isotopic and aDNA 

analyses  

This chapter reports the analytic process for 87Sr/86Sr (§6.1), δ13C and δ15N (§6.2), aDNA 

(§6.3) and 14C (§6.4) analyses performed on the samples selected according to 

archaeological and anthropological criteria. 

6.1 87Sr/86Sr isotope analyses  

Section 6.1 illustrates the analytic procedures performed on both baseline and human 

samples for 87Sr/86Sr analysis. Samples were chemically treated following Müller et al. 

(2003).  

6.1.1 Sampling  

6.1.1.1 Baseline 

This thesis adopted a multi-sampling approach to construct a solid local 87Sr/86Sr baseline 

(BASr) to avoid possible biases (§4.1.2.1). The sample collection took place in December 

2018 and June 2019. Modern vegetation (shallow-rooted plants), snails, water, soil and 

archaeological fauna were collected across different locations within a 50 km distance of 

Fermo (Fig. 28). In some cases, diverse sample types (e.g., water and soil, soil, and snails) 

were collected within the same area (for four out of five areas) to estimate possible 

differences in 87Sr/86Sr values. Woodland zones were preferred to minimise contamination 

by modern sources of 87Sr/86Sr, such as modern fertiliser. The optimum sample mass was 

~2 g for soil, ~1.5 g for grass, ~15 mg for snails, and ~15 ml for water. All samples were 

placed into labelled plastic vials and transferred to the clean laboratory of the Institut für 

Geowissenschaften of the Goethe Universität (Frankfurt, Germany) to be treated. Table 

13 reports 14 baseline samples collected around Fermo within a distance of 50 km. 

Funding for analysis was provided by a Research Training and Support Grant (RTSG) 

from the Northern Bridge Doctoral Training Partnership (NBDTP).  
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Figure 28: Environmental samples from Fermo (0-50 km distance) 

 

No. Site Name  Same Lab ID  Sample Material Period km  North 

Coordinate 

East Coordinate 

1 Acque rustica 

63857 
Amandola 

5 FM-SR-

WATER3 

water water modern 20-

50  

42°59'44.90018'' 13°20'21.96131'' 

2 Fonte de' 

Sparecchia  

1 FM-SR-

WATER2 

water water modern 0-5  43°12'3.15719'' 13°46'41.64466'' 

3 La Pedona 3 FM-SR-
WATER1 

water water modern 5-20  43°5'57'' 13°46'11'' 

4 Amandola  5 FM-SR-

SOIL6 

soil soil modern 20-

50  

42°59'44.90018'' 13°20'21.96131'' 

5 La Pedona 3 FM-SR-
SOIL4 

soil soil modern 5-20  43°5'57'' 13°46'11'' 

6 CapodArco 1 FM-SR-

SOIL5 

soil soil modern 0-5  43°11'29'' 13°46'4'' 

7 Mossa 
necropolis 

2 FM-SR-
SOIL3 

soil soil archaeological 0-5 43°10'20.865'' 13°44'30.522'' 

8 Mossa 

necropolis 

2 FM-SR-

SNAIL2 

snail snail archaeological 0-5  43°10'20.865'' 13°44'30.522'' 

9 Mossa 
necropolis 

2 FM-SR-
SNAIL3 

snail snail archaeological 0-5  43°10'20.865'' 13°44'30.522'' 

10 Fermo Area 

Vallesi 

2 FM-SR-

FAUNA3 

enamel 

(Sus) 

fauna archaeological 0-5  43°09'49.01'' 13°43'28.80'' 

11 Fermo Area 
Vallesi 

2 FM-SR-
FAUNA2 

enamel 
(Ovis) 

fauna archaeological 0-5  43°09'49.01'' 13°43'28.80'' 

12 Granula Chiesa 

della Pace  

5 FM-SR-

GRASS2 

grass vegetation modern 20-

50  

42°59'56.78877'' 13°18'13.188838'' 

13 Contrada Valle 
Oscura  

1 FM-SR-
GRASS3 

grass vegetation modern 0-5  43°11'29.02657" 13°46'8.84942'' 

14 Bosco del 

Cugnolo area 3  

4 FM-SR-

GRASS1 

grass vegetation modern 5-20  43°8'24.500411" 13°48'44.53204" 

Table 13: Fourteen baseline samples collected around the site of Fermo (0-50 km distance) 

Site name, lab ID, type of sample, period (modern or archaeological), distance from the site and GPS coordinates 

are reported here 
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6.1.1.2 Human samples 

6.1.1.2.1 Tooth enamel: inhumations 

The development timing of dental crown and root formation of permanent human dentition 

is known in the literature (§4.1.3.2). The enamel of the first upper or lower permanent 

molars (UM1, LM1), which start to form soon before birth until 3 years of age, was 

preferred in this work. However, if the first permanent molars were not available, the 

second upper or lower permanent molars (UM2, LM2), which begin to form at 3 to 4 years 

of age until 7 to 8 years of age (§4.1.3.2), were sampled. Occasionally, when M1 and M2 

were not available, M3 (8.5 to 16.5 years of age; AlQahtani et al., 2010) and deciduous 

m1 and m2 tooth enamel (30 weeks in utero to 7.5 years of age and  30 weeks in utero to 

1.5 years of age respectively; AlQahtani et al., 2010) were selected. The enamel of the 

upper molars was sampled from the protocone or mesiolingual cusp to the cement enamel 

junction (CEJ), whereas lower molars were sampled from the occlusal margin of the 

protoconid or mesiobuccal cusp to the CEJ (Fig. 29).  

 

Figure 29: Enamel sampling area 

A: section; B: occlusal view  

Sampling criteria excluded teeth with: a. diagenetic and taphonomic alteration of 

the crown surface (e.g., chromatic variations, abrasions or poor state of enamel 

preservation); or b. wear patterns of occlusal surfaces. Samples were collected, privileging 

isolated teeth, at the Servizio di Bioarcheologia, and cut at the Frankfurt Isotope and 

Element Research Center (FIERCE) of the Institut für Geowissenschaften of the Goethe 

Universität in May and August 2019 (Table 14). Before cutting, samples were documented 

through digital imaging. A flexible diamond-edged rotary mounted blade on a drilling 

machine (DREMEL® model 300) was used to cut a longitudinal crown section of the 

cusps. Adhering contaminants such as soil, sediments and all trace of dentine were 
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removed using a dental burr. Samples were checked under a binocular microscope to 

verify if contaminants were entirely removed.  

No. Tomb ID Lab ID Ritual Chron. Sex 
 

Age Status Type of Sample 

1 Fm-Mis-1956 (Bonfigli) Tomb 34 FM-SR-01 C A F 20-40 II Right Petrous Bone 

2 Fm-Mis-1956 (Bonfigli) Tomb 36 FM-SR-02 C A M 40+ II Right Petrous Bone 

3 Fm-Mis-1956 (Bonfigli) Tomb 43 FM-SR-03 C B F 40+ I Left Petrous Bone 

4 Fm-Mis-1956 (Bonfigli) Tomb 44 FM-SR-04 C B F 20-40 I Left Petrous Bone 

5 Fm-Mis-1956 (Bonfigli) Tomb 45 FM-SR-05 C A F 20-40 II Left Petrous Bone 

6 Fm-Mis-1956 (Bonfigli) Tomb 40  FM-SR-06 C B M 20-40 II/III Left Petrous Bone 

7 Fm-Mos-99/00 Tomb 56 FM-SR-07 C B IND 10-15 III Left Petrous Bone 

8 Fm-Mos-99/00 Tomb 56 FM-Sr-08 C B IND 10-15 III LLM2 Crown (?) 

9 Fm-Mos-99/00 Tomb 63 FM-SR-09 C B M 20+ III Left Petrous Bone 

10 Fm-Mos-99/00 Tomb 63 FM-SR-10 C B M 20+ III M1 Crown (?) 

11 Fm-Mis-1959 (Alidori) Tomb 3 

Bag II 

FM-SR-11 C A F(?) 20+ I Right Petrous Bone 

12 Fm-Mis-1956 (Bonfigli) Tomb 20 FM-SR-12 C B M 20+ II Right Petrous Bone 

13 Fm-Mos-99/00 Tomb 59 D FM-SR-13 C B F 20+ II Right Petrous Bone 

14 Fm-Mos-99/00 Tomb 59A FM-SR-14 C B M 30+ II Left Petrous Bone 

15 Fm-Mos-99/00 Tomb 58 ind 3 FM-SR-15 C B M 30+ II Left Petrous Bone 

16 Fm-Mos-99/00 Tomb 58 ind 2 FM-SR-16 I B IND 5-10 II LRM1 

17 Fm-Mos-99/00 Tomb 58 ind 1 FM-SR-17 I B F* 50+ II URM1 

18 Fm-Mos-99/00 Tomb 21 FM-SR-18 C B F 20+ II Right Petrous Bone 

19 Fm-Mos-99/00 Tomb 31 FM-SR-19 C B F 20-40 II Left Petrous Bone 

20 Fm-Mos-99/00 Tomb 95 FM-SR-20 C B M 20+ II Right Petrous Bone 

21 Fm-Mis-1959 (Alidori) Tomb 22 FM-SR-21 C B M 20+ I Left Petrous Bone 

22 Fm-Mis-1956 (Brusadin) Tomb 4 FM-SR-22 C B IND 1-5 III M1 Crown 

23 Fm-Mis 1956 (Brusadin) Tomb 4 FM-SR-23 C B IND 1-5 III Right Petrous Bone 

24 Fm-Mis-1959 (Alidori) Tomb 29 FM-SR-24 C IND F 20-40 II Left Petrous Bone 

25 Fm-Mos-1968 Tomb 11 ind 2 FM-SR-25 I B F* 50 I ULM2 (?) 

26 Fm-Mos-1968 Tomb 11 ind 3 FM-SR-26 I B IND 10-15 I ULM1 

27 Fm-Mos-1968 Tomb 11 ind 4 FM-SR-27 I B IND 1-5 I LLM1 

28 Fm-Mos-1968 Tomb 11 ind 5 FM-SR-28 C B F 20+ I Right Petrous Bone 

29 Fm-Mos-99/00 Tomb 29 FM-SR-29 I C IND 5-10 II ULM1 

30 Fm-Mis-1956 (Brusadin) Tomb 7 FM-SR-30  I B M 20-40 I LLM1 

31 Fm-Mos-99/00 Tomb 64 FM-SR-31 I B M* 50+ II LLM2  

32 Fm-Mos-99/00 Tomb 78 FM-SR-32 C B F(?) 20+ I Right Petrous Bone 

33 Fm-Mos-99/00 Tomb 67 ind 1 FM-SR-33 I C M* 40+ II ULM1 

34 Fm-Mos-99/00 Tomb 67 ind 3 FM-SR-34 I B M* 40+ II LRM1 

35 Fm-Mos-99/00 Tomb 10 FM-SR-35 I IND F* 20-40 III LRM1 

36 Fm-Mos-99/00 Tomb 62 ind 1 FM-SR-36 I B IND 5-10 I URM1 

37 Fm-Mos-99/00 Tomb 62 ind 2 FM-SR-37 I B F* 30-40 I URM1 
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38 Fm-Mos-99/00 Tomb 65 ind 1 FM-SR-38 I B IND 10-15 II ULM1 

39 Fm-Mos-99/00 Tomb 65 ind 2 FM-SR-39 I B IND 5-10 II LLM1 

40 Fm-Mis-1956 (Bonfigli) Tomb 22 FM-SR-40 C B F(?) 20-40 I M3 

41 Fm-Mos-99/00 Tomb 59A FM-SR-41 C B M 30+ II M1 root 

42 Fm-Mis-1956 Tomb 49 FM-SR-42 C IND F 40+ IND Left Petrous Bone 

43 Fm-Mos-99/00 Tomb 59A FM-SR-43 C B M 20+ II C root 

44 Fm-Mis-1956 Tomb 52 FM-SR-44 C A IND 5-10 III Right Petrous Bone 

45 Fm-Mos-99/00 Tomb 89_I FM-SR-45 I C F* 20-40 II ULM1 

46 Fm-Mos-99/00 Tomb 89_III FM-SR-46 I C M 40+ II URM1 

47 Fm-Mos-99/00 Tomb 89-Iv FM-SR-47 I C IND 5-10 II ULM1 

48 Fm-Mos-99/00 Tomb 17 FM-SR-48 I B M 40+ III ULM1 

49 Fm-Mos-99/00 Tomb 51 FM-SR-49 I B M* 20-40 III ULM1 

50 Fm-Mis- 1956 Tomb 95 FM-SR-50 I A IND 1-5 I URm2 

51 Fm-Mos-99/00 Tomb 59 D FM-SR-51 C B F 20+ II C root 

52 Fm-Mos-1968 Tomb 2/4 FM-Sr-52 I C IND 5-10 II LLM1 

53 Fm-Mos-99/00 Tomb 81/13 FM-Sr-53 I C F 50+ IND ULM1 

54 Fm-Mos-99/00 Tomb 81/5 FM-Sr-54 I C IND 5-10 II LRm1 

55 Fm-Mos-99/00 Tomb 81/11 FM-Sr-55 I C M 30-40 IND LRM1 

56 Fm-Mos-99/00 Tomb 81/12 FM-Sr-56 I C F 20-40 IND ULM1 

57 Fm-Mos-99/00 Tomb 81/14 FM-Sr-57 I C M 20-40 IND ULM1 

58 Fm-Mos-99/00 Tomb 88/1 FM-Sr-58 I C M* 40+ I URM1 

59 Fm-Mos-99/00 Tomb 88/2 FM-Sr-59 I C F* 40+ I LLM1 

60 Fm-Mos-99/00 Tomb 88/3 FM-Sr-60 I C M(?) 50+ I URM1 

Table 14: Tooth and petrous bone samples for 87Sr/86Sr samples (n=60; individuals analysed n= 54) 

Type of ritual: C = cremation and I = inhumation. Chronology: Phase A = end of the 9th century to the beginning 

of the 8th century BCE; Phase B = second half of the 8th century BCE; Phase C = 7th-6th century BCE; IND = 

indeterminate. Sex: M = male, F = female, IND = indeterminate; Sex determination by aDNA analyses is reported 

with an asterisk (*). Social status: Class I = rich; Class II = medium; Class III = poor, IND = indeterminate. Type 

of sample: petrous bone and tooth enamel 

For some samples (n=10), a different methodology was adopted to sample bulk 

enamel, following Nava (2017) and Nava et al. (2019), similarly to methods proposed by 

Czermak et al. (2020). This technique was employed to remove any dentine trace, which 

can be affected by diagenesis and can influence 87Sr/86Sr values contained in enamel 

samples (§4.1.3.2). Teeth were cleaned and photographed. Subsequently, samples were 

covered in Crystalbond 590 Mounting Adhesive (Aremco Products, Inc.) before being 

embedded in resin. Crystalbond is a transparent glue, reversible in acetone, which isolates 

the tooth when it is embedded in resin.  

Once the cut of the tooth was performed, it was possible to recover the sample 

from the resin. Teeth were embedded in a mix of resin (R; EpoThin 2, Epoxy Resin, 



116 

 

Buehler) and hardener (H; EpoThin 2, Epoxy Hardener, Buehler), for 100 gr: 31 g (R) and 

68.97 g (H), and left for 24 hours to dry. A diamond-blade microtome (Diamond Blade 

Microtome Leica 1600, Leica AG) was used for longitudinal sections. Sections were made 

passing through the tip of the dentine horn along the buccolingual plane. Once the cut was 

performed, dentine was thoroughly removed with a dental burr (DREMEL® model 300). 

The section was immersed in acetone to free the tooth from the resin. Subsequently, a 

flexible diamond-edged rotary mounted blade on a drilling machine (DREMEL® model 

300) was used to cut a longitudinal crown section of the cusp (Fig. 30). 

 

A 

 

B 

 

C 

Figure 30: Tooth enamel dental sampling 

A) Tooth in resin with dentine; B) Tooth in resin with dentine removed; C) Tooth without resin 

The equipment was thoroughly cleaned between each sample to prevent 

contamination. The optimum enamel mass was 20 to 40 mg. Samples were collected into 

labelled plastic vials and transferred to the clean laboratory.  

6.1.1.2.2 Petrous bone: cremations 

As mentioned in Section 4.1.3.3, recent publications have proposed the use of the petrous 

portion of the temporal bone to substitute tooth enamel for 87Sr/86Sr isotopic analysis 

(Harvig et al., 2014; Schulting et al., 2016; Snoeck et al., 2018; Cavazzuti, Cardarelli et 

al., 2019; Cavazzuti, Skeates et al., 2019). Sampling was performed according to Jørkov 

et al. (2009). However, Veselka et al. (2020) have recently proposed a more accurate 

sampling methodology for the pars petrosa. As for tooth enamel, before cutting, digital 

imaging of specimens was taken. Samples were collected at the Servizio di Bioarcheologia 

and cut at the Frankfurt Isotope and Element Research Center (FIERCE) of the Institut für 
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Geowissenschaften of the Goethe Universität (see Table 14). The petrous bone was drilled 

at a 90° angle into the otic capsule (0.5-0.8 cm down), between the internal acoustic 

meatus and the subarcuate fossa, using a low-speed (2 mm diameter) drill. The extraction 

of bone tissue from the otic capsule of the petrous bone was performed using a 1 mm 

mechanical saw mounted on a drilling machine (DREMEL® model 300) (Fig. 31). The 

bone powder was located in cleaned and labelled plastic vials. The targeted bone-powder 

mass ranged between 20 and 40 mg. Once weighed, samples were transferred to the clean 

laboratory of the Institut für Geowissenschaften.  

 

Figure 31: Cutting stage of the otic capsule of the petrous bone 

6.1.2 Chemical treatment  

Samples were chemically treated following Müller et al. (2003), allowing certain 

modifications reported below. Methods for the treatment of baseline and human samples 

are reported here. Overall, baseline and human samples underwent the following 

procedures: a. cleaning; b. leaching; c. dissolution (wet-ashing); d. chemical separation of 

Sr from Rb, Ca etc.; e. mass-spectrometer measurement. However, due to the diverse 

nature of the specimens, samples underwent different chemical pre-treatment (a-b-c), 

while all samples followed the same procedures for Rb/Sr micro-separation (d) and mass-

spectrometer measurement (e).  
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6.1.2.1 Tooth enamel samples (fauna and human) 

For enamel pre-treatment, samples were cleaned (a) with 1 ml of acetone for 3 to 5 minutes 

in an ultrasonic agitation bath, followed by 1 ml of methanol for 3 to 5 minutes in an 

ultrasonic agitation bath. Samples were rinsed three times with 1 ml of Milli-Q® water, 

taking care to discharge the different liquid for each step. After cleaning, tooth enamel 

samples were leached (b) to remove and minimise diagenetic contamination from the 

enamel. Samples were left in 0.25M acetic acid (CH3COOH) in an ultrasonic agitation 

bath for 10 minutes and left to stand for ~6 hours. Samples were transferred from 

centrifuge vials to Teflon™ beakers for dissolution. Teflon™ beakers were previously 

cleaned with 14M HNO3 and rinsed with Milli-Q® water. 1ml of 14M HNO3 was added 

to each sample in the Teflon™ beakers. The Teflon™ beakers were closed and placed on 

a hotplate overnight at 150°C. Once the samples were fully dissolved, the Teflon™ 

beakers were left open on the hotplate at 150°C to let them evaporate. 

6.1.2.2 Petrous bone powder 

Bone-powder samples were directly leached (b) in 0.25M acetic acid (CH3COOH). 

Leached samples were put in an ultrasonic agitation bath for 10 minutes and left to stand 

for ~3 hours. Samples were centrifuged. After removing the acetic acid with a disposable 

pipette, samples were rinsed with Milli-Q® water. The remaining leaching was stored. 

After being centrifuged, Milli-Q® water was removed with disposable pipettes for each 

sample. 2 ml of 14M HNO3 was added into the vials. Samples were transferred from 

centrifuge vials to Teflon™ beakers for dissolution. The Teflon™ beakers were 

previously cleaned with 14M HNO3, and rinsed with Milli-Q® water. Teflon™ beakers 

were closed and placed on a hotplate overnight at 150°C, then opened and put on the 

hotplate at 150°C to be evaporated. This step was repeated (3-4 times) until the full 

dissolution of samples. 

6.1.2.3 Vegetation 

Dried grass samples were cut into small pieces and transferred into cleaned Teflon™ 

beakers. Samples were directly dissolved (c) in 10-15 ml of 14M HNO3. The Teflon™ 

beakers were placed on the hotplate at 150°C overnight, then opened and left on a hotplate 
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at 150°C until full evaporation. As for petrous bone samples, these steps were repeated 

until the complete dissolution of samples (3-4 times). 

6.1.2.4 Soil 

Soil samples were moved into cleaned Teflon™ beakers and leached (b), adding 8 ml of 

0.25M acetic acid (CH3COOH) and let stand for ~36 hours or more. Leaching liquid was 

pipetted out, paying attention not to sample any soil, and then centrifuged. The centrifuged 

liquid was transferred into pre-cleaned 15 ml Teflon™ beakers and dried down on a 

hotplate at 150°C. To dissolve any organic material left, 2 ml 14M HNO3 was added into 

Teflon™ beakers and left overnight on the hotplate at 150°C. Teflon™ beakers were 

opened and placed on the hotplate at 150°C to be fully evaporated.  

6.1.2.5 Water 

Water samples were dried down on the hotplate at 110°C. The leftover residue was further 

treated (c) with 0.5 ml 14M HNO3 and placed on the hotplate at 150°C for ~1 hour. 14M 

HNO3 was subsequently evaporated.  

6.1.2.6 Snail shells 

Snail-shell samples were thoroughly cleaned with a DREMEL® dental burr. The cleaning 

procedures used for tooth enamel (a-b) were used. Samples were then dissolved (c) in 2 

ml of 14M HNO3 and then evaporated. 

After cleaning, leaching and dissolution steps (a-b-c), all the samples underwent 

Rb/Sr micro-separation (d). Miniature extraction chromatographic columns and 

EICHROM SrSpec Resin were used for separating Rb and Sr, including removal of major 

matrix elements (such as Ca, P etc.). 300 μl of 3N HNO3 was added into Teflon™ beakers 

to re-dissolve the samples. The labelled Teflon™ beakers were placed on the heating plate 

at 100°C for ~30-60 minutes. Samples were pipetted into assigned Teflon™ columns filled 

with 100 µl EICHROM SrSpec Resin using Pasteur pipettes. The labelled Rb Teflon™ 

beakers were placed under labelled columns. 950 μl of 3N HNO3 was added into each 

Teflon™ column for the cleaning procedure. The discharged liquid was collected as Rb 

beakers, followed by 1200 μl of Milli-Q® water which was collected as an Sr fraction. 

The Sr Teflon™ beakers were closed and placed on the heating plate at 100°C for ~2 hours 
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to evaporate the samples fully. This separation step for the Sr fractions was repeated twice 

in total.  

87Sr/86Sr ratios were measured by a Neptune™ High Resolution Multicollector 

ICPMS with 1013 Ω Amplifier technology (e) at the Frankfurt Isotope and Element 

Research Center (FIERCE) of the Institut für Geowissenschaften of the Goethe 

Universität. The reproducibility of the standard NBS987 during the analysis of samples is 

(2σ, n=15). Sr blank measurements were conducted using a dilute 84Sr-enriched tracer 

solution (“spike”) and found to be negligible relative to the relatively large Sr samples 

processed. 

6.1.3 Data handling with R STUDIO 

Archaeological, osteological and 87Sr/86Sr isotopic outcomes were collected into an Excel 

file (Microsoft). The free software R STUDIO (version 4.0.3) was used for statistical 

analyses and to plot data in graphs (packages ggplot2) (de Vries and Meys, 2015; 

Schmuller, 2017; Team, 2020). 

6.2 δ13C and δ15N analyses  

This section reports the analytic procedures performed on human samples for δ13C and 

δ15N analyses. Samples were chemically treated following the 14CHRONO Centre, QUB 

protocol (http://14chrono.org/site/wp-content/uploads/2020/03/Lab_protocols.pdf). 

6.2.1 Sampling  

Samples were collected at the Servizio di Bioarcheologia and treated at the 14CHRONO 

Centre for Climate, the Environment, and Chronology in the School of Natural and Built 

Environment at Queen’s University Belfast (Table 15). 
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No. Tomb ID Lab ID Sex 

 

Age Chronology Class Grave Goods Sample 

1 Fm-Mos-99/00 Tomb 

5 

FM001 M 30-50 B III 2 fibulae and a small 

cloak pin 

rib 

2 Fm-Mos-99/00 Tomb 
7 

FM002 M 40-50 IND III none rib 

3 Fm-Mos-99/00 Tomb 

10 

FM003 F* 30-40 IND III none rib 

4 Fm-Mos-99/00 Tomb 
17 

FM004 M* 40-50 B III fibula and bronze stud 
 

rib 

5 Fm-Mos-99/00 Tomb 

29 

FM005 F* 8.5-9.5 C II cothon, set of fibulae, 

bracelet 

rib 

6 Fm-Mos-99/00 Tomb 

51 

FM006 M* 30-35 B III cloak pin, fibula rib 

7 Fm-Mos-99/00 Tomb 

58/1 

FM007 F* 50+ B II spindle whorl, parure 

of fibulae, drop 

pendant 

rib 

8 Fm-Mos-99/00 Tomb 
58/2 

FM008 IND 6.5 B II 2 fibulae and shroud rib 

9 Fm-Mos-99/00 Tomb 

62/1 

FM009 M* 9.5 B I set of fibulae, bronze 

distaff, shroud, small 
crest amphora, bronze 

cup found inside the 

amphora of 
Bolognese/Austrian 

type 

rib 

10 Fm-Mos-99/00 Tomb 
64 

FM010 M* 50+ B II biconical urn as grave 
goods, razor, cloak pin, 

serpentine type fibula 

rib 

11 Fm-Mos-99/00 Tomb 

65/1 

FM011 F* 13-14 B II Small biconical urn, 

tintinnabulum, spindle 
whorl, set of fibula 

rib 

12 Fm-Mos-99/00 Tomb 

65/2 

FM012 M* 6.5 IND II bronze and amber 

fibulae 

rib 

13 Fm-Mos-99/00 Tomb 

67/1 

FM013 M* 40+ C II biconical urn phase III, 

jug, double-handle cup 

phase III 

rib 

14 Fm-Mos-99/00 Tomb 
70 

FM014 IND 9.5-10.5 B III cloak pin, fibula rib 

15 Fm-Mos-99/00 Tomb 

81/5 

FM015 IND 6.5 C II mixed with other 

individuals (5-6-7-8) 

 

rib 

16 Fm-Mos-99/00 Tomb 

81/6 

FM016 M 35-40 B II mixed with other 

individuals (5-6-7-8) 

 

rib 

17 Fm-Mos-99/00 Tomb 
81/7 

FM017 M 40-45 C II mixed with other 
individuals (5-6-7-8) 

+ zoomorphic fibula 

rib 

18 Fm-Mos-99/00 Tomb 
81/8 

FM018 F 40+ C II mixed with other 
individuals (5-6-7-8) 

 

rib 

19 Fm-Mos-99/00 Tomb 

81/11 

FM019 M 30-40 C IND IND rib 

20 Fm-Mos-99/00 Tomb 

81/12 

FM020 F 20-40 C IND IND rib 

21 Fm-Mos-99/00 Tomb 
81/13 

FM021 F 50+ C IND IND rib 

22 Fm-Mos-99/00 Tomb 

81/14 

FM022 M 40-50 C IND IND rib 

23 Fm-Mos-99/00 Tomb 
88/1 

FM023 M* 40-50 C I biconical urn as grave 
good, long bronze spit, 

cloak pin 

rib 

24 Fm-Mos-99/00 Tomb 

88/2 

FM024 F* 40+ C I set of fibulae, earring rib 

25 Fm-Mis-1959 

(Brusadin) Tomb 95 

FM025 F* 4-5 B I razor, fibula, biconical 

urn as grave goods 

rib 
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26 Fm-Mis-1956 
(Brusadin) 

Tomb 7 

43042 M 20-40 B I fibula, razor, italic 
sword 

tooth 
root 

27 Fm-Mis-1956 

(Bonfigli) 
Tomb 16 

43048 M* 20+ C I spindle whorls, cothon, 

biconical urn as grave 
goods, distaff, etc. 

skull 

 

Table 15: Samples selected for δ13C and δ15N analyses from Fermo Mossa and Misericordia 

necropolises 

Sex: M = male; F = female; IND = indeterminate; Sex determination by aDNA analyses is reported 

with an asterisk (*). Chronology: Phase A = end of the 9th century to the beginning of the 8th century 

BCE; Phase B = second half of the 8th century BCE; Phase C = 7th-6th century BCE; IND = 

indeterminate. Social status: Class I = rich; Class II = medium; Class III = poor; IND = indeterminate 

6.2.2 Collagen preparation and treatment 

The routine bone pre-treatment procedure used for this work is the one employed by the 

14CHRONO Centre, Queen’s University Belfast. This involves a simple ABA treatment 

followed by gelatinisation (Longin, 1971) and ultrafiltration (Brown et al., 1988) using a 

Vivaspin®-filter cleaning method (Bronk Ramsey et al., 2004). The Longin (1971) 

method has been used to diminish and potentially remove contaminants (Ambrose, 1991). 

The chemical procedure for the bone samples consisted of various steps: a. collagen 

preparation, namely bone pre-treatment and chemical treatment; and b. collagen analyses. 

During collagen preparation (a), samples were cleaned with Dremel®, and soil was 

removed where needed. A lab number was assigned to each sample. Samples were then 

crushed with a pestle until small fragments were obtained, ideally 1-3 mm or smaller, 

taking care not to produce only dust. Bone fragments were located in test tubes (previously 

labelled and tared) and weighed. We aimed at a starting mass of 0.7-1.0 g of bone. The 

masses of the samples were recorded on a spreadsheet.  

The chemical treatment (b) consists of demineralisation, removal of organic 

contaminants and solubilisation, which are described as follows. During demineralisation, 

samples were treated with 10 ml of 2% Hydrochloric Acid (two rinses circa 20 minutes 

from each other). The samples were left over for ~48h in Hydrochloric Acid until no 

further acid/carbonate reaction was seen. Samples were ensured through rinsing with 

Milli-Q® ultrapure water. This step involved three spins in the centrifuge at 2500 RPM 

between each step for 3 minutes. Each wash was discarded. For removing organic 

contaminants, samples were treated with 10 ml 0.1M Sodium Hydroxide and left for 20 

minutes. Samples were ensured through rinsing with Milli-Q® ultrapure water. Similarly, 
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This step involved three spins in a centrifuge at 2500 RPM between each step for 3 

minutes. Each wash was discarded. During solubilisation, samples were treated with 10 

ml 2% Hydrochloric Acid and left for 15 to 30 minutes. Samples were ensured through 

rinsing with Milli-Q® ultrapure water. This step involved again three spins in a centrifuge 

at 2500 RPM between each step for 3 minutes. Each wash was discarded.  

Samples were then immersed in 10 ml pH2-pH3 solution and heated at 70°C for 

~15 hours. The crude collagen was gelatinised. The resultant gelatine solution was then 

filtered using “pre-baked” 7 micron and 12 micron glass-fibre filters on a ceramic filter 

holder. The filtrate collagen was transferred into a pre-cleaned ultrafilter (Vivaspin™ 

Turbo 15–30 kD MWCO). Ultrafilter Vivaspin™ Turbo 15–30 kD MWCO was 

centrifuged for 25 minutes at 3500 until 0.5-1.0 ml of the >30 kD gelatine fraction 

remained. Gelatine was then removed from the ultrafilter with borosilicate Pasteur 

pipettes, and a small amount of ultrapure water was added to collect the collagen. Gelatine 

was located in disposable scintillation 20 ml vials (pre-backed, labelled and pre-weighed 

without lids; weight is recorded). Samples were freeze-dried overnight: samples were first 

frozen with liquid nitrogen and then inserted in the freeze-dryer. Collagen yield was 

calculated from the ratio of the final weight to the starting weight of the bone: 

a. Collagen weight (g) = Vessel + collagen (g) – Drying vessel weight (g) 

b. Collagen weight (g)/Sample weight (g) = Collagen Yield% 

c. Collagen Yield must be >1% (van Klinken, 1999) 

6.2.3 Collagen analyses 

Purified collagen was analysed at the 14CHRONO Centre. The machine used was an 

Elemental Analyser – Isotope Ratio Mass Spectrometer (EA-IRMS) Thermo Scientific 

Delta V Advantage model. Collagen samples and standards were inserted into tin capsules 

(previously tared), folded and weighed. We aimed for an approximate weight of 0.9-1.6 g 

of collagen. Samples were weighed in duplicate to estimate the intra-sample variability of 

the mass spectrometer. The capsules were subsequently inserted into a numbered rack. 

Lab standards were measured in order to determine the stable isotope abundance. A two-

point calibration with the standards was used for better accuracy. Standards used were:  
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For Nitrogen: 

IA-R041 L-Alanine δ15N -5.56+/-0.14 

IAEA-N-2 Ammonium Sulphate δ15N +20.3 +/- 0.2 

IA-R001 Wheat flour δ15N +2.55 +/- 0.22 

For Carbon: 

IA-R041 L-Alanine δ13C -23.33 +/- 0.10 

IAEA-CH-6 Sucrose δ13C -10.449 +/-0.033 

IAEA-CH-7 Polyethylene δ13C -32.15 +/- 0.05 

IA-R001 Wheat flour δ13C -26.43+/-0.008 

An in-house fishbone standard (δ15N +17.78; δ13C -31.44) was measured for a 

quality control check. The sample weights were entered into a run sequence on the PC 

which operates the machine.  

The C:Na ratio (the atomic ratio of carbon to nitrogen) was determined on the same 

collagen elemental analysis on the EA-IRMS. All samples were checked for C:Na ratios 

to explore chemical purity. All extracts that contained C:Na ratios outside a range of 2.9-

3.6 were not included since their isotopic composition may have been compromised by 

diagenetic alteration (DeNiro, 1985; Ambrose, 1990). 

6.2.4 δ13C and δ15N baseline: palaeodietary samples from the Adriatic coast 

The construction of a δ13C and δ15N baseline on faunal data at the site under examination 

is pivotal (Bocherens and Drucker, 2003; Jay and Richards, 2006; Hedges and Reynard, 

2007; Varalli et al., 2016) due to the lack of accuracy of modelled/generalised values 

(Hedges and Reynard, 2007). Unfortunately, foodstuffs such as plant foods (Craig et al., 

2009) and, less often, animal bones are unavailable within the necropolises under 

examination. Even if the fauna baseline might ideally be constructed on a site-specific 

basis (Craig et al., 2009), a good solution is to rely on archaeological fauna and fishbone 

δ13C and δ15N values from previous research which is consistent with the site under 

examination from a chronological and geographical perspective.  
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The Mossa and Misericordia necropolises of Fermo, where fauna remains are 

under-represented, need to rely on a range of δ13C and δ15N faunal data collected for other 

Italian studies. Here, δ13C and δ15N faunal data from the Adriatic region were collected. 

More specifically, results from 6 fishbones from the Palaeolithic site of Grotta della Mura 

(Puglia; Lelli et al., 2012) and 27 terrestrial faunas (i.e., cattle, deer, pig, sheep/goat) from 

the Bronze Age site of Coppa Nevigata (Puglia; Miller, 2018) were compiled and reported 

in Table 16.  

Biblio. Site Area Chrono. Specimen 

Sample 

ID 

δ13CVPDB 

(‰) 

δ15NAIR 

(‰) C:Na 

Lelli et al. 

2012 

Gr. Della Mura Apulia Palaeolithic Marine 

fish 

GM14 -16.9 14 3.3 

Lelli et al. 
2012 

Gr. Della Mura Apulia Palaeolithic Marine 
fish 

GM13 -18.9 11.7 3.5 

Lelli et al. 

2012 

Gr. Della Mura Apulia Mesolithic Marine 

fish 

GM17 -18.0 10.6 3.3 

Lelli et al. 
2012 

Gr. Della Mura Apulia Palaeolithic Marine 
fish 

GM16 -10.8 10 3.3 

Lelli et al. 

2012 

Gr. Della Mura Apulia Mesolithic Marine 

fish 

GM18 -16.6 9.2 3.5 

Lelli et al. 
2012 

Gr. Della Mura Apulia Palaeolithic Marine 
fish 

GM12 -12.9 9 3.3 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Cattle CNF1 -21.21 5.43 3.14 

Miller 2018 
Coppa 
Nevigata  Puglia Bronze Age Cattle CNF2 -20.14 7.72 3.3 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Cattle CNF3 -20.51 6.37 3.21 

Miller 2018 
Coppa 
Nevigata  Puglia Bronze Age Cattle CNF4 -20.6 6.58 3.23 

Miller 2018 

Coppa 

Nevigata  Puglia  Cattle CNF5 -20.53 5.63 3.24 

Miller 2018 
Coppa 
Nevigata  Puglia Bronze Age Cattle CNF6 -20.63 6.52 3.2 

Miller 2018 

Coppa 

Nevigata  Puglia  Cattle CNF7 -21.18 3.38 3.14 

Miller 2018 
Coppa 
Nevigata  Puglia  Cattle CNF8 -20.85 5.02 3.14 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Deer CNF17 -20.27 5.18 3.27 

Miller 2018 
Coppa 
Nevigata  Puglia Bronze Age Deer CNF18 -21.23 6.86 3.19 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Deer CNF19 -19.66 7.09 3.22 

Miller 2018 

Coppa 

Nevigata  Puglia  Deer CNF20 -21.23 5.57 9.5 

Miller 2018 

Coppa 

Nevigata  Puglia  Deer CNF22 -20.47 6.97 3.16 

Miller 2018 
Coppa 
Nevigata  Puglia  Deer CNF29 -18.87 8.5 3.15 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Pig CNF9 -19.85 6.03 3.12 

Miller 2018 
Coppa 
Nevigata  Puglia Bronze Age Pig CNF10 -20.63 4.97 3.19 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Pig CNF11 -20.37 4.25 3.23 

Miller 2018 

Coppa 

Nevigata  Puglia  Pig CNF12 -20.27 6.29 3.18 
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Miller 2018 
Coppa 
Nevigata  Puglia  Pig CNF13 -20.71 4.1 3.2 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Pig CNF14 -20.6 7.15 3.14 

Miller 2018 
Coppa 
Nevigata  Puglia  Pig CNF15 -20.31 8.69 3.3 

Miller 2018 

Coppa 

Nevigata  Puglia Bronze Age Pig CNF16 -20.44 6.68 3.15 

Miller 2018 
Coppa 
Nevigata  Puglia  Sheep/goat CNF23 -19.39 7.23 3.16 

Miller 2018 

Coppa 

Nevigata  Puglia  Sheep/goat CNF24 -19.94 5.87 3 

Miller 2018 
Coppa 
Nevigata  Puglia  Sheep/goat CNF26 -20.69 7.64 3.15 

Miller 2018 

Coppa 

Nevigata  Puglia  Sheep/goat CNF27 -20.44 6.69 3.16 

Miller 2018 
Coppa 
Nevigata  Puglia  Sheep/goat CNF28 -19.94 7.29 3.17 

Table 16: Palaeodietary samples from the Adriatic for constructing a δ13C and δ15N baseline at 

Fermo 

6.2.5 Data handling in Excel 

Archaeological, osteological and δ13C and δ15N outcomes were inserted into an Excel file 

(Microsoft). The free software R STUDIO (version 4.0.3) was used for statistical analyses 

and to plot data in graphs (packages ggplot2) (de Vries and Meys, 2015; Schmuller, 2017; 

Team, 2020). 

6.3 aDNA analyses  

The current section reports the samples collected for aDNA analysis. Analytic procedures 

of the samples were performed and elaborated at the Molecular Population Genetics Lab 

, Smurfit Institute, Trinity College Dublin (Ireland) by Dr Valeria Mattiangeli and Emily 

Breslin as a part of the latter’s PhD and are reported in Appendix 1. 

6.3.1 Sampling  

Ancient DNA samples were collected at the MUCIV museum in Rome. Twenty-three 

samples (Table 17) were chosen based on different criteria (§5.3). The petrous bone was 

the preferred sample since the endogenous DNA is better preserved than in other bone 

tissue (Gamba et al., 2014). 

  



127 

 

No. Tomb ID Lab ID Sex Age Chronology Grave 

Goods 

Type of 

Sample 

Other 

Analysis 

1 Fm-Mis-1956 

(Bonfigli) Tomb 16 

ITFM1 F(?) 

 

20+ B/C Choton 

(Picene) and 

biconical urn 
(Villanovan) 

 

Petrous bone 

right (aDNA) 

 

 

2 Fm-Mis-1956 
(Brusadin) Tomb 95 

ITFM2 IND 
 

4-5 A YC in an area 
with 

important 

tombs 
(Villanovan) 

Petrous bone 
left (aDNA) 

 

13C and 
δ15N 
87Sr/86Sr 

3 Fm-Mos-99/00 

Tomb 17 

ITFM3 M 

 

40-50 B   87Sr/86Sr 

(high) 

4 Fm-Mos-99/00 
Tomb 29/1 

ITFM4 IND 
 

8.5-
9.5 

C Picene grave 
goods 

Petrous bone 
right (aDNA) 

 

13C and 
δ15N 
87Sr/86Sr 

5 Fm-Mos-99/00 

Tomb 89/Rep. I 

ITFM5 M(?) 

 

30-40 C Torques 

(Picene) 

Petrous bone 

right (aDNA) 

 

87Sr/86Sr 

6 Fm-Mos-99/00 

Tomb 89/Rep. IV 

ITFM6 IND 

 

6.5 C Biconical urn 

(Villanovan) 
Torques 

(Picene) 

Petrous bone 

right (aDNA) 
 

87Sr/86Sr 

7 Fm-Mis-1956 
(Brusadin) Tomb 

3/1 

ITFM7 F(?) 
 

30-40 B Biconical urn 
(Villanovan) 

Petrous bone 
right (aDNA) 

 

 

8 Fm-Mis-1956 

(Brusadin) Tomb 
3/2 

ITFM8 M 

 

20-40 B Biconical urn 

(Villanovan) 

Petrous bone 

right (aDNA) 
 

 

9 Fm-Mos-99/00 

Tomb 10 

ITFM9 F(?) 

 

30-40 IND Poor Petrous bone 

right (aDNA) 
 

13C and 

δ15N 
87Sr/86Sr 

10 Fm-Mos-99/00 

Tomb 51 

ITFM10 M 

 

30-35 IND Poor Petrous bone 

right (aDNA) 

 

13C and 

δ15N 
87Sr/86Sr 

11 Fm-Mos-99/00 

Tomb 58/1 

ITFM11 IND 

 

50+ B Inhumation 

buried with 

cremation 
(Villanovan) 

Petrous bone 

right (aDNA) 

 

13C and 

δ15N 
87Sr/86Sr 

12 Fm-Mos-99/00 

Tomb 62/1 
 

ITFM12 IND 

 

9.5 B Rich with 

amphorae 
typical of 

Bolognese 

area 
(Villanovan) 

Petrous bone 

right (aDNA) 
 

87Sr/86Sr 

13 Fm-Mos-99/00 

Tomb 62/2 

ITFM13 M(?) 

 

30-35 B Rich with 

amphorae 

typical of 
Bolognese 

area 

(Villanovan) 

Petrous bone 

left (aDNA) 

 

87Sr/86Sr 

14 Fm-Mos-99/00 

Tomb 64 

ITFM14 M 

 

50+ B Biconical urn 

(Villanovan) 

Petrous bone 

right (aDNA) 

 

87Sr/86Sr 

15 Fm-Mos-99/00 
Tomb 65/1 

 

ITFM15 IND 
 

13-14 B Miniaturistic 
biconical urn 

(Villanovan) 

Petrous bone 
left (aDNA) 

 

87Sr/86Sr 

16 Fm-Mos-99/00 
Tomb 65/2 

ITFM16 IND 
 

6.5 B Miniaturistic 
biconical urn 

(Villanovan) 

Petrous bone 
left (aDNA) 

 

87Sr/86Sr 

17 Fm-Mos-99/00 

Tomb 67/1 

ITFM17 M 

 

40+ C Two 

biconical 
urns (diverse 

phases) 
(Villanovan) 

Petrous bone 

left (aDNA) 
 

87Sr/86Sr 

18 Fm-Mos-99/00 

Tomb 67/2 

ITFM18 M(?) 

 

40+ C Two 

biconical 

Petrous bone 

left (aDNA) 
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urns (diverse 
phases) 

(Villanovan) 

 

19 Fm-Mos-99/00 

Tomb 67/3 

ITFM19 M 

 

50+ C Two 

biconical 
urns (diverse 

phases) 

(Villanovan) 

Petrous bone 

right (aDNA) 
 

87Sr/86Sr 

20 Fm-Mos-99/00 

Tomb 88/1 

ITFM20 M 

 

40+ C Spit Petrous bone 

right (aDNA) 

 

 

21 Fm-Mos-99/00 
Tomb 88/2 

ITFM21 M(?) 
 

40-50 C Spit Petrous bone 
right (aDNA) 

 

 

22 Fm-Mos-1968 
Tomb 11/1 

ITFM22 M(?) 30+ B- Cremation 
(Villanovan) 

Petrous bone 
right (aDNA) 

 

 

23 Fm-Mos-1968 

Tomb 11/2 

ITFM23 F 

 

50+ B Cremation 

(Villanovan) 

Petrous bone 

right (aDNA) 

 

87Sr/86Sr 

(slightly 

high) 
 

Table 17: Samples selected for aDNA from Fermo Mossa and Misericordia necropolises  

Osteological sex: M = male; F = female; IND = indeterminate; Chronology: Phase A = end of 

the 9th century to the beginning of the 8th century BCE; Phase B = second half of the 8th 

century BCE; Phase C = 7th-6th century BCE; IND = indeterminate 

6.4 Absolute dating at Fermo: 14C analyses  

This section reports the analytic procedures performed on human samples for 14C analyses. 

Samples were chemically treated following the 14CHRONO Centre, QUB protocol 

(http://14chrono.org/site/wp-content/uploads/2020/03/Lab_protocols.pdf). 

6.4.1 Absolute dating and Early Iron Age Italian archaeology: sample selection for 

Fermo 

The Misericordia and Mossa necropolises display a relative chronology that goes from the 

middle of the 9th up to the 6th century BCE divided into four phases (I-IV; §5.1) according 

to relative chronology. In this work, 14C dating has been performed on 15 inhumed and 

cremated human samples from Fermo with well-known relative chronology (Table 18).  
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No. Tomb ID Lab 

ID 

Ritual Chron. Sample Charcoal Observ. 

