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ABSTRACT 17 
Etruria contained one of the great early urban civilisations (first millennium BC) of Italy, much 18 
studied from a cultural, humanities-based, perspective, but relatively little with scientific data, and 19 
rarely in combination. We have addressed the unusual location of twenty inhumations found in 20 
the sacred heart of the Etruscan city of Tarquinia, focusing on six of these as illustrative, 21 
contrasting with the typical contemporary cremations found in cemeteries on the edge of the city. 22 
The cultural evidence suggests that the six skeletons were also distinctive in their ritualization and 23 
memorialisation. Focusing on the six, as a representative sample, the scientific evidence of 24 
osteoarchaeology, isotopic compositions, and ancient DNA has established that these appear to 25 
show mobility, diversity and violence through an integrated bioarchaeological approach. The 26 
combination of multiple lines of evidence makes major strides towards a deeper understanding of 27 
the role of these extraordinary individuals in the life of the early city of Etruria. 28 



INTRODUCTION  29 

Etruria hosted one of Italy's great early urban civilisations (first millennium BC) in western central 30 
Italy1,2. It was interconnected to other populations of the Mediterranean, especially the Greeks 31 
and the Latins (later Romans). However, the Etruscan culture was set apart within the scenery of 32 
the Mediterranean in terms of language and social organisation, especially from the point of view 33 
of gender relations, which were not so hierarchical. Etruscan ways challenged the 34 
traditional norms of the classical world and were considered alternative in classical written 35 
sources. Direct Etruscan written sources are lost and this is probably one reason for the relatively 36 
little scholarly attention applied to this culture outside Italy where archaeological excavations take 37 
place and support research.  38 

The ancient city of Tarquinia was one of the most important coastal cities of Etruria, alongside 39 
Cerveteri to the south and Vulci to the north. Tarquinia rests on the Civita plateau, about 7 km 40 
from the Tyrrhenian Sea, and its territory neatly occupies the Marta catchment which drains the 41 
volcanic lake of Bolsena3 (Figure 1).  The article combines cultural and scientific evidence to 42 
answer key archaeological questions, seeking inspiration from the Italian author Pirandello4 for its 43 
title. It is an explicit attempt to bring into agreement the two worlds of CP Snow5; thus, we have 44 
endeavoured to match the focus on the unique in the humanistic tradition (and the six skeletons) 45 
with the statistical approach typical of the scientific tradition. This is particularly important for pre-46 
Roman Etruscan culture where such approaches are not common. 47 
 48 
#Figure 1 here 49 
 50 
The inhabited area of the Civita has been extensively investigated in two places 6,7,8, namely the 51 
‘monumental complex’ (complesso monumentale) and the Ara della Regina sanctuary 9,10. The first 52 
is one of the deepest stratigraphies so far researched in the city, or indeed in Etruria, with 53 
occupation from the tenth century BC to the Roman imperial period, and is the focus of our 54 
contribution (see Supplementary Notes). During the course of excavations over the last thirty 55 
years, twenty skeletons were recovered, starting at the end of the Bronze Age (