1 Fm-Mis-1959 

(Alidori) Tomb 

3_Busta 2 

43034 C IB petrous 

bone 

 white calcined bone 

2 Fm-Mis-1959 

(Alidori) Tomb 

13 

43035 C IB femur  white but the core 

blackish 

3 Fm-Mis-1959 
(Alidori) Tomb 

17A 

43036 C IA-IB femur  white calcined bone 

4 Fm-Mis-1959 
(Alidori) Tomb 

22 

43037 C IIA femur  white calcined bone 

   C  petrous 
bone 

 white calcined bone 

5 Fm-Mis-1956 

(Bonfigli) 

Tomb 11 

43038 C IIA femur  white calcined bone 

6 Fm-Mis-1956 

(Bonfigli) 

Tomb 32 

43039 C IB-IIA femur  white calcined bone 

7 Fm-Mis-1956 
(Bonfigli) 

Tomb 34 

43040 C IB-IIA femur  white calcined bone 

8 Fm-Mis-1956 
(Bonfigli) 

Tomb 48 

43041 C IB-IIA femur  white calcined bone 

9 Fm-Mis-

1956(Brusadin) 
Tomb 7 

43042 I IIA-

IIB 

tooth   

10 Fm-Mos-

1999/2000 
Tomb 59A 

43043 C IIB petrous 

bone 

YES white calcined bone 

   C  femur  white calcined bone 

11 Fm-Mos-

1999/2000 

Tomb 59D 

43044 C IIB femur YES white calcined bone 

   C  petrous 
bone 

 white calcined bone 

12 Fm-Mos-

1999/2000 
Tomb 83 

43045 C IIB femur  white calcined bone 

13 Fm-Mos-

1999/2000 
(Mossa) Tomb 

95 

43046 C IIB petrous 

bone 

YES white calcined bone 

   C  femur  white calcined bone 

14 Fm-Mos-

1999/2000 
Tomb 29 

43047 I IIB tooth   

15 Fm-Mis-1956 

(Bonfigli) 

Tomb 16 

43048 I IIB/III skull   

Table 18: Samples selected for 14C analyses from Fermo Mossa and 

Misericordia necropolises 

Type of ritual: C = cremation and I = inhumation. Relative chronology: §5.1 

Limitations caused by a plateau in the calibration curves, the “Hallstatt plateau”, 

around 800 and 400 BCE, is acknowledged (Hamilton et al., 2015). In fact, following the 

chronology proposed by Pacciarelli (2000; 2005) and in collaboration with Dr Pasquale 

Miranda and Prof Marco Pacciarelli, I have tried to choose the samples mainly 
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concentrated in Phase I and the beginning of Phase II to minimise problems related to the 

calibration curve.  

Even though human bones are considered reliable dating material, excessive 

consumption of fish by the individuals analysed may cause the so-called “reservoir effect” 

with too-old 14C dates (Lanting and Brindley, 1998; Lanting et al., 2001), which must be 

taken into account. When the inhumed bones are dated, collagen (the organic parts of the 

bone) is used. Collagen is mostly formed by proteins and, consequently, is strongly biased 

towards the “reservoir effect” if the diet of the individual analysed was based on fish 

consumption.  

By contrast, 14C dates on cremated human remains are performed on structural 

carbonates formed primarily by carbohydrates and fats in the diet and secondarily in 

excess protein (Lanting et al., 2001). As a result, the “reservoir effect” is not recorded in 

this type of sample. Structural carbonate in unburnt tooth enamel is not used for dating 

inhumation because it is affected by post-depositional diagenesis (Haynes, 1968; Hedges 

et al., 1995). In contrast, bioapatite (bone mineral) has the advantage of recrystallising in 

cremated bone (Olsen et al., 2008), and this makes the bones less susceptible to the process 

of diagenesis (Lanting et al., 2001; Zazzo et al., 2009), providing that samples are burned 

at a temperature above 600o. 

6.4.2 Chemical treatment  

The routine bone pre-treatment procedure used for this work is the one employed by the 

14CHRONO centre, Queen’s University Belfast, and it follows two different procedures 

for inhumed and cremated bones. 

6.4.2.1 Inhumed bones 

The method follows the one described for δ13C and δ15N analyses (§6.2). 

6.4.2.2 Cremated bones 

Two to five g of sample, previously cleaned with a Dremel® tool, was ground in a mortar 

and pestle. Samples were left in 1.5% sodium hypochlorite solution for 48 hours to remove 

any remaining proteins. Subsequently, samples were returned to the beaker with 20 ml 1M 
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acidic acid for 24 hours to remove contaminant carbonate in the samples. The samples 

were then vacuum filtered, washed with deionised water and placed in a drying oven at 

60° overnight.  

A part of each sample was analysed by Fourier Transform Infrared Spectroscopy 

(FTIR) at the 14CHRONO Centre for Climate, the Environment, and Chronology in the 

School of Natural and Built Environment at Queen’s University Belfast to check on the 

degree of cremation (crystallinity index or splitting factor). To prepare a disc for FTIR, 1-

1.5 mg of sample was mixed with 0.15-0.2 g of spectrosol grade KBr. This was ground 

using an agate pestle and mortar until the sample was less than 63 um. The sample was 

pressed into a pellet using a Specac hydraulic press, at 10,000 kg for 3 minutes. The disc 

was then analysed using a Perkin Elmer Spectrum One FTIR spectrometer. Samples with 

crystallinity above five were considered sufficiently re-crystallised (Olsen et al., 2008) 

and radiocarbon dated. Samples were stored in a sealed vial before hydrolysis with stock 

(85%) orthophosphoric acid (15 ml per g of bone). 

6.4.3 Data analyses  

Archaeological, osteological and 14C outcomes were inserted into an Excel file 

(Microsoft). Samples were calibrated with the CALIB 8.2 program (Stuiver et al., 2020) 

based on IntCal20 (Reimer et al., 2020). A CALIB probability plot with expected 

chronological ranges was then built (§7.4). 

6.5 Osteobiography: material and methods 

I have included the osteobiography of four individuals in this work: namely Tombs 59A 

and 59D and Tomb 62 (Individuals 1 and 2), both from the second half of the 8th century 

BCE. These individuals were selected since they display different grave goods and 

funerary rituals which were adopted. The former two are cremations buried in the same 

pit, and the latter is a double supine inhumation from phase IIB (second half of the 8th 

century BCE). Furthermore, 87Sr/86Sr isotope analysis produced rather different results. 

All the data gathered in this work, namely archaeological, osteological and 14C, isotopic 

and aDNA analyses, have been collected in a worksheet (Fig. 32). The outcomes are 
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reported in Chapter 7 and further discussed in Chapter 8. General and individual patterns 

are continually compared. All data are kept within their context, and the single individual 

is considered relative to all the other individuals analysed. 

Excavation name:  Tomb number:  

MNI:  Type of ritual:  

Chronological Phase:  Gender:  

Diary essential notes: 

Artefacts analysis (location and conservation state): 

 

Overall about the ritual: 

Main osteological information: 

Sex:  Age at death:  

Pathologies:  

State of preservation:  

Main isotopical and aDNA information: 

δ13C and δ15N:  aDNA:  
14C analysis (2 sigma cal BC):  Observation:  
87Sr/86Sr isotopic analysis: 

Lab id// Type of sample 87Sr/86Sr Local//non-local 

Figure 32: Worksheet for the osteobiographical reconstruction 

6.6 Brief recapitulation and expansion of research questions 

Before reporting the results, the current section summarises the main research questions 

listed in the introductory chapter (§1.2) and reports further sub-questions. The latter will 

guide and support the understanding of the main research questions. I have inserted this 

recapitulation here because the reader will find it easier to comprehend the sub-questions 

after having grasped the basic theoretical (§§2.3 and 2.6) and methodological framework 

(§§5 and 6) adopted for this dissertation. 

 1. Was Fermo a Villanovan enclave or a local group? 

1a. Can a cross-disciplinary approach identify mobility and ethnic phenomena where 

traditional archaeological methods have failed? 

 2. What is the type of human mobility attested at Fermo?  

 Questions on short-distance migration: 

2a. Are there non-local individuals attested with 87Sr/86Sr values within a distance of 0-50 

km from Fermo? Is their material culture typical of the local tradition? 
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 Questions on long-distance migration: 

2b. Are there any patterns linking funerary ritual and mobility? 

2c. What type of long-distance migration can be identified at Fermo? Is there more than 

one wave of migration? 

2d. Is there a stabilisation of the site in the later phases when ritual features shared with 

other Villanovan sites decreased? 

2e. Is there any difference in ancestry amongst the individuals buried at Fermo? 

 3. Who moved to Fermo? 

3a. Did people from one or more regions arrive at Fermo? 

3b. Which sex was most common in migrant burials? 

 4. What reasons caused these people to migrate? 

6.7 Chapters 5 and 6 conclusions 

Chapters 5 and 6 have presented the samples analysed and methods used for the current 

research. A variety of approaches, namely archaeological and osteological analyses (§5), 

has allowed a focused sample selection for further analysis, e.g., 87Sr/86Sr, δ13C, δ15N, 

aDNA and 14C. The association of all this information will enable a more refined and 

nuanced investigation of the archaeological record. 
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Chapter 7. Results 

Chapter 7 reports the results of the diverse analyses performed on the Fermo Misericordia 

and Mossa samples. Section 7.1 illustrates the osteological results obtained from the 

analysed human samples. These data were used as basic information for other analyses. 

Section 7.2 displays the δ13C and δ15N results of inhumed individuals, providing critical 

information for the interpretation of the strontium analyses. Section 7.3 reports the 

87Sr/86Sr baseline estimated for Fermo based on various methodologies. What is more, it 

provides the main results for human samples based on chronological, ritual and 

osteological data. Section 7.4 describes 14C data of inhumed and cremated human remains 

associated with the relative chronology previously attributed to each sample. Section 7.5 

defines aDNA results on genetic sex and ancestry at Fermo. Finally, Section 7.6 describes 

various information concerning Tombs 59A, 59D and 62 to construct the osteobiography 

of these individuals. 

7.1 Osteological analyses 

For the current work, I analysed 71 tombs and 120 individuals: 37 tombs from the 

Misericordia necropolis and 34 tombs from the Mossa necropolis (see Appendices 2-4). 

The low number of analysed human samples did not allow me to perform a comprehensive 

palaeodemographic analysis of the site of Fermo. Nonetheless, some interesting 

observations were forthcoming on the Fermo human samples – in particular, observations 

concerning ritual. Two types of ritual are recorded at Fermo, namely cremations (C; n=47) 

and inhumations (I; n=73) (Table 19). Sex is based on a morphological and morphometric 

basis and integrated with aDNA results (n=23, §7.5.1). The sex of the remaining cremated 

adult individuals (n=15) was based on preserved metric traits (n=8) and robusticity of the 

skeleton (n=3), whilst for four individuals, sex was not determined. The age at death for 

inhumed and cremated individuals is reported by broad age classes. 
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Excavation Necropolis ID Chron. Ritual Sex Age-at-death 

Class 

Age-at-death  

Label 

Fm-Mos-1968 MOSSA 11_1 B I F* 30+ MA 

Fm-Mos-1968 MOSSA 11_2 B I F* 50+ OA 

Fm-Mos-1968 MOSSA 11_3 B I IND 10-15 J 

Fm-Mos-1968 MOSSA 11_4 B I IND 1-5 YC 

Fm-Mos-1968 MOSSA 11_5 B C F(?) 20+ GA 

Fm-Mos-1968 MOSSA 2_1 C I M 40+ OA 

Fm-Mos-1968 MOSSA 2_2 C I M 40-50 MA 

Fm-Mos-1968 MOSSA 2_3 C I M 40-50 MA 

Fm-Mos-1968 MOSSA 2_4 C I IND 5-10 OC 

Fm-Mos-1968 MOSSA 6_1 C I M 40-50 MA 

Fm-Mos-1968 MOSSA 6_2 C I M 50+ OA 

Fm-Mos-99-00 MOSSA 3_1 C I IND 0 NB 

Fm-Mos-99-00 MOSSA 3_2 C I F 20-40 MA 

Fm-Mos-99-00 MOSSA 3_3 B I F 20-40 MA 

Fm-Mos-99-00 MOSSA 3_4 C I F 40+ OA 

Fm-Mos-99-00 MOSSA 3_5 C I M 40+ OA 

Fm-Mos-99-00 MOSSA 3_6 C I F 15-20 YA 

Fm-Mos-99-00 MOSSA 3_7 C I F 20-40 MA 

Fm-Mos-99-00 MOSSA 5 B I M 30-50 MA 

Fm-Mos-99-00 MOSSA 7 IND I M 40+ OA 

Fm-Mos-99-00 MOSSA 10 IND I F* 20-40 MA 

Fm-Mos-99-00 MOSSA 17 B I M* 40+ OA 

Fm-Mos-99-00 MOSSA 21 B C F 20+ GA 

Fm-Mos-99-00 MOSSA 29 C I F* 5-10 OC 

Fm-Mos-99-00 MOSSA 31 B C F 20-40 MA 

Fm-Mos-99-01 MOSSA 42 IND I F 20-40 MA 

Fm-Mos-99-02 MOSSA 44 IND I IND 15-20 YA 

Fm-Mos-99-03 MOSSA 44 IND I IND 5-10 OC 

Fm-Mos-99-00 MOSSA 51 B I M* 20-40 MA 

Fm-Mos-99-00 MOSSA 56 B C IND 10-15 J 

Fm-Mos-99-00 MOSSA 58_1 B I F* 50+ OA 

Fm-Mos-99-00 MOSSA 58_2 B I IND 5-10 OC 

Fm-Mos-99-00 MOSSA 58_3 B C M 30+ MA 

Fm-Mos-99-00 MOSSA 59 D B C F 20+ GA 

Fm-Mos-99-00 MOSSA 59 A B C M 30+ MA 

Fm-Mos-99-00 MOSSA 62_1 B I M* 5-10 OC 

Fm-Mos-99-00 MOSSA 62_2 B I F* 20-40 MA 

Fm-Mos-99-00 MOSSA 63 B C M 20+ GA 

Fm-Mos-99-00 MOSSA 64 B I M* 50+ OA 

Fm-Mos-99-00 MOSSA 65_1 B I F* 10-15 J 
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Fm-Mos-99-00 MOSSA 65_2 IND I M* 5-10 OC 

Fm-Mos-99-00 MOSSA 67_1 C I M* 40+ OA 

Fm-Mos-99-00 MOSSA 67_2 B I F* 40+ OA 

Fm-Mos-99-00 MOSSA 67_3 B I M* 40+ OA 

Fm-Mos-99-01 MOSSA 68_1 C I M 40+ OA 

Fm-Mos-99-02 MOSSA 68_2 C I F 40+ OA 

Fm-Mos-99-00 MOSSA 70 B I IND 5-10 OC 

Fm-Mos-99-00 MOSSA 78 B C F(?) 20+ GA 

Fm-Mos-99-00 MOSSA 81_1 C I IND 1-5 YC 

Fm-Mos-99-00 MOSSA 81_2 C I IND 1-5 YC 

Fm-Mos-99-00 MOSSA 81_3 C I IND 1-5 YC 

Fm-Mos-99-00 MOSSA 81_4 C I M 20-40 GA 

Fm-Mos-99-00 MOSSA 81_5 C I IND 5-10 OC 

Fm-Mos-99-00 MOSSA 81_6 C I M 20-40 GA 

Fm-Mos-99-00 MOSSA 81_7 C I M 40+ OA 

Fm-Mos-99-00 MOSSA 81_8 C I F 40+ OA 

Fm-Mos-99-00 MOSSA 81_9 C I IND 1-5 YC 

Fm-Mos-99-00 MOSSA 81_10 C I IND 0 NB 

Fm-Mos-99-00 MOSSA 81_11 C I M 20-40 MA 

Fm-Mos-99-00 MOSSA 81_12 C I F 20-40 MA 

Fm-Mos-99-00 MOSSA 81_13 C I F 50+ OA 

Fm-Mos-99-00 MOSSA 81_14 B I M 40-50 OA 

Fm-Mos-99-00 MOSSA 83 B C M 20+ GA 

Fm-Mos-99-00 MOSSA 84 B C M 20+ GA 

Fm-Mos-99-00 MOSSA 85 C I M 30+ MA 

Fm-Mos-99-01 MOSSA 87_1 C I IND 15-20 YA 

Fm-Mos-99-02 MOSSA 87_2 C I F 20-40 MA 

Fm-Mos-99-03 MOSSA 87_3 C I M 20-40 MA 

Fm-Mos-99-00 MOSSA 88_1 C I M* 40+ MA 

Fm-Mos-99-00 MOSSA 88_2 C I F* 40+ MA 

Fm-Mos-99-00 MOSSA 88 C I M(?) 50+ OA 

Fm-Mos-99-00 MOSSA 89_I C I F* 20-40 MA 

Fm-Mos-99-00 MOSSA 89_II C I M 20+ GA 

Fm-Mos-99-00 MOSSA 89_III C I M(?) 40+ MA 

Fm-Mos-99-00 MOSSA 89_IV C I F* 5-10 OC 

Fm-Mos-99-01 MOSSA 91_1 C I M 20-40 MA 

Fm-Mos-99-02 MOSSA 91_2 C I M 40+ OA 

Fm-Mos-99-00 MOSSA 95 B C M 20-40 MA 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 3_Busta 

1_2 

A C F(?) 20+ GA 

Fm-Mis-1956 
(?) 

MISERICORDIA 3_Busta 
1 

B C F 40+ MA 

Fm-Mis-1956 

(?) 

MISERICORDIA 3_Busta 

2 

B C M 20-40 MA 
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Fm-Mis-1956 
(Brusadin) 

MISERICORDIA 3_1 B I F* 20-40 MA 

Fm-Mis-1956 

(Brusadin) 

MISERICORDIA 3_2 B I M* 20-40 MA 

Fm-Mis-1956 
(Bonfigli) 

MISERICORDIA 4 B C M(?) 20+ GA 

Fm-Mis-1956 

(Brusadin) 

MISERICORDIA 4 B C IND 1-5 YC 

Fm-Mis-1956 
(?) 

MISERICORDIA 6 IND C IND 1-5 YC 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 6_1 IND C IND 1-5 YC 

Fm-Mis-1959 
(Alidori) 

MISERICORDIA 6_2 IND C IND 1-5 YC 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 7 B C M 20+ GA 

Fm-Mis-1956 
(Brusadin) 

MISERICORDIA 7 B I M 20-40 MA 

Fm-Mis-1956 MISERICORDIA 9 IND C IND 20+ GA 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 9 IND C F 20+ GA 

Fm-Mis-1956 
(Bonfigli) 

MISERICORDIA 11 A C F 40+ OA 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 13 A C IND 20+ GA 

Fm-Mis-1956 
(Bonfigli) 

MISERICORDIA 16 C I M* 20+ GA 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 17A A C F(?) 20+ GA 

Fm-Mis-? MISERICORDIA 18 IND C M 20+ GA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 20 A C M 20+ GA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 22 B C F(?) 20-40 MA 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 22 B C M 20+ GA 

Fm-Mis-? MISERICORDIA 23 IND C M 20+ GA 

Fm-Mis-1956 
(Bonfigli) 

MISERICORDIA 27 A C IND  20+ GA 

Fm-Mis-1959 

(Alidori) 

MISERICORDIA 29 IND C F 20-40 MA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 32 A C M 20+ GA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 34 A C F 20-40 MA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 36 A C M(?) 40+ OA 

Fm-Mis-1956 

(Bonfigli?) 

MISERICORDIA 37 A C IND 20+ GA 

Fm-Mis-

1956(Bonfigli) 

MISERICORDIA 38 A C M(?) 20+ GA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 40 B C M 20-40 MA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 43 B C F(?) 40+ OA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 44 B C F 20-40 MA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 45 A C F 20-40 MA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 46 A C F 15-20 YA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 47 A C F 20-40 GA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 48 A C F 20+ GA 
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Fm-Mis-1956 
(Bonfigli) 

MISERICORDIA 49 IND C F 40+ OA 

Fm-Mis-1956 

(Bonfigli) 

MISERICORDIA 52 A C IND 5-10 OC 

Fm-Mis-1956 
(Brusadin) 

MISERICORDIA 95 A I F* 1-5 YC 

Fm-Mis-1956 

(Brusadin) 

MISERICORDIA 116_1 B I M 20+ GA 

Fm-Mis-1956 
(Brusadin) 

MISERICORDIA 116_2 B I M 15-20 YA 

 

Table 19: Summary of the analysed tombs 

Chronology: A = end of the 9th century to beginning of the 8th century BCE; B = second half of 

the 8th century BCE; C = 7th-6th century BCE; IND = indeterminate. Funerary ritual: C = 

cremation; I = inhumation; Sex: F = female; M = male; IND = indeterminate. Sex determination 

by aDNA analyses is reported with an asterisk (*). Age: NB (new born) = 0 years of age; YC 

(young child) = 1-5 years of age; OC (older child) = 5-10 years of age; J (juvenile) = 10-16 years 

of age; YA (young adult) = 16-20 years of age; GA (generic adult) = 20+ years of age; MA 

(mature adult) = 20-40 years of age; OA (old adult) = 40+ years of age 

7.1.1 The ritual: inhumation vs cremation  

The Misericordia necropolis, the oldest necropolis (latter half of the 9th and beginning of 

the 7th century BCE), has a high number of cremations, more than 80%. In later phases, 

the ritual is almost abandoned, as shown by the small frequency of cremation in the Mossa 

necropolis, which spans from the second half of the 8th to the 6th century BCE (15.38% 

cremation) (Fig. 33).  

 

Figure 33: Cremation and inhumation percentages for the Misericordia and Mossa 

necropolises 
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The changing patterns in the funerary ritual can be better estimated through the 

three chronological phases of the two Fermo necropolises (§5.1.1). Of the samples 

analysed, the Misericordia necropolis has the highest number of cremations, namely 

74.47%, whilst the Mossa necropolis has 25.53%. In contrast, the inhumations are only 

9.59% of the total in the Misericordia necropolis, whilst these are 90.41% in  the Mossa 

necropolis. In more detail, during Phase A, only the Misericordia necropolis is occupied, 

and cremation is the prominent ritual (94% C; 6% I). During Phase B, the Mossa 

necropolis is occupied for the first time, and the percentage of inhumations increases with 

the following distribution: Misericordia (70.6% C; 29.4% I) and Mossa (41.4% C; 58.6% 

I). During Phase C, cremation disappears, the majority of individuals are buried at Mossa 

(98%), whilst at Misericordia, only 2% of inhumations are recorded in this phase. 

7.1.2 Number of individuals per tomb 

Tombs were single (n=50), double (n=12) or multiple (n=9) depositions. At the 

Misericordia necropolis, 86.5% single, 13.5% double and no collective tombs were 

recorded. At Mossa, 52.9% were single, 20.6% double and 26.5% were collective (Fig. 

34). At Fermo, multiple7 or collective8 burials are documented particularly in the later 

phases, namely, from the end of the 8th century BCE. An example of a contemporary  

double inhumation is Tomb 62 (Mossa necropolis), containing two individuals, namely an 

adult female and a boy (see §7.5.1 on genetic sex) (see also Sabbatini, 2000). Tomb 81 

from the Mossa necropolis is a collective burial, with 14 successive depositions spanning 

from the first half of the 7th to the second half of the 6th century BCE (Miranda, 2019). 

Tomb 67 was a collective burial with three inhumed individuals, which spanned from the 

8th to the 7th century BCE. Tomb 11 and Tomb 58 were two collective tombs where 

cremated and inhumed individuals were buried together.  

 
7 Individuals buried in the same tomb simultaneously (Leclerc, 2003; Schmitt and Déderix, 2018, p. 196). 
8 Individuals buried in the same tomb at different times (Leclerc, 2003; Schmitt and Déderix, 2018, p. 

196). 
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Figure 34: Tomb types percentages for the Misericordia and Mossa 

necropolises 

7.1.3 Sex and age distribution 

The osteological analysis has identified 40 females (F/F*= 34; F?= 6), 49 males (M/M*= 

44; M?= 5), six adults of indeterminate sex (IND) and 25 subadults (0-16 years of age) 

(Fig. 35). 

 
Figure 35: Sex and age percentages of the analysed samples 

Subadults comprised two new-borns (NB = 0 years of age), ten young children 

(YC = 0-5 years of age), ten older children (OC = 5-10 years of age) and three juveniles 

(J = 10-16 years of age). Subadults were more frequently represented in inhumations than 
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cremations, 19 and 6 individuals respectively. Amongst the cremations, four belong to the 

YC class.  

There was no particular selection of sex and age classes for funerary ritual; all the 

age classes were cremated and inhumed. The male-female ratio of the osteologically 

analysed individuals was very similar, whereas subadults were less represented. 

Nonetheless, cremations were rarer for subadults and male individuals. The high number 

of cremated female individuals could represent a potential bias of morphometric analysis 

(§5.2.2.2). The reduction itself and the absence of morphologic features could have 

influenced these data. Indeed, I should highlight that when I compared gender (estimated 

on material culture) and sex (estimated on morphometric traits) on 25 cremated 

individuals, 12% of cases were not in agreement (Esposito et al., forthcoming).  

7.2 δ13C and δ15N results  

Table 20 reports δ13C and δ15N results with sex and age at death of individuals.  

No. Lab ID Necropolis Tomb ID  Sex Age at 

Death 

Class δ13CVPDB 

(‰) 
δ15NAIR 

(‰) 
C:Na 

1 FM018 MOSSA T.81/8 F A II -19.72 8.03 3.11 

2 FM020 MOSSA T.81/12 F A IND -19.67 8.23 3.11 

3 FM021 MOSSA T.81/13 F A IND -20.03 7.81 3.15 

4 FM007 MOSSA T.58/1 F A II -19.84 8.94 3.15 

5 FM003 MOSSA T.10 F* A III -19.45 8.25 3.17 

6 FM005 MOSSA T.29 IND OC II -20.16 7.19 3.15 

7 FM014 MOSSA T.70 IND OC III -20.01 7.85 3.14 

8 FM015 MOSSA T.81/5 IND OC II -20.09 8.05 3.12 

9 FM025 MISERICORDIA T.95 IND YC I -19.47 7.46 3.13 

10 FM001 MOSSA  T.5 M A III -20.01 7.93 3.16 

11 FM004 MOSSA T.17 M* A III -19.94 8.19 3.16 

12 FM006 MOSSA T.51 M* A III -20.12 8.10 3.17 

13 FM016 MOSSA T.81/6 M A II -20.03 7.97 3.12 

14 FM017 MOSSA T.81/7 M A I -20.09 7.92 3.12 

15 FM019 MOSSA T.81/11 M A IND -19.84 8.62 3.14 

16 FM022 MOSSA T.81/14 M A IND -19.68 8.32 3.14 

17 43042 MISERICORDIA T.7 M A I -19.30 8.30 3.16 

18 43048 MISERICORDIA T.16 M* A I -20.00 8.00 3.16 

19 FM002 MOSSA T.2 M A III FAIL FAIL FAIL 

20 FM008 MOSSA T.58/2 IND OC II FAIL FAIL FAIL 

21 FM009 MOSSA T.62/1 M* OC I FAIL FAIL FAIL 

22 FM010 MOSSA T.64 M* A II FAIL FAIL FAIL 
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23 FM011 MOSSA T.65/1 F* J II FAIL FAIL FAIL 

24 FM012 MOSSA T.65/2 M* YC II FAIL FAIL FAIL 

25 FM013 MOSSA T.67/1 M* A II FAIL FAIL FAIL 

26 FM023 MOSSA T.88/1 M* A I FAIL FAIL FAIL 

27 FM024 MOSSA T.88/2 F* A I FAIL FAIL FAIL 
 

Table 20: δ13C, δ15N and C:N results 

Sex: F = female; M = male; IND = indeterminate. Sex determination by aDNA analyses is reported with 

an asterisk (*). Age: YC (young child) = 1-5 years of age; OC (older child) = 5-10 years of age; A (adult) 

= 16+ years of age. Grave goods rank: I = rich; Class II = medium; Class III = poor; IND = indeterminate 

Results from 9 out of 27 samples failed due to poor collagen preservation. C:N 

ratios obtained for the remaining 18 individuals fall in the range between 2.9 and 3.6, 

which indicates good collagen preservation (DeNiro, 1985). Overall, adult males, females 

and subadults have very similar δ13C and δ15N minimum and maximum values (Table 21). 

However, the analysis of variance for δ13C does not show significant differences amongst 

the means (F= 4.56, df=2.15, p<0.05). Conversely, δ15N show significant differences 

amongst the means (F=0.73, df=2.15, p>0.05). The Tukey Honest significant difference 

test shows that females and males have compatible mean values δ15N, while subadults 

(who are old enough to be free from the breast-feeding overprint) are significantly 

different from adult individuals, both  males and females. 

Sample 
δ13CVPDB 

(‰) 

δ15NAIR 

(‰) 

Female max -19.45 8.94 

Female min -20.03 7.81 

Male max -19.30 8.62 

Male min -20.12 7.92 

Subadult max -20.16 8.05 

Subadult min -20.01 7.19 

Mean F -19.74 8.25 

Mean M -19.89 8.15 

Mean Sub -19.93 7.64 

Mean total -19.86 8.06 

sd 0.26 0.39 

Table 21: δ13C and δ15N minimums and 

maximums for female, male and 

subadults 

Overall, δ13C and δ
15N ranges are similar for all the categories. Figure 36 illustrates 

δ13C and δ15N values from Fermo plotted together with fauna from Palaeolithic and 
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Bronze Age sites from Puglia from palaeodietary studies conducted on the most 

geographically (Lelli et al., 2012; Miller 2018) and chronologically (Miller, 2018) similar 

sites to Fermo in the literature (§6.2). This indicates that the analysed individuals had a 

diet based on C3 plants, displaying a reasonable protein intake. Additionally, the δ13C 

values exclude any significant consumption of marine food amongst Fermo’s individuals.   

 

Figure 36: δ13C and δ15N results of Fermo.  

Human samples (male, female, indeterminate, young and older children) and baseline based 

on palaeodietary studies conducted on the most geographically similar sites to Fermo (Lelli 

et al., 2012; Miller, 2018) 

Figure 37 reports δ13C and δ15N values plotted according to grave goods rank, 

namely Classes I-II-III. No substantial differences are observed amongst the different 

classes. 
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Figure 37: Fermo human δ13C and δ15N values plotted according to grave goods rank  

 

7.3 87Sr/86Sr isotope analyses  

The following section reports 87Sr/86Sr baseline and human results at Fermo. Section 7.3.1 

indicates the multifactorial approach adopted to assess the local baseline at the site. 

Section 7.3.2 reports 87Sr/86Sr human sample results plotted according to osteological and 

archaeological data.  

7.3.1 87Sr/86Sr baseline for Fermo: a multifactorial approach  

The assessment of the local 87Sr/86Sr baseline here is based on a cumulative approach, 

namely:  

a.  baseline strontium values (87Sr/86Sr) on modern environmental samples (soil, 

water, vegetation, local fauna) and archaeological specimens (ancient fauna from 

the site); 

 b.  the shape of the sample distribution of the human data (Wright, 2005; Sengeløv 

et al., 2020), assuming that the majority of the individuals are local at a site 

(Burton and Hahn, 2016);  

c.  the range of values for the youngest individuals in the sample, namely young 

children (YC = 0-5 years of age) and older children (OC = 5-10 years of age). 
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7.3.1.1 Geological assessment of the area of Fermo and local BASr at Fermo 

The area around Fermo between the coast and the Apennines is dominated mainly by 

sedimentary sequences – mostly of carbonate origin – which comprises Upper Cenozoic 

(Pliocene – Pleistocene) formations. In the literature, this geological formation has 

87Sr/86Sr values that range from 0.7085 to 0.7092 (McArthur et al., 2001). A mineral water 

from the area (43°09'00.00'' N 13°43'12.00'' E) has an 87Sr/86Sr value of 0.7090 

(Voerkelius et al., 2010). 

Fourteen samples were collected for the BASr assessment of Fermo, including 

water, soil, grass, snail shells and archaeological fauna samples. Samples were collected 

in various localities within a 50 km distance from Fermo. Five locations have been 

identified and sampled (see “area” in Table 22) to detect possible differences in the 

87Sr/86Sr results of different kinds of specimens. BASr results range from 0.70781 to 

0.70918, in agreement with the geological data. However, substantial variability in 

87Sr/86Sr values is in place, even amongst samples of the same type (Fig. 38).  

 
No. Area Lab ID  Sample 87Sr/86Sr 2 SD 

srm987 

km North 

Coordinate 

East Coordinate 

1 5 FM-SR-
WATER3 

water 0.70781 0.000022 20-
50 

42°59'44.90018'' 13°20'21.96131'' 

2 1 FM-SR-

WATER2 

water 0.70908 0.000022 0-5 43°12'3.15719'' 13°46'41.64466'' 

3 3 FM-SR-
WATER1 

water 0.70911 0.000022 5-
20 

43°5'57'' 13°46'11'' 

4 5 FM-SR-SOIL6 soil 0.70836 0.000017 20-

50 

42°59'44.90018'' 13°20'21.96131'' 

5 3 FM-SR-SOIL4 soil 0.70868 0.000017 5-
20 

43°5'57'' 13°46'11'' 

6 1 FM-SR-SOIL5 soil 0.70880 0.000017 0-5 43°11'29'' 13°46'4'' 

7 2 FM-SR-SOIL3 soil 0.70875 0.000017 0-5 43°10'20.865'' 13°44'30.522'' 

8 2 FM-SR-

SNAIL2 

snail 0.70853 0.000017 0-5 43°10'20.865'' 13°44'30.522'' 

9 2 FM-SR-
SNAIL3 

snail 0.70856 0.000017 0-5 43°10'20.865'' 13°44'30.522'' 

10 2 FM-SR-

FAUNA3 

enamel 

(Sus) 

0.70871 0.000017 0-5 43°09'49.01'' 13°43'28.80'' 

11 2 FM-SR-
FAUNA2 

enamel 
(Ovis) 

0.70874 0.000017 0-5 43°09'49.01'' 13°43'28.80'' 

12 5 FM-SR-

GRASS2 

grass 0.70869 0.000022 20-

50 

42°59'56.78877'' 13°18'13.188838'' 

13 1 FM-SR-

GRASS3 

grass 0.70918 0.000022 0-5 43°11'29.02657" 13°46'8.84942'' 

14 4 FM-SR-

GRASS1 

grass 0.70914 0.000022 5-

20 

43°8'24.500411" 13°48'44.53204" 

Table 22: Environmental samples and results for Fermo 
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Figure 38: BASr from Fermo 

Fourteen samples (water, soil, snail shell, archaeological fauna, grass) from diverse distances (0-

5 km, 5-20 km, 20-50 km) from Fermo 

The 87Sr/86Sr values of the specimens taken at 0-20 km distance are overall more 

radiogenic than the samples at 20-50 km (Fig. 38). As for samples collected between 0-20 

km distance, the soil samples (0.70868-0.70875) and archaeological fauna (0.70871-

0.70874) have consistently similar 87Sr/86Sr values. Snail shell values at 0-5 km are less 

radiogenic than the other samples (FM-SR-SNAIL2=0.70853, FM-SR-SNAIL3= 

0.70856). These lower values can be explained because snail shells tend to be biased 

towards limestone. Although numerous studies have sampled snail shells to construct the 

local BASr (Price et al., 2002; Nafplioti, 2008), these seem not to be the most appropriate 

samples for the Fermo case study. By contrast, grass (FM-SR-GRASS3=0.70918; FM-

SR-GRASS1=0.70914) and water values (FM-SR-WATER2=0.70908, FM-SR-

WATER1=0.70911), collected at 0-20 km (which includes samples close to the coast), 

appear slightly more radiogenic than the other samples. A possible explanation is that sea-

spray values (0.7092) influenced grass and, to a certain extent, water values in the area 

between 0-20 km (as demonstrated in Alonzi et al., 2020). Indeed, water and grass 

87Sr/86Sr values at 20-50 km distance from Fermo, which is further away from the coast, 

are far lower than the other water and grass samples’ values.  

To make a reasonable estimate of the BASr at Fermo, I considered 87Sr/86Sr values 

at 0-5 km, excluding 5-20 km and 20-50 km distance as part of a broader area. 
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Additionally, I did not consider snail shells and grass values as they are too low and too 

high, respectively. Hence, the BASr range for Fermo can be considered 0.70868 and 

0.70908. 

7.3.1.2 The shape of the sample distribution of the human data 

In contrast to the variability observed for environmental samples, human tissues generally 

show more homogenous 87Sr/86Sr values. Humans indeed consume a large variety of 

foodstuffs, the 87Sr/86Sr values of which are averaged in the bone tissue (Burton and Hahn, 

2016). Some studies (Wright, 2005; Sengeløv et al., 2020) have recently used the shape 

of the sample distribution of the human data to intercept non-local individuals at a site, 

providing the sample is statistically significant (Burton and Hahn, 2016). According to 

those studies, human 87Sr/86Sr values in a population – where the majority of individuals 

are assumed to be local – tend to be normally distributed.  

Table 23 shows the 87Sr/86Sr results for 60 samples (54 individuals) analysed at 

Fermo. The 87Sr/86Sr outcomes range between 0.70880 and 0.70968, which is wider than 

expected from the local geological formation and BASr values (see above).  

 

Grave Lab ID Rit

ual 

Samples Chr

on. 

Clas

s 

Sex Age 87Sr/86Sr 2 SD 
srm987 

FTIR Same 

Fm-Mis-

1956 

(Bonfigli) 
Tomb 34 

FM-SR-
01 C 

Right 

Petrous 
Bone A II F A 0.70918 0.000017 femur 

 

Fm-Mis-

1956 
(Bonfigli) 

Tomb 36 

FM-SR-

02 C 

Right 
Petrous 

Bone A II M A 0.70917 0.000023 

 

 

Fm-Mis-

1956 
(Bonfigli) 

Tomb 43 

FM-SR-

03 C 

Left Petrous 

Bone B I F A 0.70899 0.000017 

 

 

Fm-Mis-
1956 

(Bonfigli) 

Tomb 44 

FM-SR-

04 C 

Left Petrous 

Bone B I F A 0.70893 0.000017 

 

 

Fm-Mis-

1956 

(Bonfigli) 
Tomb 45 

FM-SR-
05 C 

Left Petrous 
Bone A II F A 0.70895 0.000017 

 

 

Fm-Mis-

1956 

(Bonfigli) 
Tomb 40 

FM-SR-
06 C 

Left Petrous 
Bone B II/III M A 0.70902 0.000017 

 

 

Fm-Mos-

99/00 Tomb 
56 

FM-SR-
07 C 

Left Petrous 
Bone B III SUB J 0.70909 0.000017 

 

1 
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Fm-Mos-
99/00 Tomb 

56 

FM-SR-

08 C 

LLM2 

Crown(?) B III SUB J 0.70896 0.000017 

 

1 

Fm-Mos-

99/00 Tomb 
63 

FM-SR-
09 C 

Left Petrous 
Bone B III M A 0.70894 0.000017 

 

2 

Fm-Mos-

99/00 Tomb 
63 

FM-SR-
10 C 

M1Crown 
(?) B III M A 0.70880 0.000017 

 

2 

Fm-Mis-

1959 

(Alidori) 
Tomb 3 

Busta II 

FM-SR-

11 C 

Right 
Petrous 

Bone A I F(?) A 0.70908 0.000024 petrous  
Fm-Mis-
1956 

(Bonfigli) 

Tomb 20 

FM-SR-

12 C 

Right 

Petrous 

Bone B II M A 0.70915 0.000017 

 

 
Fm-Mos-

99/00 Tomb 

59D 

FM-SR-

13 C 

Right 

Petrous 

Bone B II F A 0.70968 0.000017 femur 3 

Fm-Mos-
99/00 Tomb 

59A 

FM-SR-

14 C 

Left Petrous 

Bone B II M A 0.70953 0.000017 petrous 5 

Fm-Mos-
99/00 Tomb 

58 ind 3 

FM-SR-

15 C 

Left Petrous 

Bone B II M A 0.70908 0.000017 

 
 

Fm-Mos-

99/00 Tomb 
58 ind 2 

FM-SR-
16 I LRM1 B II SUB OC 0.70888 0.000017 

 
 

Fm-Mos-

99/00 Tomb 
58 ind 1 

FM-SR-
17 I URM1 B II F* A 0.70893 0.000017 

 
 

Fm-Mos-

99/00 Tomb 

21 

FM-SR-

18 C 

Right 

Petrous 

Bone B II F A 0.70894 0.000017 

 
 

Fm-Mos-

99/00 Tomb 

31 

FM-SR-

19 C 

Left Petrous 

Bone B II F A 0.70895 0.000017 

 
 

Fm-Mos-

99/00 Tomb 

95 

FM-SR-

20 C 

Right 

Petrous 

Bone B II M A 0.70919 0.000017 

 
 

Fm-Mis-
1959 

(Alidori) 

Tomb 22 

FM-SR-

21 C 

Left Petrous 

Bone B I M A 0.70894 0.000017 

 

 

Fm-Mis-

1956 

(Brusadin) 
Tomb 4 

FM-SR-
22 C M1Crown B III SUB YC 0.70887 0.000017 

 

4 

Fm-Mis-

1956 

(Brusadin) 
Tomb 4 

FM-SR-
23 C 

Right 

Petrous 
Bone B III SUB YC 0.70893 0.000022 

 

4 

Fm-Mis-

1959 
(Alidori) 

Tomb 29 

FM-SR-

24 C 

Left Petrous 

Bone IND II F A 0.70898 0.000022 

 

 

Fm-Mos-

1968 Tomb 
11 ind 2 

FM-SR-
25 I ULM2(?) B I F* A 0.70888 0.000022 

 
 

Fm-Mos-

1968 Tomb 
11 ind 3 

FM-SR-
26 I ULM1 B I SUB J 0.70891 0.000022 

 
 

Fm-Mos-

1968 Tomb 
11 ind 4 

FM-SR-
27 I LLM1 B I SUB YC 0.70892 0.000022 
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Fm-Mos-
1968 Tomb 

11 ind 5 

FM-SR-

28 C 

Right 
Petrous 

Bone B I F A 0.70920 0.000022 

 
 

Fm-Mos-

99/00 Tomb 
29 

FM-SR-
29 I ULM1 C II SUB OC 0.70889 0.000022 

 
 

Fm-Mis-

1956 
(Brusadin) 

Tomb 7 

FM-SR-

30 I LLM1 B I M A 0.70890 0.000022 

 

 

Fm-Mos-

99/00 Tomb 
64 

FM-SR-
31 I LLM2 B II M* A 0.70884 0.000022 

 
 

Fm-Mos-

99/00 Tomb 
78 

FM-SR-
32 C 

Right 

Petrous 
Bone B I F(?) A 0.70952 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

67 ind 1 

FM-SR-

33 I ULM1 C II M* A 0.70883 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

67 ind 3 

FM-SR-

34 I LRM1 B II M* A 0.70886 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

10 

FM-SR-

35 I LRM1 IND III F* A 0.70897 0.000022 

 
 

Fm-Mos-
99/00 Tomb 

62 ind 1 

FM-SR-

36 I URM1 B I SUB OC 0.70890 0.000022 

 
 

Fm-Mos-
99/00 Tomb 

62 ind 2 

FM-SR-

37 I URM1 B I F* A 0.70895 0.000022 

 
 

Fm-Mos-

99/00 Tomb 
65 ind 1 

FM-SR-
38 I ULM1 B II SUB J 0.70882 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

65 ind 2 

FM-SR-

39 I LLM1 B II SUB OC 0.70883 0.000022 

 
 

Fm-Mis-

Bonfigli 
Tomb 22 

FM-SR-
40 C M3 B I F(?) A 0.70896 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

59A 

FM-SR-

41 C M1root B II M A 0.70899 0.000022 

 

5 

Fm-Mis-

1956 Tomb 

49 

FM-SR-

42 C 

Left Petrous 

Bone IND IND F A 0.70903 0.000022 

 

 
Fm-Mos-
99/00 Tomb 

59A 

FM-SR-

43 C C root B II M A 0.70904 0.000022 

 

5 

Fm-Mis-
1956 Tomb 

52 

FM-SR-

44 C 

Right 
Petrous 

Bone A III SUB OC 0.70908 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

89 ind 1 

FM-SR-

45 I ULM1 C II F* A 0.70887 0.000022 

 
 

Fm-Mos-

99/00 Tomb 
89 ind 3 

FM-SR-
46 I URM1 C II M A 0.70893 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

89 ind 4 

FM-SR-

47 I ULM1 C II SUB OC 0.70895 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

17 

FM-SR-

48 I ULM1 B III M A 0.70958 0.000022 

 
 

Fm-Mos-

99/00 Tomb 

51 

FM-SR-

49 I ULM1 B III M* A 0.70893 0.000022 
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Fm-Mis-
1956 Tomb 

95 

FM-SR-

50 I URdm2 A I SUB YC 0.70888 0.000022 

 
 

Fm-Mos-

99/00 Tomb 
59D 

FM-SR-
51 C C root B II F A 0.70909 

  
0.000022 

 

3 

Fm-Mos-

1968 Tomb 
2/4 

FM-SR-
52 I LLM1 C II SUB OC 0.70898 0.000020 

 
 

Fm-Mos-99-

00 Tomb 

81/13 

FM-SR 

-53 I ULM1 C IND F A 0.70888 0.000020 

 
 

Fm-Mos-99-

00 Tomb 

81/5 

FM-SR 

54 I LRm1 C II SUB OC 0.70896 0.000020 

 
 

Fm-Mos-99-

00 Tomb 

81/11 

FM-SR 

55 I LRM1 C IND M A 0.70890 0.000020 

 
 

Fm-Mos-99-
00 Tomb 

81/12 

FM-SR 

56 I ULM1 C IND F A 0.70888 0.000020 

 
 

Fm-Mos-99-
00 Tomb 

81/14 

FM-SR 

57 I ULM1 C IND M A 0.70889 0.000020 

 
 

Fm-Mos-99-

00 Tomb 
88/1 

FM-SR 
58 I URM1 C I M* A 0.70891 0.000020 

 
 

Fm-Mos-99-

00 Tomb 
88/2 

FM-SR 
59 I LLM1 C I F* A 0.70888 0.000020 

 
 

Fm-Mos-99-

00 Tomb 

88/3 

FM-SR 

60 I URM1 C I M A 0.70892 0.000020 

 
 

Table 23: List of analysed individuals’ results with archaeological, osteological and isotopic data 

Ritual: C = cremation; I = inhumation. Chron: A = end of 9th century to the beginning of 8th century BCE; B = 

second half of 8th century BCE; C = 7th-6th century BCE; IND = indeterminate. Class: I = rich; II = medium; III 

= poor; IND = indeterminate. Sex: F = female; M = male; SUB = subadult; IND = indeterminate. Sex 

determination by aDNA analyses is reported with an asterisk (*). Age: YC (young child) = 1-5 years of age; OC 

(older child) = 5-10 years of age; J (juvenile) = 10-16 years of age; A(adult) = >16 years of age 

Table 24 reports some basic statistical parameters on the entire sample. The 

complete data set has a mean of 0.70899 and has a relatively narrow standard deviation 

(sd=0.00018). Median, mode and mean coincide.  

 
Descriptive statistics for 87Sr/86Sr 

outcomes at Fermo 

Mean 0.70899 

Mode  0.70890 

Median 0.70894 

MIN 0.70880 

MAX 0.70968 

SD 0.00018 

Count  60 

Table 24: Basic statistical 

consideration of Fermo’s sample 
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Wright (2005) and Sengeløv et al. (2020) adopted a statistical approach to intercept 

individuals that stand out from the normal trend (§4.1.2.2). Figure 39 shows the normal 

probability plot (Q-Q plot) of 87Sr/86Sr values of human samples for Fermo. The Q-Q plot 

compares the expected normal versus data quantiles. At least 10 out of 60 samples visibly 

stand out from the normal distribution (represented by the red line). The central tendency 

of the human data at Fermo, which is given by our entire sample except for the 10 outliers 

identified in the Q-Q plot, ranges from 0.70882 to 0.70909. The lower value of this range 

corresponds to the mean – 1sd (0.70882). 

 

Figure 39: Normal probability plot of Fermo samples 

Black polygons indicate outlying values excluded from the “local” sample. 

7.3.1.3 Baseline based on subadults 

Some studies have recently stressed the importance of testing young individuals at a site 

to identify possible local ranges (§4.1.2.4). This method assumes that infants and children 

tend to be less mobile than adults and tend to be buried where they died (Knipper et al., 

2020). Additionally, 87Sr/86Sr outcomes in children generally have a lower standard 

deviation (Evans and Tatham, 2004).  
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Figure 40 shows the kernel density distribution of the 87Sr/86Sr ratio values. A 

density plot visualises the distribution of data over a continuous interval – the peaks of a 

density plot display where values are concentrated. A density plot is usually described as 

a “smoothed” histogram of the sample distribution. The type of the kernel and its size 

influences the strength of smoothing and should be carefully chosen to avoid the 

introduction of artefacts. For this work, I used the most commonly adopted Gaussian 

kernel that fits the expected base distribution and the default bandwidth used by the “stats” 

package of R0. The red line in Figure 40 is the density estimate of the 87Sr/86Sr values. A 

narrower 87Sr/86Sr range for young and older children, yellow and orange lines 

respectively (0.70883 to 0.70908), include the higher peak in the kernel density estimate. 

A dashed purple line identifies the Tukey Interquartile range x1.5, a criterion to identify 

outliers suggested by Lightfoot and O’Connell (2016) for oxygen isotopic ratio. However, 

the very restricted variability of the Fermo distribution (CV = coefficient of variation 

<0.03%) suggests that this criterion is not able to identify all the possible outliers, possibly 

coinciding with allochthonous individuals. 

 

Figure 40: Density plot of human 87Sr/86Sr values for Fermo 

Yellow lines indicate young children (YC = 0-5 years of age) range. Orange lines indicate older 

children (OC = 5-10 years of age) range. The purple dashed lines indicate Tukey Interquartile 

range x1.5 
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By comparing the various baseline ranges, namely:  

a. BASr values (0.70868-0.70908);  

b. the shape of the human sample distribution (0.70882-0.70909); 

 c. values based on young and older children (0.70883-0.70908), 

it is possible to estimate that a-b-c are overall in good agreement (Fig. 41). Based on a-b-

c, the baseline range is 0.70868-0.70911. Hence, 9 out of 54 individuals (17%) can be 

considered clear-cut non-local individuals. These 9 outliers show two different 87Sr/86Sr 

ranges, namely Range I (0.70952-0.70967) and Range II (0.70915-0.70920), as shown in 

Figure 41.  

 

Figure 41: Fermo 87Sr/86Sr baseline based on A) BASr; B) the shape of the sample distribution of 

the human data; C) subadults’ 87Sr/86Sr values 

7.3.2 Human samples  

7.3.2.1 Cremations and inhumations 

Inhumations (tooth enamel samples: n=30) and cremations (petrous bone samples: n=23; 

tooth enamel samples: n=4; tooth root samples: n=3) have a similar 87Sr/86Sr range 

(cremation: min=0.70893 and max=0.70968; inhumation: min=0.70882 and max= 

0.70958) (Fig. 42).  
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Figure 42: Box plot of 87Sr/86Sr range for cremations (petrous bone) and 

inhumations (tooth enamel) at Fermo with the three baselines in grey 

However, if we consider only the individuals that fell within the local baseline 

range (§7.3.1), the difference between the 87Sr/86Sr range in cremations and inhumations 

is significant (t = 3.8362, df = 37.564, p-value = 0.0002316) (Fig. 43). Figure 43 illustrates 

clearly that 87Sr/86Sr values in cremated individuals are more radiogenic than inhumed 

ones even if they partially overlap (cremation: min=0.70893 and max=0.70909; 

inhumation: min=0.70882 and max= 0.70898). Tooth enamel samples’ 87Sr/86Sr values 

are less radiogenic and closer to the 87Sr/86Sr values for environmental samples collected 

at the site of Fermo, namely soil and fauna samples (87Sr/86Sr=0.70871-0.70874; §7.3.1). 

Hence, it could be hypothesised that tooth enamel 87Sr/86Sr values were influenced by 

diagenesis. However, the consistency of this hypothesis is weak because of the well-

known resistance of enamel to diagenesis and the fact that no dentine was sampled from 

the tooth. Additionally, ten tooth enamel samples were sampled with a specific 

methodology that allowed me to eliminate all the dentine (§6.1.1.2) thoroughly. By 

contrast, it is unlikely that the petrous bone from cremated individuals underwent 

diagenesis because the samples were fully combusted (§4.1.3.3). Furthermore, FTIR on a 
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number of samples run for the 14C analysis showed a sufficiently re-crystallised index, 

namely above five (Table 23). 

 

Figure 43: Box plot of 87Sr/86Sr range for cremations (petrous bone) and 

inhumations (tooth enamel) at Fermo with the three baselines in grey, 

considering only individuals within the three baselines 

Hence, the difference in 87Sr/86Sr values in cremated and inhumed individuals 

might be related to endogenous factors. In other words, cremated individuals might have 

had a different food source compared to inhumed ones that can be interpreted as them 

coming from an area with different geology. Therefore, I have adopted a different 

methodology to assess non-local individuals at Fermo, subdividing the samples between 

cremated and inhumed.  

Figure 44 illustrates cremated and inhumed individuals distributed over two 

different Kernel density plots. The sample distributions of the two groups partially overlap 

in the range of 87Sr/86Sr=0.70882-0.70899. The inhumed density plot is more 

homogenous, while the cremated one is broader. The inhumed children’s 87Sr/86Sr range 

(n=9; 87Sr/86Sr=0.70883-0.70898) includes both cremated and inhumed individuals, while 

the range for cremated children range has more radiogenic values. According to this 

evidence, it is possible to suggest that the range for inhumed children represents the true 

local range at Fermo and that some of the cremated children were born elsewhere.  
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Figure 44: Density plot of cremated and inhumed 87Sr/86Sr values for Fermo 

Amongst cremated individuals, 15 fall outside the inhumed-children range. Only 

one inhumed individual shows the highest radiogenic values of both inhumed and 

cremated individuals (FM-SR-48). Hence, 27.8% of all individuals analysed can be 

considered as non-local. Four out of six individuals from Phase A are non-local. Even if 

the small sample number for Phase A requires a cautious approach, 66.6% of the 

individuals can be considered non-local. Ten samples out of 31 from Phase B are non-

local, roughly 32.2%. All the individuals from Phase C fall within the inhumed-children 

range. Finally, individual FM-SR-38 is the least radiogenic and fell outside the inhumed-

children range. Hence, it is likely to be non-local, even if its position is controversial. 

Amongst the samples with more radiogenic strontium values, there are seven males 

and six females, one old child (Tomb 52) and a juvenile (Tomb 68) (Fig. 45). 
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Figure 45: Density plot of male and female individuals 

7.3.2.2 Human samples: coupled samples 

For three cremated individuals, namely Tombs 56, 63 (1999-2000 excavation) and 4 

(1956, Brusadin excavation), both the petrous bone and cremated tooth enamel were 

analysed and compared to check the homogeneity of the results (Table 25; Fig. 46).  

Tomb Petrous Enamel Tooth 

Age at 

Death 

DELTA 

p-e Comments 

56 0.70909 0.70896 M2 10-15 0.00013 not time equiv. 

63 0.70894 0.70880 M1 (?) 20+ 0.00014 possibly not time equiv. 

4 0.70893 0.70887 M1 1-5 0.00006 not significant 

Table 25: Tombs for which petrous bone and tooth enamel were compared 
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Figure 46: Comparison of petrous bone and cremated tooth enamel 87Sr/86Sr values 

from the same individual 

The samples reported are from the Mossa necropolis, Tombs 56 (1999-2000), Tomb 63 

(1999-2000) and Tomb 4 from the Misericordia necropolis (Brusadin 1956)  

There are no substantial differences in the samples analysed (<0.00014). All the 

petrous bones display more radiogenic values compared to tooth enamel. Harvig et al. 

(2014), who have compared petrous bone and tooth enamel (premolar and second molar) 

in both adult inhumations and cremations, have recorded a more substantial difference 

compared to the Fermo samples (>0.00022). In line with Cavazzuti, Cardarelli et al. 

(2019) and Cavazzuti, Skeates et al. (2019), who compared M1 enamel and petrous bone 

in cremated children, the young child from Tomb 4 from Fermo shows less marked 

differences between the petrous bone and tooth enamel (DELTA p-e=0.00006) compared 

to Tombs 56 and 63 in the comparative analysis.  

There are two possible explanations for the slightly higher values of petrous bone 

samples in Tombs 56 and 63. One possible interpretation is that the tooth samples are not 

time equivalent to the petrous bone, particularly for Tomb 56 (M2 tooth sample) and less 

likely for Tomb 63 (probable M1). Alternatively, since tooth enamel samples were darkish 

in colour and, therefore, not entirely burnt but cracked by the heat, the sample might have 

been altered by diagenesis (§4.1.4). By contrast, the petrous bone looked white calcined 

and appeared well burnt. 
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For Tombs 59A (M; 30+) and 59D (F; 20+), two urns buried in the same pit, the 

petrous bones with radiogenic 87Sr/86Sr values were compared with other samples from 

the same individual (Table 26; Fig. 47).  

Tomb Lab ID Element Sex 87Sr/86Sr 

Fm-Mis-99/00 Tomb 59D FM-SR-13 Right Petrous Bone F 0.70968 

Fm-Mis-99/00 Tomb 59D FM-SR-51 Probable Canine root F 0.70909 

Fm-Mis-99/00 Tomb 59A FM-SR-14 Left Petrous Bone M 0.70953 

Fm-Mis-99/00 Tomb 59A FM-SR-43 Probable Canine root M 0.70904 

Fm-Mis-99/00 Tomb 59A FM-SR-41 Probable Molar root M 0.70899 

Table 26: Tombs for which petrous bone and tooth roots were compared 

Tooth roots from a probable canine and a molar were sampled to check possible 

differences between the various samples. The Tomb 59A petrous bone displays very high 

values (0.70953), whilst the probable canine and molar roots present far lower values, 

0.70904 and 0.70899, respectively. Likewise, Tomb 59D shows very high values for the 

petrous bone (0.70968), whereas the probable canine is 0.70909, with figures very similar 

to Tomb 59A. Possible diagenesis of the petrous bone is excluded because the samples 

appear white in colour. Additionally, Tomb 59A underwent FTIR that showed a 

sufficiently re-crystallised index above five. 

 

 
Figure 47: 87Sr/86Sr values from different samples of Tombs 59A and 59D 
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7.4 14C analyses for Fermo samples  

Table 27 reports 14C results for cremated (n=11) and inhumed (n=2) individuals from 

Fermo. Two samples out of 15 did not produce any results. Samples were calibrated with 

the CALIB 8.2 program (Stuiver et al., 2020) based on IntCal20 (Reimer et al., 2020). 

Sample 

ID 

Tomb Ritual Cryst. 

Index 

 

Relative 

Chronology 

Age 

BP 

+/- One Sigma 

Ranges: 

Two Sigma 

Ranges: 

Comments 

UBA-

43036* 

Fm-Mis-

1959 

(Alidori) 

Tomb 17A 

C 6.1 IA-IB 

(950/925- 

825/800) 

 

2949  34 [cal BC 1221: cal 

BC 1111] 

0.984701 

[cal BC 1063: cal 

BC 1059] 

0.015299 

[cal BC 1263: cal 

BC 1047] 

0.989683 

[cal BC 1028: cal 

BC 1020] 

0.010317 

 

The date is 

higher than 

expected 

(roughly 

150 years). 

UBA-

43034 

Fm-Mis-

1959 

(Alidori) 

Tomb 3 

Busta 2 

C 6.0 IB 

(900/875-

825/800) 

2728  27 [cal BC 899: cal 

BC 890] 0.130572 

[cal BC 884: cal 

BC 831] 0.869428 

  

 

[cal BC 921: cal 

BC 813] 1 

A date at the 

beginning or 

middle of 

the 9th BCE 

is consistent 

with the IB 

phase (high 

chronology). 

UBA-

43035* 

Fm-Mis-

1959 

(Alidori) 

Tomb 13 

C 
6.3 

IB 

(900/875-

825/800) 

 

2857  24 [cal BC 1054: cal 

BC 980] 0.909131 

[cal BC 949: cal 

BC 937] 0.090869 

[cal BC 1113: cal 

BC 967] 0.878418 

[cal BC 961: cal 

BC 930] 0.121582 

The date is 

higher than 

expected 

(roughly 

100 years). 

UBA-

43039 

Fm-Mis-

1956 

(Bonfigli) 

Tomb 32 

C 5.8 IB-IIA 

(900/925- 

825/775) 

 

2704  28 [cal BC 897: cal 

BC 869] 0.436302 

[cal BC 843: cal 

BC 811] 0.563698 

[cal BC 904: cal 

BC 807] 1 

The date in 

its lower 

terms may 

be 

compatible. 

UBA-

43040* 

Fm-Mis-

1956 

(Bonfigli) 

Tomb 34 

C 6 IB-IIA 

(900/925- 

825/775) 

 

2811  26 [cal BC 1000: cal 

BC 992] 0.092644 

[cal BC 990: cal 

BC 927] 0.907356 

[cal BC 1047: cal 

BC 1028] 0.03298 

[cal BC 1021: cal 

BC 900] 0.96702 

The date is a 

bit higher 

than 

expected. 

UBA-

43041 

Fm-Mis-

1956 

(Bonfigli) 

Tomb 48 

C 7.0 IB-IIA 

(900/925- 

825/775) 

 

2399  32 [cal BC 515: cal 

BC 496] 0.151958 

[cal BC 490: cal 

BC 404] 0.848042 

[cal BC 735: cal 

BC 695] 0.073621 

[cal BC 663: cal 

BC 649] 0.034884 

[cal BC 546: cal 

BC 397] 0.891494 

The date 

falls in the 

Hallstatt 

plateau; may 

be 

compatible 

if the grave 

goods were 

an advanced 

IIA. 

UBA-

43042 

Fm-Mis-

1956 

(Brusadin) 

Tomb 7 

I N/A IIA-IIB 

(850/775 – 

750/725) 

2687  33 cal BC 896: cal 

BC 873] 0.33899 

[cal BC 838: cal 

BC 806] 0.661008 

[cal BC 903: cal 

BC 802] 1 

If it was the 

beginning of 

IIA in 

relative 

chronology, 

which might 

be possible, 

the absolute 

date could 

be 

compatible. 
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UBA-

43043* 

Fm-Mos-

1999/2000 

Tomb 59A 

C 5.9 IIB 

(800/775- 

750/725) 

2747  30 cal BC 915: cal 

BC 891] 0.322454 

[cal BC 882: cal 

BC 833] 0.677546 

cal BC 978: cal BC 

951] 0.063481 

[cal BC 936: cal 

BC 816] 0.936519 

The absolute 

date is a bit 

higher than 

expected. 

UBA-

43044 

Fm-Mos-

1999/2000 

Tomb 59D 

C 5.6 IIB 

(800/775- 

750/725) 

2691  27 [cal BC 895: cal 

BC 875] 0.317045 

[cal BC 837: cal 

BC 808] 0.682955 

[cal BC 899: cal 

BC 806] 1. 

The date is a 

bit higher 

than 

expected. 

However, if 

we consider 

the lower 

terms, it 

may be 

consistent 

(with the 

high 

chronology). 

UBA-

43045 

Fm-Mos-

1999/2000 

Tomb 83 

C 5.6 IIB 

(800/775- 

750/725) 

2642  32 [cal BC 820: cal 

BC 792] 1 

[cal BC 896: cal 

BC 872] 0.081385 

[cal BC 836: cal 

BC 776] 0.918615 

The date is a 

bit higher 

than 

expected. 

However, if 

we consider 

the lower 

terms, it 

may be 

consistent 

(with the 

high 

chronology). 

UBA-

43046 

Fm-Mos-

1999/2000 

(Mossa) 

Tomb 95 

C 6.8 IIB 

(800/775- 

750/725) 

 

2554  25 cal BC 793: cal 

BC 757] 0.815643 

[cal BC 679: cal 

BC 671] 0.098564 

[cal BC 605: cal 

BC 597] 0.085794 

[cal BC 800: cal 

BC 749] 0.631937 

[cal BC 686: cal 

BC 666] 0.115703 

[cal BC 640: cal 

BC 568] 

0.25236580- 559 

The date is 

coherent. 

UBA-

43038* 

Fm-Mis-

1956 

(Bonfigli) 

Tomb 11 

C 6.9 IIB 

(800/775- 

750/725) 

 

2660  28 cal BC 829: cal 

BC 800] 1. 

[cal BC 898: cal 

BC 863] 0.166226 

[cal BC 840: cal 

BC 791] 0.833774 

The date is a 

bit higher 

than 

expected. 

UBA-

43048 

Fm-Mis-

1956 

(Bonfigli) 

Tomb 16 

I N/A III 

(700-625) 

2524  28 [cal BC 776: cal 

BC 750] 0.282941 

[cal BC 685: cal 

BC 666] 0.188116 

[cal BC 637: cal 

BC 588] 0.448178 

[cal BC 580: cal 

BC 570] 0.080766 

[cal BC 790: cal 

BC 732] 0.28217 

[cal BC 697: cal 

BC 663] 0.182491 

[cal BC 651: cal 

BC 545] 0.535339 

The date is 

coherent. 

Table 27: 14C results for cremated and inhumed individuals from Fermo 

Crystallinity indices are given for cremated samples 

Five samples (indicated with asterisks), all cremated individuals, have dates 

slightly higher than predicted from relative chronology. The other samples seem to fit with 

the high relative chronology proposed by Pacciarelli (1996). Figure 48 shows a CALIB 

probability plot with expected chronological ranges.  



162 

 

 

Figure 48: CALIB probability plot with expected chronological ranges 
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7.5 aDNA results 

The current section describes aDNA results on genetic sex, comparing it with osteological 

analysis and archaeological gender (§7.5.1). Subsequently, Section 7.5.2 briefly reports 

results on ancestry.  

7.5.1 Sex based on aDNA analysis 

Genetic sex was determined for 23 samples (Fig. 49), and the data are compared with 

osteological and archaeological assessment (Table 28).  

 

Figure 49: Genetic sex determination plot by Emily Breslin9  

The genetic sex was also determined for six subadults, where the osteological 

determination was not possible (§5.2.2.2). In three cases the archaeological gender was 

confirmed. In two cases, namely Tomb 62/1 and 65/2, female gender was attributed but 

aDNA results pointed at two male boys. However, the tombs are both double inhumations 

 
9 Emily Breslin is working on the aDNA analysis of Fermo samples at the Smurfit Institute, Trinity 

College Dublin (Ireland). I would like to thank Emily for kindly providing Figures 49 and 50. 
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buried with female individuals. Therefore, grave goods could have been ascribed to the 

wrong individual. The agreement between aDNA and osteological assessment was 

achieved only when the most diagnostic bones (skull and pelvis) were observable. For six 

samples, the sex based on osteological analysis did not match with the genetic sex, but the 

individuals were poorly preserved in all the cases. Indeed, the morphologic traits 

considered for sex determination were only observed on the skull. It is interesting to notice 

that all the erroneous sex determination but one (ITFM1) were female individuals 

identified as male. Additionally, where available, in these cases, the grave goods 

confirmed the female gender. In other cases, the lack of clear-cut gender-oriented grave 

goods led to an inconsistency between archaeological gender and molecular sex. 

No. Tomb ID Lab ID Osteo 

Sex 

Observed Elements Genetic 

Sex 

Gender 

1 Fm-Mis-1956 
(Brusadin) 

Tomb 3/1 

ITFM7 F(?) 
 

The dimorphic traits of the skull following Acsádi and Nemeskeri 
(1970) and Buikstra and Ubelaker (1994) suggest a hypothesis of 

female. 

F F/M 

2 Fm-Mis-1956 

(Brusadin) 
Tomb 3/2 

ITFM8 M 

 

Based on the dimorphic traits of the skull following Acsádi and 

Nemeskeri (1970) and Buikstra and Ubelaker (1994) suggest a 
hypothesis of male. 

M F/M 

3 Fm-Mis-1956 

(Bonfigli) 
Tomb 16 

ITFM1 F(?)* 

 

It was not possible to determine the sex of the individual with 

certainty due to the high intermediate traits and the poor degree of 
representation of the individual. The pars orbitalis of the frontal 

bone tends to female traits, but the mastoid is robust with masculine 

traits. 

*Only skull 

M* F 

4 Fm-Mis-1956 

(Brusadin) 
Tomb 95 

ITFM2 IND 

 

Non-observable; subadult individual. F F 

5 

 

Fm-Mos-

99/00 Tomb 

10 

ITFM9 F(?) 

 

Based on the dimorphic traits of the skull and pelvis following 

Acsádi and Nemeskeri (1970) and Buikstra and Ubelaker (1994). 

However, it is appropriate to highlight the presence of strongly 
intermediate characters in the morphology of the large greater 

sciatic notch, the mastoid (robust and rounded process), which 

contribute to not determining the sex of the subject under 
examination with sufficient reliability. 

F IND 

6 Fm-Mos-

99/00 Tomb 
29/1 

ITFM4 IND 

 

Non-observable; subadult individual. F F 

7 Fm-Mos-

99/00 Tomb 

51 

ITFM10 M 

 

The dimorphic traits of the skull and pelvis suggest a hypothesis of a 

male for sex determination (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994). 

M M 

8 Fm-Mos-

99/00 Tomb 

58/1 

ITFM11 IND 

 

The dimorphic traits of the skull and the strongly intermediate pelvis 

(see sheet: robust skull, intermediate greater sciatic notch tending to 

M, intermediate mastoid) did not allow a certain attribution of sex 
(Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994). 

F F 

9 Fm-Mos-

99/00 Tomb 

62/1 

ITFM12 IND 

 

Non-observable; subadult individual. M F 

10 Fm-Mos-

99/00 Tomb 

62/2 

ITFM13 M(?)* 

 

The dimorphic traits of the skull suggest a hypothesis of probable 

male for sex determination (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994). However, the mastoid tends to female traits. 
*Only skull 

F* F 

11 Fm-Mos-

99/00 Tomb 
64 

ITFM14 M 

 

The dimorphic traits of the skull and pelvis (see sheet) suggest a 

hypothesis of a male for sex determination (Acsádi and Nemeskeri, 
1970; Buikstra and Ubelaker, 1994). 

M M 
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12 Fm-Mos-
99/00 Tomb 

65/1 

ITFM15 IND 
 

Non-observable; subadult individual. F F 

13 Fm-Mos-

99/00 Tomb 
65/2 

ITFM16 IND 

 

Non-observable; subadult individual. M F 

14 Fm-Mos-
99/00 Tomb 

67/1 

ITFM17 M 
 

The dimorphic traits of the skull suggest a hypothesis of a male for 
the determination of sex (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994). 

M IND 

15 Fm-Mos-
99/00 Tomb 

67/2 

ITFM18 M* 
 

The dimorphic traits of the skull suggest a hypothesis of a male for 
the determination of sex (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994). 

*Only skull 

F* F? 

16 Fm-Mos-
99/00 Tomb 

67/3 

ITFM19 M 
 

The dimorphic traits of the skull suggest a hypothesis of male for 
the determination of sex (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994). 

M F? 

17 Fm-Mos-
99/00 Tomb 

88/1 

ITFM20 M 
 

The dimorphic traits of the skull and pelvis (Acsádi and Nemeskeri, 
1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of male for 

sex determination. 

M M 

18 Fm-Mos-

99/00 Tomb 
88/2 

ITFM21 M* 

 

The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994) suggest a hypothesis of male for sex 
determination. 

*Only skull 

F* F 

19 Fm-Mos-
99/00 Tomb 

89/Rep. I 

ITFM5 M* 
 

The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; 
Buikstra and Ubelaker, 1994) suggest a hypothesis of male for sex 

determination. 

*Only skull 

F* IND 

20 Fm-Mos-
99/00 Tomb 

89/Rep. IV 

ITFM6 IND 
 

Not observable; subadult individual. F IND 

21 Fm-Mos-
1968 Tomb 

11/1 

ITFM22 M* The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; 
Buikstra and Ubelaker, 1994) suggest a hypothesis of male for sex 

determination. 

*Only skull 

F* IND 

22 Fm-Mos-

1968 Tomb 

11/2 

ITFM23 F 

 

The dimorphic traits of the skull and pelvis suggest a hypothesis of a 

female for sex determination (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994). 

F IND 

23 Fm-Mos-
99/00 Tomb 

17 

ITFM3 M 
 

The dimorphic traits of the skull and pelvis suggest a hypothesis of a 
female for sex determination (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994). 

M M 

Table 28: Compared outcomes of gender, osteological and genetic sex assessment of 23 individuals 

from Fermo 

With (*) are indicated samples where the sex based on osteological analysis did not match with the 

genetic sex 

7.5.2 Ancestry 

Early preliminary genetic analysis, based on principal component analysis (PCA) (§4.3), 

has shown that the individual from Tomb 17 (sample ID: ITFM3) may be an outlier 

relative to other samples in Fermo (Fig. 50). However, he still falls within modern 

Mediterranean genetic variation (Emily Breslin, personal comments). 
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Figure 50: PCA analysis of Fermo individuals by Emily Breslin 

7.6 Osteobiography of Tombs 59A, 59D and 62 

This section reports the worksheets for Tombs 59A, 59D and 62. The information drawn 

from the osteological, isotopic and aDNA analyses and the study of the archaeological 

record (ritual information, typology, chronology) is here reported. The tables with grave 

goods and tomb explanations can be consulted in an online PhD thesis at 

www.fedoa.unina.it/12612/1/Miranda_Pasquale_31.pdf (Miranda, 2019). 

Excavation name: Mossa excavation 1999-2000 Tomb number: 59A 

MNI: one Type of ritual: cremation 

Chronological Phase: second half 8th century BCE Gender: male 

Diary main notes: 

Data from Sabbatini (2000), Miranda (2019): 

The urn 59A was found in a pit with a truncated cone shape and circular plan. Another urn (59D), diverse 

bronze artefacts and accompanying vases were found within the same pit. 

http://www.fedoa.unina.it/12612/1/Miranda_Pasquale_31.pdf
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Two stones covered the pit. 

Artefacts analysis (location and conservation state): 

Data from Miranda (2019: Tables 219-221).  

Grave goods recovered from the pyre (outside the urn): 

1. Bronze fibula (Tab. 219,1); 

2. bronze pin (Tab. 219,2); 

3. bronze fragment (Tab. 219,3); 

4. bronze fragment (fermatrecce?) and bronze ring (Tab. 219,4). 

Other artefacts found within the pit: 

5. small double-handled cup (Tab. 219,5); 

6. little jug (Tab. 219,6); 

7. small double-handled cup (Tab. 219,7); 

8. long-neck vase (Tab. 219,8). 

Artefacts probably used for dressing the urns: 

9. amber fibula (Tab. 220,9); 

10. bone and amber fibula (Tab. 220,10); 

11. bronze fibula (Tab. 220,11); 

12. bronze fibula (Tab. 220,12); 

13. bronze fibula (Tab. 220,13); 

14. bronze fibula (Tab. 220,14); 

15. bronze fibula (Tab. 220,15); 

16. bronze fibula (Tab. 220,16). 

Cinerary urn and bowl: 

17. long-neck cinerary urn (Tab. 221,17) and 18. bowl (Tab. 221,18). 

Artefacts found inside the urn:  

19. bronze razor (Tab. 221,19); 

20. bronze earrings (Tab. 221,20); 

21. bronze fibula (Tab. 221,21); 

22. bronze fibula (Tab. 221,22). 

Overall about the ritual: 

The two urns (59A and 59D) were buried in the same pit, most probably at different times.  

The bronze artefacts recovered outside the urn might have been used as elements for dressing the urns. 

This is a ritual quite widespread in Villanovan areas during Phase IIB. The anthropomorphism of the urn 

is a widespread phenomenon in “Villanovan” sites (Delpino, 1977, 2005; Drago et al., 1994; Iaia, 1999; 

Trucco, 2006; Esposito, 2017). 

Two jugs/amphorae were buried – with two cups inside – together with the bronze objects as grave goods. 

Libation vases became common in the Villanovan ritual in Phase II (Iaia, 1999; 2015; 2016). These vases 

are attested in Fermo in both inhumations and cremations. The two vases found in Tomb 59 have very 

peculiar shapes. The olla on a high foot (Tab. 219,6) recalls the Greek crater with a high foot (Delpino, 

1989) and finds strong resemblances at Tarquinia and Cerveteri (Esposito, 2017, p. 166). The other vase 

(Tab. 219,8) has a typical local shape. This is a neck vase with a protuberance (Tab. 219,2) – a vase 

generally used for cremations – but it is here used as an accompanying vase. The presence of both handles 

on this vase further confirms this idea (Tab. 219,8). This tradition is also spread amongst inhumations. 

The urn shows a typical Villanovan shape, but the comb decoration is unusually located on the neck. One 

of the handles was broken for ritual purposes as usual. The re-entrant rim bowl with typical Villanovan 

shape and comb decoration covered the urn. The razor is deposited intact inside the urn at the end of the 

ritual as usually attested in the Villanovan tradition. The other objects found inside the urn were probably 

burned with the body as shown by the fire marks found on the objects. 

Artefacts recall the area of Bologna, Latium and Romagna (Miranda, 2019). 

Main anthropological information: 
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Sex: Male based on morphometric (Cavazzuti, 

Bresadola et al., 2019) and morphologic (greater 

sciatic notch (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994)) analysis. 

Age at death: >30 years of age based on cranial 

suture (Lovejoy et al., 1985; Schaefer et al., 2009). 

State of preservation: The degree of fragmentation of bones is medium-high with fragments which 

measure from the sub-centimetre to eight centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, and, more rarely, grey-bluish-whitish. The urn was excavated, dividing it 

into four cuts (I-IV). All the bone districts are represented homogenously within all the cut. Teeth are 

exclusively represented in cuts I and II, at the top of the urn. 

Main isotopic information: 

δ13C, δ15N: Not observable  

14C analysis (2 sigma cal BC): 974- 956 // 942- 

820 

Observation: Dates are higher than expected. 

87Sr/86Sr isotopic analysis: 

Lab ID//Type of sample 87Sr/86Sr Local//non-local 

FM-SR-14 (left petrous bone: 0-2 

years of age) 

0.709528438 

(Range II) 

non-local 

Area around Latium? 

FM-SR-41 (tooth root) 0.708988861 
local 

FM-SR-43 (tooth root) 0.70904218 
local 
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Excavation name: Mossa excavation 1999-2000 Tomb number: 59D 

MNI: one Type of ritual: cremation 

Chronological Phase: second half of the 8th century BCE Gender: female 

Diary main notes: 

Data from Sabbatini (2000), Miranda (2019): 

The urn 59D was found in a pit with a truncated cone shape and circular plan. Another urn (59A), diverse bronze 

artefacts and accompanying vases were found within the same pit. Two stones covered the pit. 

Artefacts analysis (location and conservation state): 

Data from Miranda (2019: Tables 222-223). 

Grave goods recovered from the pyre (outside the urn): 

See Tomb 59A 

Other artefacts found within the pit: 

See Tomb 59A 

Artefacts probably used for dressing the urns: 

See Tomb 59A 

Cinerary urn and bowl: 

1. Long-neck vase with protuberances and metope decoration on the neck (Tab.222, 24) and 2. Re-entrant rim bowl 

with local handle (Tab. 222,25). 

Artefacts found inside the urn:  

3. bronze fibula (Tab. 222,25); 

4. bronze fibula (Tab. 222,26); 

5. bronze fibula (Tab. 222,27); 

6. bronze fibula (Tab. 222,28); 

7. bronze fibula (Tab. 222,29); 

8. bronze fibula (Tab. 222,30); 

9. bronze fibula (Tab. 222,31); 

10. bronze fibula (Tab. 222,32); 

11. bronze fibula (Tab. 222,33); 

12. bronze fibula (Tab. 222,34); 

13. bronze fibula. (Tab. 222,35); 

14. bronze fibula (Tab. 222,36); 

15. bronze fibula (Tab. 222,37); 

16. bronze fibula (Tab. 222,38); 

17. bronze fibula (Tab. 222,39); 

18. bronze fibula (Tab. 222,40); 

19. bronze fibula (Tab. 223,41); 

20. bronze fibula (Tab. 223,42); 

21. bronze fermatrecce (Tab. 223,43); 

22. bronze button (Tab. 223,44); 

23. bronze ring (Tab. 223,45); 

24. bronze spiral (Tab. 223,46). 

Overall about the ritual: 

See Tomb 59A for general information. 

The urn has typical shape and decoration spread at Fermo. The urn has a long neck decorated with protuberances 

alternating with metopes. The meander comb decoration with the solar ship is located on the belly, as usually attested 

in other Villanovan sites. One of the handles is broken according to the traditional Villanovan rituals. The re-entrant 

rim bowl, which covered the bowl, is reminiscent of local traditions. The numerous fibulae found in the urn (burned 

with the individual?) is reminiscent of the rich parure that spread at Fermo amongst female inhumations and 

cremations ever since Phase IIB. This tradition is still represented in the latter phases. The parure consists of two 

leach-shaped fibulae which were generally located on the chest (Esposito, 2017) and other numerous low-bow 

fibulae. 
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Main anthropological information: 

Sex: Female based on morphometric analysis (Cavazzuti, Bresadola 

et al., 2019).  

Age at death: >20 years of age (generic 

adult: Schaefer et al., 2009). 

State of preservation: The degree of fragmentation of bones is medium-high, with fragments that go from the sub-

centimetre to seven centimetres for long bones. The combustion is not homogenous: it is mostly white calcined, and, 

more rarely, grey-bluish-whitish. Some phalanxes have a brownish colour. All bone districts are represented. The 

representation of the skull is medium (frontal, temporal, occipital). There are portions of the maxilla and the mandible 

and tooth roots. Vertebrae, pelvis and chest are poorly represented. Hands and feet are represented. 

Main isotopic information: 

δ13C, δ15N: Not observable 
14C analysis (2 sigma cal BC): 897-806 Observation: The date is a bit higher than 

expected. However, if we consider the 

lower terms, it may be consistent (with the 

high chronology). 
87Sr/86Sr isotopic analysis: 

Lab ID//Type of sample 87Sr/86Sr Local//non-local 

FM-SR-13 (right petrous bone: 

0-2 years of age) 

0.709677704 non-local 

FM-SR-51 (tooth root) 0.709090367 
local 
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Excavation name: Mossa excavation 1999-2000 Tomb number: 62 individual 1 

MNI: two Type of ritual: inhumation 

Chronological Phase: second half of 8th century 

BCE 

Gender: not observable  

Diary main notes:  

Data from Sabbatini (2000), Miranda (2019): 

Rectangular pit. Two individuals were buried inside the pit. Orientation E-W. The two inhumations seem 

contemporary. Individual 1 was located partially on the top of individual 2. The conservation state was 

very poor. The presence of black soil and bronze rings might indicate the presence of a textile. A low-bow 

fibula was located at the forehead and a leach-shaped fibula on the chest. A bronze stud was located under 

the right humerus (Tab. 227,4). Another fibula was close to the lower limbs. A small amphora with 

crested handles with a bronze cup inside was associated with both individuals (see Tomb 62/2). 

Artefacts analysis (location and conservation state): 

Information from Miranda (2019: Tables 227-228). 

1. Bronze fibula found on the chest, type widespread at Fermo (Tab. 227,1); 

2. bronze fibula found at the head (Tab. 227,2);  

3. bronze fibula found on the lower limb (Tab. 227,3); 

4. bronze stud widespread in the Picene area, under the right humerus (Tab. 227,4); 

5. 42 bronze buttons (Tab. 227,5); 

6. 6 amber buttons (Tab. 227,6); 

7. 58 small bronze rings. 

Artefacts which might have belonged to both the individuals: 

8. amphora with crested handles (Tab. 228,26), typologically comparable with types from Bologna and 

Latium (Esposito, 2015; Miranda, 2019); 

9. bronze cup (Tab. 228,27). 

Overall about the ritual: 

Tomb 62 is a double inhumation of the second half of the 8th century BCE. Both individuals are placed 

supine with orientation East-West which is usual at the Fermo Mossa and Misericordia necropolises.  

According to excavation reports, individual 1 might have been buried contemporaneously with individual 

2. Individual 1 might have been wrapped in a shroud closed by at least two fibulae: one on the head and the 

other on the lower limbs. The young individual was then laid down on the top of individual 2. Even if it 

was attributed to individual 1, the leach-shaped bronze fibula (Tab. 227,1) might belong to individual 2 

since there is another fibula of the same type. These leach-bow fibulae were generally located in pairs on 

the chest of female individuals at Fermo (Esposito, 2017). 

Main anthropological information: 

Sex: M based on aDNA. Age at death: 9.5 years of age based on teeth 

eruption state and teeth development (AlQahtani et 

al., 2010), and on the fusion state of the glenoid 

cavity (Schaefer et al., 2009). 

State of preservation:  

The skeletal fragments and portions are divided into the major districts. It was possible to recognise: 

- skull: frontal bone fragments, both left and right temporal bones fragments;  

- teeth: URM2, URM1, URP4, URP3, URC, URI2, URI1, ULM2, ULM1, ULP4, ULP3, ULC, ULI2, 

ULI1, LRM2, LRM1, LRP4, LRC, LRI2, LLM2, LLM1, LLC, LLI2, Uri2, Uli2, LLm2; 

- upper limb: right metaphysis of humerus, right radius, left metaphysis; 

- shoulder girdle: left glenoid portion;  

- rib: various portions of ribs;  

- pelvis: pelvis fragments; 
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- lower limb: proximal epiphysis and metaphysis of the right femur, metaphysis of right tibia; metaphysis 

of left femur and metaphysis of the left tibia. 

Main isotopic information: 

δ13C, δ15N: Failed  
14C analysis (2 sigma cal BC): Not available Observation:  

87Sr/86Sr isotopic analysis: 

Lab ID//Type of sample 87Sr/86Sr Local//non-local 

FM-SR-36: URM1 0.708895903 local 
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Excavation name: Mossa excavation 1999-2000 Tomb number: 62 individual 2 

MNI: two Type of ritual: inhumation 

Chronological Phase: second half of the 8th 

century BCE 

Gender: female  

Diary main notes: 

See Tomb 62/1 

The skeleton was buried supine in position E-W and located directly on the soil. Individual 2 was partially 

covered by individual 1. The skeleton was surrounded by bronze buttons, rings and a black layer. Three 

amber fibulae were located around the skull. Other fibulae, such as one decorated with bone fragments 

and other low-bow fibulae, were situated at the skull. A bronze distaff was located upside down on the 

right of the skull together with a spindle whorl. Another low-bow fibula was located on the right shoulder. 

A leach-shaped fibula was located on the chest. 

Artefacts analysis (location and conservation state): 

Information from Miranda (2019: Tables 227-228). 

1. Leach-shaped bronze fibula found on the chest (Tab. 227,9); 

2. bronze fibula (Tab. 227,10); 

3. bronze fibula (Tab. 227,11); 

4. bronze fibula (Tab. 227,12); 

5. bronze fibula (Tab. 227,13); 

6. bronze fibula (Tab. 227,14); 

7. bronze fibula (Tab. 227,15); 

8. bronze fibula (Tab. 227,1); 

9. bronze distaff (Tab. 228,17); 

10. spindle whorl (Tab. 228,18); 

11. stone bead (Tab. 228,19); 

12. 10 glass beads (Tab. 228,20); 

13. 113 bone beads (Tab. 228,21); 

14. amber bead (Tab. 228,22); 

15. 1191 bronze buttons (Tab. 228,23); 

16. 62 amber beads (Tab. 228,24); 

17. chained rings (Tab. 228,25). 

Artefacts which might have belonged to both the individuals: 

See Tomb 62/1 

Overall about the ritual: 

Tomb 62 is a double inhumation of the second half of the 8th century BCE. Both individuals are placed 

supine with orientation East-West which is usual at the Fermo Mossa and Misericordia necropolises. 

According to excavation reports, individual 1 might have been buried contemporaneously with individual 

2. Individual 2 is an adult. It was located supine, probably wrapped in a shroud decorated with numerous 

buttons and rings. The textile might have been decorated with amber fibulae on the forehead and two leach-

shaped fibulae on the chest. This is quite widespread at Fermo. The young individual was located on the 

top of individual 2. Even if attributed to individual 1, the leach-shaped bronze fibula (Tab. 227,1) might 

belong to individual 2 since there is another fibula of the same type. These types of fibulae were generally 

located in pairs on the chest of the individual. 

The distaff and spindle whorl were located at the right side of the skull. The spinning/weaving kits (Gleba, 

2008) are typical of the feminine sphere and spread in Villanovan contexts. 

Main anthropological information: 
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Sex:  

Probable male based on dimorphic features of the 

skull (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994) but the mastoid tends to female 

traits. 

F based on aDNA. 

Age at death:  

Age at death 30-35 years of age based on the tooth 

crown wear pattern (Lovejoy, 1985) and oral 

disease (ante-mortem tooth loss – AMTL) (Hillson, 

2008). 

State of preservation:  

The skeletal portions are divided into the major districts. It was possible to recognise:  

- skull: parietal bone portions, left and right temporal bone portions, a portion of the left mandible;  

- teeth: URM3, URM2, URM1, URP4, URP3, URC, URI1, ULM3, ULM2, ULM1, ULP4, ULP3, ULI2, 

ULI1, LRM3, LRM2, LRM1, LRP4, LRC, LLM3, LLM1, LLP4, LLP3, LLC, LLI2, LLI1; 

- shoulder girdle: left glenoid portion;  

- vertebrae: cervical vertebrae; 

- ribs: rib fragments;  

- upper limb: right humerus metaphysis, ulna, radius; left humerus metaphysis, ulna, radius;  

- pelvis: pelvis fragments; 

- lower limb: right femur proximal epiphysis, metaphysis and distal epiphysis, right tibia metaphysis, right 

fibula metaphysis; left femur proximal epiphysis, left tibia metaphysis, left fibula metaphysis; 

- feet: diverse fragments identified during the excavation. 

Main isotopic and aDNA information: 

δ13C, δ15N: Not available  
14C analysis (2 sigma cal BC): Not available Observation:  

87Sr/86Sr isotopic analysis: 

Lab ID//Type of sample 87Sr/86Sr Local//non-local 

FM-SR-37: URM1 0.708948514 

 

local 
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Chapter 8. Discussion of findings: reconstructing population 

dynamics in the 1st millennium BCE 

Chapter 8 brings together the theoretical (Chapter 2) and methodological (Chapters 5 and 

6) approaches to explore and discuss the outcomes of Fermo’s samples. The central theme 

of this chapter is focused on the mobility of people at Fermo with a general (§8.3) and a 

more detailed (§8.4) emphasis. Before reviewing the outcomes on human migration, δ13C, 

δ15N (§8.1) and 14C (§8.2) results are briefly discussed. 

8.1 General observation of δ13C and δ15N isotope outcomes 

This section assesses the acquired information on past dietary patterns at Fermo. The δ13C 

and δ15N data revealed that inhumed individuals from Fermo almost exclusively consumed 

C3 plants (see Fig. 36). These outcomes are in line with the general trend recorded in 

Europe in the Bronze and Iron Ages (Lightfoot et al. 2013; 2015) where the isotopic 

evidence for C4 plant consumption in prehistoric Europe is rare.  

δ13C and δ15N data for Fermo plotted with faunal δ13C and δ15N results from the 

Bronze Age site of Coppa Nevigata illustrated that the analysed individuals consumed a 

reasonable amount of protein. Additionally, δ13C and δ15N plotted against Palaeolithic 

fishes’ δ13C and δ15N results from the Adriatic demonstrated that those inhumed 

individuals at Fermo did not consume marine food there, despite the vicinity to the coast. 

This aspect was crucial for a correct evaluation and assessment of 87Sr/86Sr analysis. If 

individuals at a site eat coastal foods, marine strontium values (0.7092) might influence 

human individuals’ original 87Sr/86Sr values. Hence, evaluating the cultural context by 

assessing the importance of marine foods to the diet of a particular population is pivotal 

(§4.2). The site of Fermo is indeed located 15 km away from the coast. This location could 

suggest that people from Fermo consumed fish or improved their agricultural fields 

through the addition of seaweed (Alonzi et al., 2020). I cannot exclude that cremated 

individuals, which were not analysed due to methodological limitations, had a different 

diet, but this hypothesis seems quite unlikely. It can thus be suggested that 87Sr/86Sr sea 

values (0.7092) of ingested food did not influence the 87Sr/86Sr values of the entire 

population of Fermo. 
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δ13C results revealed no statistically significant variance in the diet of individuals 

sampled for this study regardless of age and sex classes (7.2), whilst subadults recorded 

only slightly lower δ15N values. Contrary to what is expected from traditional 

archaeological assumptions, this study could not demonstrate a difference in diet amongst 

individuals from diverse social classes (Fig. 37). Additionally, the samples selected 

because of particular grave goods – e.g., Tomb 88/1 for the presence of a bronze spit for 

cooking meat – did not produce any results. 

Another important aim of this research was to check possible differences in dietary 

customs between non-local and local individuals at Fermo. Methodological constraints 

were soon realised as the investigation progressed since δ13C and δ15N analysis could only 

be performed on inhumed remains. As shown in Chapter 7, only one outlier, according to 

87Sr/86Sr isotope results, was recorded amongst the inhumed individuals, namely Tomb 

17. This individual did not exhibit a substantial difference in δ13C and δ15N values 

compared to the other analysed individuals.  

Interpretation of the small sample size (n=18) requires caution. Further research 

should be undertaken to investigate a larger number of individuals, considering the 

archaeological and osteological information. In future investigations, the construction of 

a δ13C and δ15N baseline based on local fauna samples will be critical for improving the 

reading of data, providing those samples are available. Additionally, further δ13C and δ15N 

studies performed on other Villanovan necropolises will allow a better understanding of 

the possible difference in diet amongst Villanovan sites. Furthermore, in future 

investigations, it might be possible to use δ13C and δ18O analysis of cremated individuals 

to gain insight into ritual patterns, providing data on the temperature and ventilation of the 

pyre in cremations (Snoeck et al., 2014; Snoeck, Schulting et al., 2016; Snoeck et al., 

2018).  

8.2 General observation of 14C analyses  

The Misericordia and Mossa necropolises spanned from the 9th until the 6th century BCE 

according to the relative chronology, divided into four main chronological phases (§5.1.1). 

To minimise the “Hallstatt plateau” effect, samples were mainly chosen from Phase I and 
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the beginning of Phase IIA, whilst four samples were from Phase IIB, 800/775-750/725 

BCE, and one from Phase III, 700-625 BCE. 

For the inhumed samples, Tomb 7 and Tomb 16, a possible “reservoir effect” was 

excluded (Lanting and Brindley, 1998; Lanting et al., 2001) since δ13C and δ15N did not 

indicate a marine diet (§§7.2 and 8.1). In agreement with δ13C and δ15N data, Tomb 7 and 

Tomb 16 samples, once calibrated, seemed to fit with the high relative chronology 

proposed by Pacciarelli (1996) (§5.1.1). In contrast, five out of ten cremated individuals 

had 14C values higher than expected.  

A possible explanation of why the five cremated samples display higher 14C dates 

than expected is that these were influenced by a wood-age offset (Rose et al., 2020). 

Various experimental studies have highlighted the presence of carbon exchange between 

bone apatite and the pyre atmosphere during cremation with a consequent calendar date 

offset (Zazzo et al., 2009; 2012; Hüls et al., 2010; Rose et al., 2020). In those studies, the 

cremated bone analysed had only a fraction of the original bone apatite carbon, whilst the 

remaining carbon was derived mainly from the burning fuel (Rose et al., 2020). Hence, if 

a body is cremated with old long-lived fuel, cremated bones will have older dates than the 

original unburned bioapatite. This exchange has not been well understood because there 

are only a few sites where 14C dates on charcoal and combusted bones have been compared 

(e.g., Lanting et al., 2001; Olsen et al., 2008). This is mainly because pyre sites are rarely 

found, despite the abundance of prehistoric cremation graves worldwide.  

When dating cremated samples, the structural carbonate – formed primarily by 

carbohydrates and fats in the diet and secondarily by excess protein – is measured along 

with the carbon from the fuel. Hence, the “reservoir effect” does not influence the 

radiocarbon ages of cremated human remains. 

At Fermo and other Villanovan necropolises, the soil from the pyre mixed with the 

charcoal was usually located within the pit (Fig. 51). The presence of charcoal and 

combusted bones from the same context constitutes an excellent opportunity to explore 

possible exchanges between bone apatite and the pyre atmosphere. 
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For future work, I intend to compare the already-dated cremated bones with 14C 

analysis of charcoal – previously anthracologically analysed – from the same tombs. The 

study will be conducted on tombs that are in agreement with relative chronology and those 

which are not, to assess the possible scale of wood-age offsets. 

 

Figure 51: Tomb 59 at Fermo during excavation 

8.3  Migration at Fermo: a cross-disciplinary approach to explore 

mobility in the past  

Section 8.3 examines the issue of whether it is possible to identify migration in Villanovan 

population groups in cemeteries at Fermo, outlining potential patterns between 87Sr/86Sr 

outcomes and archaeological data (see the research questions in §1.2 and §6.6). The results 

are compared with interpretations of the more traditional research to understand the benefit 

of this new approach. At the same time, this section illustrates, through a scientific 

approach, whether the association of specific forms of material culture point to ancient 

ethnic groups at Fermo (§8.3.1), a long-lasting debate in archaeology (§§2 and 3). Moving 

the research forward, Section 8.3.2 examines the roles of geographic origin and gender in 

the migrant populations buried at Fermo. More specifically, it defines types of human 

mobility, demographic aspects (sex and age at death) and more complex social attributes 

(e.g., ethnicity) of those who moved to Fermo, proposing a model for migratory 

phenomena in the EIA communities from Italy. Finally, by analysing all the aspects 
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mentioned above, Section 8.3.3 attempts to reconstruct the motivations behind the human 

movement at Fermo and the Villanovan enclaves more generally.  

8.3.1 New insight into the nature of the Fermo enclave: was Fermo a Villanovan 

enclave or a local group? 

In contrast to Peroni’s idea of the local formation of the site of Fermo (§§3.4 and 3.7), the 

combined findings of the current study suggest that Fermo hosted a small group of people 

coming from elsewhere. 87Sr/86Sr isotopic analysis revealed that a significant percentage 

(27.8%) of individuals analysed from Fermo were born elsewhere. The majority of 

isotopically non-local individuals were cremated. Indeed, this research points out that at 

Fermo, all 87Sr/86Sr outliers but one (namely Tomb 17, FM-SR-47) were cremated 

individuals (§7.3.2.4). The archaeological findings associated with the cremation ritual 

(i.e., the distinctive Villanovan funerary ritual characterised by cremations in long-neck 

vases decorated with the classical Villanovan-style decoration) suggest that the 87Sr/86Sr 

isotopically non-local individuals were likely to come from Villanovan sites. Indeed, 

consistent with traditional archaeological interpretations (§§3.2 and 3.3), the strontium 

isotopic data have confirmed that the difference in ritual indicates a difference in 

provenance. Indeed, more than half of the cremated individuals analysed (58.3%) were 

isotopically classified as non-local. 

8.3.1.1 A comparison between the 87Sr/86Sr isotope and archaeological data 

This section combines and compares 87Sr/86Sr isotopic results with archaeological data, 

presenting some interesting cases. As mentioned above, all the outliers but one (i.e., 14 

cremated and 1 inhumed individuals) are cremated individuals that recall a funerary ritual 

distinctive of the Villanovan sites of Etruria (e.g., Veio, Tarquinia, Vulci; §3.2). 

Nonetheless, the remaining 41.7% of the total cremations fell within the inhumed-children 

range (87Sr/86Sr=0.70883-0.70898), here considered as the baseline (§7.3.2.1). Isotopically 

“local” cremated individuals might come from a geographical region with similar 87Sr/86Sr 

values of the inhumed-children range or alternatively represent second-generation 

immigrants. Similarly, it cannot be excluded that the isotopically “local” inhumed 

individuals also come from an area with a similar 87Sr/86Sr signature. Considering the 
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inhumed-children range as the baseline, four cremated individuals from Phase A fell 

outside the local range, namely Tombs 34, 36 and 52 from the Bonfigli excavation and 

Tomb 3 from the Alidori excavation. These are all adult individuals except for Tomb 52, 

an old child attributed to the end of the 9th century BCE (the beginning of Fermo’s 

cemetery) and the beginning of the 8th century BCE. It is interesting that Tomb 45 

(87Sr/86Sr=0.70895), a female individual dated in the 9th century (Montali, 2006), fell 

completely within the inhumed-children range (Fig. 52).  

 

Figure 52: Tomb 45, Misericordia necropolis, Bonfigli excavation, Phase A, from 

Esposito (2017) 

The very simple grave goods found in Tomb 45 closely recall the simple 

Villanovan funerary ritual attested in Etruria in the initial phases (Esposito, 2017; Table 

5, Phase IA-IB, §3). The archaeological record and 87Sr/86Sr isotopic data suggest two 

possible interpretations for this individual; either she could have come from a geological 

area with a similar isotopic signature to the range for local children, or alternatively she 

was born locally and adopted the Villanovan ritual once in contact with other people of 

the community who came from elsewhere. Tomb 95 (87Sr/86Sr=0.70888), a young child 
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whose inhumation is dated at the beginning of the 8th century BCE in relative chronology, 

also fell within the inhumed-children range. Being a child and falling in a chronology that 

is a bit later than the initial formation of the settlement is more plausible than that the 

young child belonged to the second generation of individuals stabilised at Fermo.  

Most of the isotopically non-local individuals are from Phase IIB (ten cremated 

and one inhumed). Nonetheless, the remaining ten cremated individuals who were 

analysed fell within the inhumed-children range, namely 50% of the cremated individuals 

analysed in Phase IIB. All the cremated individuals from Phase IIB display hybrid 

funerary grave goods regardless of their 87Sr/86Sr values. Indeed, even if elements 

characteristic of the Villanovan funerary ritual is constantly present (e.g., a long-neck 

cinerary urn decorated in the Villanovan decorative style, covered by a bowl and, from 

this phase, with a set of drinking vessels; Table 5-8, Phase IIB, §3), all the cremations 

have hybrid local features. As mentioned for Phase A, the cremated individuals that fell 

within the inhumed-children range could either come from a region with a similar 87Sr/86Sr 

isotopic range or are subsequent-generation migrants, a likely hypothesis for this 

chronological phase. 

For example, Tomb 44 (Misericordia necropolis, Phase B, Fig. 53), which had 

values that fall within the inhumed-children range (87Sr/86Sr=0.70893), recalled typical 

Villanovan funerary ritual with the dressing of the urn (see Table 6, Phase IIB, §3). At the 

same time, this tomb had local elements such as the parure composed of numerous bronze 

fibulae, a form which was adopted at Fermo in Phase IIB. In contrast, Tomb 78 (see Fig. 

54) – an isotopically non-local individual (87Sr/86Sr=0.70952) – also displays 

archaeologically hybrid features. A small amphora, most likely used for a libation rite, 

accompanied the urn (see Table 6, Phase IIB, §3). The urn has the canonical shape of 

Villanovan models, but the decoration with protuberances and decoration on the neck 

represents an original local feature (see Table 6). Both the bowl and the amphora recall 

models from southern Etruria (Miranda, 2019). However, in this tomb, there are a number 

of local middle-Adriatic elements such as the s-shaped knife (Fig. 54, 1), which was 

widespread in Picene necropolises and the Villanovan site of Verucchio (see Table 8, 

Phase IIB, §3).  
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Figure 53: Tomb 44, Misericordia necropolis, Bonfigli excavation, Phase B, 

from Esposito (2017) 

 

 

 

Figure 54: Tomb 78, Mossa necropolis, 1999-2000 excavation, Phase B, 

adapted from Miranda (2019) 

Of particular interest is the case of collective tombs, which can include both 

inhumations and cremations, such as Tomb 11 and Tomb 58. In Tomb 11, whilst the 
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cremated individual (Tomb 11/5) had isotopically non-local values (87Sr/86Sr=0.70920), 

the inhumed individuals (n=3) fell within the local range. In contrast, in Tomb 58, the 

inhumed (n=2) and cremated (n=1) individuals were all classified as isotopically local. 

Additionally, it must be taken into account that Tomb 17 was the only inhumation with 

radiogenic 87Sr/86Sr values (87Sr/86Sr=0.70958). Interestingly, the 87Sr/86Sr values in Tomb 

17 are confirmed to some extent by the aDNA analysis (Fig. 55), which points at the 

individual as a possible outlier compared to the other individuals analysed in the 

necropolis (n=23) (§7.5.2).10 Nonetheless, neither the funerary ritual nor the grave goods 

display peculiar elements that recall the Picene or Villanovan environment. 

 

Figure 55: Tomb 17, Mossa necropolis, adapted from Miranda (2019) 

Even if isotopic data partially confirm traditional archaeological interpretations 

(i.e., which equated cremation ritual to Villanovan migrants), the challenge remains in 

interpreting clear-cut and distinctive archaeological patterns amongst the outliers. 

Isotopically local and non-local cremations have elements with hybrid features that 

combine with Villanovan tradition indiscriminately. Further, the association of non-local 

cremated individuals buried alongside inhumed locals adds to the complexity. Hence, the 

 
10 Emily Breslin, Dr Valeria Mattiangeli and Prof Dan Bradley are working on the aDNA analysis of the 

samples from Fermo. The results produced by the team are preliminary and will be further discussed in 

Breslin’s PhD thesis and forthcoming papers. 
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most distinguishable and clear pattern is that most isotopic outliers are cremated 

individuals. 

This dissertation corroborates in part the idea that specific forms of funerary ritual 

(typical Villanovan cremations) and material culture can identify groups of diverse origin. 

However, this equation is much more complex than previously supposed, and this is 

clearly demonstrated by the diverse cases mentioned above.  

8.3.2 New multifaceted aspects of human mobility at Fermo: what is the type of 

human mobility attested at Fermo? 

Archaeological studies in the past have often used the terms of mobility and migration 

(§2.3) indistinguishably. However, it is now a shared notion that migration is just one form 

of mobility, which can be revealed on the basis of diverse parameters such as space, time, 

cause and social composition of the migration group. 87Sr/86Sr isotope analysis together 

with archaeological data can more easily intercept these differences (§2). The comparative 

analyses of 87Sr/86Sr outcomes and osteological and chronological data, supported by 

Anthony’s (1990) and Lee’s (1966) migration theories, highlighted new multifaceted 

patterns on the site of Fermo. Traditional archaeological studies only hypothesised the 

nature of the enclave, which was eventually absorbed by the local component (§3.7).  

8.3.2.1 Human mobility (Anthony’s short-distance migration) 

As mentioned in Chapter 2, Anthony has distinguished between diverse forms of 

migration. Short-distance migration (i.e., migration within the same region) could be 

related to marriage or new employment (Anthony, 1990). This type of migration has a 

small impact on the material culture; therefore, it is challenging to spot it within the 

archaeological record. According to 87Sr/86Sr isotope analysis, some non-local individuals 

at Fermo (FM-SR-06, FM-SR-42, FM-SR-44, FM-SR-15, FM-SR-11, FM-SR-08) have 

values that fell within the 87Sr/86Sr values recorded for the area at 20 to 50 km distance 

(§7.3.1). Hence, these individuals could tentatively indicate a short-distance migration to 

Fermo within the same region (§§2.3 and 2.6 for an explanation of short-distance 

migration). Nonetheless, the combined analysis of isotope and archaeological data 

excludes an interpretation of short-distance migration at Fermo for the cremated 



185 

 

individuals. The distinctive funerary ritual (cremations in distinctive long-neck urns 

covered by bowls with a typical engraved Villanovan decoration) are reminders of the 

traditions typical of the Villanovan material culture widespread in Etruria.  

This ritual is distinctive of Villanovan necropolises and absent in the nearby Picene 

territory, where people used to bury their dead inhumed with a distinctive crouched 

position on a gravel bed. Additionally, the ritual of cremation was rarely used in Picene 

contexts and was also of a type very different from the Villanovan funerary rituals (§3.5). 

Since the material culture of the Fermo tombs is not consistent with the surrounding 

funerary tradition, I discounted the possible interpretation that these individuals came from 

an area nearby Fermo. Other regions in the Italian Peninsula have 87Sr/86Sr isotope values 

which overlap with those values, indicating those cremated samples as most likely long-

distance outliers (§8.3.2).  

Together with the Villanovan material culture, the elements typical of Picene 

tradition were attested at Fermo from the first phases (e.g., inhumations on gravel beds, 

local weapons, falere, cothon, torques). However, individuals coming from an area nearby 

Fermo would be isotopically defined as local to Fermo. For example, if an individual came 

from Torre di Palme (11 km away) or Porto Sant’Elpidio (12 km away), both Picene sites 

near Fermo (see Fig. 16), such an individual might not be intercepted as an outlier due to 

the very similar isotopic values between the two areas. Therefore, we cannot exclude more 

non-local individuals coming from nearby areas to Fermo, but these are not visible through 

the techniques used. For example, Tomb 29 (Fig. 56), according to aDNA a female child 

(7th century BCE), was buried with a cothon, a typical Picene ritual vase generally 

associated with female individuals. The child has strontium values that fell completely 

within the local range (87Sr/86Sr=0.70889); therefore, I cannot exclude that she might have 

come from an area nearby Fermo, but this is not demonstrable. Similarly, individuals 1 

and 2 from Tomb 89 (Fig. 57) also have typical Picene artefacts (e.g., torques) and fell 

within the inhumed-children range. 
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Figure 56: Tomb 29, Mossa necropolis, 1999-2000 excavation, adapted from Miranda (2019) 

 

 
Figure 57: Tomb 29, Mossa necropolis, 1999-2000 excavation, adapted from Miranda (2019) 

  For this reason, inhumed samples with typical Villanovan (e.g., the long-neck vase 

used as grave goods) and Picene (e.g., the torques and cothon) artefacts were selected for 

aDNA analyses (§6.3). The hope was to identify possible differences in ancestry amongst 
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the inhumed individuals buried at Fermo, especially in the later phases. Preliminary aDNA 

analysis has revealed no variance amongst diverse samples with typical Picene and 

Villanovan material culture (§7.5.2), however. Future research on kinship will clarify the 

social structure of the site and spot possible similarities with contemporary sites.  

Another possible explanation was that cremated and inhumed individuals belonged 

to two diverse groups that lived in diverse areas nearby Fermo and ate diverse foodstuffs, 

since cremated and inhumed individuals display a significant difference in 87Sr/86Sr values 

(§7.3.2.1). However, this hypothesis is quite unlikely due to the very distinctive funerary 

ritual of the cremated individuals, which correspond to the Villanovan funerary ritual from 

Etruria.  

8.3.2.2 Migration (Anthony’s long-distance migration) 

According to Anthony (1990), long-distance migration – which describes the movement 

of people from one region to another – is simpler to identify since it creates a radical 

change in the archaeological record. At Fermo, most of the individuals who have an 

“exotic” ritual have 87Sr/86Sr values that fell outside the 87Sr/86Sr inhumed-children range. 

Hence, human migration at Fermo, more than other forms of human mobility which are 

also considered below, is the more plausible hypothesis in the Villanovan sequence. One 

unexpected finding was that non-local individuals are documented in diverse 

chronological phases (cf. migration stream; for a definition see §§2.3 and 2.6). Even 

though Etruscologists formerly hypothesised the presence of individuals who had come to 

Fermo from other Villanovan sites (§3.7), none of those scholars considered the existence 

of multiple streams of individuals through time. By comparing archaeological (i.e., 

chronological and funerary ritual information) and 87Sr/86Sr isotopic data, the current study 

revealed that small groups of people arrived at the site in different periods. A robust 

chronological framework has been pivotal for sample selection and interpretation.  

 During Phase A (the 9th and the first half of the 8th century BCE), a high percentage 

of individuals fell outside the inhumed-children range (66.6%). This finding is consistent 

with the archaeological data. Indeed, a rigorous ritual tradition that strictly followed 

models from Etruria was present at Fermo in the earliest phases (see Table 5, Phase IA-
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IB, in Chapter 3). A high degree of people mobility could have contributed to the sharing 

of these rigid and well-defined ritual traits employed in Villanovan necropolises. 

However, a small sample size (n=6 individuals; §5.3) might not reflect a real picture, and 

this requires a cautious interpretation. Further research into Fermo’s earlier phases (when 

and if available in the future) and other Villanovan sites will confirm or contradict the 

present hypothesis that high percentages of non-local individuals characterised the earliest 

phases of the settlement’s history. 

 It was somewhat surprising to find non-local individuals in Phase B (second half 

of the 8th century BCE). Indeed, traditional archaeological approaches supported the idea 

of first-generation only migrants. Nonetheless, isotopic data show non-local individuals 

in Phase B. The isotopic results are in line with the most recent archaeological findings, 

which revealed the presence of innovative funerary customs at Fermo which follow the 

same variations recorded in other Villanovan cemeteries in this phase (Esposito, 2017). 

This shared ritual habitus included drinking vessels used for libation rituals and the 

dressing of the urn (see Table 6, Phase IIA and IIB, in Chapter 3). Still, it is interesting to 

note that the percentage of non-local individuals decreases (32.2%) when compared with 

Phase A.  

 During Phase C (7th-6th century BCE), 87Sr/86Sr values presented all burials as local 

individuals. These data are in line with both traditional and more recent archaeological 

interpretations. Traditional studies supported the notion that Fermo was incorporated by 

local Picene groups from the 7th century BCE onwards (§3.7). The new evidence, however, 

demonstrates that Fermo developed its own funerary practice and hybrid tradition, 

different from typical Villanovan and Picene traditions (Miranda, 2019).  

 A likely scenario could be that small groups of individuals coming from elsewhere 

settled at Fermo and were then followed by other individuals coming from the original 

homeland. These individuals might have interacted with the nearby Picene groups, but this 

is not verifiable through the current study. Later on, this stream was interrupted (§8.3.3). 

Notably, the results of this study add new, scientifically demonstrated information about 

the type of human mobility testified within this Villanovan group.  
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8.3.2.3 A mixed-component enclave 

One unanticipated finding that emerged from this research was that non-local individuals 

at Fermo possibly came from areas of varied geology with different isotopic ranges. This 

study has unexpectedly given further insight into the nature of the Villanovan enclave of 

Fermo compared with traditional interpretations. The multifaceted nature of the 

archaeological record at Fermo encouraged some scholars to suppose the diverse cultural 

origins of the site (§3.7). However, none of those scholars proposed a mixed component 

of people at Fermo, coming from various regions. If the inhumed-children range is 

considered as the baseline, there are at least three ranges: Range I (0.70952-0.70967), 

Range II (0.70915-0.70920) and Range III (0.70903-0.70909). Non-local individuals from 

Phase A fell within 87Sr/86Sr Range I and Range II, whilst individuals from Phase B fell 

in 87Sr/86Sr Ranges I-II-III (Fig. 58). Hence, these data can possibly indicate the various 

origins of the non-local individuals. 

 

Figure 58: 87Sr/86Sr result from Fermo and three non-local ranges 

Taking into account the map published by Emery et al. (2018) based on disparate 

modern and archaeological sources, preliminary observations highlight that most of the 
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Villanovan sites have an 87Sr/86Sr range between 0.7088 and 0.7099, with some more (e.g., 

Chiusi, Perugia, Veio, Vulci, Verucchio) and less (Pontecagnano and Sala Consilina) 

radiogenic cases (Fig. 59). Unfortunately, the general 87Sr/86Sr values for Villanovan sites 

overlap the 87Sr/86Sr isotopic baseline value for Fermo (i.e., the inhumed-children range). 

The most radiogenic 87Sr/86Sr (Range I) as well as the lowest (Range II-III) values at 

Fermo correspond to the sites of southern Etruria (e.g., Tarquinia, Vulci,) or Emilia (e.g., 

Bologna). Hence, both the inhumed and cremated individuals might have come from one 

of those sites. However, it must be underlined that the 87Sr/86Sr map produced by Emery 

et al. (2018) has potential for modern contamination and agricultural practices and 

provides a low-resolution prediction of 87Sr/86Sr values.  

 

 

Figure 59: 87Sr/86Sr map with Villanovan sites produced 

by Emery et al. (2018) 
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Indeed, human and archaeological samples at diverse sites might produce slightly 

different values.  

A different interpretation could be that the diverse isotope ranges which fell 

outside the Fermo inhumed-children range might be the outcome of a mixed signal from 

the mother, who perhaps moved during pregnancy, and the child’s 87Sr/86Sr range values. 

In other words, since the petrous bone starts to form in utero until 2 years of age, this could 

also indicate that the individual displays a mixed signal of the mother who moved during 

pregnancy and the first years of the life of the individual at the site. 

8.3.2.4 Sex and age patterns and migration: who moved to Fermo? 

This study demonstrates that both male and female individuals moved to Fermo (§7.3.2.2). 

Previous archaeological studies did not express a clear-cut opinion on the gender of 

individuals who migrated to Fermo and other Villanovan sites outside Etruria (§§3.3 and 

3.7). The only exception was the site of Pontecagnano, where d’Agostino (1982) proposed 

an exclusively male migration (§3.3). In contrast to this hypothesis, a similar number of 

males and females’ outliers (7 and 6 respectively) are recorded at Fermo (§7.3.2.1).  

However, it is necessary to take into account the small number of individuals analysed, 

which does not allow an exhaustive interpretation. 

87Sr/86Sr isotopic data on cremated adult individuals do not allow an interpretation 

of the exact age of these people when they moved. However, at Fermo, two individuals 

that fell outside the inhumed-children range, namely Tomb 52 and Tomb 56, are subadult 

individuals. Tomb 52 from the Misericordia necropolis (Bonfigli excavation) is an old 

child (5-10 years of age). Since the 87Sr/86Sr values of the petrous bone (87Sr/86Sr= 

0.70908) indicate a period that goes from 16 weeks in utero until 2 years of age, it is 

possible that the child moved in an early stage of his/her childhood when the petrous was 

still forming. Alternatively, the petrous values might indicate the mother’s signal during 

pregnancy and lactation. This would be an interesting hypothesis since Montali (2006) 

dated this individual to the initial phase of the necropolis (Phase I). The interpretation 

might be that the pregnant mother moved before giving birth to the child from Tomb 52 

that died some years later after his/her arrival at Fermo.  
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Another interesting case in this regard is Tomb 56 from the Mossa necropolis (Fig. 

60), a juvenile individual with an age at death of 13 to 14 years. The petrous 87Sr/86Sr 

signal is outside the inhumed-children range, whilst the M2 tooth enamel fell within the 

inhumed-children range. Even though a certain level of diagenesis of the M2 tooth enamel 

cannot be excluded (the tooth enamel was not entirely burned), a possible interpretation 

can be that the individual moved to Fermo in the period of the formation of the M2 tooth 

enamel, namely between 3 and 8 years of age. Hence, this study further corroborates the 

possibility that child mobility is attested at Fermo. 

 

Figure 60: Tomb 56, Mossa necropolis (Miranda, 2019) and related 87Sr/86Sr values 

8.3.2.5 Other types of human mobility 

As mentioned in Section 2.3, there is a difference between human mobility and migration, 

and both these concepts include an enormous variety of nuances. The combination of 

bioarchaeological studies contextualised in the broader archaeological record with 

anthropological, archaeological and bioarchaeological theoretical frameworks has been 

favouring a more exhaustive and nuanced interpretation of these phenomena, trying to 

explain the diversity and dynamics of human movement. 
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Amongst short-term/distance migration, and long-term/distance migration, there is a 

variety of possibilities which include seasonal mobility (in case of short-term/distance 

migration), hostages, marriages, bondage, clientage and fostering (Table 29). These 

diverse types of human mobility are not always clear cut and need the combination of 

diverse disciplines to be identified. 

 Short-distance 

migration 

Long-distance 

migration 

Seasonal mobility X  

Neighbouring relationship X  

Marriage X X 

Employment X X 

Bondage X X 

Clientage X X 

Fostering X X 

Table 29: Short- and long-distance migration 

At Fermo, it cannot be excluded that there was short-term/distance migration 

which can imply postmarital residence patterns. However, the strontium isotopic data did 

not fully support the current interpretation. Future aDNA analysis of other local Picene 

and contemporary necropolises may reveal possible kinships with Fermo’s necropolis. 

The same is true for childhood mobility or fostering. Children with typical Picene artefacts 

(e.g., Tomb 29, Fig. 57) were documented at Fermo, who isotopically fell within the 

inhumed-children range. However, it cannot be excluded that this was a child who came 

from a nearby Picene site to Fermo. Another interesting case is Tomb 63 (Fig. 61) from 

the Mossa necropolis, an adult male with petrous bone strontium values that fell within 

the local inhumed-children range (87Sr/86Sr=0.70894), whereas the enamel (probably M1) 

fell outside it (87Sr/86Sr=0.70880). The individual could have moved away from Fermo for 

a short period of his life and then came back to the site.  
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Figure 61: Tomb 63, Mossa necropolis (Miranda, 2019) and related 87Sr/86Sr values 

Long-distance migration marriages at Fermo cannot be excluded. Indeed, a 

significant number of females are non-local individuals. However, it is uncertain if they 

married local men or came to Fermo already coupled. Furthermore, there are at least two 

cases of child mobility at Fermo with children who might have come from distant places 

(e.g., Tombs 52 and 56). However, it cannot be excluded that, at least in the first case, it 

was a pregnant woman who moved to Fermo. Other types of mobility can include 

merchants or craftsmen, though these are quite difficult to intercept. 

8.3.3 Broader implications for population dynamics in the Iron Age: what is the 

reason these people migrate? A possible interpretation 

The presence of non-local individuals at Fermo has reinforced the notion that the site was 

part of a broader Villanovan network. All the data so far analysed allow the building of a 

possible interpretative model for the type of human mobility testified at Fermo (Fig. 62) 

that can eventually be tested on other Villanovan sites outside Etruria.  
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Figure 62: Model of the long-distance migratory phenomenon at 

Fermo 

Black arrow: human mobility; dashed arrow: unknown relationship 

(based on archaeological record only) 

 

 In the initial phases of the cemetery, namely the 9th-8th century BCE, male, female 

and subadult individuals from one or more geologically diverse sites reached the Adriatic 

area. This action seems the outcome of a well-structured plan. This group, indeed, 

established a site on a well-defined area (the Girfalco hill), nearby the Adriatic coastline 

(15 km away) and the Tenna river, placing the cemeteries outside the main settlement. 

Furthermore, Fermo was located nearby the Picene site of Porto Sant’Elpidio, most likely 

to establish contacts with local groups. Subsequently, during the second half of the 8th 

century BCE, new groups of male, female and subadult individuals coming from one or 

more geographical areas reached the previous group. During this period, the Fermo group 

amalgamated a great deal with the local tradition while maintaining the Villanovan 

customs. During the 7th-6th century BCE, there were no longer incoming people at Fermo. 
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The site developed its own unique fingerprint and traditions. This interpretation is only a 

possible scenario that needs to be better verified in future studies. As mentioned in Section 

8.3.2.3, it might be possible to give a different explanation for the diverse non-local 

strontium range. Furthermore, it is not possible to clarify what the relationship with local 

groups was for limiting the strontium isotope analysis. A future study might provide new 

data to better define the situation at Fermo and in other Villanovan sites outside Etruria. 

 The bioarchaeological data obtained by the diverse analyses have enabled me to 

hypothesise the possible reasons which brought people to migrate to Fermo. There are a 

variety of economic, social and natural push and pull factors that motivate people to move 

to a specific place (§2.3). The nature of the grave goods and social class (mainly Class II; 

see Table 23) of non-local people buried at Fermo implies that people were positively 

selected (cf. §2.3). In other words, these groups might have moved mainly for positive 

attractors (pull factors) at the destination. Meanwhile, political forces in the homeland 

(push factors) might have incentivised the foundation of new sites in other areas.  

 There are a number of pull factors of an economic and social nature that might 

have attracted Villanovan people to Fermo. Amongst them, I propose the two most 

probable hypotheses:  

 a.  Fermo was a military outpost for the control of the Adriatic area; 

 b.  Fermo was founded as a trade site.  

 Testing hypothesis (a): 

 The presence of both male and female non-local individuals at Fermo makes it 

unlikely that Fermo was a military outpost. Additionally, the presence of local Picene 

traditions (in the funerary ritual, grave goods and weapons) interwoven with Villanovan 

customs ever since the first phases, which suggests peaceful relationships with local 

groups, further refute the idea of a military outpost.  

 Testing hypothesis (b): 
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 What type of positive factors, then, attracted people to Fermo? If we compare the 

site of Fermo to Verucchio, the answer might be more straightforward. The two sites bear 

similar patterns: 

1. both sites were located close to a river-mouth (Marecchia for Verucchio and 

Tenna for Fermo); 

2. both sites were located near to the Adriatic coast (roughly 15 km away); 

3. both sites were placed on a well-defined hill and surrounded by necropolises; 

4. both sites were close to Picene sites (Novilara for Verucchio, Porto Sant’Elpidio 

for Fermo); 

5. both sites had archaeological influences from Bologna (Phase A) and southern 

Etruria (Phase B) (Montali, 2006; von Eles, 2008; Esposito, 2015); 

6. both sites have evidence of artefacts and also traded a large amount of amber 

(more from Verucchio than from Fermo); 

7. Verucchio is completely abandoned in the 7th century BCE. At the same time, 

allochthonous individuals are no longer attested at Fermo.  

 Hence the two sites appear as the outcome of a well-organised action led by a solid 

political organisation. The presence of a large amount of amber within the necropolises 

permits us to suppose that these two sites were founded nearby the Adriatic coast, in part, 

for controlling the transalpine Baltic amber route with the Adriatic traders. This hypothesis 

can be further confirmed if we consider that Verucchio and Fermo exited the Villanovan 

network (see point 7) when Bologna, which had similar trading interests, increased its 

mercantile position within Italy. Indeed, due to the emerging conflicts between Etruscans, 

Greeks and Carthaginians in the Tyrrhenian Sea, trades were transferred to the Adriatic 

area, which then acquired new importance for maritime traffic. Bologna was indeed 

“recolonised” by Etruscan people in the 6th century BCE as the Adriatic coast began to 

gain importance (Sassatelli, 2012, p. 172). Consequently, the evidence suggests that 

Fermo and Verucchio lost their control of the Adriatic maritime trade because Bologna 

enlarged its power and influence at their expense. A similar political reorganisation of 

territory and a redistribution of power might have also happened in the southern area, with 

the Etruscan re-colonisation of Campania.  
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 Figure 63 represents a sketch of the possible push and pull factors that brought 

people to move to Fermo. 

 

Figure 63: A model of possible push and pull factors which incentivised people to move to Fermo 

 

 The study of other Villanovan sites within and outside Etruria will allow the 

development and construction of a fuller picture of human mobility in emerging complex 

societies in the 1st millennium BCE. New cross-disciplinary studies may reconstruct the 

mode and cause of migration, trying to understand if the push and pull factors of mobility 

were similar in other sites. Additionally, this research could test if other sites outside 

Etruria were founded by similar groups or competitors from other Villanovan sites. Such 

study could include a diachronic analysis for identifying evolution and change in the 

political dynamics, from the beginning of the Villanovan experience (10th-9th century 

BCE) to the Orientalising era (7th century BCE), when a substantial reorganisation and 

distribution of power is witnessed.  

 Besides contributing to the reconstruction of historical phenomena, the present 

cross-disciplinary study narrates a more humanised past. For this purpose, I report below 

on the inferred osteobiography of four individuals from the archaeological, osteological, 

isotope and aDNA data collected in this work to reconstruct a possible interpretative 

scenario of those people’s lives. 
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8.4 From the data to osteobiography: two brief human stories 

To give a more human dimension to the individual histories of people from Fermo, I have 

elaborated the osteobiography of four skeletons from the Mossa necropolis. This approach 

is experimental and will succeed if it gives the reader a sense of meeting a real person 

rather than simply a feature or a statistic item. The different data which belong to the single 

individual compared with the common pattern of the group have allowed me to construct 

a possible preliminary scenario of these people’s lives.  

8.4.1 The case of Tomb 59A and 59D 

Tomb 59A 

Osteological and isotopic information: 

The individual buried in the cinerary urn 59A was an adult male. Based on the 

petrous bone analysis (0 to 2 years of age), this individual might have been born and at 

least initially raised in a more radiogenic region of Italy, such as the Latium region.  

Archaeological information: 

Tomb 59A was a medium-rich (Class II) burial from the second half of the 8th 

century BCE. The ritual followed some clear-cut Villanovan patterns. Some objects found 

inside the pit were burned and might have been recovered directly from the pyre, such as 

the rotolo pin (§7.6). The artefacts found intact outside the urn might have been used for 

dressing it. A cloak fastened with fibulae might have wrapped the urn, perhaps with the 

addition of necklaces or other perishable elements. The anthropomorphism of the urn was 

a widespread phenomenon in Villanovan sites (§§3.2 and 7.6). Two jugs/ollae with two 

cups inside were found in the pit. The libation ritual was a novelty introduced into the 

funerary rite of Fermo in line with other Villanovan sites during Phase IIB (Esposito, 

2017). The amphora and the cup were used for libation rituals and then placed in the pit, 

as observed for other Villanovan sites (see Table 6 in Chapter 3). Fermo followed a broader 

trend of the canonical Villanovan necropolises and adhered to a more general change in 

the funerary ritual. Therefore, both the rituals of dressing the urn and of libation implied 

ongoing relationships between Fermo and other Villanovan sites even in later phases. 
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The urn had a typical Villanovan shape, but the comb decoration was unusually 

located on the neck of the vase. Typically, one of the handles was ritually broken. The re-

entrant rim bowl with typical Villanovan shape and comb decoration covered the urn. The 

razor was deposited intact inside the urn at the end of the ritual, as usually attested in the 

Villanovan necropolises (Esposito, 2015). The other objects found inside the urn might 

have been burned with the body, as revealed by the fire marks found on them. 

Tomb 59D 

Osteological and isotopic information: 

The individual buried in the cinerary urn 59D was an adult female. This individual 

might have been born and initially raised in a more radiogenic region of Italy, such as the 

Latium region, similar to the individual buried in Tomb 59A. The similar isotopic values 

and the fact these two people were buried together suggest that they might have come from 

the same area. 

Archaeological information: 

More general details on the ritual are reported above for Tomb 59A. The urn had 

the shape and decoration typical of Fermo. Indeed, this was a long-neck vase with a 

protuberance alternating with metopes located on the neck. Additionally, the meander 

comb decoration with the solar ship was placed on the belly, usually attested in other 

Villanovan sites (see Tables 5 and 6). One of the handles was broken according to 

traditional rituals. Even if the re-entrant rim bowl had a typical Villanovan shape, the 

handle was reminiscent of local traditions. The numerous fibulae found in the urn (burned 

with the individual?) were a reminder of the rich parure widespread at Fermo amongst 

female inhumations and cremations ever since Phase IIB (see Table 8). This tradition was 

still attested in the later phases. The parure consisted of two leach-shaped fibulae which 

were generally located on the chest (Esposito, 2017), and other numerous low-bow 

fibulae. 

The individuals brought to light from Tomb 59 are here called with the invented 

Etruscan names AR'NTH (Tomb 59A) and LARTHIA (Tomb 59D). 
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AR'NTH and LARTHIA might have moved (together?) from a village of southern 

Etruria. The journey to reach the other sea might have been exhausting. Once AR'NTH 

and LARTHIA arrived at Fermo, the new village might have appeared to be very different 

from home in their eyes: the landscape, the smell, the noises. The tradition of their people 

overlapped with customs they had never seen before. People from the nearby villages 

buried their dead in a very different manner and spoke an unknown language.  

AR'NTH and LARTHIA probably met other “Villanovans” in Fermo who had 

arrived there a long time before, and this helped the integration of AR'NTH and LARTHIA 

into this new social and economic reality. Living at Fermo, AR'NTH and LARTHIA might 

have acquired the local customs and dialect. AR'NTH wore a typical local dress with the 

typical bronze rotolo pin style that had spread within the nearby villages. LARTHIA had 

a set of fibulae that were typical amongst the most fashionable women at Fermo. However, 

integration wasn’t about renouncing some of the identifying aspects of AR'NTH’s and 

LARTHIA’s habits. They kept some of the objects they had carried from their original 

place, continued to believe in their ancestral pantheon and asked to be buried together 

following their tradition. Their bodies were burned and the ashes located in urns sealed 

by bowls. According to more recent customs, a ritual libation followed the burial. 

The ritual included the preparation of the body with the most significant 

belongings of the deceased. The unanimated and cold body was then located on the high 

pyre. The smoke might have reached the nearby villages. After burning the body, the 

cremated remains were collected carefully and placed in the urn. The objects retrieved 

from the pyre, severely compromised by the fire, were also located in the vase. The pyre 

soil was collected. A burial pit was filled with the pyre ashes, where the remnants of some 

objects were still in place. Some of the belongings were located in the urn on the top of 

the burned bone. The urn vase was then lidded with the bowl and wrapped in the textile, 

according to the novel Villanovan customs. The urn was then carefully located inside the 

pit. At the end of the ritual, a libation was consumed. The cup was situated in the amphora, 

and then both were located close to the urn in the pit. At the end of the ceremony, a stone 

sheet was used to seal the pit.  
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8.4.2 The case of Tomb 62 

Osteological and isotopic information: 

Individual 1 was a male child who died when he was approximately nine years old 

with no significant pathologies. Individual 2 was a female adult who died when she was 

around 30-35 years old with no significant pathologies. They were both born and raised in 

Fermo or nearby. aDNA results on kinship may clarify the relationship between these two 

individuals in the future. 

Archaeological information: 

Tomb 62 was a wealthy (Class I) double inhumation of the second half of the 8th 

century BCE. Both individuals were placed supine, orientated East-West, which was usual 

at the Fermo Mossa and Misericordia necropolises. Multiple tombs were widespread at 

Fermo, particularly in the Mossa necropolis, ever since Phase IIB (§3.7). This type of 

ritual continued in the later phases, with an increasing number of individuals buried 

together (§7.1). Individuals 1 and 2 were buried at the same time, according to the 

archaeological report. Individual 1, the young boy, was located on the top of Individual 2. 

Both were covered by shrouds decorated with bronze and amber buttons and rings.  

The grave goods found with both individuals closely resembled the typical parure 

spread at Fermo. The bronze stud/falera which belonged to the young boy was attested in 

other Picene necropolises. The adult female was buried with a weaving/spinning kit 

composed of a bronze distaff and a spindle whorl. These objects were related to the female 

sphere and broadly attested in Villanovan necropolises. A small vase with crested handles 

and a bronze cup found within it recalled the libation ritual also testified in cremations.  

The individuals brought to light from Tomb 62 are here called with the invented 

Etruscan names RAM'THA (Tomb 62/2) and XESTES (Tomb 62/1).  

RAM'THA and XESTES were born and raised in Fermo. They died and were 

buried together according to the local customs. RAM'THA was deposited supine and 

covered by a shroud decorated with bronze rings in a pit with an orientation East-West, 

looking at the sea according to local tradition. RAM'THA wore a gown with a couple of 

leach-shaped fibulae on the chest, typical at Fermo. She was buried together with her 
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weaving set, a tradition adopted by the wealthiest women at Fermo and other Villanovan 

sites. XESTES, the young boy, was placed on the top of RAM'THA’s body. XESTES was 

covered by a shroud and wore a bronze stud, a form widespread in the Picene territory. A 

ritual of libation followed: the little cup was placed in the amphora which was located by 

the feet of the buried bodies. 

8.5 Chapter conclusion 

This chapter has illustrated how the cross-disciplinary study adopted here confirmed some 

traditional archaeological interpretations. Meanwhile, it highlighted the complicated 

relationship between material culture and ethnic identity in the archaeological record. 

What is more, it has added a great deal of information about human mobility in the Early 

Iron Age Villanovan communities. This chapter has also shown some limitations of this 

approach. The study was unable to spot individuals who possibly came from Picene sites 

nearby Fermo. An additional uncontrolled factor was to spot non-local individuals coming 

from a geological region with similar 87Sr/86Sr values to Fermo. Indeed, 87Sr/86Sr isotope 

analysis cannot identify allochthonous individuals with similar 87Sr/86Sr signatures to the 

local baseline. The use of other isotopes, such as oxygen, might have overcome this 

problem but this analysis cannot be performed on cremated individuals. The chapter has 

also suggested future research to explore the mobility rates attested in other Villanovan 

sites. These analyses will give further insight into the nature of the Villanovan migration 

and, more generally, 1st millennium BCE mobility and social integration and exclusion.  
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Chapter 9. Conclusion: population dynamics in the 1st 

millennium BCE’s emerging complex societies 

Human movement, defined as the circulation of people, the social fission, fusion and 

integration of individuals, is a crucial component in the formation of a community. It 

constitutes a fundamental aspect of the socio-political dynamics of a group, whilst also 

being an essential moment in a person’s life. Ancient groups experienced migration 

themselves as much as in contemporary or historical societies. However, while it is 

relatively easy to explore human mobility in historical and modern communities, where 

written documents are often available, this is rarely the case for prehistoric groups. Sudden 

changes in the archaeological record have hinted at the movement of people, and migration 

has been used as an explanatory tool rather than as a phenomenon to investigate in itself. 

The introduction of new analytic tools in archaeology has allowed scholars to explore past 

migration and the multifaceted aspects that characterised it. Despite the increasing 

advancement in the bioarchaeological tools available to investigate human migration, we 

are still far from grasping the diverse nuances of this phenomenon in prehistoric groups. 

This research aimed to explore human mobility in emerging complex Mediterranean 

prehistoric human societies through a cross-disciplinary approach, opening a window on 

an essential aspect of past human life. 

9.1 Exploring dynamics of human mobility to understand emerging 

complex societies in the EIA Mediterranean: the Villanovan material 

culture phenomenon 

The Villanovan material culture is a prominent phenomenon in the pre-Roman 

Mediterranean. This phenomenon of material culture represents a significant passage from 

a simple to a more complex society which involves the entire reorganisation of the territory 

and the control of local resources by emerging elite groups. Additionally, the Villanovans 

assumed a principal role in the cultural and trade exchange with incoming Greek and 

Phoenician people in the earlier centuries of the 1st millennium BCE. Most importantly, 

the Villanovan group expanded to various parts of the Italian territory, becoming the most 

prominent EIA community in Italy. However, much is still unknown about this society 
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since research was primarily based on the study of typology and grave goods analysis of 

necropolises. 

The Villanovan expansion within the Italian territory was even less investigated. 

Former research was often reduced to the ethnic identification of the Villanovan sites 

located outside Etruria. Indeed, the hybrid character of those sites brought scholars to 

question their real nature. However, the reasons behind this group’s mobility, the push and 

pull factors that incentivised these people to move and the impact this expansion had on 

the socio-political dimension of the Villanovan group as a whole were rarely addressed.  

This thesis has examined the site of Fermo, a significant example of a Villanovan 

enclave, to investigate the Villanovan migratory phenomenon and grasp its impact on the 

socio-political, economic and human dimensions of the group. 

9.2 Rewriting past prehistoric group dynamics through innovative 

approaches: the case study of Fermo 

This research has proposed a new interpretative scenario on mobility dynamics in EIA 

emerging complex prehistoric societies. The dissertation has reconstructed the possible 

socio-political dynamic and the reasons behind Villanovan expansion within the Italian 

territory, investigating the mode and tempo of migration. The work has been able to 

suggest a picture of the early history of the Mediterranean whilst giving a more human 

dimension to the migratory phenomenon. 

The research has scientifically reinforced the notion that Fermo was part of a 

broader Villanovan network, supporting the idea of a relationship between exotic funerary 

ritual and allochthonous individuals. Moving the research forward, the dissertation has 

generated one possible model for reconstructing EIA human migration at Fermo and 

clarifying the migratory aspects of Villanovan groups for the first time. A pioneer group 

of women, men and possibly children reached Fermo between the 9th and beginning of the 

8th century BCE, and they commenced relationships with the local Picene group. Later on, 

other male and female individuals of diverse origin joined the first pioneers. However, 

subsequently, Fermo exited the so-called “Villanovan network”, giving birth to an 

autonomous hybrid group from at least the 7th century BCE. 
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The research has identified possible reasons that brought these people to move, 

reconstructing some aspects of the socio-economic dynamics of the EIA Mediterranean. 

The site of Fermo emerged as the outcome of an organised and structured phenomenon 

that saw the occupation of a naturally defended hill close to the Adriatic coast and nearby 

the Picene site of Porto Sant’Elpidio. Similar planning emerged for the nearby site of 

Verucchio. Hence, the collected data suggest that Villanovan groups founded Fermo and 

Verucchio to access Adriatic trades for controlling the Baltic amber route and establishing 

contact with local groups. The abandonment of Verucchio in the 7th century BCE and the 

contemporary absence of allochthonous individuals at Fermo in the 7th-6th century BCE 

further confirms this idea. The Fermo and Verucchio abandonment of the Villanovan 

networks was almost concurrent with the emergence of the prominent role Bologna 

acquired with access to the Adriatic maritime trades from the 7th-6th century BCE, marked 

by the historically documented Etruscan re-colonisation of the site (d’Agostino, 2011; 

Sassatelli, 2012). 

In order to provide a more individualistic human dimension of migration and the 

impact this phenomenon had on prehistoric incoming and local communities, the study 

has also opened a window on the lives of AR'NTH, LARTHIA, RAM'THA and XESTES.  

9.3 A cross-disciplinary approach to explore mobility in Early Iron Age 

Italy 

The methodology used in this work was the best suited for exploring diverse aspects of 

human migration, providing an accurate, multifaceted picture of the phenomenon. The 

theoretical framework adapted from Anthony (1990) and Lee (1966) allowed me to 

familiarise myself with diverse yet repetitive aspects of human migration. A substantial 

archaeological knowledge was fundamental to show clear-cut patterns of migration at 

Fermo. Meanwhile, a cautious understanding of all the data allowed a good sample 

selection and interpretation of the results.  

The current analysis has included osteological, isotopic (87Sr/86Sr, δ15N, δ13C and 

14C analysis) and aDNA data of a significant number of inhumed and cremated samples 

from the Fermo Mossa and Misericordia necropolises. The approach was applied 
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consciously, considering the limits and benefits of each discipline throughout the entire 

work, from sampling (§§5 and 6) to interpretation (§§7 and 8). Indeed, all the disciplines 

moved together, from the sample selection to the interpretation of the data. The work 

consisted of various steps, which are here summarised:  

Step 1: Building a robust theoretical framework; 

Step 2: Analysis of the archaeological and osteological data; 

Step 3: Sampling for isotopic and aDNA analyses; 

Step 4: Interpretation of data; 

Step 5: Reconstruction of the migration model and possible cause of migration. 

The methodology applied has also revealed some limitations. First of all, an issue 

that was not addressed was to identify individuals who possibly came from sites near 

Fermo. In other words, possible local individuals who came from nearby Picene sites 

could not be identified based on 87Sr/86Sr isotope analysis. This aspect limited the 

interpretation of the nature of the relationship between non-local and local communities. 

An additional uncontrolled factor was to identify non-local individuals coming from a 

geological region with similar 87Sr/86Sr values to Fermo. A limit of 87Sr/86Sr isotope 

analysis is that it cannot spot allochthonous individuals with similar 87Sr/86Sr signatures 

to the local baseline. The use of other isotopes (e.g., oxygen) might have helped resolve 

this problem, but this type of analysis cannot be performed on cremated individuals. The 

δ13C, δ15N and aDNA analyses were only performed on inhumed human individuals, 

limiting the interpretation of the data, which were not always consistent. Additionally, 

δ13C and δ15N analysis lacked an appropriate baseline due to the absence of faunal remains. 

9.4 Future research  

The current case study has provided the first building block for a reconsideration of the 

Villanovan phenomenon and sets the course for future investigations. The work has 

demonstrated the potential, and here I shall summarise some future opportunities to 

expand this study. A similar cross-disciplinary approach on other Villanovan sites located 

within and outside Etruria (e.g., Verucchio, Tarquinia) and local groups (e.g., Novilara, 

Torre di Palme Picene sites) may contribute to developing a full picture of human mobility 
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in the 1st millennium BCE. These studies may enable theoretical modelling that may allow 

reconstruction of the mode and cause of migration, trying to understand if the push and 

pull factors of mobility were similar in other sites. In tandem, new work may reveal the 

impact human migration had on the Villanovan group as well as the other local groups 

(e.g., Fossa culture and Picene) which entered into contact with incoming Villanovan 

people. 

The main research objective for future studies is to reconstruct mobility and dietary 

models in diverse Villanovan and local sites (exploring who migrated, long/short-distance 

migration, ancestry and kinship) based on a strong chronological framework. This 

objective can be achieved through the construction of a strong chronological framework 

subsequently focusing on mobility and diet. Indeed, just as this dissertation has 

demonstrated that the diachronic analysis of the Fermo cemeteries was essential for 

identifying changes in power dynamics from the beginning of the Villanovan experience, 

from the 9th century BCE to the 7th-6th century BCE, a future application of this model will 

be applied to other sites. For all these sites, 14C analysis, which is rarely employed in 

Italian EIA archaeology, will provide a strong chronological background to be compared 

with the relative chronology. Additionally, in the case of cremated samples, these samples 

will be compared to the 14C analysis of charcoal – previously anthracologically analysed 

– from the same tombs. The study will assess the possible scale of wood-age offsets. 

This thesis has revealed mobility patterns at the site of Fermo and how they relate 

to different periods and sex and age classes. Future work will establish if the other 

Villanovan sites outside Etruria had similar mobility models to Fermo. More specifically, 

those studies will confirm whether or not diverse of migration hit those sites. Additionally, 

this work will focus on determining if potential non-local individuals came from various 

geological regions, just as found at Fermo, identifying whether mixed-component 

colonisations also happened in other sites. The percentage of males and females amongst 

non-local individuals will also be investigated. Finally, since some Villanovan sites 

outside Etruria became Etruscan in historical time (e.g., Bologna, Pontecagnano and 

Capua), a future study could test if those sites behaved differently from Fermo, a site which 
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did not become Etruscan in historical time and which does not present non-local 

individuals in its later phases.  

As this thesis demonstrates, cross-disciplinary approaches have enriched and 

informed the means to interpret the nature of some Villanovan sites. Future work that 

employs similar approaches will contribute significantly to the understanding of the 

impact of migration on 1st millennium BCE groups. Such work can investigate the 

dynamics of social integration during the passage from simple to complex societies and 

thus understand better how socio-political complexity may have depended on more 

socially diverse communities. Applying this type of study to the Villanovan necropolises 

from Etruria (e.g., Tarquinia, Veio) and sites from other cultures (e.g., Picene, Fossa 

culture) will allow us to understand aspects of the mobility patterns of diverse groups.  

The application of aDNA studies has the potential to highlight possible differences 

in ancestry and kinship amongst the individuals analysed. Such data on biological kinship, 

when compared to archaeological data on social information, may clarify other aspects of 

social structures found in the different sites. Those data will elucidate the social 

organisation of the group (e.g., for family groups, groups based on patrilineality or on 

matrilineality) and identify possible affinities with geographically and chronologically 

contemporary groups. Additionally, in the case of nearby sites (e.g., frontier sites such as 

Fermo and Porto Sant’Elpidio), aDNA could potentially trace possible kinship, allowing 

speculation on relationships that are difficult to identify through 87Sr/86Sr analysis. Finally, 

δ13C and δ15N analysis will reveal dietary habits in the diverse sites and allow possible 

comparisons amongst different Villanovan sites and other groups. 

Further research objectives include: a. comparing diverse models to check possible 

similarities and differences in mobility in diverse EIA groups; b. reconstructing possible 

push and pull factors; c. analysing how migration influenced local and incoming groups; 

d. exploring possible benefits of migration for Villanovan and other groups; e. 

reconstructing the osteobiography of migrants. 
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Hence, future studies of prehistoric EIA societies could provide a three-

dimensional reconstruction of past groups. In other words, new work could analyse the 

impact migration had on the single individual, on the community and, more broadly, on 

the socio-political dynamics of the Villanovan and other groups, as expressed in the 

diagram below (Figure 64). 

 

Figure 64: Impact of migration on an individual, community and group scale 

 In conclusion, this dissertation represents the first step of a new approach to 

comprehend human mobility, migration and social integration in emerging Mediterranean 

complex societies. The cross-disciplinary approach has provided a detailed and 

multifaceted picture of the type and mode of human mobility in EIA Italian communities 

for the first time. At the same time, it has revealed three dimensions of prehistoric 

migration: the experience of the person, the experience of the community and the impact 

on the broader group. By evaluating migration as a pivotal aspect in the formation of a 

community, the work has provided a new historical interpretation of the changes in the 

dynamic of power that only partially emerged from the archaeological record. 
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Appendix 1 

aDNA analytic procedures of the samples were performed and elaborated at  the Molecular 

Population Genetics Lab, Smurfit Institute, Trinity College Dublin (Ireland) by Dr Valeria 

Mattiangeli and Emily Breslin as a part of her PhD and are reported as follow. 

Treatment  

Sample processing and analysis were performed by Dr Valeria Mattiangeli and Emily 

Breslin at the Molecular Population Genetics Lab, Smurfit Institute, Trinity College 

Dublin (Ireland), in clean-room facilities exclusively dedicated to this purpose. The aDNA 

treatment was divided into the following steps: 

a. photographing and decontamination by UV exposure of each bone; 

b.  removal of a triangular wedge section of the otic capsule region using a 

PHP35 Maxima diamond wheel saw and pliers and pulverisation in a Mixer Mill MM 400 

(Retsch); 

c. DNA extraction from ~0.1 g of bone powder using a modified protocol as 

described in Boessenkool et al. (2017) and Dabney et al. (2013). 

Double strand NGS Library preparation as described in Meyer & Kirche (2010) 

with modification as described in Gamba et al. (2014). 

Every library was screened on a NovaSeq Illumina platform (S1, 50bp Pair-end) 

at TrinSeq, Trinity College Dublin, Ireland. DNA extracts with human endogenous 

content >10%. Samples >30% were sequenced to ~1X coverage, samples above 10% (only 

3) were sequenced to ~0.6X coverage. Samples were sequenced on a NovaSeq Illumina 

platform (S4, 150pb Pair-end) at Source BioScience, Nottingham, NG8 6PX, United 

Kingdom. 

Data handling 

 Bioinformatics 

DNA sequences were initially analysed with FastQC to identify any issues with 

sequencing. Sequencing adapters were removed and read pairs were collapsed into single 
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reads using AdapterRemoval. Reads were filtered for a minimum length of 34 base pairs. 

Samples were aligned to the human reference genome (hg19/GRCh37) with the 

mitochondrial revised Cambridge Reference Sequence (rCRS) using the Burrows-

Wheeler Aligner, using relaxed parameters (-n 0.01, -o 2, -I 16500) as described in M. 

Meyer et al. (2012). Reads were filtered for PCR duplicates and mapping quality >20. 

Genomic coverage (X) after sequencing was computed using Qualimap v2.1.1 

(Okonechnikov et al., 2015). Sequences from the initial library screening were examined 

for patterns of molecular damage typical of ancient DNA using mapDamage2.0 (Jónsson 

et al., 2013). 

Sex determination  

Sex determination through aDNA analysis has shown to be very reliable, 

particularly when diagnostic morphological traits are not preserved (traits of the skull or 

pelvis) or in the case of subadults individuals. The genetic sex for 23 individuals, namely 

18 adults and five subadults, was determined using the method described by Skoglund et 

al. (2013). The methodology uses large-scale high-throughput shotgun sequencing – a 

technique used for determining the sequence of entire chromosomes and entire genomes. 

It produces random fragments of DNA that are then assembled by computers that order 

fragments by finding overlapping ends. 

The approach interrogates both Y and X chromosomal DNA sequence data. Sex 

assignment is based on the assumption that samples with no evidence for the presence of 

a Y chromosome are denoted ‘female’, and samples with evidence of a Y chromosome 

are denoted ‘male’. The technique is performed by calculating RY, the ratio of reads 

aligning to the Y chromosome to reads aligning to both sex chromosomes (X and Y): 

RY = nY/(nx + nY) 

Only reads with mapping quality ≥ 30 were included. Samples with an upper bound 

of the confidence interval (CI) for Ry below 0.016 were assigned as female (XX), and 

samples with a lower CI bound for Ry of above 0.075 were assigned as male (XY) 

(§7.5.1). 
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Ancestry 

Principal component analysis (PCA) comparing the genetic affinities of the ancient 

Fermo samples to the genetic variation of modern West Eurasian populations was used 

(from the Human Origins dataset (Lazaridis et al., 2014)) in order to identify possible 

differences in ancestry at the site of Fermo. Ancient samples were projected onto a PCA 

plot of the first two principal components of modern West Eurasian genetic variation using 

the smartpca software. This type of analysis can identify possible genetic differences in 

second-generation migrants to avoid limitations of the 87Sr/86Sr analysis approach. 

87Sr/86Sr analysis can indeed catch only first-generation migrants. Additionally, as seen in 

4.3, if the hypothesis of the Eastern origin of Etruscan (and consequently of their 

Villanovan ancestor; § 3.1) is correct, we might be able to catch those differences. 
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Appendix 2 

Preliminary analyses of the skeletal collection from Fermo (Marche), Misericordia 

necropolis: Bonfigli excavation 1956, Brusadin excavation 1956-1957, Alidori 

excavation 1959. Analyses performed at Rome, Museo delle Civiltà, Servizio di 

Bioarcheologia, June 2018-February 2019. 

During my Northern Bridge 6-month placement conducted at of Muciv Museum in Rome 

(March-October), I had the opportunity to learn how to process osteological findings, 

which included washing, labelling and analysing both cremated and inhumed human 

bones. After a period of training on diverse collections from the Museum (Isola Sacra and 

Scanno necropolises), I started the study of the collection of Fermo, the subject of my 

thesis. A summary of the analysis is reported below. 

Tomb 3 

On date 10/11/2018, the skeletal remains from “Tomb 3, scavi Alidori 1959” are analysed. 

Two bags are labelled with the same indication. The division is maintained. At first sight, 

the individual analysed seems poorly represented, and the degree of fragmentation is high. 

FM-MIS-1959 (Alidori), Tomb 3_Bag 1-2, cremation 

MNI: 1 

Sex: F(?) 

Age-at-death: 20+ 

Archaeological phase: IB 

Gender: M 

Taphonomic information:  

Nelle immediate adiacenze delle due tombe ed a soli m. 0.40 di profondità del piano di 

campagna, affiorano numerose pietre disposte quasi a cerchio per uno spessore che varia 

dai 50 ai 60 centimetri. Dato che, tutte le tombe ad incinerazione, scoperte negli anni 

passati erano coperte da una sola pietra, mi fa supporre che detta nuova Tomb 3 possa 

essere a pozzetto ed ho quindi ritenuto necessario far eseguire una fotografia (Vedi pianta 

T. 3). Appena eseguita la fotografia ho cominciato l’apertura, togliendo gradualmente le 

pietre di copertura, che era formata da due file di pietre dallo spessore variante dai cent. 

12 ai 16 mettendo in luce l’urna con la rispettiva ciotola di copertura. Anche in questa 

Tomb, purtroppo a causa del franamento del terreno, sia l’urna che la ciotola sono molto 

inclinate quasi rovesciate (vedi sezione). Tutto intorno all’urna si scopre la solita fascia 

di cenere e carbone per uno spessore di circa 4 cent. 

The degree of fragmentation of bones is very high, with fragments that measure from the 

sub-centimetres to 4 centimetres for long bones. The combustion is not homogenous: this 

is mostly white calcined, grey-bluish-whitish on long bones portion and the skull; chalk 

white on some long bone fragments. The skull is highly fragmented and poorly 

represented. Long bones are poorly represented. The pelvic girdle is poorly represented. 

Vertebrae, hand and foot are not represented. 
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Age-at-death is >20 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009). Sex determination was uncertain due to a lack of diagnostic morphological 

and morphometrical traits, but it was possible to observe gracility of the individual 

analysed. 

Tomb 4 

On 15/01/2019, the skeletal remains from “Tomb 4, scavi Bonfigli 1956” are analysed. At 

first sight, the individual analysed seems poorly represented, and the degree of 

fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 4, cremation 

MNI: 1 

Sex: M(?) 

Age-at-death: 20+ 

Samples: Histology 

Archaeological phase: IIB 

Gender: M 

Taphonomic information: 

 Pozzetto dal diametro di circa cent.60 e dalla profondità di m.0.46. La pietra di copertura 

situata a circa m.120 dal piano di campagna. L’urna si presentava rovesciata sul piano 

sinistro e schiacciata. Sia l’urna che la ciotola di copertura presentano le superfici molto 

corrose e frammentate e nonostante tutte le cautele usate i due vasi sono stati raccolti in 

frammenti alquanto minuti. Nell’interno dell’urna sono stati raccolti pochi oggetti di 

bronzo (corredo funebre) e cioè una fibula con arco a foglia e staffa a disco senza 

ardiglione alquanto deformata. Uno spillone di bronzo lungo cent.7.2 ed un frammento di 

filo di bronzo appartenente forse ad una armilla. Si ha l’impressione che tali oggetti 

abbiano subito l’azione del fuoco. Nel fondo dell’urna sono stati raccolti i resti del 

cremato. L’urna, come la precedente, immessa in uno strato di calce cenere e carbone. 

The degree of fragmentation of bone is very high, with fragments that measure from the 

sub-centimetre to 3-4 centimetres for long bones. The combustion is not homogenous: this 

is mostly white-calcined, a scattered grey-blue-white on tooth roots and the skull 

fragments.  

The skull is highly fragmented and poorly represented. There are 13 tooth roots. Long 

bones are poorly represented. Vertebrae and ribs are poorly represented. The pelvic girdle 

is poorly represented. Hand and foot are poorly represented. 

Age-at-death is >20 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009). Sex determination as male was possible through the observation of 

morphometrical traits according to (Cavazzuti, Bresadola et al., 2019) and the observation 

of diffuse dimorphic robustness of the individual analysed.  
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Tomb 4 

On date 22/01/2018, the skeletal remains from “Tomb 4, scavi Brusadin 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Brusadin), Tomb 4, cremation 

MNI: 1 

Sex: IND 

Age-at-death: 1-5 

Samples: 87Sr/86Sr 

Archaeological phase: IIB 

Gender: F 

Taphonomic information: not available 

The degree of fragmentation of bone is very high, with fragments that range from the sub-

centimetre to 3-4 centimetres for long bones. The combustion is not homogenous: this is 

mostly white-calcined, a scattered grey-blue on teeth and the skull. The skull is highly 

fragmented and poorly represented: temporal bones (right and left petrous bones), parietal 

bones, occipital bone have been recognized. Teeth crowns and roots have been found. 

Long bones are poorly represented: fragments of ulna metaphysis, femoral proximal 

epiphysis, distal epiphysis of the tibia. Vertebrae and spine are poorly represented.  

The observation of dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) allow us to assess an age-at-death around 4-5 years. 

Further notes: 

-M1 crown sampled for 87Sr/86Sr analysis 

-Right petrous bone sampled for 87Sr/86Sr analysis 

Tomb 6 

On date 17/01/2019, the skeletal remains from “Tomb 6, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 6, cremation 

MNI: 1 

Sex: IND 

Age-at-death: 1-5 

Samples: 87Sr/86Sr 

Archaeological phase: IIB 

Gender: IND 

Taphonomic information:  

Pozzetto diametro cent. 58 circa profondità cent.40 . Pietra di copertura spezzata in 

quattro frammenti rinvenuta alla profondità di m.1.52 dal piano di campagna : sia l’urna 

che la ciotola di copertura (da notare che quest’ultima a differenza delle precedenti, era 
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stata collocata sopra l’urna diritta e non capovolta) si presentavano in frammenti (vedi 

schizzo allegato): onde evitare ulteriori danni si procedette allo svuotamento del pozzetto 

in senso frontale mediante una trincea.Il corredo funebre era costituito da una fibuletta a 

sanguisuga intatta lunga cent.3.2 e da alcuni anellini di bronzo. Sul fondo i resti del 

cremato.Anche questa come le precedenti il solito strato di calce con cenere e carbone. 

The degree of bone fragmentation is very high, with fragments that range from the sub- 

centimetre to 2-3 centimetres for long bones. The combustion is not homogenous: this is 

mostly white-calcined, a scattered grey-blue rare on ribs, vertebrae and the skull 

fragments. The skull is poorly represented: parietal bones, temporal bone (right petrous 

bone). The mandible, maxilla and some teeth crown (URI2 and UC shaped for ¼) are 

represented. Long bones are poorly represented: radius metaphysis, a fragment of ulna 

metaphysis, proximal epiphysis of the femur (not fused) and tibia fragments are 

recognized. Various vertebrae have been identified: cervical vertebrae and other fragments 

of vertebrae not better recognized. Spine fragments have been found. The pelvic girdle is 

poorly represented. Hand and foot are poorly represented. 

The observation of the dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) allows us to estimate an age-at-death of 3-4 years-of-

age and confirmed by the bone fusion in the atlas and axis vertebrae (<5.6) (Schaefer et 

al., 2009).  

Further notes: 

- M1 crown sampled for 87Sr/86Sr analysis 

- Right petrous bone sampled for 87Sr/86Sr analysis 

Tomb 6 

On date 17/01/2019, the skeletal remains from “Tomb 6” are analysed. This Tomb might 

correspond to “Tomb 6, 1959 (Alidori)”.  

The MNI is two. It will follow a description of bones that are not attributed. The degree 

of fragmentation of bone is very high, with fragments that range from the sub-centimetre 

to a bigger dimension. The combustion is homogenous with widespread white-calcined 

colour.  

The skull is poorly represented with small fragments of the frontal bone, parietal bones 

and occipital bone. Long bones are poorly represented: proximal epiphysis and metaphysis 

of humerus, metaphysis of radius, femur, metaphysis of tibia. Some fragments of the 

vertebrae and spine are represented. The pelvic girdle is poorly represented. Hand and foot 

are poorly represented. 

FM-MIS-1959 (?) (Alidori), Tomb 6, cremation 

MNI: 2 

Individual: 1 

Sex: IND 

Age-at-death:1-5 

Samples: 87Sr/86Sr 

Archaeological phase: IND 
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Gender: IND 

Taphonomic information:  

Anche questa tomba si presenta come le altre con la solita pietra di copertura. L’urna si 

presenta anch’essa inclinata in molti frammenti, con la ciotola i copertura completa ma 

in frammenti, molto bella e decorata (vedi schizzo). Presenta le stesse caratteristiche delle 

precedenti, con il solito strato di cenere e carbone all’esterno. (Eseguita la foto).  

Il corredo, molto povero consiste in: 

Armilla di filo di bronzo molto contorto 

Fibuletta ad arco ingrossato completa 

Alcuni frammenti di filo di bronzo 

Individual 1 is represented by some fragments of the skull, teeth and long bone. It has been 

possible to recognize portions of the temporal bones (right and left petrous bones); 

amongst the tooth crowns and tooth roots are identified fragments URP3, URI1, ULI1, 

ULM1. The portion of the long bone is attributed to the proximal femur epiphysis.  

The observation of the dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) and the epiphyseal closure of the femur (Schaefer et 

al., 2009) allow us to assess an age-at-death of 3-4. 

Further notes: 

- M1 crown sampled for 87Sr/86Sr analysis 

- Right petrous bone sampled for 87Sr/86Sr analysis 

FM-MIS-1959 (?) (Alidori) Tomb 6, cremation 

MNI: 2 

Individual: 2 

Sex: IND 

Age-at-death: 1-5 

Samples: 87Sr/86Sr  

Archaeological phase: IND 

Gender: IND 

Taphonomic information: see above 

Individual 2 is represented by some fragments of the skull, teeth and long bones. It has 

been possible to recognize portions of temporal bones (right and left petrous bones); 

amongst the crowns and roots, fragments are recognized URP3, URC, URI2, ULI2, ULP3, 

ULM1, LRM1, LRP3, LRI2, LLP3, LLP4, LLM1, LLM2. A portion of the proximal 

femur epiphysis is recognised.  

The observation of the dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) and the epiphyseal closure of the femur (Schaefer et 

al., 2009) allow us to assess an age-at-death roughly 5 years.  
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Tomb 7 

On date 7/11/2018, the skeletal remains from “Tomb 7, scavi Bonfigli 1956” are analysed. 

At first sight, the individual analysed seems poorly represented, and the degree of 

fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 7, cremation 

MNI: 1 

Sex: M 

Age-at-death: 20+  

Samples: TCA (tooth cementum annulation), Histology 

Archaeological phase: IIB 

Gender: F(?) 

Taphonomic information:  

Pozzetto: diametro m.065 circa Profondità m.0.42 circa. A m.1.30 dal piano di campagna 

è stata rinvenuta una Tomb a pozzetto senza copertura di pietra. L’urna con la relativa 

ciotola di copertura era adagiata su di un piano, i fittili si presentavano meno frammentati 

che negli altri casi. Il corredo era costituito da bronzi e vasi fittili, questi ultimi erano stati 

collocati al di fuori dell’urna. Gli oggetti di bronzo invece si trovavano nell’interno della 

medesima sopra i resti del cremato: essi consistono in una fibula a sanguisuga con staffa 

corta lunga cent. 4; di un’armilla in filo di bronzo a tre spire, deformata lunga cent.5.5 e 

di un anellino di bronzo del diametro di cent.1.4. Da notare che sul fondo e nei lati 

inferiori del pozzetto mancava il solito strato di calce cenere e carboncini. 

The degree of fragmentation of bones is very high, with fragments that range from the 

sub-centimetre to 7.5 centimetres for long bones. The combustion is not homogenous: this 

is mostly white calcined, grey-blue-white on long bones. The skull is averagely 

represented: there are portions of the parietal bones. Mandible and maxilla fragments are 

represented. The pelvic girdle is poorly represented: fragments of the ilium, ischium and 

pubis have been identified. Vertebrae are poorly represented. Hand and foot are 

represented by some fragments of metacarpus and hand phalanges, talus, navicular and 

first metatarsus.  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). Sex determination as male was possible through morphometrical traits of the 

axis, talus and first metatarsus, according to (Cavazzuti, Bresadola et al., 2019) and the 

observation of diffuse dimorphic robustness of the individual analysed. 

Sex based on morphometric traits (axis, talus and first metatarsus) and robustness. Age-

at-death based on the epiphyseal closure of skeletal elements 

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Root sampled for TCA 
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Tomb 7 

On date 10/11/2018, the skeletal remains from “Tomb 7, scavi Brusadin 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Brusadin), Tomb 7, inhumation 

MNI: 1 

Sex: M 

Age-at-death: 20-40 

Samples: sampled 87Sr/86Sr, δ13C, δ15N, aDNA 

Archaeological phase: IIB 

Gender: M 

Taphonomic information:  

Sepoltura di un individuo (guerriero). Piano di posa a centimetri 35 dal piano stradale. 

Lo scheletro, in discreto stato di conservazione, misurava m 1,70 ed era ricoperto da uno 

strato di ghiaia di centimetri 15. 

The skeletal portions are divided into major districts.  

Skull: frontal bone fragments, parietal bones portions, temporal bone portions (left 

mastoid process and left petrous bone), occipital bone fragments. 

Teeth: URP3, URP4, URM1, URM2, URM3, ULP4, ULM1, ULM2, LRP3, LRP4, 

LRM1, LRM2, LLP4, LLM1, LLM2.  

Upper limb: right humerus portions. 

Lower limb: right femur, right diaphysis tibia; left femur, left diaphysis tibia.  

Age-at-death 20-30 years is based on the tooth crowns wear pattern (Lovejoy, 1985) and 

and oral disease (ante-mortem tooth loss –AMTL) (Hillson, 2008). Determination of sex 

as male is based on dimorphic features of the skull (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994) and robustness of the long bones. 

Further notes: 

- M1 crown sampled for 87Sr/86Sr analysis 

- Right petrous bone sampled for aDNA 

Tomb 9 

On date 22/01/2019, the skeletal remains from “Tomb 9, 1956” are analysed. This Tomb 

might correspond to “Tomb 9, scavi Bonfigli 1956: Tomb 9 Brusadin is an inhumation, 

whereas “Tomb 9, scavi Alidori 1959” was attributed to another bag. At first sight, the 

individual analysed seems poorly represented, and the degree of fragmentation is high. 

FM-MIS-1956 (Bonfigli) Tomb 9, cremation 
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MNI: 1 

Sex: IND  

Age-at-death: 20+ 

Samples: 87Sr/86Sr 

Gender: F  

Archaeological phase: IND 

Taphonomic information:  

A soli 70 cent. Di distanza dalla tomba N°8 alla profondità di m.1.50 dal piano di 

campagna ed a pochi centimetri dal piano della nuova strada è stata rinvenuta una nuova 

tomba a pozzetto ad incinerazione dal diametro di m.0.47 circa e profondo m.0.58. detta 

tomba è ricoperta da una grande pietra ovoidale dalle misure di circa m.0.85x0.48 che si 

presentava inclinata e scivolata come si è verificato nelle precedenti tombe. 

Sia l’urna che la ciotola di copertura sono molto frammentate ma complete. Tutti i 

frammenti sono stati raccolti. 

Nell’interno oltre ai resti del cremato sono stati rinvenuti i seguenti oggetti del corredo: 

1) Una fusaruola conica 

2) Una fibula a sanguisuga intera da cent.6 

3) Una “ “  “  solo arco 

4) Frammenti di una fibula piccola con infilati nell’arco nuclei di ambra 

5) Alcuni frammenti di filo di bronzo eventualmente appartenenti ad armilla 

Anche in questo pozzetto il solito strato di calce cenere e carboncini. 

The degree of fragmentation of bones is very high, with fragments that range from the 

sub-centimetre to roughly 5 centimetres for long bones. The combustion is homogenous: 

this is white calcined. The skull is averagely represented: parietal bones, temporal bones 

(right petrous bone), occipital bone fragments. The long bones are poorly represented: 

proximal epiphysis and metaphysis of humerus, metaphysis of radio, metaphysis of femur 

characterized by very robust linea aspera, metaphysis of tibia. Vertebrae are poorly 

represented by some fragments of cervical and thoracic vertebrae. The pelvic girdle is 

poorly represented. Hand and foot are represented by some fragments of carpus and tarsus 

bones and hand and foot phalanges.  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). The diagnosis of sex is indeterminate: the morphometrical traits of the axis are 

typical of males (Cavazzuti, Bresadola et al., 2019), whereas the observation of a diffuse 

dimorphic frailness and morphometrical traits of hand and foot bones are more feminine. 

Further notes: 

- Right petrous bone sampled for 87Sr/86Sr analysis  
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Tomb 9 

On date 22/01/2019, “Tomb 9, scavi Alidori 1959” is analysed. At first sight, the 

individual analysed seems poorly represented, and the degree of fragmentation is high. 

FM-MIS-1956 (Alidori) Tomb 9, cremation 

MNI: 1 

Sex: F  

Age-at-death: 20+ 

Samples: 87Sr/86Sr 

Archaeological phase: IND 

Gender: IND 

Taphonomic information:  

Questa tomba si è completamente schiacciata per il peso della grande pietra di 

copertura e per lo scivolamento del terreno, con un dislivello di circa centimetri 35. 

Sia l’urna, che la ciotola, di conseguenza si presentano molto frammentate (vedi 

schizzo). Il materiale viene tutto recuperato compreso il corredo consistente in alcuni 

frammenti di un’armilla di filo di bronzo. Il fondo del pozzetto si raggiunge a circa m. 

140 dal piano di campagna. Anche in questa, il solito strato di cenere e carbone. 

The degree of fragmentation of bones is very high, with fragments which range from the 

sub-centimetre to roughly 2-3 centimetres for long bones. The combustion is homogenous: 

this is white calcined. The skull is poorly represented: frontal bone, parietal bones, 

temporal bones (right petrous bone and left petrous bone) fragments. The long bones are 

poorly represented: proximal epiphysis of humerus, patella portion, metaphysis of tibia. 

Vertebrae are poorly represented. The pelvic girdle is poorly represented: it was possible 

to recognize the ilium, ischium and pubis fragments. Hand and foot are represented by 

some fragments of tarsus bones and hand and foot phalanges.  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). Sex determination as a female was possible through morphometrical traits of 

the axis, talus and first metatarsus (Cavazzuti, Bresadola et al., 2019) and the observation 

of a diffuse dimorphic frailness of the individual analysed. 

Further notes: 

- Right petrous bone sampled for 87Sr/86Sr analysis 

Tomb 11 

On date 9/11/2018, the skeletal remains from “Tomb 11, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli) Tomb 11, cremation 

MNI: 1 

Sex: F  

Age-at-death: 40+  
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Samples: Histology, TCA 

Archaeological phase: II 

Gender: F 

Taphonomic information:  

A soli m.0.48 dal piano di campagna sono state rinvenute 3 pietre di copertura dalle 

diverse dimensioni una di tufo di m.0.65x0.58, una di pietra arenaria di m.0.65x0.50 e la 

più piccola di m.0.30x0.20 anch’esse si presentavano inclinate in direzione della parte 

più bassa del terreno (verso la ferrovia). Tolte le pietre si è scoperta una Tomb ad 

incinerazione a pozzetto del diametro di circa m.0.68 e prof. cent. 53 con l’urna e relativa 

ciotola di copertura frammentata 8 una in condizioni leggermente migliori delle 

precedenti) e un corredo fittile a fianco dell’urna. A differenza delle altre tombe il corredo 

era suddiviso, una parte fittile e bronzea nell’esterno ed una parte nell’interno sopra i 

resti del cremato. Quello esterno si presenta in buone condizioni, mentre quello interno, 

contorto ed irriconoscibile, avendo evidentemente subito l’azione del fuoco. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 2-3 centimetres for long bones. The combustion is homogenous: 

this is white calcined. The skull is poorly represented: parietal bones fragments. There are 

portions of the mandible (mandibular condyle) and maxilla. Long bones are poorly 

represented. Vertebrae and thorax are poorly represented. The pelvic girdle is poorly 

represented by fragments of the ilium (auricular surface and iliac crest). Hand and foot are 

poorly represented.  

Age-at-death is >40 years based on the observations of osteophyte on the ilium region and 

degenerative changes of the auricular surface of the ilium (Lovejoy et al., 1985). Sex 

determination as a female was possible through morphometrical traits of humerus, 

according to (Cavazzuti, Bresadola et al., 2019), and on the observations of dimorphic 

features of the preauricular sulcus (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 

1994). However, the measurement of the mandibular condyle is into male ranges.  

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Root sampled for TCA 

Tomb 13 

On date 17/10/2018, the skeletal remain from “Tomb 13, scavi Alidori 1959” are analysed. 

At first sight, the individual analysed seems poorly represented, and the degree of 

fragmentation is high. 

FM-MIS-1959 (Alidori), Tomb 13, cremation 

MNI: 1 

Sex: IND 

Age-at-death: 30+ 

Samples: Histology 

Archaeological phase: IB 

Gender: M 
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Taphonomic information:  

Come tutte le altre tombe ad incinerazione, anche questa si rinviene inclinata, sia la 

ciotola di copertura che l’urna sono decorate e belle sono ambedue in frammenti 

abbastanza grandi che vengono tutti recuperati. La ciotola è messa a coperchio a 

differenza di tutte le altre rinvenute che erano messe a piatto. Anche qui il solito strato di 

cenere e carbone (vedi schizzo). 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 7.5 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-whitish-bluish on fragments of hand and foot, chalk-

white on the skull and the metaphysis of the femur. The skull is very fragmented and 

poorly represented: fragments of parietals bones, temporal bone (left mastoid process), 

occipital bone. There are portions of maxilla and mandible. All long bones are 

documented, except for the fibula. Vertebrae are averagely represented by fragments of 

cervical, thoracic and lumbar vertebrae. Thorax is poorly represented by fragments of ribs 

and scapula. The pelvic girdle is poorly represented by the ilium portions (iliac crest and 

auricular surface) and ischium fragments. Hand and foot are poorly represented: tarsal 

bones (talus fragments), carpal bones (lunate bone) and metacarpus and metatarsus bones.  

Age-at-death is >30 years based on an observation of osteoarthritis lesions on the 

vertebrae. The diagnosis of sex is indeterminate: the observations of dimorphic features 

of the preauricular sulcus (female morphology) are in contrast with dimorphic features of 

the mastoid process (male morphology) (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994). 

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Root sampled for TCA 

Tomb 16 

On date 30/10/2018, “Tomb 16, scavi Bonfigli 1956” is analysed. At first sight, the 

individual analysed seems poorly represented. 

 

FM-MIS-1955 (Bonfigli), Tomb 16, inhumation 

MNI: 1 

Sex: IND 

Age-at-death: 20+ 

Samples: 87Sr/86Sr, aDNA 

Archaeological phase: IIC 

Gender: F 

Taphonomic information:  

Proseguendo lo scavo in profondità a m.1.09 e m.1.32 dal piano di campagna si rinviene 

una tomba di grandi proporzioni con ricco corredo di fittili e bronzi. Anche questa tomba 

si trova leggermente scivolata verso la ferrovia, lo scheletro si presentava in discrete 

condizioni di conservazione, tranne il cranio leggermente incastonato nel torace. Il 
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corredo fittile disposto in due gruppi uno ai piedi dalla parte destra composto da un 

numero imprecisato di vasi date le condizioni frammentate di essi; il secondo gruppo 

disposto nella parte sinistra dalla testa fino al fianco anche questo nelle identiche 

condizioni del primo. Si è potuto recuperare un solo vasetto con ansa, intero. 

The skeletal remains are portions and fragments of the skull. It was possible to recognize: 

fragments of the frontal bone, portions of the temporal bone (right mastoid process and 

right petrous bone), portions of parietal bones.  

Age-at-death based on the morphological features and the degree of development of the 

skull bones (Schaefer et al., 2009). The diagnosis of sex is indeterminate due to both the 

poor preservation state of the individual and the intermediate dimorphic features of the 

pars orbitalis (frontal bone) and mastoid process.  

Further notes: 

-Right petrous bone sampled for 87Sr/86Sr analysis and aDNA 

- It was possible to identify a right portion of pars orbitalis (frontal bone) incompatible 

with the individual mainly represented. Possible stratigraphic contamination. 

Tomb 17A 

On date 16/10/2018, the skeletal remains from “Tomb 17A, scavi Alidori 1959” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is very high. 

FM-MIS-1959 (Alidori), Tomb 17A, cremation 

MNI: 1 

Sex: F 

Age-at-death: 20+ 

Samples: Histology  

Archaeological phase: IB 

Gender: F 

Taphonomic information:  

Recuperata l’urna cineraria in frammenti, il corredo consiste in: una fibula in bronzo 

armilla di bronzo in frammenti. Fusaiola di terracotta. Profondità della Tomb 0.85.The 

degree of fragmentation of bones is high with fragments which range from the sub-

centimetre to roughly 2-3 centimetres for long bones. The combustion is homogenous: 

this is white calcined.  

The skull is very fragmented and poorly represented: fragments of parietals bones, 

portions of the mandible. All long bones are documented, except for the fibula. Vertebrae 

are averagely represented by fragments of cervical, thoracic and lumbar vertebrae. The 

pelvic girdle is poorly represented. Hand and foot are poorly represented: tarsal bones 

(talus fragments), hand and foot phalanges.  

Age-at-death is >20 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009). Sex determination as a female was possible through the observation of diffuse 

dimorphic frailness of the individual analysed. 
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Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology. 

 

Tomb 18 

On date 9/11/2018, the skeletal remains from “Tomb 18, 1956 (?)” are analysed. At first 

sight, the individual analysed seems poorly represented, and the degree of fragmentation 

is medium. 

FM-MIS-1956 (?), Tomb 18, cremation 

MNI: 1 

Sex: M(?) 

Age-at-death: 30+ 

Samples: Histology, TCA 

Archaeological phase: (?) 

Gender: M 

Taphonomic information: (?) 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 6 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-whitish-bluish on fragments of humerus and femur. 

The skull is averagely represented: portions of temporal bones, parietal bones, occipital 

bone and portions of the mandible. Long bones are poorly represented, and the fibula is 

not identified. Vertebrae and thorax are poorly represented. The pelvic girdle is poorly 

represented: it was possible recognized portions of the ilium (iliac crest) and pubis (pubic 

symphysis). Hand and foot are poorly represented.  

The age-at-death is >30 years based on the observation of osteoarthritis lesions on 

vertebrae. Sex determination as male was possible through morphometrical traits of first 

metatarsus, according to (Cavazzuti, Bresadola et al., 2019) and the observation of diffuse 

dimorphic robustness of the individual analysed.  

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 20 

On date 25/10/2018, “Tomb 20, scavi Bonfigli 1956” is analysed. At first sight, the 

individual analysed seems poorly represented, and the degree of fragmentation is medium-

low. 

FM-MIS-1956 (Bonfigli), Tomb 20, cremation 

MNI: 1 

Sex: M  

Age-at-death: 30+  



296 

 

Samples: 87Sr/86Sr, Histology 

Archaeological phase: IIA 

Gender: M/F(?) 

Taphonomic information:  

A metri 1.20 circa dal piano di campagna si rinviene una Tomb a pozzetto del diametro 

di m. 0.42 e profondo circa m. 0.50. Anche questa presenta le identiche caratteristiche 

delle precedenti, con l’urna e la ciotola di copertura in frammenti. Sul piano destro 

all’altezza dell’ansa dell’urna si rinviene un vasetto fittile anch’esso in frammenti. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 6.3 centimetres for long bones. The combustion is homogenous: this 

is mostly white calcined. The skull is averagely represented by fragments of frontal bone 

(pars orbitalis), temporal bones (right petrous bone), zygomatic bone portions, fragments 

of the occipital bone, portion of the mandible (right ramus of mandible). All long bones 

are represented, except fibula. Vertebrae are averagely represented (cervical, thoracic and 

lumbar fragments). The pelvic girdle is poorly represented (ilium, ischium and pubis 

portions). Hand and foot are poorly represented: metacarpus bones, tarsal bones 

(fragments of calcaneus, trapezoid, navicular), metatarsus bones, hand and foot phalanges.  

Age-at-death is >30 years based on the observations of osteoarthritis lesions on vertebrae 

(especially documented on the axis). Sex determination as a male was possible through 

morphometrical traits of the first metatarsus, according to (Cavazzuti, Bresadola et al., 

2019), and the observation of dimorphic features in the skull (frontal bone) and the diffuse 

dimorphic robustness of the individual analysed.  

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

Tomb 22 

On date 2/11/2018, the skeletal remains from “Tomb 22, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 22, cremation 

MNI: 1 

Sex: F(?) 

Age-at-death: 20-40 

Samples: 87Sr/86Sr, TCA, Histology 

Archaeological phase: II(?) 

Gender: M(?) 

Taphonomic information:  

Questa tomba (22a) si presenta come le altre nelle medesime condizioni, l’urna e la 

ciotola ripiegate sempre nel fianco sinistro ed in frammenti più o meno grandi. Anche in 

questa si presenta il corredo fittile a fianco dell’urna tra cui si è recuperata una ciotoletta 

biansata intera. Sul fondo dell’urna oltre ai resti del cremato. 
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The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 6.5 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-whitish-bluish on fragments of skull, vertebrae and 

radius.  

The skull is poorly represented. All long bones are poorly represented. Vertebrae and 

thorax are poorly represented. The pelvic girdle is poorly represented by ilium and ischium 

portions. Hand and foot are poorly represented.  

Age-at-death is 20-30 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009) and the absence of any degenerative bone process. Sex determination as a 

female was possible through some morphometrical traits, according to (Cavazzuti, 

Bresadola et al., 2019) and on the observation of a diffuse dimorphic frailness of the 

individual analysed. 

Further notes: 

- M3 crown sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 22 

On date 19/10/2018, the skeletal remains “Tomb 22, scavi Alidori 1959” is analysed. At 

first sight, the individual analysed seems goodly represented, and the degree of 

fragmentation is medium-low. 

FM-MIS-1959 (Alidori), Tomb 22, cremation 

MNI: 1 

Sex: M 

Age-at-death: 30+ 

Samples: 87Sr/86Sr, TCA, Histology 

aDNA: not available 

Archaeological phase: II  

Gender: M  

Taphonomic information:  

Come accennato nella tomba numero 17 il gruppo di pietre disposto quasi a cerchio 

appartengono alla tomba 22. Questa si presenta di fatti ben formata (vedi schizzi allegati) 

con delle pietre dalle diverse misure e dimensioni. Detto pozzetto misura infatti m. 1.70x 

1.45 circa metri l’altezza è di m. 0.95. si eseguono alcune fotografie. Si procede quindi 

all’apertura della tomba togliendo le pietre di copertura. La tomba internamente misura 

m. 0.69x0.49 circa. Nell’interno si mette in luce l’urna cineraria molto inclinata ed in 

frammenti che vengono tutti recuperati. Sotto detta urna si recupera una spada di ferro 

con fodero di bronzo, frammenti di bronzo ed osso appartenenti alla stessa spada. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 14 centimetres for long bones. The combustion is homogenous: this 

is white calcined. Some elements of long bones showed greyish-bluish-whitish chromatic 

alteration. The skull is averagely represented: it was possible to recognize fragments of 

the frontal bone, fragments of the parietal bone, portions of the temporal bone (right 
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petrous bone and left mastoid process). There are fragments of the maxilla and the 

mandible (mandibular condyle). The shoulder girdle is represented by fragments of the 

scapula and clavicle. All long bones are represented. Vertebrae are poorly represented 

(fragments of cervical, thoracic and lumbar vertebrae). The pelvic girdle is represented by 

portions of ilium, ischium and pubis. Hand and foot are poorly represented: metacarpus 

bones, talus, metatarsus bones, hand and foot phalanges fragments.  

Age-at-death is >30 years based on the presence of osteophytes on the femur metaphysis 

surface. Sex determination as a male was possible through morphometrical traits of 

mandibular condyle humerus, talus, according to (Cavazzuti, Bresadola et al., 2019) and 

the observation of diffuse dimorphic robustness of the individual analysed.  

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 23 

On date 9/11/2018, the skeletal remains from “Tomb 23, 1956 (?)” are analysed. At first 

sight, the individual analysed seems averagely represented, and the degree of 

fragmentation is medium. 

FM-MIS-1956 (?), Tomb 23, cremation 

MNI: 1 

Sex: M 

Age-at-death: 20+ 

Samples: TCA, Histology 

Archaeological phase: IND 

Gender: IND 

Taphonomic information: (?) 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 6-7 centimetres for long bones. The combustion is homogenous: 

this is white calcined. The skull is averagely represented: fragments and portions of the 

frontal bone, parietal bones, temporal bones (left petrous bone), portions of the left and 

right mandible. Long bones are averagely represented. Vertebrae and thorax are averagely 

represented. The pelvic girdle is poorly represented by portions of the ilium (acetabulum), 

ischium and pubis. Hand and foot are poorly represented: fragments of metacarpus and 

metatarsus bones, hand and foot phalanges.  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). Sex determination as male was possible through morphometrical traits, 

according to (Cavazzuti, Bresadola et al., 2019) and the observation of diffuse dimorphic 

robustness of the individual analysed.  

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 
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- Tooth root sampled for TCA 

 

Tomb 27 

On date 23/10/2018, the skeletal remains from “Tomb 27, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 27, cremation 

MNI: 1 

Sex: IND 

Age-at-death: 20+  

Samples: not available 

Archaeological phase: IB-IIA  

Gender: F  

Taphonomic information:  

Allo stesso livello della tomba precedente (n 26) si rinviene la tomba a pozzetto identica 

e nelle medesime condizioni della prec. Sia la ciotola di copertura che l’urna si 

presenta in frammenti abbastanza grandi e sia l’una che l’altra sono finemente 

decorate con incisioni.  

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to 2-3 around centimetres for long bones. The combustion is homogenous: this 

is white calcined. The skull is poorly represented by some very small fragments. Long 

bones are poorly represented. The pelvic girdle is poorly represented by some very small 

fragments. Hand and foot are poorly represented by fragments of hand and foot phalanges.  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). The diagnosis of sex is indeterminate due to the poor preservation state of the 

individual. 

Further notes: 

- To be considered for 87Sr/86Sr analysis 

Tomb 29 

On date 31/10/2018, the skeletal remains from “Tomb 29, scavi Alidori 1959” are 

analysed. At first sight, the individual analysed seems averagely represented, and the 

degree of fragmentation is high. 

FM-MIS-1959 (Alidori), Tomb 29, cremation 

MNI: 1 

Sex: F 

Age-at-death: 20-40  

Samples: 87Sr/86Sr, Histology 

Archaeological phase: IND 

Gender: F  

Taphonomic information:  
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Questa tomba presenta le stesse caratteristiche delle precedenti, tolta la grande pietra si 

è messa subito in luce la ciotola di copertura e l’urna. A differenza di tutte quelle rinvenute 

in questa campagna di scavo questa è l’unica di cui l’urna si trova in posizione normale, 

cioè verticale e altro particolare interessante, la tomba è molto asciutta. Si incomincia il 

recupero del materiale, che si delinea, già dai primi frammenti, in ottimo stato e in grandi 

frammenti (vedi pianta). 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 10 centimetres for long bones. The combustion is homogenous: this 

is white calcined. Some elements of the skull showed greyish-bluish chromatic alteration.  

The skull is averagely represented: fragments of the frontal bone, parietal bones, portions 

of temporal bones (right petrous bone and left mastoid process), fragments of the 

mandible. Long bones are averagely represented. Vertebrae are poorly represented 

(cervical, thoracic and lumbar vertebrae). Thorax is poorly represented: distal epiphysis 

of the sternum, fragments of the clavicle, fragments of the scapula. The pelvic girdle is 

poorly represented by ilium fragments (iliac crest, auricular surface), fragments of 

ischium, portions of pubis (pubic symphysis). Hand and foot are poorly represented by 

metacarpus bones, tarsus bones (fragments of right and left navicular, talus and calcaneus), 

metatarsus bones, hand and foot phalanges.  

Age-at-death is 20-40 years based on the observation of pubic symphysis modification in 

adult, according to Walker in Buikstra and Ubelaker (1994). Sex determination as a female 

was possible through morphometrical traits on mastoid process, radius, patella, according 

to (Cavazzuti, Bresadola et al., 2019) and on the observations of dimorphic features of 

mastoid process, pubic symphysis, preauricular sulcus (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994).  

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

Tomb 32 

On date 18/10/2018, the skeletal remains from “Tomb 32, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems averagely represented and the 

degree of fragmentation is medium-high. 

FM-MIS-1956 (Bonfigli), Tomb 32, cremation 

MNI: 1 

Sex: M 

Age-at-death: 30+ 

Samples: TCA 

Archaeological phase: IB-IIA  

Gender: M  

Taphonomic information:  

A metri 0.85 dal piano di campagna si rinviene una tomba a pozzetto dal diametro di m 

0.48 e profondo cent. 63 ricoperta come le altre da una pietra arenaria dalle forme 
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irregolare. Sia l’urna che la ciotola di copertura sono sempre nelle identiche condizioni 

della precedente cioè ridotte a frammenti più o meno grandi. Sul fondo dell’urna oltre ai 

resti del cremato si rinvenne alcuni frammenti di bronzo. Anche in questa tomba il solito 

strato di calce cenere e carboncini. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 10 centimetres for long bones. The combustion is homogenous: this 

is white calcined. The skull is averagely represented: portions of the frontal bone, parietal 

bones, temporal bone (right mastoid process), portions of the mandible. All long bones are 

represented. Vertebrae are poorly represented. Thorax is poorly represented by some 

fragments of ribs. The pelvic girdle is poorly represented by portions of the ilium. Hand 

and foot are poorly represented: metacarpus bones, carpus bones (fragments of talus and 

calcaneus), metatarsus bones, hand and foot phalanges.  

Age-at-death is >30 years based on the presence of osteophytes on the femur metaphysis 

surface. Sex determination as male was possible through morphometrical traits of 

mandibular condyle radius, according to (Cavazzuti, Bresadola et al., 2019) and the 

observation of diffuse dimorphic robustness of the individual analysed.  

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Tooth root sampled for TCA 

Tomb 34 

On date 11/10/2018, the skeletal remains from “Tomb 34, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 34, cremation 

MNI: 1 

Sex: F 

Age-at-death: 20-40  

Samples: 87Sr/86Sr  

Archaeological phase: IB-IIA  

Gender: F  

Taphonomic information:  

A metri 0.78 circa dal piano di campagna si riviene una nuova tomba a pozzetto ricoperta 

da una grande pietra di forma irregolare (ovoidale) dalle misure di 1.10 x 0.55 con altre 

due pietre più piccole nella parte più lunga. Rimossa la pietra a differenza delle altre 

tombe che si rinvennero quasi a contatto della pietra sia l’urna che la ciotola di copertura 

sono state rinvenute alla profondità di 0.25 cm circa a causa del franamento del terreno, 

infatti sia la ciotola che l’urna sono talmente inclinate (circa a 45 gradi) che i frammenti 

sono ridotti a pochi e piccolissimi e il recupero si presenta alquanto problematico.  

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 6 centimetres for long bones. The combustion is homogenous: this 

is white calcined, greyish-bluish on portions of the mandible and long bones. The skull is 

averagely represented: fragments of parietal bones, portions of temporal bones (right and 
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left petrous bone, left mastoid process), occipital bones and portions of the mandible. All 

long bones are represented, except fibula. The thorax is poorly represented: fragments of 

ribs and scapula. Only thoracic vertebrae are represented. The pelvic girdle is poorly 

represented by portions of the ilium, acetabulum and auricular surface. Hand and foot are 

poorly represented: lunate bone, metacarpus bones and metatarsus bones.  

Age-at-death is 20-40 years based on degenerative changes of the auricular surface of the 

ilium (Lovejoy et al., 1985). Sex determination as a female was possible through the 

observation of dimorphic features of the mastoid process and preauricular sulcus (Acsádi 

and Nemeskeri, 1970; Buikstra and Ubelaker, 1994). 

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

Tomb 36 

On date 26/10/2018, the skeletal tìremains from “Tomb 36, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems goodly represented, and the degree 

of fragmentation is low.  

FM-MIS-1956 (Bonfigli), Tomb 36, cremation 

MNI: 1 

Sex: M(?) 

Age-at-death: 40+ 

Samples: 87Sr/86Sr, Histology 

Archaeological phase: I  

Gender: F  

Taphonomic information:  

A metri 0.52 dal piano di campagna si rinviene una tomba a pozzetto ricoperta da una 

pietra di forma irregolare dalle misure di 0.50x0.46 circa. Rimossa detta pietra, ad 

una quindicina di centimetri di profondità si scorgono i primi frammenti della ciotola 

di copertura e quindi dell’urna. In questa tomba inclinata come le precedenti i 

frammenti sono molto più grandi ed in buone condizioni. Sia la ciotola che l’urna sono 

finemente incise. Si è praticato come in tutte le altre l’apertura frontale per non 

provocare ulteriori danni. Nell’interno dell’urna oltre ai resti del cremato si 

rinvengono i seguenti oggetti del corredo funebre. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 5 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined and chalk-white. The skull is averagely represented: it was 

possible to recognize portions of frontal bones (pars orbitalis), parietals bones, zygomatic 

bones fragments. There are portions of the maxilla and the mandible. Teeth are represented 

by some fragments of roots. Long bones are averagely represented. Vertebrae and thorax 

are averagely represented (cervical and thoracic vertebrae); the pelvic girdle is poorly 

represented: it was possible to identify some fragments of ilium, ischium and os sacrum. 

Hand and foot are averagely represented (metacarpus bones, metatarsus bones, talus, 

calcaneus, hand and foot phalanges). 
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Age-at-death is >40 years-of-age based on the observation of osteophytes lesion on the 

vertebrae bodies. Sex determination as a probable male is based on the observation of 

morphometrical traits of mandibular condyle according to (Cavazzuti, Bresadola et al., 

2019). In contrast, the observation of a diffuse dimorphic frailness is more typical of 

female individuals.  

Further notes: 

- Right petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

Tomb 37 

On date 26/10/2018, the skeletal remains from “Tomb 37, scavi Bonfigli 1956” are 

analysed. However, tomb 37 is classified as an inhumation in the excavations' journal.  

Therefore, this cremation could be Tomb 37, scavi Alidori 1959. 

FM-MIS-1956 (Alidori/Bonfigli), Tomb 37, cremation 

MNI: 1 

Sex: IND 

Age-at-death: 20+  

Samples: not available 

Archaeological phase: I-II 

Gender: M? 

Taphonomic information: (?) 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 2-3 around centimetres for long bones. The combustion is 

homogenous: this is white calcined. The skull is poorly represented by very small 

fragments. The pelvic girdle and foot very poorly represented. All long bones are poorly 

represented.  

Age-at-death is >20 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009). The diagnosis of sex is indeterminate due to the poorly preserved state of the 

individual. 

Tomb 38 

On date 30/10/2018, the skeletal remains from “Tomb 38, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems averagely represented, and the 

degree of fragmentation is high.  

FM-MIS-1956 (Bonfigli), Tomb 38, cremation 

MNI: 1 

Sex: M(?) 

Age-at-death: 20+ 

Samples: TCA, Histology  

Archaeological phase: I 

Gender: IND 

Taphonomic information: 
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 A soli 10 cm di profondità dal piano della nuova strada e a m 1.75 circa dal piano di 

campagna si rinviene una nova tomba a pozzetto ricoperta come le altre da una grande 

pietra di forma irregolare lunga circa un metro e larga 0.80. Tolta la pietra la ciotola di 

copertura con il bordo orizzontale e finemente incisa si presenta non capovolta come le 

altre ma messa dalla parte diritta. Sia la ciotola che l’urna si presentano in frammenti 

molto grandi che sono stati tutti recuperati. Nell’interno oltre ai resti del cremato si 

rinvengono solamente alcuni frammenti di filo di bronzo. Sul fondo il solito strato di calce, 

cenere e carboncini. Il pozzetto ha un diametro di m 0.40 e profondo m 0.45 circa. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to 10 around centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, whitish-bluish on fragments of the femur, tibia and ribs 

portions. The skull is averagely represented: it was possible recognized portions of the 

frontal bone (pars orbitalis), parietals bone, zygomatic bone fragments. There are portions 

of the maxilla and the mandible. There are tooth roots fragments. Long bones are 

averagely represented. Vertebrae and thorax are averagely represented (cervical and 

thoracic vertebrae); the pelvic girdle is poorly represented: it was possible to identify some 

fragments of ilium, ischium and os sacrum. Hand and foot are averagely represented 

(metacarpus bones, metatarsus bones, talus, calcaneus, hand and foot phalanges).  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). The hypothesis of sex diagnosis is male (?): the morphometrical traits of patella 

identified the individual as male (Cavazzuti, Bresadola et al., 2019). In contrast, the 

observation on diffuse dimorphic frailness could identify the individual as female. 

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Root sampled for TCA 

Tomb 40 

On date 25/10/2018, the skeletal remains from “Tomb 40, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is medium.  

FM-MIS-1956 (Bonfigli), Tomb 40, cremation 

MNI: 1 

Sex: M  

Age-at-death: 20-40  

Samples:TCA, Histology  

Archaeological phase: II 

Gender: F? 

Taphonomic information:  

A metri 0.67 circa dal piano di campagna unitamente alle tombe 41 e 42 si rinvenne una 

tomba a pozzetto ricoperta da una pietra di forma irregolare dalle misure di 0.60x0.49 

cm. Rimossa la pietra si riviene la ciotola di copertura e quindi l’urna inclinata su di un 

fianco come le precedenti in frammenti più o meno grandi. Anche in questa si pratica 
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l’apertura frontale in modo da evitare ulteriori danni al materiale. Nell’interno oltre ai 

resti del cremato si rinviene una fibula con arco piatto e l’ardiglione, 13 frammenti di filo 

di bronzo appartenenti probabilmente ad una armilla. Sul fondo il solito strato di calce, 

cenere e carboncini. Il pozzetto misurava 0.45 di diametro e m 0.51 di profondità. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 10 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-blackish-bluish on fragments of skull and foot 

portions. The skull is very fragmented, and it is poorly represented: it was possible to 

recognize portions of the frontal bone, parietal bone and temporal bone (right and left 

petrous bones), fragments of the occipital bone. There is a portion of the maxilla. Long 

bones are poorly represented. Vertebrae and thorax are poorly represented (very small 

fragments of vertebrae and ribs); the pelvic girdle is poorly represented: it was possible to 

identify some fragments of the ilium. Hand and foot are averagely represented 

(metacarpus bones, metatarsus bones, talus, calcaneus, hand and foot phalanges).  

Age-at-death is 30-40 years based on the degenerative changes of the auricular surface of 

the ilium (Lovejoy et al., 1985). Sex determination as male was possible through 

morphometrical traits of the talus, according to (Cavazzuti, Bresadola et al., 2019) and the 

observation of diffuse dimorphic robustness (proximal epiphysis of radius) of the 

individual analysed. 

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 43 

On date 29/10/2018, the skeletal remains from “Tomb 43, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is medium.  

FM-MIS-1956 (Bonfigli), Tomb 43, cremation 

MNI: 1 

Sex: F(?)  

Age-at-death: 40+ 

Samples: 87Sr/86Sr, TCA, Histology 

Archaeological phase: II 

Gender: M/F 

Taphonomic information: 

A metri due circa dal piano di campagna a m 0.30 circa dal piano della nuova strada si 

rinvenne una nuova tomba a pozzetto ricoperta dalle solite pietre dalla forma irregolare. 

Per mettere bene in luce queste se ne rinvenne altre due sullo stesso strato alla distanza 

una dall’altra di meno 18 cm al quale si diedero i numeri 44 e 45. Rimossa la pietra si 

rinvenne la ciotola di copertura e l’urna nelle identiche condizioni di tutte le precedenti 

cioè inclinata dalla parte della ferrovia. Questo pozzetto presenta inoltre un corredo 



306 

 

esterno composto di un bel vaso biansato e all’interno una ciotolina di bronzo in 

frammenti sia l’una che l’altra. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 9 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-blackish-bluish on fragments of skull, tooth roots, 

vertebrae and hand and foot portions. The skull is averagely represented and fragmented: 

portions of frontal bones, parietals bones and temporal bones (right and left petrous 

bones). There are portions of the maxilla and the mandible. Long bones are all 

documented, except for the fibula. Vertebrae are poorly preserved. The pelvic girdle is 

poorly represented (portions of ilium, ischium and pubis). Hand and foot are poorly 

represented: carpal bones (right and left lunate bones), tarsal bones (talus and calcaneus), 

hand and foot phalanges.  

Age-at-death is >40 years based on the observation of osteophytes on the vertebrae bodies 

and some foot phalanges. Sex determination as a probable female was possible through 

the observation of morphometrical traits of lunate bone, proximal epiphysis of radius 

according to (Cavazzuti, Bresadola et al., 2019). 

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- A tooth root sampled for TCA 

Tomb 44 

On date 29/10/2018, the skeletal remains from “Tomb 44, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems averagely represented, and the 

degree of fragmentation is medium-low.  

FM-MIS-1956 (Bonfigli), Tomb 44, cremation 

MNI: 1 

Sex: F  

Age-at-death: 20-40 

Samples: 87Sr/86Sr, Histology 

Archaeological phase: II 

Gender: F 

Taphonomic information:  

Anche questo pozzetto si presenta come il precedente senza corredo esterno fittile. 

Questa tomba presenta una serie di oggetti all’esterno e precisamente in un lato. 

Nell’interno oltre ai resti del cremato si rinviene il solito corredo di bronzi che 

presenta tracce di bruciatura conseguenza dell’azione del fuoco. Il fondo del pozzetto 

che misura di diametro m 0.48 e profondo 0. 51 presenta il solito strato di calce ceneri 

e carboncini.  

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 7-8 centimetres for long bones. The combustion is not homogenous: 
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this is mostly white calcined, greyish-blackish-bluish on distal epiphysis tibia and hand 

and foot portions. The skull is averagely represented and fragmented: portions of frontal 

bones, parietals bones and temporal bones (right and left petrous bones), fragments of the 

zygomatic bone. There are portions of the maxilla and portions of the mandible. Long 

bones are all documented. Vertebrae are poorly preserved; fragments of ribs, scapulae 

(glenoid cavity) are also documented. The pelvic girdle is poorly represented by portions 

of the ilium, ischium and os sacrum. Hand and foot are poorly represented.  

Age-at-death is 20-30 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009) and the absence of any bone degenerative process. Sex determination as a 

female was possible through morphometrical traits on distal epiphysis of humerus, radius 

and talus, according to (Cavazzuti, Bresadola et al., 2019).  

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

Tomb 45 

On date 8/10/2018, the skeletal remains from “Tomb 45, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is medium. 

FM-MIS-1956 (Bonfigli), Tomb 45, cremation 

MNI: 1 

Sex: F  

Age-at-death: 20-40  

Samples: 87Sr/86Sr 

Archaeological phase: I 

Gender: F 

Taphonomic information: 

A metri 2.50 dal piano di campagna e a m 0.38 circa dal piano della nuova strada si 

rinviene la tomba a pozzetto 45 ricoperta come le altre da una pietra dalla forma 

irregolare che misurava 0.90x0.60. Sia la ciotola che l’urna si presentavano in condizioni 

nettamente migliori delle precedenti e se ne raccolgono i frammenti abbastanza grandi. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 7 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-blackish on tibia and fibula portions, greyish-bluish 

on foot bones and the skull. The skull is averagely represented and fragmented: portions 

of frontal bones, parietals bones and temporal bones (left petrous bone and mastoid 

process), fragments of the zygomatic bone. There is the right portion of the maxilla and 

the left portion of the mandible. Long bones are all documented. Both patellae are in a 

good state of preservation. Vertebrae are poorly preserved; fragments of ribs, scapulae and 

clavicles are also documented. The pelvic girdle is poorly represented by portions of the 

ilium (iliac surface and acetabulum) and ischium. Hand and foot are poorly represented.  
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Age-at-death is 20-40 years based on the epiphyseal closure of skeletal elements (Schaefer 

et al., 2009) and on the absence of any degenerative bone process. Sex determination as a 

female was possible through morphometrical traits on distal epiphysis of humerus, patella, 

talus and first metatarsus, according to (Cavazzuti, Bresadola et al., 2019).  

Further notes: 

- Left petrous bone sampled for 87Sr/86Sr analysis 

Tomb 46 

On date 10/10/2018, the skeletal remains from “Tomb 46, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 46, cremation 

MNI: 1 

Sex: F  

Age-at-death: 15-20  

Samples: Histology, TCA 

Archaeological phase: II 

Gender: F 

Taphonomic information:  

Nello stesso settore N vicinissima dalle altre si rinviene altre quattro tombe a pozzetto 

ricoperte sempre dalle pietre di forma irregolare e profondità variante da m 2 a 2.30 del 

piano di campagna e 0.30-0.60 dal piano della nuova strada. Vengono denominate con i 

numeri 46-49. La tomba 46 presenta, sia la ciotola di copertura che l’urna molto 

frammentate sempre a causa dello scivolamento del terreno. Il pozzetto misurava m 0.50 

di profondità e m. 0.47 di diametro. All’interno dell’urna oltre ai resti del cremato si 

raccoglie vari oggetti. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 5-6 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-blackish on proximal epiphysis of radius, clavicle 

and metaphysis humerus.  

The skull is very fragmented and poorly represented: it was possible to recognise frontal 

bone fragments and pars orbitalis, fragments of the occipital bone. There are portions of 

the maxilla and the mandible and tooth roots. Long bones are represented by fragments 

and portions of distal epiphysis and metaphysis of the humerus, proximal epiphysis and 

right and left metaphysis of the radio, proximal epiphysis of the ulna, proximal epiphysis 

and metaphysis of the femur, patella, proximal epiphysis of the tibia. Vertebrae are poorly 

represented: it was possible to identify fragments of cervical and thoracic vertebrae. The 

shoulder girdle is poorly represented: left proximal epiphysis (not fused) of the clavicle. 

The pelvic girdle is poorly represented: portions of the ischium (greater sciatic notch, 

acetabulum), portions of ilium and pubis. Hand and foot are poorly represented: it was 

possible to recognize the metacarpus and metatarsus bones, right and left lunate bones, 

hand and foot phalanges.  
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Age-at-death is 15-20 years based on the epiphyseal closure of the clavicle distal 

epiphysis, the proximal epiphysis of radius and distal epiphyses of metacarpus (Schaefer 

et al., 2009). Sex determination as a female was possible through morphometrical traits 

on distal epiphysis of humerus, proximal epiphysis of radius and lunate bone, according 

to (Cavazzuti, Bresadola et al., 2019), and the observations of dimorphic features of the 

ischium (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994). 

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 47 

On date 19/10/2018, the skeletal remains from “Tomb 47, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 47, cremation 

MNI: 1 

Sex: F  

Age-at-death: 20-40 

Samples: TCA, Histology 

Archaeological phase: I 

Gender: F 

Taphonomic information: 

Anche questa tomba si presenta identica alla precedente. La ciotola di copertura e 

l’urna sono come al solito molto frammentate ed inclinate su di un lato. La pietra di 

copertura di forma irregolare misura m 0.49x0.49. Nell’interno dell’urna oltre ai resti 

del cremato si rinviene il seguente materiale appartenente al corredo funerario. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to roughly 5-6 centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-blackish on skull, femur, humerus and ribs portions.  

The skull is very fragmented and poorly represented: it was possible to recognize frontal 

bone fragments and pars orbitalis, fragments of the occipital bone. There are portions of 

the maxilla and the mandible, tooth roots. Long bones are represented: proximal epiphysis, 

metaphysis and distal epiphysis of the humerus, metaphysis of the radius, proximal 

epiphysis and metaphysis of the ulna, proximal and distal epiphyses of the femur, 

metaphysis of the tibia. Vertebrae are poorly represented: it was possible to identify some 

cervical and thoracic vertebrae fragments. The shoulder girdle is represented by fragments 

of ribs and scapulae, and clavicles. The pelvic girdle is poorly represented: auricular 

surface portions, ischium and pubis (pubic symphysis). Hand and foot are poorly 

represented: tarsal bones (right and left naviculars, fragments of talus and calcaneus), 

metatarsus and metacarpus bones, hand and foot phalanges.  
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Age-at-death is 20-30 years based on the observation of pubic symphysis modification in 

adult, according to Walker in Buikstra and Ubelaker (1994). Sex determination as a female 

was possible through morphometrical traits of the axis, distal epiphysis of the humerus 

(Cavazzuti, Bresadola et al., 2019) and the observation of a diffuse dimorphic frailness of 

the individual analysed. 

Sex based on morphometrical traits of the axis, distal epiphysis of the humerus  and the 

observation of a diffuse dimorphic frailness of the individual analysed. Age-at-death based 

on the observation of pubic symphysis modification in adul 

Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 48 

On date 8/11/2018, the skeletal remains from “Tomb 48, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 48, cremation 

MNI: 1 

Sex: F  

Age-at-death: 20+ 

Samples: Histology, TCA 

Archaeological phase: IB-IIA 

Gender: F 

Taphonomic information:  

Tomba a pozzetto, nelle medesime condizioni, inclinata e molto frammentata. La pietra di 

copertura di forma sempre irregolare misura 0.81 (in due pezzi). Si pratica come al solito 

l’apertura frontale e si raccolgono minuziosamente tutti i frammenti della ciotola e 

dell’urna. 

The degree of fragmentation of bones is high, with fragments that range from the sub-

centimetre to 5-6 around centimetres for long bones. The combustion is not homogenous: 

this is mostly white calcined, greyish-blackish. The skull is poorly represented and very 

fragmented: it was possible to recognize parietal bones fragments, occipital bone. There 

are portions of the maxilla. Long bones, ribs and vertebrae are poorly represented. The 

pelvic girdle is averagely represented with the ilium (auricular surface), fragments of 

ischium and pubis. Hand and foot are poorly represented: carpal bones (scaphoid) and 

metacarpals, hand and foot phalanges.  

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). Sex determination as a female was possible through some morphometrical traits 

(Cavazzuti, Bresadola et al., 2019) and the observation on diffuse dimorphic frailness of 

the individual analysed. 
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Further notes: 

- To be considered for 87Sr/86Sr analysis 

- Femur sampled for bone histology 

- Tooth root sampled for TCA 

Tomb 49 

On date 15/01/2019, the skeletal remains from “Tomb 49, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented and the degree 

of fragmentation is high. 

FM-MIS-1956 (Bonfigli), Tomb 49, cremation 

MNI: 1 

Sex: F  

Age-at-death: 40+ 

Samples: 87Sr/86Sr  

Archaeological phase: IND 

Gender: F 

Taphonomic information:  

The degree of fragmentation of bones is averagely represented with fragments measure 

from the sub-centimetre to 8 around centimetres for long bones. The combustion is not 

homogenous: this is mostly white calcined, bluish-whitish. The skull is averagely 

represented. It was possible to recognize: parietal bones, zygomatic bone, temporal bones 

(right petrous bone), occipital bone fragments. There portions of the maxilla and portion 

of the mandible. Teeth are represented by some roots fragments. The long bones are 

averagely represented: proximal and distal epiphyses of the humerus, proximal epiphyses 

and metaphysis of the radius, metaphysis of ulna, proximal epiphysis and metaphysis of 

the femur, left patella, distal epiphysis and metaphysis of tibia. Vertebrae are averagely 

represented. The pelvic girdle is poorly represented: fragments of the ilium, ischium and 

sacrum bone. Hand and foot are poorly represented.  

Age-at-death >40 years based on the observation of the lesions on the vertebrae bodies. 

Sex determination as a female was possible through morphometrical traits, according to 

(Cavazzuti, Bresadola et al., 2019) and on the observations of dimorphic features of the 

ischium (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994). 

Further notes: 

- Right petrous bone sampled for 87Sr/86Sr analysis 

Tomb 52 

On date 11/01/2019, the skeletal remains from “Tomb 52, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 
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FM-MIS-1956 (Bonfigli), Tomb 52, cremation 

MNI: 1 

Sex: IND  

Age-at-death: 5-10  

Samples: 87Sr/86Sr 

Archaeological phase: I-II 

Gender: F? 

Taphonomic information: (Bonfigli, 1956) 

The degree of fragmentation of bones is averagely represented with fragments measure 

from the sub-centimetre to 5-6 centimetres for long bones. The combustion is not 

homogenous: this is mostly white calcined, grey-bluish-whitish on ulna portions. The skull 

is poorly represented: temporal bone (right petrous bone); it was possible recognized some 

tooth roots. The long bones are averagely represented: distal epiphysis of the humerus (not 

fused), proximal epiphysis and metaphysis of the radius (not fused), metaphysis of ulna, 

proximal epiphyses and distal epiphyses of the femur (not fused), patellae, proximal 

epiphysis of tibia. The pelvic girdle is poorly represented: it was possible recognized 

fragments of ischium and pubis. Vertebrae are averagely represented: fragments of 

cervical, thoracic and lumbar vertebrae were identified. Hand and foot are represented by 

some fragments of tarsus bones (right talus) and hand and foot phalanges (not fused).  

Age-at-death 5-10 years based on the measurement of femur proximal epiphysis 

‘maximum width, according to standards of bones development. 

Further notes: 

- Right petrous bone sampled for 87Sr/86Sr analysis 

Tomb 95 

On date 19/10/2018, the skeletal remains from “Tomb 95, scavi Bonfigli 1956” are 

analysed. At first sight, the individual analysed seems poorly represented, and the degree 

of fragmentation is high. 

FM-MIS-1956 (Brusadin), Tomb 95, inhumation 

Sex: IND 

Age-at-death: 1-5 

Samples: 87Sr/86Sr, δ13C, δ15N, TCA, Histology 

Archaeological phase: IIA 

Gender: F 

Taphonomic information: 

 75 cm. dal piano stradale di cui 45 di riporto, tomba a inhumation probabilmente di 

fanciullo (lo scheletro misurava m. 1); il cranio era posto a sud. Assenza di fittili. 

The skeletal fragments and portions are divided into major districts. It was possible to 

recognize: 

Skull: frontal bone fragments, temporal bones fragments.  
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Teeth: URdm1, URdm2, LRdm2. 

Upper limb: right diaphysis humerus, right proximal epiphysis ulna; left diaphysis 

humerus. 

Shoulder girdle: right glenoid cavity portion, left glenoid cavity portion. 

Rib: various portions of ribs.  

Lower limb: right distal epiphysis of the right femur, proximal epiphysis of the right tibia; 

metaphysis and diaphysis of the left femur; 

Age-at-death 4-5 years based on the observation of the dental formation and the eruption 

of deciduous and permanent dentitions (AlQahtani et al., 2010), the epiphyseal closure of 

skeletal elements (Schaefer et al., 2009) and the measurement of the glenoid cavity on 

average diameter (Rissech and Back, 2007).  

Further notes: 

- URdm2 sampled for 87Sr/86Sr analysis 

- Rib sampled for δ13C, δ15N 
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Appendix 3 

Preliminary analysis of human skeletal remains from Fermo, Mossa necropolis, 1968 

excavations (Marche).  

Tomb 2 

On 14/06/2018, the skeletal remains from “Tomb 2” were analysed. A first 

anthropological study conducted by C. Corrain and M. Capitanio (1968) made it possible 

to identify an MNI of six buried based on portions of the skull, most represented district. 

The skeletal remains, found at the Università degli Studi di Roma "La Sapienza", have 

undergone restoration and temporary consolidation; most of them bear labels with 

indications of excavation and further specifications. It was possible to identify an MNI 

(n=5) based on the number of left petrous portions of the temporal bone. The total number 

of petrous bones is nine. In addition, it was possible to identify three mandibles relevant 

to three individuals (two males and a subadult), which were associated, where possible, 

with the petrous portion of the compatible temporal bone. 

FM-MOS-1968, Tomb 2, burial 

MNI: 5 

Individual: 1 

Sex: M 

Age-at-death: 40+ 

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr analysis 

Skull: fragments of the frontal bone, portions of the temporal bone (right and left petrous 

rock) and portions of the occipital bone. 

Splanchnoskull: portions of the mandible. 

Teeth: absent. 

The morphology of the skull is compatible with that of an adult individual. The cranial 

sutures, where visible, show a complete obliteration of the intracranial surface and are 

only in some parts still visible on the exocranial surface (Meindl-Lovejoy, 1985). In the 

absence of additional skeletal indicators of sufficiently reliable age-at-death (absence of 

teeth and post-skull elements), the individual is estimated as a mature adult. 

The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 

1994) (see attached sheet) suggest a male hypothesis for determining the sex. 

Further notes: 

- There is a massive chromatic alteration of a greenish colour at the left temporal/parietal 

area and to the occipital area of the skull due to post-depositional factors (probably from 

alteration from contact with bronze objects). 

-Petrous portion of the right temporal bone sampled for 87Sr/86Sr analysis. 

FM-MOS-1968, Tomb 2, burial 
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MNI: 5 

Individual: Individual 2 

Sex: M 

Age-at-death: 40-50  

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr  

Skull: fragments of the frontal bone, portions of the temporal bone (right and left petrous 

portion) and portions of the occipital bone. 

Splanchnocranium: portions of the mandible and maxilla. 

Teeth: present (to be checked). 

The morphology of the skull is compatible with that of an adult individual. The 

observation of the degree of physiological tooth wear (Lovejoy, 1985) and oral disease 

(ante-mortem tooth loss –AMTL) (Hillson, 2008) allow us to assess an age-at-death of 40-

50 years. 

The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 

1994) suggest a hypothesis of a male for the determination of sex. 

Further notes: 

- The presence of the median frontal suture of the frontal bone allows Individual 2 to be 

identified as a subject affected by metopism. 

- There is a massive chromatic change of greenish colour in the frontal part of the skull, 

parietal and on the dental crowns due to post-depositional factors (contact with bronze 

objects). 

- Left petrous portion of the temporal bone was sampled for 87Sr/86Sr analysis. 

FM-MOS-1968, Tomb 2, burial  

MNI: 5 

Individual: 3 

Sex: M 

Age-at-death: 40-50  

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr  

Skull: fragments of the frontal bone, portions of the temporal bone (right and left petrous 

rock) and portions of the occipital bone. 

Splanchnocranium: portions of the mandible and maxilla. 

The morphology of the skull is compatible with that of an adult individual. From the 

observation of the degree of tooth wear patterns (see sheet Lovejoy, 1985), oral disease 

(ante-mortem tooth loss –AMTL) (Hillson, 2008), and the degree of obliteration of some 
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sutures of the skull (Meindl and Lovejoy, 1985; Lovejoy, 1985), it was possible to attribute 

an age-at-death of 40-50 years. 

The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 

1994) (see spreadsheet) suggest a hypothesis of male for the determination of sex. 

Further notes: 

-There is a massive chromatic change of greenish colour in the front, parietal part, and 

teeth due to post-depositional factors (contact with bronze objects) 

- Left petrous portion of the temporal bone sampled for 87Sr/86Sr analysis 

FM-MOS-1968, Tomb 2, burial 

MNI: 5 

Individual: Individual 4 

Sex: IND 

Age-at-death: 5-10  

Archaeological phase: IIB 

Gender: IND 

Skull: portions of the temporal bone (right and left petrous portion) and portions of the 

parietal bone. 

Splanchnocranium: portions of the mandible and maxilla. 

The age-at-death estimate is based on the observation of the development of dental 

eruption. The observation of the dental formation and the eruption of deciduous and 

permanent dentitions (AlQahtani et al., 2010) allow us to assess an age-at-death around 5-

6 years.  

Further notes: 

-A high degree of hypoplasia was observed on the upper permanent incisors (URI1, URI2, 

UL1, UL2). 

Bones that were not assigned 

The remaining bones, which were not assigned to the individuals indicated above, have 

been divided into specific districts. 

Skull: portions of the frontal bone (pars orbitalis), portions of the temporal bone (left 

petrous portion), portions of the parietal bone, portions of the occipital bone. 

Splanchnocranium: portions of the mandible and maxilla with dimensions ranging from 2 

to 9 centimetre approx. 

Shoulder girdle: six fragments of right and left clavicles which belong to at least three 

individuals, six fragments of right and left shoulder blades. 

Upper limb: at least four proximal epiphyses of the humerus, three fragments of distal 

epiphyses of the humerus (two of which are compatible with the same individual), one 
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fragment of the proximal epiphysis of left ulna, fragments of ulna diaphysis, proximal 

epiphysis and diaphysis of the radius. 

Ribs and vertebrae: five fragments of atlas and two axis, fragments of cervical, thoracic 

and lumbar vertebrae. 

Pelvic girdle: various portions of the acetabulum, fragments of the greater sciatic notch, 

fragments of the pubic symphysis, portions of the ilio-pubic tract. 

Lower limb: two diaphyses of the right and left femur compatible with each other with 

anteroposterior flattening of the diaphyseal cylinder, two portions of the proximal 

epiphysis of the humerus compatible, three tibia diaphyses, two of which belong to the 

same individual. One right patella. Fragments of the diaphysis of long bones not 

attributable. 

Hands/feet: right and left astragalus (compatible), right navicular, fragments of cuneiform, 

proximal epiphysis of V right metacarpus, distal epiphysis of metacarpus III right, distal 

epiphysis of metacarpus II right, diaphysis of metacarpals of anatomical relevance, 

portions of intermediate phalanges cannot be determined. 

Tomb 6 

On 18/06/2018, the skeletal remains from “Tomb 6” are analysed. A first osteological 

study conducted by C. Corrain and M. Capitanio (1968) made it possible to identify an 

MNI of two individuals. Based on the osteological analysis of the finding, it was possible 

to confirm the MNI indicated in the previous study (Corrain and Capitanio, 1968). 

However, a metaphysis of a femur, without labels, does not belong to the most represented 

individuals. The lack of information for the femoral portion suggests caution in attributing 

the latter to the context of “Tomb 6”. 

We proceed to the description of skeletal material: 

FM-MOS-1968, Tomb 6, burial 

MNI: 2 

Individual: Individual 1 

Sex: M 

Age-at-death: 40-50  

Archaeological phase: III 

Gender: IND 

Skull: portions of the frontal bone and portions of the occipital bone. 

Splanchnocranium: portions of the mandible. 

Shoulder girdle: portions of the scapula. 

Upper limb: distal epiphysis of the right and left humerus, proximal epiphysis and 

metaphysis of left radius, proximal epiphysis of right and left ulna. 

Ribs and vertebrae: ribs, vertebrae (cervical, thoracic and lumbar). 
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Pelvic girdle: portions of the ischium, ilium and pubis. 

Lower limb: metaphysis of the right femur, proximal epiphysis of the left femur, right/left 

tibia (almost completely preserved) and distal epiphysis of the right fibula. 

Hand/foot: right astragalus and left heel. 

Based on the observation of the tooth wear (Lovejoy, 1985) and the presence of diffuse 

osteophytes on the vertebral bodies anage-at-death of 40-50 years was attributed. 

The morphology of the skull is compatible with that of an adult individual. The dimorphic 

traits of the skull and pelvis following (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994) suggest a hypothesis of male for sex determination. 

Further notes: 

-The presence of some supernumeraries (wormian and lamba) are also observed in the 

skull district 

-There is a massive chromatic alteration of a greenish colour especially relevant to the ribs 

FM-MOS-1968, Tomb 6, burial 

MNI: 2 

Individual: Individual 2 

Sex: M 

Age-at-death: 50  

Archaeological phase: III 

Gender: IND 

Skull: portions of the occipital bone and portions of the parietal bone. 

Splanchnocranium: portions of the mandible. 

Shoulder girdle: right and left clavicle and portions of the right shoulder blade. 

Upper limb: proximal and distal epiphyses of the right humerus, proximal epiphysis of the 

right radius, proximal epiphysis of the right ulna; proximal and distal epiphysis of the left 

humerus, distal epiphysis of the left radius and metaphysis of the left ulna. 

Ribs and vertebrae: cervical, thoracic and lumbar ribs and vertebrae. 

Pelvic girdle: portions of the ischium, ilium, pubis and portions of the sacrum. 

Lower limb: right femur, right patella, right tibia, distal epiphysis of right fibula; left 

femur, proximal epiphysis of the left tibia, proximal and distal epiphysis of the left fibula. 

Hands/feet: right talus, right heel, right cuboid, right metatarsal I-II are present; left 

metatarsal I-II, left talus, left hook and metacarpals. 

Based on physiological tooth wear (Lovejoy, 1985) an age-at-death of >50 years was 

attributed. The morphology of the skull is compatible with that of an adult individual. The 
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dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994) suggest a hypothesis of male for sex determination. 

Further notes: 

- There are supernumeraries (wormian and lambda). 

- There is a massive chromatic alteration of a greenish colour relevant above all to the 

distal epiphysis of the right humerus. 

Tomb 11 

On 30/05/2018, the skeletal remains from “Tomb 11”. A first osteological study conducted 

by C. Corrain and M. Capitanio (1968) made it possible to identify an MNI of five 

individuals (four buried and one cremated). The skeletal remains, stored at the Università 

degli Studi di Roma "La Sapienza", have undergone restoration and temporary 

consolidation; most of them have labels with indications of excavation and further 

specifications. The abbreviations reported are not always correct: some skeletal portions 

that seem to belong to the same individual report different acronyms. 

FM-MOS-1968, Tomb 11, burial 

MNI: 5 

Individual: Individual 1 

Sex: M 

Age-at-death: 30+ 

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr  

Skull: portions of the frontal bone, parietal bone, temporal bone, occipital bone. 

Splanchnocranium: portions of the mandible. 

In the absence of other diagnostic skeletal indicators for a correct age diagnosis, the degree 

of obliteration of the cranial sutures was observed. Almost complete synostosis suggests 

age-at-death >30 years (Meindl-Lovejoy, 1985). The dimorphic traits of the skull (Acsádi 

and Nemeskeri, 1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of male for sex. 

Further notes: 

- Left petrous rock of the temporal bone was taken for analysis 87Sr/86Sr 

FM-MOS-1968, Tomb 11, inhumation 

MNI: 5 

Individual: Individual 2 

Sex: F 

Age-at-death: >50  

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr 
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Skull: portions of the frontal bone, portions of the temporal bone (right petrous bone), and 

portions of the occipital bone. 

Splanchnocranium: there are portions of the mandible. 

Shoulder girdle: portions of the left scapula. 

Upper limb: proximal epiphysis of the left humerus, left radius ulna. 

Ribs and vertebrae: cervical vertebrae. 

Pelvic girdle: portions of the ischium body and a portion of the sacrum. 

Lower limb: proximal epiphysis of the right and left femur and right tibia. 

Hands/feet: right-left talus, right-left heel, navicular, cuneiform and metatarsals. 

Based on the observation of the tooth wear (Lovejoy, 1985), an age-at-death of >50 years 

was attributed. The dimorphic traits of the skull and pelvis following (Acsádi and 

Nemeskeri, 1970; Buikstra and Ubelaker, 1994) (see spreadsheet) suggest a hypothesis of 

a female for sex determination. 

Further notes: 

- The subject is metopic 

- Right petrous of the temporal bone was sampled for the analysis 87Sr/86Sr 

FM-MOS-1968, Tomb 11, burial 

MNI: 5 

Individual: Individual 3 

Sex: IND 

Age-at-death: 10-15  

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr 

Splanchnocranium: portions of the mandible and maxilla. 

Shoulder girdle: portions of the right and left scapula and left clavicle. 

Upper limb: metaphysis of the right and left humerus and left radius. 

Lower limb: proximal epiphysis of the right and left femur, fragments of right and left 

tibia not welded. 

The estimated age-at-death is 12-13 years based on the dental formation and the eruption 

of deciduous and permanent dentitions (AlQahtani et al., 2010) and the epiphyseal closure 

of skeletal elements (Schaefer et al., 2009). 
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Further notes:  

- Mild enamel hypoplasia on ULC, ULI1, ULI2, LLP3, LLP4. 

FM-MOS-1968, Tomb 11, inhumation 

MNI: 5 

Individual: Individual 4 

Sex: IND 

Age-at-death: 1-5 

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr 

Skull: small portions of the skull. 

Splanchnocranium: portions of the mandible. 

The age-at-death is 3-4 years based on the observation of the dental formation and the 

eruption of deciduous and permanent dentitions (AlQahtani et al., 2010).  

Further notes: 

- LLM1 sampled for the analysis of 87Sr/86SrFM-MOS-1968, Tomb 11, cremation 

MNI: 5 

Individual: Individual 5 

Sex: F(?) 

Age-at-death: 20+ 

Archaeological phase: IIB 

Gender: IND 

Samples: 87Sr/86Sr 

The degree of bone fragmentation is medium to high, with fragments ranging from the 

sub-centimetre to larger sizes (5-6 centimetre). There are chromatic alterations of the 

calcined white bone. The degree of representation of the skull is medium: there are 

portions of the frontal bone, fragments of the temporal bone, fragments of the occipital 

bone. There are portions of the maxilla, portions of the right mandible and tooth roots. The 

long bones are sufficiently represented. The vertebrae, thorax and pelvic girdle are poorly 

represented. Hands and feet are well represented. 

The dimorphic traits of the skull following (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994) suggest a hypothesis of female for the determination of sex. However, 

the application of the morphometric index of sexualization to the sample under 

examination (Cavazzuti, Bresadola et al., 2019) shows that the metric values relevant to 

the humerus, radius and femur fall within the range of male measurements. Age-at-death 

>20 years based on the epiphyseal closure of skeletal elements (Schaefer et al., 2009). 

 Further notes: 

- Right petrous portion sampled for 87Sr/86Sr 
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Bones that were not assigned to a specific individual: 

Skull: portions of the frontal bones, portions of the temporal bones, portions of the parietal 

bones and occipital bone. 

Splachnocranium and teeth: portions of the mandible. 

-with the indication Fermo 283 C.7 mandible with M1, M3  

-with the indication of scattered teeth Fe 283 (upper right: URI1, URC1, URP3 and 

probable canine root), (upper left: URc), (lower left: LLI1) 

-with indication Fe. 283 (upper left: ULM1). 

-with indication teeth scattered Fe. 282; ULP3, LRm2, URm1, URm2. 

-with indication 282: URI1 RI1. 

Upper limb: two metaphyses of the right humerus. 

Lower limb: metaphysis of tibia, distal epiphysis of left tibia, distal epiphysis of right and 

left humerus, two proximal epiphyses of right femur. 

- it was found with indication F1-1 a, right tibia, distal epiphysis of right femur. 
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Appendix 4 

Preliminary analysis of human dental remains from Fermo (Marche), Mossa necropolis, 

excavations 1999-2000. 

Tomb 5 

On 27/11/2018, the skeletal remains from “Tomb 5” are examined. The skeletal remains 

were divided by districts and lateralized during excavation.  

FM-MOS- ‘99/’00, Tomb 5, inhumation 

MNI: 1 

Sex: M 

Age-at-death: 30-50  

Archaeological phase: 8th century BCE/IIB 

Grave goods: poor/ spit-free grave as a comparison 

Gender: M 

Samples: 87Sr/86Sr, δ13C, δ15N 

Skull: a portion of the frontal bone, portions of the temporal bone (mastoid process, right 

and left petrous bone), portions of the parietal bone and portions of the occipital bone. 

Shoulder girdle: portions of the right scapula (a portion of the glenoid cavity); portions of 

the left scapula and left clavicle. 

Upper limb: fragments of the proximal and distal epiphysis of the right humerus, right 

epiphysis and diaphysis of the ulna, proximal and distal epiphysis of the right radio; distal 

epiphysis of left humerus, epiphysis and diaphysis of the left ulna, left radio diaphysis. 

Ribs: fragments of ribs. 

Pelvic girdle : portions of the ilium. 

Lower limb: portions of the proximal epiphysis, diaphysis and distal epiphysis of the right 

femur, right tibia diaphysis, right patella; proximal epiphysis and diaphysis of the left 

femur. 

Hand/foot: metacarpal bones, tarsal bones and metatarsal bones. 

Based on the observation of widespread osteophytes observed on the tarsal bones 

(astragalus) and long bones (radius and ulna), it was possible to asses an age-at-death of 

30-50 years. The dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 

1970; Buikstra and Ubelaker, 1994) suggest a male hypothesis (see sheet) for the 

determination of sex.  

Further notes: 

- Sampled ribs for δ13C, δ15N  



324 

 

 

 

Tomb 7 

On 25/07/2018, the skeletal remains from “Tomb 7” are analysed. The skeletal remains 

were divided by district and lateralized during excavation.  

FM-MOS- ‘99/’00, Tomb 7, inhumation 

MNI: 1 

Individual: Individual 1 

Sex: M 

Age-at-death: 40+  

Archaeological phase: IVA 

Gender: IND (two bronze rings and a fragment of seashells) 

Samples: C, N 

Splanchnocranium: portions of the mandible. 

Teeth: URM2, ULP4, ULP3, LLI2, LLI1. 

Shoulder girdle: portions of the right scapula (a portion of the glenoid cavity); portions of 

the left scapula and left clavicle. 

Upper limb: proximal epiphysis fragments, diaphysis and fragments of the distal epiphysis 

of the right humerus, proximal epiphysis and diaphysis of the right ulna, proximal 

epiphysis and diaphysis of the right radius; diaphysis and distal epiphysis of the left 

humerus, proximal epiphysis and diaphysis of the left ulna, proximal epiphysis and 

diaphysis of the left radius. 

Ribs: ribs fragments. 

Vertebrae: fragments of cervical vertebrae (axis and atlas). 

Pelvic girdle: portions of the ilium. 

Lower limb: portions of the proximal and distal epiphysis of the right femur. 

Hand/foot: phalanges and medial phalanges. 

Based on the observation of the degree of physiological tooth wear (Lovejoy, 1985), oral 

disease (ante-mortem tooth loss –AMTL) (Hillson, 2008), and the degree of obliteration 

of the cranial sutures (Meindl and Lovejoy, 1985), it was possible to assess an age at the 

death of 40-50 years-of-age. The dimorphic traits of the skull (Acsádi and Nemeskeri, 

1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of male for the determination of 

sex. 

Further notes: 

- Sampled ribs for δ13C, δ15N 
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Tomb 10  

On 25/07/2018, the skeletal remains from “Tomb 10” are analysed. The human remains 

were divided by district and lateralized during excavation.  

FM-MOS- '99/'00, Tomb 10, inhumation  

M.N.I: 1 

Sex: F(?) 

Age-at-death: 20-40  

Archaeological phase: IND 

Gender: IND 

Archaeological material: IND 

Samples: 87Sr/86Sr, δ13C, δ15N, aDNA 

Skull: portions of the left temporal bone, portions of the parietal bone and portions of the 

occipital bone. 

Splanchnocranium: portions of the mandibula. 

Teeth: URP4, LRM3, LLM1, LLP4, LLP3 

Shoulder girdle: portions of the clavicle and portions of the right scapula; portions of the 

left clavicle. 

Upper limb: proximal epiphysis, diaphysis, distal epiphysis of the right humerus, proximal 

epiphysis of the right ulna, proximal epiphysis and diaphysis of the right radius; proximal 

epiphysis, diaphysis and distal epiphysis of the left humerus, proximal epiphysis, 

diaphysis and distal epiphysis of the left radius. 

Ribs: ribs fragments. 

Vertebrae: fragments of cervical vertebrae (axis and atlas). 

Pelvic girdle: portions of the ilium (right and left auricle surface), portions of the ischium 

(right and left ischium body and portions of the acetabular fossae). 

Lower limb: portions of the proximal epiphysis, diaphysis and distal epiphysis of the right 

femur, portions of the right tibia diaphysis; portions of the proximal epiphysis, diaphysis 

and fragments of the distal epiphysis of the left femur, portions of the proximal epiphysis, 

diaphysis and distal epiphysis of left tibia, diaphysis and distal epiphysis of the left fibula. 

Hand/foot: carpal bones, proximal epiphysis of right metacarpal II-III, phalanges; left 

carpal bones and phalanges. 

Based on the observation of the degree of physiological tooth wear (Lovejoy, 1985), oral 

disease (ante-mortem tooth loss –AMTL) (Hillson, 2008), a widespread grade 3 of 

osteoarthritis, visible on the vertebrae (Lovejoy 1985;) and the humerus proximal 

epiphysis, it was possible to attribute an age at the death of 30-40 years-of-age. The 

dimorphic traits of the pelvis following (Acsádi and Nemeskeri, 1970; Buikstra and 
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Ubelaker, 1994), in particular, the presence of the preauricular groove on the portion of 

the left coxal bone (see spreadsheet) suggest a female hypothesis (?). However, it is 

necessary to highlight the presence of strongly intermediate elements in the morphology 

of the large greater sciatic notch, the mastoid, robust and rounded process, which 

contribute to not determining with sufficient reliability the sex of the subject under 

examination. 

Further notes: 

- Ribs sampled for δ13C, δ15N 

- LRM3, LLM1 sampled for 87Sr/86Sr 

- Pars petrosa of the right temporal bone sampled for DNA 

Tomb 17 

On 20/07/2018, the skeletal remains from “Tomb 17” are analysed. The skeletal remains 

were divided by districts and lateralized during excavation.  

FM-MOS- '99/'00, Tomb 17, inhumation 

MNI: 1 

Sex: M 

Age-at-death: 40+  

Archaeological phase: 8th century BCE 

Gender: M 

Samples: 87Sr/86Sr, δ13C, δ15N, aDNA 

Skull: portions of the frontal bone, portions of the temporal bone, portions of the parietal 

bone and portions of the occipital bone. 

Splanchnocranium: portions of mandible and maxilla. 

Teeth: URM2, URP3, URC, URI2, URI1, ULM2, ULM1, ULP4, ULP3, ULC, ULI2, 

ULI1; LEM3, LRM2, LRM1, LRP3, LRC, LRI2, LRI1, LLM3, LLP3, LLC, LLI2, LLI1 

Shoulder girdle: fragments of the right and left clavicle. 

Upper limb: diaphysis of the right humerus, portions of the proximal and distal epiphysis 

of the right ulna, distal epiphysis of the right radius; diaphysis and distal epiphysis of left 

humerus, fragments of the left ulna. 

Ribs: fragments of ribs. 

Vertebrae: cervical vertebrae (very robust axis), thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the ischium, pubis, portions of the sacrum and other fragments. 

Lower limb: the right femur (probably damaged during excavation and collection phase), 

a portion of the proximal epiphysis, diaphysis and distal epiphysis of the right tibia, 

diaphysis of the right fibula, patella; diaphysis and distal epiphysis of left femur, portions 
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of the proximal epiphysis, diaphysis and distal epiphysis of left tibia, portions of the 

diaphysis and distal epiphysis of the left fibula. 

Hand/foot: carpal bones, metacarpal III, distal epiphysis of metacarpal V, right -hand 

phalanges; carpal bones, metacarpal I, metacarpal III, left-hand phalanges. Tarsal bones 

of the right foot; tarsal bones of the left foot. 

Based on the observation of the degree of physiological tooth wear (Lovejoy, 1985), oral 

disease (ante-mortem tooth loss –AMTL) (Hillson, 2008), the degree of obliteration of the 

cranial sutures (Meindl and Lovejoy, 1985; Lovejoy 1985) and the degree of modification 

related to the surface of the pubic symphysis (Brooks and Suchey, 1990), it was possible 

to attribute an age-at-death of 40-50 years. The dimorphic traits of the skull and pelvis 

following (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994) suggest a male 

hypothesis for sex determination (Acsádi and Nemeskéri, 1970; Buikstra and Ubelaker, 

1994). 

Further notes: 

- AMTL grade 3-4 is present on URM1, URP4, LRP4, LLM2, LLM1, LLP4. There are 

caries. There is a supernumerary tooth. 

- A fragment of the rib has been sampled for δ13C, δ15N 

- Pars petrosa of the left temporal bone is sampled for 87Sr/86Sr and aDNA. 

- LRM1-LRM2-LRM3 can be sampled for the analysis of the 87Sr/86Sr. 

- There is a soil sample with wood. 

Tomb 21 

On 13/07/2018, the skeletal remains from “Tomb 21” are analysed. Dr Pasquale Miranda 

proceeded to micro-excavation of the urn through four cuts (I-IV). Preliminary 

examination of the remains made it possible to determine the degree of fragmentation and 

skeletal representation of the individual. 

FM-MOS-'99/'00, Tomb 21, cremation 

MNI: 1 

Sex: F 

Age-at-death: 20+ 

Archaeological phase: 8th century BCE 

Gender: F? 

Samples: 87Sr/86Sr, TCA, Histology 

The bone fragmentation is high, with fragments ranging from the sub-centimetre to larger 

sizes (about 7 centimetre for portions of long bones). The combustion is not homogeneous 

and the analyzed individual has a calcined white colouration with some brownish-grey-

black fragments of tibia and fibula, and a bluish-grey colouration of the ulna. The skull is 

very fragmented and gracile and is poorly represented. Teeth and roots were found in all 

four cuts. There are portions of the frontal bone, temporal bone, occipital bone. There are 

portions of the mandible and the maxilla. All long bones are present. The spine, chest and 

pelvic girdle are all poorly represented. Hands and feet are poorly represented. 
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Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). The widespread gracility of fragments relevant to the skull, the proximal 

epiphysis of the humerus, proximal epiphysis of the radius (not fully preserved), ulna, 

metatarsal I, and lunate suggest a female hypothesis for sex determination according to 

the morphometric basis (Cavazzuti, Bresadola et al., 2019). 

Further notes: 

- The fibula and tibia portions have a blackish/reddish colouration (probably by contact 

with iron material) 

- Petrous portion of the right temporal bone sampled for 87Sr/86Sr 

- Tooth roots sampled for TCA (Tooth cementum anulation) 

- A fragment of femur sampled for histology 

Tomb 29 

On 4/01/2019, the skeletal remains from “Tomb 29” are analysed. The skeletal remains 

were divided by areas and lateralized during excavation.  

FM-MOS '99/'00, Tomb 29, inhumation 

MNI: 1 

Age-at-death: 5-10 

Archaeological phase: 7th century BCE 

Gender: F 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Skull: portions of the frontal bone, portions of the right-left temporal bone. 

Splanchnocranium: portions of mandible and maxilla. 

Teeth: URM2, URM1, URP3 (in crypt), URC (in crypt), URI2, URI1, ULM2, ULM1, 

ULP4 (unerupted), ULP3 (unerupted), ULC (unerupted), ULC, ULI2, ULI1, LRM2 

(unerupted), LRM1, LRP4, LRP3, LRC, LRI2, LRI1, LLM2 (unerupted), LLM1, LLP4, 

LLP3, LLC, LLI2, LLI1; URm2, URm1, URc, ULm2, ULm1, LRm2, LRm1, LRc, LLm1. 

Shoulder girdle: fragments of scapula and left and right clavicle. 

Upper limb: diaphysis and epiphysis of the right humerus, diaphysis of the right radius 

and ulna; diaphysis and proximal epiphysis of left humerus, diaphysis of left radius and 

ulna. 

Ribs: fragments. 

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the ilium, portions of the ischium and portion of the pubis. 

Lower limb: right femur, tibia and right fibula; left femur, a portion of the left patella, tibia 

and left fibula. 
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The observation of the dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) and the fusion of the glenoid cavity (Schaefer et al., 

2009) allow us to assess an age-at-death of 8.5-9.5 years. 

Further notes: 

- Pars petrosa of the left temporal sampled for the 87Sr/86Sr. 

- ULM1was sampled for the 87Sr/86Sr. 

- The pars petrosa of the right temporal sampled for aDNA 

Tomb 31 

On 03/07/2018, the skeletal remains from “Tomb 31” are analysed. Dr Pasquale Miranda 

proceeded to micro-excavate the urn through three cuts (I-III). 

FM-MOS-'99/'00, Tomb 31, cremation 

MNI: 1 

Sex: F 

Age-at-death: 20-40  

Archaeological phase: 8th century BCE 

Gender: F 

Samples: 87Sr/86Sr, TCA 

The degree of fragmentation of the bones is low, with fragments ranging from the sub-

centimetre to larger sizes (about 10 centimetre for portions of long bones). It is also 

observed that the degree of fragmentation of the individual is much lower than the other 

cremations analyzed. The combustion is not homogeneous, and the skeletal sample has a 

calcined white colouration diffused with fragments of bluish-grey colour and, more rarely, 

chalk-white (portions of skull and foot). The degree of representation of the skull is 

medium and represented in all the cuts. Teeth and roots have been found mostly in the 

first cut. There are portions of the frontal bone, portions of the temporal bone, sphenoid 

fragments and, portions of the occipital bone. There are portions of the mandible and 

maxilla. All long bones are well represented and easy to identify. The spine, chest and 

pelvic girdle are well represented in all cuts. Hands and feet are represented; the left and 

right sides have a different colouration (right white-calcined vs left bluish-grey). 

The age-at-death was attributed based on the observation of the degenerative changes of 

sternal rib epiphysis (Işcan et al., 1984a; 1984b). The widespread gracility of the 

individual, along with some morphological characteristics of the skull and pelvis (Acsádi 

and Nemeskéri, 1970; Buikstra and Ubelaker, 1994) and the measurement of different 

anatomical districts according to morphometric methodologies (Cavazzuti, Bresadola et 

al., 2019) suggest a female hypothesis for sex determination. 

Further notes: 

- Petrous portion of the left temporal bone sampled for 87Sr/86Sr analysis  

- A tooth root was sampled for TCA 

- Archaeological material and fauna have been identified 
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Tomb 51 

On 24/01/2018, the skeletal remains from “Tomb 51” are analysed. The human remains 

were divided by district and lateralized during excavation.  

FM-MOS- '99/'00, Tomb 51, inhumation 

MNI: 1 

Sex: M 

Age-at-death: 20-40  

Archaeological phase: 8th century BCE 

Gender: M 

Samples: 87Sr/86Sr, aDNA, C, N 

Skull: completely preserved, there are portions of the frontal bone, portions of temporal 

bone, portions of parietal bone and portions of the occipital bone. 

Splanchnocranium: portions of mandible and maxilla. 

Teeth: all teeth are present. 

Shoulder girdle: fragments of scapula and left and right clavicle. 

Upper limb: proximal epiphysis and diaphysis of the right humerus; proximal epiphysis 

and diaphysis of the left humerus, portions of proximal epiphysis and diaphysis of the left 

ulna, and metaphysis of the radius. 

Ribs: fragments. 

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the ilium (auricular surface) and portions of the ischium (greater 

sciatic notch and acetabular fossa). 

Lower limb: right femur, tibia and right fibula; left femur, a portion of left patella, tibia 

and left fibula. 

Hand/foot: right carpal bones and tarsal bones, distal epiphysis of metatarsal II, metatarsal 

III, metatarsal metaphysis IV, and metatarsal distal epiphysis V. Left tarsal bones, 

metatarsal metaphysis I, metatarsal II, III, IV, metatarsal distal epiphysis V. 

From the observation of the degree of physiological tooth wear (Lovejoy, 1985), oral 

disease (ante-mortem tooth loss –AMTL) (Hillson, 2008), the degree of obliteration of the 

cranial sutures (Meindl and Lovejoy, 1985; Lovejoy 1985) and degenerative changes of 

the auricular surface of the ilium (Lovejoy et al., 1985), it was possible to attribute an age-

at-death of 20-40 years. The dimorphic traits of the skull and pelvis following (Acsádi and 

Nemeskeri, 1970; Buikstra and Ubelaker, 1994) suggest a male hypothesis for sex 

determination.  

Further notes: 
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- The subject is platimetric. 

- A fragment of the rib has been sampled for δ13C, δ15N. 

-The pars petrosa of the left temporal bone sampled for the 87Sr/86Sr 

- ULP4, ULM1, ULM2 sampled for the 87Sr/86Sr. 

- The pars petrosa of the right temporal bone has been sampled for aDNA 

Tomb 56 

On 03/07/2018, the skeletal remains from “Tomb 56” are examined. Dr Pasquale Miranda 

proceeded to micro-excavate the urn made through four cuts. 

FM-MOS-'99/'00, Tomb 56, cremation 

MNI: 1 

Sex: IND 

Age-at-death: 10-15  

Archaeological phase: 8th century BCE 

Gender: IND 

Samples: 87Sr/86Sr, TCA 

The degree of fragmentation of bones is high, with fragments ranging from the sub-

centimetre to larger sizes (about 5-6 centimetre for portions of long bones). The 

combustion is not homogeneous and the skeletal sample has a colouration that ranges from 

bluish grey (rare), calcined white (more widespread) to a chalk-white colour (rare). The 

degree of representation of the skull is medium and is present homogeneously in all cuts. 

There are portions of the frontal bone (pars orbitalis), parietal bone, temporal bone, 

zygomatic bone, occipital bone, portions of the mandible (left condyle), roots and crowns 

of LLM3. Long bones are represented in all cuts. The spine, chest, and pelvic girdle are 

well represented. Hands and feet are well represented in all cuts. The widespread gracility 

of the individual, the observation of the epiphyseal closure of skeletal elements (lateral 

epicondyle of the humerus, head of the femur, radius proximal epiphysis, lower vertebrae 

ring and phalanx proximal epiphysis) (Schaefer et al., 2009) and observation of the teeth 

development and eruption (URM3/ULM3 still not fully developed in the root (AlQahtani 

et al., 2010) have made it possible to attribute an age-at-death around 12-14 years. 

Further notes: 

- The pars petrosa of the left temporal bone and the LLM3 were sampled for analysis 
87Sr/86Sr 

- Sampled root for TCA 

Tomb 58 

The MNI is three individuals: two inhumations and a cremation. On 30/11/2018, the two 

inhumations are examined. 

FM-MOS- '99/'00, Tomb 58, inhumation 

MNI: 3 

Individual: 1 

Sex: IND 

Age-at-death: 50+ 
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Archaeological phase: 8th century BCE 

Gender: F 

Samples: 87Sr/86Sr, aDNA 

Skull: fragments of the frontal bone, portions of the temporal bone (left and right petrous 

portions). 

Splancnocranium: portions of the mandible. 

Teeth: URM2, URM1, LRC, LLM2. 

Shoulder girdle: portions of right scapula (a portion of the glenoid cavity); portions of the 

left scapula and left collarbone. 

Ribs: fragments. 

Vertebrae: fragments of thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the ilium. 

Lower limb: portions of the proximal epiphysis of the right and left femurs. 

Based on the observation of the degree of tooth wear of the dental cusps (Lovejoy, 1985), 

and oral disease (ante mortem tooth loss –AMTL) (Hillson, 2008), it was possible to 

attribute an age-at-death of 50 years. 

The dimorphic traits of some strongly intermediate sections of the skull and pelvis 

following (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994) (see spreadsheet: 

robust skull, intermediate greater sciatic notch tending to male, robust occipitalis, 

intermediate mastoid) did not allow a certain attribution of sex. 

Further notes: 

- URM1 for 87Sr/86Sr 

- Petrous portion of the right temporal bone sampled for aDNA 

FM-MOS- '99/'00, Tomb 58, inhumation 

MNI: 3 

Individual: 2 

Sex: IND 

Age-at-death: 5-10 

Archaeological phase: 8th century BCE 

Gender:F? 

Samples: 87Sr/86Sr, aDNA 

Skull: fragments of the frontal bone, portions of the occipital bone. 

Teeth: URm2, URm1, URc, URi2, URi1, ULm2, ULm1, ULc, ULi2, ULi1, LRm2, LRm1, 

LRc, LLm2, LLm1, LLc, URM2 (1/4), URM1 (1/2), URC, URP4, URP3, URI2, URI1, 

ULM2(1/4), ULM1 (1/2), ULP4, ULP3, ULC, ULI2, ULI1, LRM2 (1/4), LRM1 (1/2), 

LRP3, LRC, LRI2, LRI1, LLM1 (1/2), LLP4, LLP3, LLC, LLI2, LLI1. 
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Upper limb: fragments of the right humerus, radius and ulna; fragments of the left 

humerus, radius and ulna. 

Vertebrae: fragments of vertebrae. 

Pelvic girdle: portions of the ilium. 

Lower limb: portions of the right and left tibia diaphysis. 

The age-at-death of the individual was attributed according to the state of development 

and dental eruption (AlQahtani et al., 2010) and the epiphyseal closure of skeletal 

elements (Schaefer et al., 2009). 

On 10/07/2018, the skeletal remains of the cremation were analysed. 

FM-MOS-'99/'00, Tomb 58, cremation 

MNI: 3 

Individual: 3 

Sex: M 

Age-at-death: 30+  

Archaeological phase: 8th century BCE 

Gender: M 

Samples: 87Sr/86Sr, TCA 

The degree of fragmentation of bones is high, with fragments ranging from the sub-

centimetre to larger sizes (about 6 centimetres for portions of long bones). The combustion 

is not homogeneous, and the skeletal sample has a colouration that goes from calcined 

white (diffuse), grey-bluish (rare). The skull appears represented with small portions 

ranging from the sub-centimetre to about 2 centimetres. There are portions of the frontal 

bone (pars orbitalis), parietal, temporal bone. There are portions of the mandible, the 

maxilla, roots and crowns. All the long bones are represented in a medium-poor way. 

There are portions of cervical, thoracic and lumbar vertebrae. The chest is poorly 

represented. The pelvic girdle is poorly represented. Hands and feet are poorly 

represented.  

It was possible to attribute an age-at-death >30 years based on the observation of the 

modification of pubic symphysis (Brooks and Suchey, 1990). The widespread robustness 

of the individual (skull, humerus, femur and tibia), together with some morphological 

characteristics of the skull and, in particular, the morphology of the mastoid (+2) (Acsádi 

and Nemeskéri method, 1970; Buikstra and Ubelaker, 1994) suggest a male hypothesis 

for sex determination. 

Further notes: 

- The left petrous portion of the temporal bone sampled for 87Sr/86Sr. 

- A tooth root was sampled for the TCA. 

- A femur fragment was sampled for histological analysis.  
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Tomb 59 

On 22/06/2018, the skeletal remains from “Tomb 59” are analysed. The tomb yielded two 

individual cremations in cinerary urns (A and D) and accompanying vessels. Dr Miranda 

proceeded with the micro-excavation of the urns through cuts. Preliminary examination 

of the remains made it possible to determine the degree of fragmentation and skeletal 

representation of the individual. 

FM-MOS-’99 / ’00, Tomb 59, cremation, cinerary D 

MNI: 1 

Sex: F 

Age-at-death: 20+ 

Archaeological phase: 8th century BCE 

Gender: F 

Samples: 87Sr/86Sr, TCA, Histology 

The degree of bone fragmentation is medium to high, with fragments ranging from sub-

centimetre to larger dimensions (approximately 7 centimetres for the long bone portions). 

Combustion is not homogeneous, and the skeletal sample has a colour ranging from 

calcined white (diffuse), grey-bluish-whitish colour (rare), while some phalanges have a 

brownish colour. The degree of representation of the skull is medium, with consistent 

portions of the frontal bone, temporal bone (right mastoid), fragments of the occipital 

bone. There are portions of the mandible and roots of teeth. All long bones are represented. 

The vertebrae, thorax and pelvic girdle are poorly represented. Hands and feet are 

represented. 

The degree of epiphyseal closure of skeletal elements (Schaefer et al., 2009), allows us to 

estimate age-at-death greater than 20 years (generic adult). The widespread gracility of the 

individual, the measurement of different anatomical districts (proximal epiphysis of 

radius, talus and patella) following the morphometric method by (Cavazzuti, Bresadola et 

al., 2019) suggest a hypothesis of female sex. 

Further notes: 

- Petrous portion of the right temporal bone sampled for the analysis of 87Sr/86Sr  

- Tooth root was sampled for the TCA 

- Femur fragment was sampled for histological analysis 

FM-MOS-’99 / ’00, Tomb 59, cremation, cinerary A 

MNI: M 

Sex: 30 

Age-at-death: 30+ 

Archaeological phase: 8th century BCE 

Gender: M 

Samples: 87Sr/86Sr, TCA, Histology 
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The degree of bone fragmentation is medium to high, with fragments ranging from sub-

centimetre to larger dimensions (approximately 8 centimetre for long bone portions). The 

colour is not homogeneous and the skeletal specimen has a prevalent calcined white and 

a rarer bluish-grey colour. The urn was dug in four cuts (I-IV). All districts are represented 

in all cuts in a homogeneous way. However, the teeth are mostly represented in cut I, less 

in cut II, absent in cut III-IV. The degree of representation of the skull is medium. There 

are substantial portions of frontal bone, portions of the temporal bone (right and left 

mastoid). There are portions of the mandible and roots in cut II. The pelvic girdle is well 

represented. Long bones are represented. The spine and thorax are poorly represented. 

Hands and feet are represented. 

The observation of the obliteration of the cranial sutures (Meindl and Lovejoy, 1985) and 

minor osteophytes made it possible to identify an age-at-death >30 years. The 

measurement of different anatomical districts (proximal epiphysis of the radius and 

mandibular condyle), following (Cavazzuti, Bresadola et al., 2019), and the observation 

of some sections of the coxal bone (great sciatic notch) (Acsádi and Nemeskéri method, 

1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of male for sex determination. 

Further notes: 

- Petrous portion of the left temporal bone sampled for 87Sr/86Sr. 

- Tooth root was sampled for TCA. 

Tomb 62 

On date 7/12/2018, the skeletal remains from “Tomb 62, US 217 / 1-2” are examined. The 

human remains were divided by district and lateralised during the excavation. An MNI of 

two was identified 

FM-MOS- '99 / '00, Tomb 62, inhumation, US 217/1 

MNI: 2 

Individual: 1 

Sex: IND 

Age-at-death: 5-10  

Archaeological phase: IIB, 8th century BCE 

Gender: F 

Samples: 87Sr/86Sr, δ13C, δ15N, aDNA 

Skull: fragments of the frontal bone, temporal bone (right and left petrous portion). 

Teeth: URM2, URM1, URP4, URP3, URC, URI2, URI1, ULM2, ULM1, ULP4, ULP3, 

ULC, ULI2, ULI1, LRM2, LRM1, LRP4, LRC, LRI2, LLM2, LLM1, LLCi, LLI2, UR 

ULi2, LLm2. 

Shoulder girdle: fragment of the left shoulder blade. 

Upper limb: metaphysis of the humerus, and right radius and metaphysis of the left ulna. 

Ribs: fragments. 

Pelvic girdle: fragments of the pelvis. 
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Lower limb: proximal epiphysis and metaphysis of the right femur, metaphysis of the right 

tibia; metaphysis of the left femur, metaphysis of the left tibia. 

The observation of the dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) and the observation of the state of fusion of the glenoid 

cavity (Schaefer et al., 2009) allow us to assess an age-at-death around 9.5 years. 

Further notes: 

- Bones identified during excavation but very fragmented 

- Petrous portion of the left temporal bone, sampled for 87Sr/86Sr 

- URM1 sampled for 87Sr/86Sr 

- Ribs sampled for δ13C, δ15N 

- Petrous portion of the right temporal bone sampled for aDNA 

FM-MOS- '99 / '00, Tomb 62, inhumation, US 217/2 

MNI: 2 

Individual: 2 

Sex: M(?) 

Age-at-death: 20-40 

Archaeological phase: IIB 

Gender: F 

Samples: 87Sr/86Sr, δ13C, δ15N, aDNA 

Skull: fragments of the parietal bone, fragment of the right and left temporal bone. 

Splanchnocranium: fragment of the left mandible 

Teeth: URM3, URM2, URM1, URP4, URP3, URC, URI1, ULM3, ULM2, ULM1, ULP4, 

ULP3, ULI2, ULI1, LRM3, LRM2, LRM1, LRP4, LRC, LLM3, LLM1, LLP4, LLC LLI2, 

LLI1. 

Shoulder girdle: fragment of the left glenoid cavity. 

Upper limb: metaphysis of humerus, ulna, right and left radius. 

Vertebrae: cervical vertebrae. 

Ribs: fragments. 

Pelvic girdle: fragments of the pelvis. 

Lower limb: proximal epiphysis, metaphysis and distal epiphysis of the right femur, 

metaphysis of right tibia, metaphysis of the right fibula; proximal epiphysis, metaphysis 

of the left femur, metaphysis of the left tibia, metaphysis of the fibula. 

Feet: bone fragments pertaining to the feet unidentified fragments attributed during 

excavation. 

Based on the observation of the degree of physiological wear (Lovejoy, 1985), oral disease 

(ante-mortem tooth loss –AMTL) (Hillson, 2008), it was possible to attribute an age-at-

death of 30-35 years. 
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The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 

1994) suggest a hypothesis of probable male for the determination of sex, but the mastoid 

tends to be female. 

Further notes: 

- Bones identified during excavation but very fragmented 

- URM1 sampled for 87Sr/86Sr  

- Petrous portion of the left temporal bone sampled for aDNA 

Tomb 63 

On the 10/07/2018, the skeletal remains from “Tomb 63” are analysed. 

FM-MOS-'99 / '00, Tomb 63, cremation 

MNI: 1 

Sex: M, 

Age-at-death: 20+ 

Archaeological phase: 8th century BCE 

Gender: IND 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

The degree of bone fragmentation is high, with fragments ranging from sub-centimetre to 

larger sizes (approximately 6 centimetre for long bone portions). The individual appears 

much more fragmented than in the cremations analysed so far. The tomb was excavated 

by cuts (I-IV). The bones are calcined white, sometimes bluish and more rarely brownish, 

greyish black. All the districts are represented in a rather homogeneous way and all the 

cuts, but the skull is the most documented district. Long bones are represented. The rachis, 

the thorax are poorly represented. Hands and feet are represented. The pelvic girdle is 

poorly represented, and no diagnostic element can be identified for the purpose of sex 

determination. 

The state of epiphyseal closure of skeletal elements (Schaefer et al., 2009) allows us to 

estimate an age-at-death greater than 20 years (generic adult). The general observation of 

the different preserved districts and, in particular, the robusticity of the patella and the heel 

(both not measurable) suggest a hypothesis of a male for sex determination. 

Further notes: 

- Petrous portion of the left temporal bone and the crown of an LM2 molar were sampled 

for 87Sr/86Sr  

- Tooth root was sampled for TCA 

Tomb 64 

On 3/12/2018, the skeletal remain from “Tomb 64” are analysed. The human remains were 

divided by district and lateralised during the excavation.  

FM-MOS- '99 / '00, Tomb 64, inhumation 

MNI: 1 

Sex: M 



338 

 

Age-at-death: 50+  

Archaeological phase: 8th century BCE 

Gender: M 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Skull: fragments of the frontal bone, portions of the temporal bone (mastoid process and 

petrous bones right and left), portions of parietal bone and portions of the occipital bone. 

Splanchnocranium: portions of the left mandible. 

Teeth: URM3, URM2, ULM3, ULM2, ULC, ULI2, ULI1, LRP3, LRC, LRI2, LRI1, 

LLM3, LLM2, LLP4, LLP3, LLI2. 

Shoulder girdle: portions of the right scapula (a portion of the glenoid cavity), epiphysis 

of the right clavicle; portions of the left scapula and left clavicle. 

Upper limb: diaphysis of the right humerus, diaphysis of the right ulna; left ulna diaphysis, 

left radius diaphysis. 

Ribs: fragments. 

Vertebrae: fragments of cervical (axis), thoracic vertebrae. 

Pelvic girdle: portions of the ischium. 

Lower limb: portions of the proximal epiphysis, diaphysis and distal epiphysis of the right 

femur, right tibial diaphysis, right patella; proximal epiphysis, diaphysis of the left femur, 

diaphysis of the left tibia, a portion of the left fibula. 

Hand /foot: carpal bones, right metacarpus; tarsal bones (talus, calcaneus), metatarsal IV, 

V, talus, calcaneus. 

Based on the observation of the degree of tooth wear patterns (Lovejoy, 1985), oral disease 

(ante-mortem tooth loss –AMTL) (Hillson, 2008), it has been possible to attribute an age-

at-death >50 years. The dimorphic traits of the skull and pelvis following (Acsádi and 

Nemeskeri, 1970; Buikstra and Ubelaker, 1994) (see spreadsheet) suggest a hypothesis of 

a male for the determination of sex. 

Further notes: 

- M3 not erupted 

- Schmörl on the vertebral bodies 

- Platimetric subject 

- AMTL: ULM1, ULP4, ULP3 

- LLM2 sampled for 87Sr/86Sr 

- Petrous portion of the left temporal bone sampled for 87Sr/86Sr 

- Ribs sampled for δ13C, δ15N 

- Petrous portion of the left temporal bone sampled for aDNA 

Tomb 65 

On 22/01/2019, the skeletal remains from “Tomb 65” are examined. The human remains 

were divided by district and lateralised during the excavation.  
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FM-MOS- '99 / '00, Tomb 65, inhumation 

MNI: 2 

Individual: 1 

Sex: IND 

Age-at-death: 10-15  

Archaeological phase: IIB 

Gender: F 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Skull: portions of the frontal bone, portions of the parietal bone, portions of the right and 

left temporal bone. 

Splanchnocranium: portions of the maxilla and portion of the mandible. 

Teeth: URM2, URM1, URP4, ULM2 (enamel bead), ULM1, ULP4, ULP3, ULI2, ULI1, 

LRM3, LRM2, LRM1, LRP4 (rotation), LRP3, LLC, LLP4 (rotation), LLM1, LLM2, 

LLM3. 

Vertebrae: cervical vertebrae (axis) and other vertebrae. 

Shoulder girdle: fragment of proximal clavicle epiphysis. 

Upper limb: metaphysis of the right humerus and metaphysis of the left humerus. 

Ribs: fragments. 

Pelvic girdle: portions of the ilium. 

Lower limb: right femur, right tibia and fibula; left femur, left patella portion, left tibia 

and fibula. 

The age-at-death of the individual was attributed based on dental formation and the 

eruption of deciduous and permanent dentitions (AlQahtani et al., 2010) and the state of 

fusion of the glenoid cavity (Schaefer et al., 2009). 

Further notes: 

- Pars petrosa of the right temporal bone sampled for 87Sr/86Sr 

- ULM1 sampled for the 87Sr/86Sr. 

- The pars petrosa of the left temporal bone sampled for aDNA 

FM-MOS- '99 / '00, Tomb 65, inhumation 

MNI: 2 

Individual: 2 

Sex: IND  

Age-at-death: 5-10  

Archaeological phase: IIB 

Gender: F 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 
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Skull: portions of the frontal bone, portions of the parietal bone, portions of the right and 

left temporal bone. 

Splanchnocranium: portions of the mandible. 

Teeth: LRM2, LRM1, LRP4, LRP3, LRC, LRI2, LLM2, LLM1, LLP4, LLP3, LLC, LLI2, 

LLI1. LRm2, LRm1, LLm2, LLm1. 

Shoulder girdle: fragment of the right shoulder blade. 

Lower limb: fragment of the metaphysis of the femur. 

The observation of the dental formation and the eruption of deciduous and permanent 

dentitions (AlQahtani et al., 2010) allow us to assess an age-at-death of 6.5 years. 

Further notes: 

- Pars petrosa of the right temporal bone sampled for 87Sr/86Sr 

- ULM1 was sampled for the 87Sr/86Sr 

- The pars petrosa of the left temporal bone sampled for aDNA  

Tomb 67 

On 2/01/2019, the skeletal remains from “Tomb 67, US 227/1” are analysed. The human 

remains were divided by district and lateralised during the excavation. An MNI of three 

individuals is identified. Individual 1 is well represented, while individuals 2-3 are 

represented exclusively by the skull. Other bone districts are identified but it was not 

possible to attribute them to 2-3 individuals. 

FM-MOS- '99 / '00, Tomb 67, inhumation, US 227/1 

MNI: 3 

Individual: 1 

Sex: M 

Age-at-death: 40+ 

Archaeological phase: 8th-7th century BCE 

Gender: IND 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Skull: fragments of the frontal bone (right pars orbitalis), fragments of the left and right 

parietal bone, portions of the occipital bone. 

Splanchnocranium: portions of the mandible. 

Teeth: URM3, URM2, URM1, URP4, URP3, URC, URI1 (root only), ULM3, ULM2 

(abscess), ULM1, ULP4, ULP3, ULC, ULI2, ULI1, LRM3, LRM2, LRM1, LRP4, LRP3, 

LRC , LRI2, LLM3, LLM2, LLM1 (AMTL), LLP4, LLP3, LLC, LLI2, LLI1. 

Upper limb: metaphysis of the right humerus, metaphysis of the left humerus. 

Vertebrae: various fragments of vertebrae. 

Ribs: fragments. 
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Pelvic girdle: fragments of the pelvis (fragments of the ischium: right greater sciatic 

notch). 

Lower limb: right femur, proximal epiphysis of the right tibia, right patella, metaphysis of 

the right fibula; left femur, left tibia metaphysis and left fibula metaphysis. 

Hands/feet: fragments of bones pertaining to the hands not recognised but identified 

during the excavation. Left talus. 

Based on the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL), periodontitis and abscesses: Hillson, 2008), and to the 

presence of vertebral bodies with sclerotic surfaces it was possible to attribute an age-at-

death >40 years. The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994) suggest a hypothesis of a male for the determination of sex. Hillson, 

2008. 

Further notes: 

- Bones identified during excavation but very fragmented 

- Petrous portion of the right temporal bone sampled for 87Sr/86Sr 

- ULM1 sampled for 87Sr/86Sr 

- Petrous portion of the left temporal bone sampled for aDNA 

FM-MOS- '99 / '00, Tomb 67, inhumation, 

MNI: 3 

Individual: 2 

Sex: M 

Age-at-death: 40+ 

Archaeological phase: 8th-7th century BCE 

Gender: F(?) 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Skull: frontal bone fragments (pars orbitalis right), right and left parietal bone fragments, 

portions of the occipital bone. 

Teeth: URM2, URP4, URP3, ULP4, URC, URI2, ULM2, ULM1, ULC, ULI2, ULI1. 

Based on the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it has been possible to attribute an age-at-

death >40 years. The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994) (see sheet) suggest a hypothesis of a male for the determination of 

sex. 

Further notes: 

- Petrous portion of the right temporal bone sampled for 87Sr / 86Sr 

- Petrous portion of the left temporal bone sampled for aDNA 

FM-MOS- '99 / '00, Tomb 67, inhumation, 

Individual: 3 

Sex: M 
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Age-at-death: 50+ 

Archaeological phase: 8th-7th century BCE 

Gender: F(?) 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Skull: fragments of the frontal bone (pars orbitalis left), fragments of the left and right 

parietal bone, portions of the right and left temporal bone, portions of the occipital bone. 

Teeth: ULM3, LRM2, LRM1, URP4, LRP4, LRP3, LRC, LRI2, LRI1, LLM3 (AMTL), 

LLM2 (AMTL), LLM1, LLP4, LLP3, LLC, LLI2, LLI1. 

Based on the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it has been possible to attribute an age-at-

death >50 years. The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994) (see spreadsheet) suggest a hypothesis of male for the determination 

of sex. 

Further notes: 

- Cryobiotic / active subject (a portion of the frontal bone and orbital cavity) 

- Petrous portion of the left temporal bone and LRM1 sampled for 86Sr /87Sr 

- Petrous portion of the right temporal bone sampled for aDNA 

The osteological districts that it was not possible to attribute to the individuals listed above 

are described. 

Upper Limb: metaphysis of the right humerus, proximal epiphysis of the right ulna, 

metaphysis of the right radius; distal epiphysis of the left humerus, metaphysis of the left 

humerus, metaphysis of the left ulna, metaphysis and proximal epiphysis of the left ulna. 

Vertebrae: various fragments of vertebrae. 

Ribs: fragments. 

Pelvic girdle: fragments of the pelvis (fragments of the ischium: grater sciatic notch +2). 

Lower limb: a proximal epiphysis of the femur, diaphysis of the right femur, diaphysis of 

the right tibia; proximal epiphysis and right femoral diaphysis. Two fragments of the right 

femur and tibia recognised during excavation; metaphysis of the left femur. 

Feet: fragments pertaining to the feet 

Tomb 70 

On 9/12/2018, the skeletal remains from “Tomb 70” are analysed. The human remains 

were divided by district and lateralised during excavation. 

FM-MOS- '99 / '00, Tomb 70, inhumation 

MNI: 1 

Individual: 1 

Sex: IND 

Age-at-death: 5-10  
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Archaeological phase: IIB 

Gender:M 

Samples: 87Sr/86Sr, δ13C, δ15N  

Skull: fragments of the frontal bone. 

Teeth: URM3, URM1, URP4, URP3, URC, URI2, URI1, ULM3, ULM1, ULP4, ULP3, 

ULC, ULI2, ULI1. LRM2, LRM1, LRP4, LRP3, LRI2, LRI1, LLM2, LLM1, LLP4, 

LLP3, LLC, LLI2, LLI1 

Upper limb: diaphysis of the right humerus, diaphysis of the right ulna and right radius; 

diaphysis of the right humerus, diaphysis of the left ulna, diaphysis of the left radius. 

Ribs: fragments. 

Pelvic girdle: portions of the ilium. 

Lower limb: portions of the proximal epiphysis, diaphysis and distal epiphysis of the right 

femur; proximal epiphysis, left femoral diaphysis. 

The age-at-death of the individual was attributed based on the state of development and 

dental eruption (AlQahtani et al., 2010) and based on the observation of the fusion state 

of the epiphyseal ring of the vertebral bodies (Schaefer et al., 2009, pp. 340–341). 

Further notes: 

- LRM1, sampled for 87Sr/86Sr 

- Ribs sampled for δ13C, δ15N 

Tomb 78 

On 17/07/2018, the skeletal remains from “Tomb 78” are analysed. 

FM-MOS-'99 / '00, Tomb 78_Area B2_US252_, cremation 

MNI:1 

Sex: F(?) 

Age-at-death: 20+  

Archaeological phase: IIB 

Chronological phase: second half of the 8th century BCE 

Gender: M 

Samples: 87Sr/86Sr, aDNA, TCA, Histology 

The degree of bone fragmentation is high, with fragments ranging from the sub-centimetre 

to larger sizes (approximately 8 centimetres for long bone portions). The combustion is 

not homogeneous, and the skeletal sample has a diffuse calcined white colour with 

brownish-grey-black fragments on the roots, vertebrae, hands and feet. The skull appears 

very fragmented and is moderately represented. There are portions of the frontal bone 

(pars orbitalis), portions of the temporal bone (pars petrosa of the right and left temporal 

bone), portions of the parietal bone, portions of the occipital bone. There are portions of 

the left mandible and condyle, numerous tooth roots. All long bones are present. Cervical, 

thoracic and lumbar vertebrae are well represented. The thorax is moderately represented: 
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fragments of numerous ribs have been identified; There are also portions of the scapula 

and a portion of the clavicle. Hands and feet are represented. 

Age-at-death >20 years based on the epiphyseal closure of skeletal elements (Schaefer et 

al., 2009). The widespread gracility of the skeletal portions of the individual, the body of 

the ischium, tending to feminine characteristics, small in size with a smooth surface 

(Acsádi and Nemeskéri, 1970; Buikstra and Ubelaker, 1994), some measurements were 

taken on the humerus, lunate, and axis according to (Cavazzuti, Bresadola, et al., 2019) 

bring the individual into the female range. However, the absence of additional dimorphic 

indicators does not allow for a sufficiently reliable sex determination. 

Further notes: 

- Fauna present (to be checked) 

- Petrous bone of the right temporal bone sampled for 87Sr/86Sr 

- Fragment of humerus sampled for histology 

- Sampled root for TCA 

Tomb 81 

On 31/08/2018, the skeletal remains from “Tomb 81” are analysed. During the excavation, 

nine burials were identified, one of which was identified as pertaining to an infant. 

FM-MOS- '99 / '00, Tomb 81, US 266, burial 

We proceed with the analysis of US 266, indicated in the excavation diaries as filling. The 

analysis of the osteological findings allowed the recognition of an MNI equal to three for 

this US; in particular, it was possible to attribute to each individual portions of the right 

and left femur, of the right and left tibia and of the pelvis (a portion of the right and left 

ilium and of right and left ischium). The three subjects are identified as sub-adults based 

on the degree of growth of the long bones listed above and the degree of fusion of the 

proximal and distal epiphyses. The degree of preservation of the length of the femurs, as 

reported below, made it possible to estimate a more precise age-at-death of the subjects 

(Schaefer et al., 2009). 

Portions of the skull, splanchnocranium, teeth (in situ and scattered, deciduous and 

permanent), which belong to several individuals. However, the funerary context in which 

they were found (multiple collective burial) does not allow the determination with 

sufficient reliability. Therefore, we proceed to the description of the most diagnostic 

findings (portions of the mandibles and maxillae with mixed dentition), giving them an 

identification number (Features I-V). 

FM-MOS- '99 / '00, Tomb 81, US 266 

MNI: 14 

Individual: 1 

Sex: IND 

Age-at-death: 1-5 

Archaeological phase: end of the 6th century BCE 

Gender: IND 
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Archaeological material: IND 

Not sampled 

Taphonic notes: 

 The pit had two well distinguishable fillings based on the colour US 262-US 266 

(Sabbatini, 2000). 

Pelvic girdle: unfused right ischium; left ilium, ischium and left pubis not fused. 

Lower limb: proximal epiphysis, diaphysis and distal unfused epiphysis of the right femur, 

proximal epiphysis of the right tibia; left femur and distal unfused epiphysis of the left 

femur, proximal epiphysis and metaphysis of the left tibia. 

The observation of the epiphyseal closure of skeletal elements (Schaefer et al., 2009) and 

the measurements of the total length of the femur diaphysis (22.9 centimetres) made it 

possible to attribute an age-at-death around 4-5 years-of-age. 

FM-MOS- '99 / '00, Tomb 81, US 266 

MNI:14 

Individual: Individual 2 

Sex: IND 

Age-at-death: 1-5 

Archaeological phase: end of the 6th century BCE 

Gender: IND 

Archaeological material: IND 

Taphonomic notes: The pit had two well distinguishable fillings based on the colour US 

262-US 266 (Sabbatini, 2000). 

Pelvic girdle: ischium, ilium and right pubis not fused; left ilium, ischium and left pubis 

not fused. 

Lower limb: proximal and distal unfused epiphysis of the right femur, proximal epiphysis 

of the right tibia; left femur and unfused epiphysis of the left femur, proximal epiphysis 

and metaphysis of the left tibia. 

The observation of the epiphyseal closure of skeletal elements (Schaefer et al., 2009) and 

measurements of the total diaphysis length of the femur (19.9 centimetres) made it 

possible to attribute an age-at-death to around 3 years. 

FM-MOS- '99 / '00, Tomb 81, US 266 

MNI: 14 

Individual: Individual 3 

Sex: IND 

Age-at-death: 1-5 

Archaeological phase: end of the 6th century BCE 

Gender: IND 

Archaeological material: IND 

Not sampled 

Taphonomic notes: The pit had two well distinguishable fills based on the colour US 

262-US 266 (Sabbatini, 2000). 
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Pelvic girdle: unfused right ischium; left ilium and ischium not fused. 

Lower limb: right femur and distal unfused epiphysis of the right tibia; left femur and 

distal unfused epiphysis of the left tibia. 

The observation of the epiphyseal closure of skeletal elements (Schaefer et al., 2009) and 

the measurements of the total diaphysis length of the femur and tibia (19.5, 16.5 

centimetres) made it possible to attribute an age-at-death of around 2.5-3 years. 

We move on to the description of mandibles /teeth /maxillae that have been identified by 

finding number (Features: I-V): 

Feature I: 

Maxilla showing a mixed dentition in situ. There are URm1, URm2, ULm1, ULm2, URI2, 

URC, ULI1, ULI2, ULP3, ULM1, ULM2 (diagnostic for determining the age-at-death). 

The observation of the position still in the crypt of the incisors, canines, permanent 

premolars and are almost at the chewing plane of the first permanent molar and the state 

of formation of the same (root not obliterated for URI2, URC, URI2, URP3, URM2) and 

crown for ¾ (ULI1, ULM1) allowed the determination of age-at-death of 5.5-6 years 

(AlQahtani et al., 2010). 

Feature II: 

Maxilla showing a mixed dentition in situ. There are URm1, URm2, ULI1 (diagnostic for 

determining the age-at-death). 

The observation of the position of the permanent incisor still in the crypt and the presence 

of the two deciduous molars allowed an attribution of the age-at-death of 5.5 years 

(AlQahtani et al., 2010). 

Feature III: 

Maxilla showing a mixed dentition in situ. There are: URm1, URm2, URI1, ULC 

(diagnostic for determining the age-at-death). 

The observation of the position still in the crypt of the permanent incisor and the 

permanent canine allowed an attribution of the age-at-death of 5.5 years (AlQahtani et al., 

2010). 

Feature IV: 

Mandible with mixed dentition. There are LLm1, LLm2, RLm1, RLm2, LLM1, RLM1. 

The presence of deciduous molars and the observation of the position still in the crypt of 

the permanent molars with roots not yet formed have allowed an attribution of the age-at-

death of 4.5 years (AlQahtani et al., 2010). 

Feature V: 

Hemimandible is showing a mixed dentition in situ. There are LLI1, LLI2, LLC. 
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The observation of the position still in the crypt and the state of formation with the root 

not yet formed of the two incisors and the canine allowed an attribution of the age-at-death 

of 6.5 years (AlQahtani et al., 2010). 

Other skeletal portions and fragments of teeth relevant to further anatomical districts were 

also found, all attributable to subadult individuals. 

Skull: portions of the frontal bone (at least three pars orbitalis), portions of the temporal 

bone, consistent portions of the parietal bone, portions of the occipital bone. 

Teeth: LLi1, LUc (with complete roots), RUP3 (in formation, full crown for ¾,). 

Upper limb: proximal epiphysis, metaphysis and distal epiphysis of at least three right 

humeri, one left humerus; right and left radius compatible, radius metaphysis; left ulna, 

ulna metaphysis. 

Shoulder girdle: two portions of right shoulder blades and two portions of left shoulder 

blades; a left clavicle and two distal epiphyses of the right clavicle. 

Ribs: numerous fragments. 

Vertebrae: cervical, thoracic and lumbar vertebrae with different fusion stages. 

Pelvic girdle: see individual 1-3. 

Lower limb: see individual 1-3. 

Hand/ foot: right and left talus, phalanges. 

Hand/foot of an adult individual (left metatarsal II, right metatarsal V, other unidentified 

metatarsals and distal phalanges). This finding is rather to be considered as a probable 

infiltration from funeral deposits adjacent to the one in question. 

Further notes: 

- Not sampled 

- Presence of fauna: sheep and goat tibia 

We proceed to the analysis of US 262 / 9-262 / 8-262 / 7-262 / 6-262 / 5-262 / 4-262 / 3-

262 / 2-262 / 1 (the number represents the individual attributed during the excavation). 

FM-MOS- '99 / '00, Tomb 81, US 262/9, inhumation 

MNI: 14 

Individual: Individual 4 

Sex: M 

Age-at-death: 20-40  

Archaeological phase: first half of the 6th century BCE 

Gender: IND 

Archaeological material: IND 

Not sampled 

Taphonomic notes: The individual is referred to as US 262/9, which corresponds to the 

oldest burial. According to the excavation diary, the individual was found in a patchy state 
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directly on the ground below the burial US 262/7 found with a sword (Sabbatini 

1999/2000). 

Skull: absent 

Shoulder girdle: right clavicle, portions of the right scapula (glenoid cavity), portions of 

the left scapula (glenoid cavity). 

Upper limb: humerus, radius and right ulna; humerus, radius and proximal epiphysis of 

the right ulna. 

Ribs: a few fragments. 

Pelvic girdle: portions of the right and left ilium (auricular surface). 

Lower limb: right femur, right patella, proximal and distal epiphysis of the right tibia, right 

fibula diaphysis; left femur, left patella, left tibia, metaphysis and distal epiphysis of the 

left fibula. 

Hand/foot: right carpal bones (lunate, scaphoid), right metacarpus II-III-IV-V; left carpal 

bones (trapezoid, scaphoid), left metacarpus I-II-III-IV-V, phalanges. Right tarsal bones 

(astragalus and cuboid); left tarsal bones (talus and calcaneus). 

From the observation of the degree of modification of degenerative changes of sternal rib 

epiphysis (Işcan et al., 1984a; 1984b), it was possible to attribute an age-at-death between 

20-40 years. The dimorphic traits of the pelvis following (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994) suggest a hypothesis of a male for sex determination. 

Further notes: 

- The individual was not sampled. 

- Elements not attributed: vertebrae due to the presence of two axis, the portion of right 

scapula (glenoid cavity). 

FM-MOS- '99 / '00, Tomb 81, US 262/8 inhumation 

MNI: 14 

Individual: Individual 5 

Sex: IND 

Age-at-death: 5-10  

Archaeological phase: the beginning of the 6th century BCE 

Gender: IND 

Archaeological material: IND 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: the skeleton was in a very bad state of conservation, lying on its back 

with the skull turned to the left directly on the ground (Sabbatini, 2000). 

Skull: portions of the frontal bone, portions of the temporal bone, portions of the parietal 

bone and portions of the occipital bone. 

Splanchnocranium: portions of the maxilla and mandible. 
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Teeth: There is a mixed dentition. URi1, URc, URm1, URm2, ULi1, ULc, ULm1, ULm2, 

LRc, LRm1, LRm2, LLm1, LLm2. URI2 (in crypt), URm1 (in crypt), URm2 (in crypt), 

ULI2 (in crypt), URm1 (in crypt). LRI1 (erupted), LRI2 (in crypt), LRM1 erupted, LLI1 

(erupted), LLI2 (in crypt), LLC (in crypt), LLM1. 

Shoulder girdle: left glenoid cavity. 

Upper limb: diaphysis of right humerus, proximal epiphysis and metaphysis of the right 

radius, right ulna epiphysis; left humerus diaphysis, left radius metaphysis, left ulna 

metaphysis. 

Ribs: fragments. 

Vertebrae: vertebral bodies and spinous processes. 

Lower limb: proximal epiphysis and diaphysis of the right femur, diaphysis of the right 

tibia; proximal epiphysis and left tibia diaphysis. 

The age-at-death based on the observation of the dental formation and the eruption of 

deciduous and permanent dentitions (AlQahtani et al., 2010) and the fusion state of the 

epiphyseal ring of the vertebral bodies cavity (Schaefer et al., 2009) is 6.5. 

Further notes: 

- LRm1sampled for 87Sr/86Sr 

- Right petrous portion of the temporal bone sampled for 87Sr/86Sr and aDNA 

- Ribs sampled for C δ13C, δ15N 

Unattributed elements: left capitate, left scaphoid, left lunate, left trapezoid, hand bones 

probably belonging to a female individual. 

FM-MOS- '99 / '00, Tomb 81, US 262/7, inhumation 

MNI:14 

Individual: Individual 6 

Sex: M 

Age-at-death: 20-40 

Archaeological phase: beginning of the 6th century BCE 

Gender: M 

Archaeological material: sword (left side) and a bronze fibula 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: the skeleton 262/7 was in a supine position under layer 262/6 and 

above 262/9 (Sabbatini, 2000). 

Skull: there are portions of the frontal, parietal bone, portions of the right and left temporal 

bone, portions of the occipital bone. 

Splanchnocranium: there are portions of the maxilla and mandible. 

Teeth: URI1-2, URC, URP3, URP4, URM1, ULI1, ULI2, ULC, ULP3, ULP4, ULM1. 

LRI1, LRI2, LRC, LRP3, LRP4, LRM1, LRM2; LLI1, LLI2, LLC, LLP3, LLP4, LLM1, 

LLM2, LLM3. 
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Shoulder girdle: distal epiphysis of the right clavicle, portion of the right scapula (glenoid 

cavity); a portion of the left clavicle (glenoid cavity). 

Upper limb: right humerus, right radius diaphysis, right ulna diaphysis; left humerus, left 

radius and left ulna. 

Ribs: various fragments. 

Vertebrae: There are cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the right and left ilium (auricular surface), portions of the ischium 

and pubis. 

Lower limb: right femur, right patella, right tibia, diaphysis and distal epiphysis of right 

fibula; left femur patella, tibia, diaphysis and distal epiphysis of left fibula. 

Hand/foot: tarsal bones (cuboid, cuneiform (medial and intermediate), right talus, right 

heel), right metatarsal I, III, IV, V; tarsal bones (left cuboid, left navicular, medial 

cuneiform), left metatarsal III, IV, V; metacarpus I, II, IV V right; left metacarpus I, III, 

IV, V, phalanges. 

The observation of the degree of tooth wear patterns (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), degenerative changes of the auricular surface 

of the ilium (Lovejoy et al., 1985); the additional indications, such as degenerative 

changes of vertebrae, has allowed attributing an age-at-death of 35-40 years. 

The dimorphic traits of the skull and pelvis and widespread robustness of the individual 

(proximal epiphysis of the femur) suggest a hypothesis of male for sex determination 

(Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994). 

Further notes: 

-ULM1, LRM1, LLM1 sampled for 87Sr/86Sr 

- Left petrous portion of the temporal bone sampled for 87Sr/86Sr and aDNA 

- Ribs sampled for δ13C, δ15N 

- Presence of bone proliferation on the vertebral surfaces (probable beginning of arthrosis), 

osteophyte on the thoracic vertebrae 

- Erniation of Schmörl on the II (?) lumbar vertebra 

- Greenish discolouration of the buccal surface of the teeth and mandibular and in 

correspondence of the vertebrae 

FM-MOS- '99 / '00, Tomb 81, US 262/6, inhumation 

MNI:14 

Individual: Individual 7 

Sex: M 

Age-at-death: 40+  

Archaeological phase: early 6th century BCE 

Gender: M 

Archaeological material: bronze fibula with zoomorphic protome and other objects 

assigned to individuals US 262 / 6-7-8 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 
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Taphonomic notes: The individual was placed in a supine position with the skull turned to 

the left (Sabbatini, 2000). 

Skull: there are portions of the frontal, parietal bone, portions of the right and left temporal 

bone. 

Splanchnocranium: there are portions of the maxilla and mandible. 

Teeth: URI2, URC, URP3, URP4, URM2, ULI2, ULC, ULP3, ULP4, ULM1. LRI2, LRC, 

LRP3, LRP4, LRM1; LLI1, LLI2, LLC, LLP3, LLP4, LLM1, LLM2, LLM3. 

Shoulder girdle: right and left clavicle, a portion of the left shoulder blade (glenoid cavity). 

Upper Limb: proximal epiphysis, metaphysis and distal epiphysis of right humerus, right 

radius, right ulna; metaphysis and distal epiphysis of left humerus, proximal epiphysis and 

metaphysis of left ulna, left radius. 

Ribs: various fragments. 

Vertebrae: there are cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the right ischium (sciatic notch and acetabular fossa); portions 

of the ilium, ischium (greater sciatic notch and left pubis (symphysis); portion of the 

sacrum. 

Lower limb: femur, patella, tibia, metaphysis and distal epiphysis of right fibula; proximal 

epiphysis, metaphysis and distal epiphysis of the left femur, patella and left tibia. 

Hand/foot: right carpal bones (capitate, pisiform, trapezoid), right metacarpus II-III; left 

carpal bones (scaphoid, lunate), left I metacarpus; right tarsal bones (talus, calcaneus, 

navicular, lateral cuneiform), right metatarsal I, II, III, IV, V; left tarsal bones (cuboid, 

medial cuneiform), left metatarsal I, I, III, IV, V. 

From the observation of the degree of tooth wear patterns (Lovejoy sheet, 1985), oral 

disease (ante-mortem tooth loss –AMTL) (Hillson, 2008), degenerative changes of the 

symphyseal surface of the pubic symphysis of the os coxae (Brooks and Suchey, 1990),  

it was possible to attribute an age-at-death of 40-50 years. 

The dimorphic traits of the skull and pelvis (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994) and the widespread robustness of the individual suggest a hypothesis of 

male for sex determination. 

Further notes: 

- Right petrous bone 87Sr/86Sr and aDNA 

-To be evaluated for teeth 87Sr/86Sr 

- Ribs sampled for δ13C, δ15N 

-Metopian subject, supernumerary to lambda 

- Presence of bone proliferation on the vertebral surfaces (probable beginning of arthrosis), 

osteoarthritis proximal femur epiphysis 

- A number of pathologies of the oral cavity have been observed: abscess 

- Deformation of the clavicle bone 
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FM-MOS- '99 / '00, Tomb 81, US 262/5, inhumation 

MNI: 14 

Individual: Individual 8 

Sex: F 

Age-at-death: 40+  

Archaeological phase: early 6th century BCE 

Gender: F 

Archaeological material: attributed to several individuals US 262 5/6/7 (10/9 / 8-7-6) 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: The individual was placed in a supine position with the skull in the 

frontal position (Sabbatini, 2000) 

Skull: frontal bone, temporal bone (right mastoid), parietal bone. 

Splanchnocranium: mandible. 

Teeth: absent. 

Upper limb: proximal epiphysis, metaphysis, distal epiphysis of the right humerus, 

proximal epiphysis and metaphysis of the right ulna, proximal epiphysis and metaphysis 

of the right radius; left humerus, ulna and radius. 

Ribs: various ribs. 

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the ilium (right auricular surface), portions of the right ischium 

(acetabular fossa); portions of the left ilium (left auricular surface), portions of the left 

ischium (sciatic notch). 

Lower limb: proximal epiphysis and diaphysis of the right femur, diaphysis of the right 

tibia, proximal epiphysis and diaphysis of the right fibula; proximal epiphysis and 

metaphysis of the left femur, proximal epiphysis and diaphysis of the left tibia, metaphysis 

of the left fibula. 

Hands/Feet: tarsal bones (talus, calcaneus, navicular, cuboid), metatarsal I, II, III, IV, V, 

right phalanges; tarsal bones (navicular, medial cuneiform) left. 

From the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), cranial sutures, and widespread osteoarthritis 

it was possible to attribute an age-at-death of >40 years. 

The dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994) and a widespread gracility of the individual suggest a 

hypothesis of a female for sex determination.  

Further notes: 

- Right petrous bone for 87Sr/86Sr, aDNA 

- Ribs for δ13C, δ15N 

- Diffuse osteoarthritis, AMTL mandibular teeth 
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FM-MOS- '99 / '00, Tomb 81, US 262/5, inhumation 

MNI: 14 

Individual: Individual 9 

Sex: IND 

Age-at-death: 1-5  

Archaeological phase: early 6th century BCE 

Gender: F(?) 

Archaeological material: attributed to several individuals US 262 5/6/7 (10/9 / 8-7-6) 

Not sampled 

Upper limb: proximal humerus epiphysis, radius diaphysis (?). 

Shoulder girdle: portions of the scapula (glenoid cavity). 

The age-at-death was attributed based on measurements taken on the glenoid cavity 

(Rissech and Black, 2007). 

FM-MOS- '99 / '00, Tomb 81, US 262/5, inhumation 

MNI: 14 

Individual: Individual 10 

Sex: IND 

Age-at-death: prob. Infant (0-1) 

Archaeological phase: early 6th century BCE 

Gender: F(?) 

Archaeological material: attributed to several individuals US 262 5/6/7 (10/9 / 8-7-6) 

Lower limb: right femur and right tibia; left tibia. 

Further notes: 

- It was not possible to take measures 

FM-MOS- '99 / '00, Tomb 81, US 262/4, inhumation 

MNI:14 

Individual: Individual 11 

Sex: M 

Age-at-death: 20-40 

Archaeological phase: end of the 6th century BCE 

Gender: M 

Archaeological material: two iron spear tips, iron rod, cannon lance, precertosa 

fibula 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: The individual was placed in a supine position with the skull flexed 

to the left partially below the individual US262 / 3 (synchronous?) (Sabbatini, 2000). 

Skull: frontal bone (pars orbitalis left), temporal bone (left mastoid), parietal bone, a 

portion of the occipital bone. 

Splanchnocranium: portion of the left mandible, portion of the left maxilla. 
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Teeth: ULI1, ULI2, ULC, ULP3; LRP3, LRP4, LRM1, LRM1, LRM3, LLP3, LLP4, 

LLM2, LLM3. 

Upper limb: proximal epiphysis and diaphysis of the right humerus, proximal epiphysis 

and diaphysis of the right ulna, distal epiphysis of the right radius; diaphysis of the left 

humerus, proximal epiphysis of the left ulna, metaphysis and distal epiphysis of left radius. 

Ribs: fragments. 

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the ischium (ischial notch and portion of the acetabular fossae) 

and a portion of the the right pubis; portions of the left ischium (greater sciatic notch and 

acetabular fossa); portions of the sacrum. 

Lower limb: right femur, patella, tibia and fibula; proximal epiphysis and diaphysis of the 

left femur and tibia. 

Hands/feet: Talus, right calcaneus and other non-lateralised elements, various non-

lateralised hand elements. 

The observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-mortem 

tooth loss –AMTL) (Hillson, 2008), allow us to assess an age-at-death of 30-40 years. The 

dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 1970; Buikstra 

and Ubelaker, 1994) suggest a hypothesis of a male for sex determination.  

FM-MOS- '99 / '00, Tomb 81, US 262/3, inhumation 

MNI: 14 

Individual: Individual 12 

Sex: F 

Age-at-death: 20-40  

Archaeological phase: end of the 6th century BCE 

Gender: F 

Archaeological material: grottazzolina fibulae, spool, spindle, cup. 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonic notes: The individual was placed in a supine position with the skull in a frontal 

position partially above the individual US262 / 4 (synchronous?) (Sabbatini, 2000) 

Skull: frontal bone, temporal bone (right mastoid, left mastoid), parietal bone, a portion of 

the occipital bone. 

Splanchnocranium: portion of the left maxilla and the mandible. 

Teeth: URC, URP3, URP4, URM1, URM2, URM3. ULC, ULP3, ULP4, ULM1, ULM2, 

ULM3. LRI2, LRC, LRP3, LRP4, LRM1, LRM ”, LRM3, LLI1, LLI2, LLC, LLP3, LLP4. 

LLM1, LLM2, LLM3. 
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Upper Limb: diaphysis and distal epiphysis of the humerus, proximal epiphysis and 

diaphysis of the right ulna, proximal epiphysis and diaphysis of the right radius; diaphysis 

and distal epiphysis of the left humerus and diaphysis of the left ulna. 

Ribs: fragments. 

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the right ilium (auricular surface), portions of the right ischium 

(greater sciatic notch and acetabular fossa); portions of the left ilium (auricular surface), 

portions of the left ischium (greater sciatic notch), portions of the sacrum. 

Lower limb: right femur, right patella, and metaphysis of the right tibia; femur and 

diaphysis of the left tibia. 

From the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it was possible to attribute an age-at-death of 

20-40 years. The dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 

1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of a female for sex 

determination. 

Further notes: 

- ULM1 sampled for 87Sr/86Sr 

- Petrous portion sampled for aDNA 

- Ribs sampled for δ13C, δ15N 

- Greenish colouring on the roots of teeth 

Unattributed elements: left talus, left metatarsus III 

FM-MOS- '99 / '00, Tomb 81, US 262/2, inhumation 

MNI: 14 

Individual: Individual 13 

Sex: F  

Age-at-death: 50+ 

Archaeological phase: end of the 6th century BCE 

Gender: F 

Archaeological material: three grottazzolina fibulae, bronze armilla, fibulae, ring, 

spools 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: The individual was placed in a supine position with the skull facing 

the right shoulder US252 / 1 and above US 262 /. Lower limbs slightly bent to the right 

(Baldelli, Sabbatini, 2000). 

Skull: frontal bone, temporal bone (right mastoid, left mastoid), parietal bone, a portion of 

the occipital bone. 

Splanchnocranium: maxilla, mandible. 
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Teeth: URC, URP3, URP4, URM1, URM3. ULI1, ULI2, ULP3 (root only), ULP4, ULM1. 

LRI2, LRP3, LRP4, LRM3. 

Upper limb: diaphysis and distal epiphysis of the right humerus, proximal epiphysis and 

metaphysis of the right, metaphysis of the right radius; metaphysis and distal epiphysis of 

the left humerus, proximal epiphysis and metaphysis of the left ulna. 

Ribs: fragments.  

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the right ilium (auricular surface) right pubis; portions of the left 

ilium (auricular surface) and the left pubis; portions of the sacrum. 

Lower limb: left femur, left patella, metaphysis of the left tibia and metaphysis of the left 

fibula; right femur and tibia. 

From the observation of the degree of tooth physiological wear (Lovejoy, 1985), oral 

disease (ante-mortem tooth loss –AMTL) (Hillson, 2008), degenerative changes of the 

symphyseal surface of the pubic symphysis of the os coxae (Brooks and Suchey, 1990), it 

was possible to attribute an age-at-death of >50 years. The dimorphic traits of the skull 

and pelvis following (Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994) suggest 

a hypothesis of a female for sex determination. 

Further notes: 

- AMTL: URM1, LRM1, LRM2, LLP3, LLP4; abscess LLM1, LLM2 

- ULM1 sampled for 87Sr/86Sr 

- Right petrous bone sampled for 87Sr/86Sr and aDNA 

- Ribs sampled for δ13C, δ15N 

- Greenish colour on the enamel 

FM-MOS- '99 / '00, Tomb 81, US 262/1, inhumation 

MNI: 14 

Individual: Individual 14 

Sex: M 

Age-at-death: 40+ 

Archaeological phase: end of the 6th century BCE 

Gender: M 

Archaeological material: precertosa fibula, inverted biconical vase placed at the 

height of the lower limbs, spearhead. 

Samples: aDNA, δ13C, δ15N 

Taphonomic notes: The individual was placed in a supine position with the skull 

superimposed on the inhumation US 262/2 (13). The right upper limb was flexed above 

the abdomen (Baldelli, Sabbatini, 2000). 

Skull: frontal bone, temporal bone (right mastoid, left mastoid). 

Splanchnocranium: maxilla, mandible. 
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Teeth: URI1, URI2, URC, URP3, URP4, URM1. ULI1, ULI2, ULC, ULP3, ULP4, 

ULM1. LRI2, LRC, LRP3, LRM2, LRM3, LLI1, LLC, LLP3, LLP4, LLM1, LLM2. 

Shoulder girdle: there are portions of the right and left shoulder blades (glenoid cavity). 

Upper limb: proximal epiphysis, distal epiphysis of the right humerus, proximal epiphysis 

and metaphysis of the right ulna, distal epiphysis of the right radius; metaphysis and distal 

epiphysis of the humerus, proximal epiphysis and metaphysis of the left ulna. 

Ribs: fragments.  

Vertebrae: cervical, thoracic and lumbar vertebrae. 

Pelvic girdle: portions of the right ilium (auricular surface), right ischium (greater sciatic 

notch), and of the right pubis; portions of the left ilium (auricular surface), left ischium 

(greater sciatic notch), and left pubis. 

Lower limb: right femur, right patella, right tibia and distal epiphysis of the right fibula; 

left femur, left tibia and left fibula. 

Hand/foot: right tarsal bones (calcaneus, navicular); left tarsal bones (calcaneus, 

cuneiform II, cuneiform I, navicular), phalanges of hands and feet. 

From the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), and widespread osteoarthritis visible on all 

the vertebrae and on the acetabular fossa, it was possible to attribute an age-at-death of 

40-50 years. The dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 

1970; Buikstra and Ubelaker, 1994), and widespread robustness of the individual 

(proximal epiphysis of the femur) suggest a hypothesis of male for sex determination. 

Further notes: 

- URM1 sampled for 87Sr/86Sr 

- Right petrous bone of the tempered bone sampled for 87Sr/86Sr 

- Ribs sampled for δ13C, δ15N  

- Stature calculated based on the length of the femur 164 cm 

- Reddish chromatic elements on the right calcaneus, greenish chromatic elements on the 

metaphysis of the left humerus 

- There is strong sclerotisation of the acetabular fossa and the articular surface of the 

vertebral bodies (indicative of age-at-death), formation of osteophytes on the vertebral 

bodies (especially the thoracic vertebrae and the axis of the tooth) 

- AMTL: URM1-URM2, ULM1, URM2, LRP3, LRM1, LLM1 

- greenish colouring of the buccal surface of the teeth and mandibular and in 

correspondence of the vertebrae 

Unattributed elements: LLI2  

Tomb 83 

On 29/08/2018, the skeletal remains from “Tomb 83” were analysed. 

FM-MOS-'99 / '00, Tomb 83_Area B2_US256 / US272 *, cremation 

MNI: 1 

Sex: M(?) 
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Age-at-death: 20+ 

Archaeological phase: IIB 

Gender:M 

Samples: TCA, Histology 

The degree of bone fragmentation is medium/high, with fragments ranging from sub-

centimetre to larger dimensions (about 3.5 centimetres for long bone portions). The 

combustion is not homogeneous, and the skeletal presents a calcined white colour spread 

over all anatomical areas, a brownish-grey-black colour on the pelvis, femur, tibia, 

feet/hands and a bluish /whitish colour on the skull, teeth and bones long. The skull 

appears very fragmented and is moderately represented. There are portions of the frontal 

bone (pars orbitalis left), portions of the zygomatic bone, portions of the temporal bone 

(right and left petrous portion and left mastoid process), consistent portions of the parietal 

bone, portions of the occipital bone. There are portions of the maxilla (fragments of the 

palate), a portion of the mandible (right and left mandibular sulcus, right mandibular 

condyle), numerous tooth roots. All the long bones are present and are moderately 

represented. Cervical, thoracic and lumbar vertebrae are poorly represented. There is also 

a slight crushing of the vertebral body which could be connected to the distorting action 

of fire. The thorax is poorly represented. Portions of the scapula and a portion of the 

clavicle were identified. The pelvic girdle is represented (portions of the iliac crest, 

portions of the auricular surface, portions of the pubic symphysis, portions of obturator 

foramen and acetabular fossa), but strongly dimorphic indicators are absent. Hands and 

feet are represented. 

The state of complete skeletal maturity of the subject (Schaefer et al., 2009), which is 

followed, however, by the absence of further diagnostic elements, allows us to estimate 

an age-at-death greater than 20 years (generic adult). 

The widespread robustness of the skeletal portions of the individual and in particular the 

body of the ischium, the thickness of the skull (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994), and the size of the proximal epiphysis of the radius, proximal epiphysis 

of the ulna and lunate (Cavazzuti, Bresadola, et al., 2019) bring the analysed individual 

back into the male range. However, the absence of further dimorphic indicators does not 

allow for a sufficiently reliable sex determination. 

Further notes: 

- Faunal remains present (to be checked) 

- Bronze and ceramic present 

- Femur fragment sampled for histology 

- Sampled root for TCA  



359 

 

 

Tomb 84 

On 06/07/2018, the skeletal remains from “Tomb 84” were examined. Dr. Pasquale 

Miranda proceeded with the micro-excavation of the urn through two cuts (I-II). 

FM-MOS-'99 / '00, Tomb 84, cremation 

MNI: 1 

Sex: M 

Age-at-death: 20+ 

Archaeological phase: IIB 

Gender: M 

Samples: TCA, Histology 

The degree of bone fragmentation is average, with fragments ranging from sub-centimetre 

to larger size (about 9 centimetres for long bone portions). The individual is poorly 

represented. The individual also appears much more fragmented than in the cremations 

analysed so far. The bones are calcined white and grey-bluish-whitish. The skull is 

medium represented; there are portions of the frontal bone, portions of the parietal bone, 

occipital bone. There are portions of the mandible, portions of the maxilla, tooth roots of 

canines and premolars. All long bones are moderately represented. The vertebrae, thorax, 

hands, and feet are poorly represented. The pelvic girdle is poorly represented, and no 

diagnostic elements for sex determination were identified. 

The state of complete skeletal maturity of the subject (Schaefer et al., 2009), allows us to 

estimate an age-at-death greater than 20 years (generic adult). 

The general observation of the different anatomical areas preserved and in particular the 

robustness of the humerus and the radius and the measurement of diverse anatomical areas, 

according to (Cavazzuti, Bresadola et al., 2019) (see spreadsheet) suggest a male 

hypothesis for sex determination. 

Further notes: 

- The skull is very thin, probably due to the effect of fire 

- Tooth root sampled for TCA 

- Fragment of a femur sampled for Histology 

Tomb 85 

On 01/2019, the skeletal remains from “Tomb 85” were examined 

FM-MOS- '99 / '00, Tomb 85, inhumation 

MNI: 1 

Sex: M(?) 

Age-at-death: 30+ 

Archaeological phase: III-IV 

Gender:M 

Archaeological material: 

Samples: not sampled 
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Taphonomic notes: (Sabbatini, 2000) 

Upper Limb: distal epiphysis of the right humerus, proximal epiphysis of the right radius, 

proximal epiphysis of the right ulna; distal epiphysis of the left humerus, left ulna and 

metaphysis of the left radius. 

Pelvic girdle: portions of the ischium (right and left greater sciatic notch). 

Lower limb: right femur, proximal epiphysis of the right tibia and right fibula diaphysis; 

left femur, left patella, diaphysis of the left tibia and diaphysis of the left fibula. 

Hand/foot: bone fragments of the hand. Tarsal bones (right navicular, calcaneus, left talus 

and left navicular portion), distal epiphyses of the left metatarsal I and V and metatarsal 

III. 

From the observation of degenerative changes of the auricular surface of the ilium 

(Lovejoy et al., 1985) and the presence of osteophytes on the vertebral bodies, it was 

possible to attribute an age-at-death >30 years. The dimorphic traits of the pelvis following 

(Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994) (greater sciatic notch +1) and 

a very robust femur (proximal femoral epiphysis diameter 47.5 centimetres) suggest a 

hypothesis of male for sex determination. 

Further notes: 

- The subject is platymetric. 

- Not sampled 

Tomb 88 

On 30/01/2019, the skeletal remains from “Tomb 88” were examined. The finds were 

divided by district and lateralised during the excavation. Three individuals were identified 

FM-MOS- '99 / '00, Tomb 88, inhumation 

MNI: 3 

Individual: Individual 1 

Sex: M 

Age-at-death: 40+ 

Archaeological phase: III-IV 

Gender: M 

Archaeological material: 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: (Sabbatini, 2000) 

Skull: fragments of the frontal bone (portions of the right frontal bone), portions of the 

temporal bone (left and right mastoid process), portions of the right and left parietal bone 

and portions of the occipital bone. 

Splanchnocranium: portions of the mandible. 
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Teeth: URM3, URM2, URM1, URP4, URC, URI1, ULM3, ULM2, ULM1, ULP4, ULP3, 

ULC (root only), ULI2 (root only); LRM3, LRM2, LRM1, LRP4, LRP3, LRC (not in 

situ), LRC, LRI2, LRI1, LLM3, LLM2, LLM1, LLP4, LLP3, LLC, LLI2, LLI. 

Shoulder girdle: right clavicle and left clavicle. 

Upper limb: metaphysis of right humerus, metaphysis and distal epiphysis of the right 

humerus, proximal epiphysis of the right ulna; metaphysis and distal epiphysis of the left 

humerus, proximal epiphysis and metaphysis of the radius, proximal epiphysis and 

metaphysis of the left ulna. 

Ribs: fragments of lateralised ribs during excavation. 

Vertebrae: fragments of cervical vertebrae (axis) and other fragments of vertebrae. 

Pelvic girdle: portions of the right ischium (greater sciatic notch and acetabular fossa), 

fragments of the left ilium (auricular surface), ischium surface. 

Lower limb: portions of the proximal epiphysis, diaphysis and distal epiphysis of the right 

femur, right tibia, portions of the right fibula; portions of the proximal epiphysis, diaphysis 

and fragments of the distal epiphysis of left femur, portions of the metaphysis and distal 

epiphysis of left tibia, proximal epiphysis and metaphysis of the left fibula. 

Hand/foot: carpal bones of the right hand (scaphoid and trapezoid), metacarpus I and III, 

phalanges. Carpal bones of the left hand (trapezoid, capitate, hamate), phalanges. Tarsal 

bones of right foot (talus, calcaneus, cuboid, navicular, cuneiform) proximal and distal 

epiphysis of metatarsal I, II, IV, V. Tarsal bones of left foot (talus, calcaneus, fragments 

of cuneiform, fragments of navicular). 

From the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it was possible to attribute an age-at-death of 

40 years. The dimorphic traits of the skull and pelvis following (Acsádi and Nemeskeri, 

1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of male for sex determination. 

Further notes: 

- Probable extramasticatory dental wear on LLC and LRC 

- Ribs sampled for δ13C, δ15N 

- URM1 sampled for 87Sr/86Sr 

- Petrous bone of the left temporal bone sampled for 87Sr/86Sr 

- Petrous bone of the right temporal bone sampled for aDNA 

FM-MOS- '99 / '00, Tomb 88, inhumation 

MNI: 3 

Individual: Individual 2 

Sex: M 

Age-at-death: 40+  

Archaeological phase: III-IV 
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Gender: F 

Archaeological material: 

Samples: 87Sr/86Sr, aDNA 

Taphonomic notes: (Sabbatini, 2000). 

 

Skull: portions of the frontal bone (very eroded), portions of the temporal bone (left and 

right mastoid process), portions of the right and left parietal bone and portions of the 

occipital bone 

Splanchnocranium: portions of the right and left mandible, portions of the right and left 

maxilla 

Teeth: URM3, URM2, URM, URP4, URP3, URI2, URI1, ULM2, ULM1, ULP4, ULP3, 

ULC, ULI2, ULI1. LRM2, LRM1, LRP4, LRP3, LRC, LRI2, LLM2, LLM1, LLP4, LLP3 

Shoulder girdle: a portion of the left scapula (glenoid cavity) 

Upper limb: metaphysis and distal epiphysis of the right humerus, proximal epiphysis and 

metaphysis of the right ulna, metaphysis of the left humerus, metaphysis of the left ulna 

Lower limb: metaphysis of the right femur, metaphysis of the right tibia and metaphysis 

of the right fibula. Metaphysis of the left femur, metaphysis of the left tibia and left fibula 

From the observation of the degree of tooth wear (Lovejoy sheet, 1985) and oral disease 

(ante-mortem tooth loss –AMTL) (Hillson, 2008), it was possible to attribute an age-at-

death of 40-50 years. The dimorphic traits of the skull (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994) suggest a hypothesis of a male for sex determination. 

Further notes: 

- LLM1 sampled for 87Sr/86Sr 

- Pars petrosa of the right temporal bone sampled for aDNA 

FM-MOS- '99 / '00, Tomb 88, inhumation 

MNI: 3 

Individual: Individual 3 

Sex: M(?) 

Age-at-death: 50+  

Archaeological phase: III-IV 

Gender:F 

Archaeological material: 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: (Sabbatini, 2000) 

Skull: portions of the frontal bone (left pars orbitalis), portions of the temporal bone (left 

petrous portion). 

Splanchnocranium: portions of the left mandible. 
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Teeth: URM3, URM2, URM1, URP4, URP3, ULM2, ULM1, ULP4, ULP3, ULC, ULI1. 

LRM3, LRM1, LRP4, LRP3, LRC, LLM1, LLP4, LLP3, LLC 

Shoulder girdle: a portion of the left shoulder blade. 

Upper limb: metaphysis of the right humerus, proximal epiphysis and metaphysis of the 

right ulna, metaphysis of the left humerus, metaphysis of the left ulna. 

Lower limb: proximal epiphysis and metaphysis of the right femur, metaphysis of the right 

tibia. Proximal epiphysis and metaphysis of left femur, metaphysis of the left tibia. 

From the observation of the degree of tooth wear (Lovejoy, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it was possible to attribute an age-at-death 

>50 years. 

The morphological specifications of some features of the skull (Acsádi and Nemeskéri 

method, 1970; Ubelaker, 1989; Buikstra and Ubelaker, 1994) suggest a hypothesis of a 

male for sex determination. 

Further notes: 

- Rib sample for δ13C, δ15N 

- URM1 sampled for 87Sr/86Sr 

Tomb 89 

On 9/01/2019, the skeletal remains from “Tomb 89” were analysed. The human remains 

were divided by district and lateralised during the excavation. During the excavation, three 

individuals were identified, but the various anatomical districts were not attributed. During 

our analysis the MNI was attributed on the basis of the number of femurs (skeletal district 

most represented) to five. We then moved to the description of the skulls, which were 

assigned a feature number (I-IV). The remaining unassigned bone districts were 

subsequently described. 

FM-MOS- '99 / '00, Tomb 89, inhumation  

Tomb 89 

MNI: 5 

Individual: Individual 1 

Sex: M? 

Age-at-death: 20+ 

Lower limb: right femur, right tibia, left femur, left tibia of a probable adult male 

Feet: right and left talus 

FM-MOS- '99 / '00, Tomb 89, inhumation  

Tomb 89 

MNI: 5 

Individual: Individual 2 

Sex: M(?) 

Age-at-death: >20 

Lower limb: right femur, right tibia, left femur, left tibia of a probable adult male 

Feet: right talus 

FM-MOS- '99 / '00, Tomb 89, inhumation  
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Tomb 89 

MNI: 5 

Individual: Individual 3 

Sex: M? 

Age-at-death: 20+ 

Lower limb: right femur, right tibia, left femur, left tibia of a probable adult male. 

Pelvic girdle: pelvis and sacrum of an adult male (+2) 

FM-MOS- '99 / '00, Tomb 89, inhumation  

Tomb 89 

MNI: 5 

Individual: Individual 4 

Sex: IND 

Age-at-death: 1-5 

Lower limb: left and right femurs (probable subadult individual around 3-4 years-of-age 

approximately comparing it to individuals of the same age from the skeletal collection) 

FM-MOS- '99 / '00, Tomb 89, inhumation  

Tomb 89 

MNI: 5 

Individual: Individual 5 

Sex: IND 

Age-at-death: 5-10 

Lower limb: left and right femurs (probable subadult individual around 6 years-of-age 

approximately comparing it to individuals of the same age from the skeletal collection) 

Feature I: 

Sex: M 

Age-at-death: 20-40 

Gender: IND 

Samples: 87Sr/86Sr, aDNA 

Taphonomic notes: (Sabbatini, 2000) 

Skull: portions of the frontal bone, right and left portions of the temporal bone 

Splanchnocranium: mandible and maxilla. 

Teeth: URM3, URM2, URP4, URP3, URC, URI2, URI1, ULM3, ULM2, ULM1, ULP4, 

ULP3, ULC, ULI2, ULI1. LRM3, LRM1, LRM1, LRP4, LRP3, LRC, LRI2, LRI1, LLM3, 

LLM1, LLP4, LLP3, LLC, LLI2, LLI1. 

From the observation of the degree of tooth wear (Lovejoy sheet, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it was attributed an age-at-death of 30-40 

years. 

The dimorphic traits of the skull following (Acsádi and Nemeskeri, 1970; Buikstra and 

Ubelaker, 1994) suggest a hypothesis of a male for sex determination. 
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Further notes: 

- Petrous portion of the right temporal bone sampled for aDNA 

- ULM1 sampled for 87Sr/86Sr 

Feature II 

Sex: M 

Age-at-death: 20+ 

Gender: IND 

Archaeological material: 

Samples: Not sampled 

Taphonomic notes: (Sabbatini, 2000). 

Skull: portions of the frontal bone, portions of the left and right temporal bone. Generic 

adult based on (Schaefer et al., 2009).The dimorphic traits of the skull and pelvis following 

(Acsádi and Nemeskeri, 1970; Buikstra and Ubelaker, 1994) suggest a hypothesis of a 

male for sex determination. 

Feature III 

Sex: M(?) 

Age-at-death: >40 

Gender: 

Archaeological material: 

Samples: not sampled 

Taphonomic notes: (Sabbatini, 2000)7 

Skull: right and left portions of the temporal bone. 

Splanchnocranium: portions of the mandible. 

Teeth: URM2, URM1, URP4, URP3, ULM3, ULM1, ULM1 (AMTL), ULP4, ULP3, 

URI2 (root only). 

From the observation of the degree of tooth wear (Lovejoy sheet, 1985), oral disease (ante-

mortem tooth loss –AMTL) (Hillson, 2008), it was possible to attribute an age-at-death 

>40 years. The dimorphic traits of the skull following (Acsádi and Nemeskeri, 1970; 

Buikstra and Ubelaker, 1994) suggest a hypothesis of a male for sex determination. 

Feature IV 

Sex: IND 

Age-at-death: 5-10 

Gender: IND 

Archaeological material: 

Samples: 87Sr/86Sr, aDNA, δ13C, δ15N 

Taphonomic notes: (Sabbatini, 2000) 

Skull: right and left fragments of the temporal bone. 
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Splanchnocranium: maxilla and mandible. 

Teeth: URM1, URP4, URP3 (in crypt), URC, URI2, URI1, ULM1, ULP4, ULI2, ULI1; 

LRM2, LRM1, LRI2, LRI1, LLM2, LLM1, LLC, LLI2, LLI1. URm1, URc, ULm2, 

ULm1, ULc, LRm2, LRm1, LRc, LLm2, LLm1, LLc. 

The age-at-death of the individual was attributed based on the state of development and 

dental eruption (AlQahtani et al., 2010) and based on the observation of the state of fusion 

of the glenoid cavity (Schaefer et al., 2009). 

Further notes: 

- Rib sampled for δ13C, δ15N 

- URM1 sampled for 87Sr/86Sr 

List of unassigned bones: 

Skull and splanchnocranium: two poorly preserved fragments of maxilla belonging to two 

individuals, fragments of the mandible and several very worn permanent teeth. 

Upper limb: fragments of at least two right humeri of an adult individual, distal epiphysis 

of the right humerus of a subadult. Distal epiphysis of the left humerus and diaphysis of 

the left humerus of at least two adults. Proximal epiphyses of three left ulnae. The left 

radius of a probable female, distal epiphysis of the right radius and other fragments not 

identified but attributed to the upper limbs during excavation. 

Shoulder girdle: fragments of two right shoulder blades (glenoid cavity) and one left 

shoulder blade. 

Hand: metatarsals and phalanges. 

Vertebrae: cervical, lumbar and thoracic vertebrae and other cervical vertebrae (two axis) 

Ribs: various fragments of the ribs. 

Pelvic girdle: fragments of the pelvis belonging to a probable female: fragments of the 

ischium (greater sciatic notch -2 / -1, acetabular fossa), ilium (iliac crest, iliac tuberosity). 

Lower limb: right femur and tibia, left femur and tibia associated with the same individual 

(probable female), right femur and diaphysis of the right tibia, left femur and left tibia 

metaphysis associated with the same individual. Right and left femur and tibia associated 

with a single individual. Pair of femurs belonging to a subadult individual. 

Feet: tarsal bones (right and left talus probably belonging to the same individual, female?), 

right talus, right and left navicular (belonging to an individual), left navicular cuboid, 

medial cuneiform (x2), metatarsus. 

Tomb 95 

On 11/07/2018, the skeletal findings from “Tomb 95” were analysed. Dr Pasquale 

Miranda proceeded with the micro-excavation of the urn through four cuts (I-IV). 

FM-MOS-'99 / '00, Tomb 95, cremation 
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MNI: 1 

Sex: M 

Age-at-death: 20-40 

Archaeological phase: IIB 

Gender: M 

Samples: 87Sr/86Sr, TCA, histology 

Taphonomic notes: (?) 

The degree of bone fragmentation is medium, with fragments ranging from sub-centimetre 

to larger dimensions (approximately 10 centimetre for long bone portions). The individual 

is on average represented with well-represented and easily recognisable portions of long 

bones. The bones are mainly calcined white and, more rarely, grey-bluish-whitish and 

chalk white. The skull is medium represented; there are portions of the frontal bone, 

portions of the parietal bone. There are portions of the mandible, portions of the maxilla, 

tooth roots of canines and premolars. All long bones are moderately represented. The 

vertebrae are moderately represented (cervical and thoracic vertebrae). The thorax, hands, 

and feet are poorly represented. The pelvic girdle is poorly represented and there is no 

diagnostic element for sex determination. 

The age-at-death was assessed at 20-40 years based on the observation of the pubic 

symphysis (Brooks and Suchey, 1990) (see sheet). The general observation of the 

preserved anatomical districts and the measurement of different anatomical districts, 

according to (Cavazzuti, Bresadola et al., 2019) (see sheets) suggest a hypothesis of male 

(see sheet) for determination sex. 

Further notes: 

- Petrous bone of the right temporal bone sampled for 87Sr/86Sr 

- Tooth root sampled for TCA 

- Femur fragment sampled for histology  

 


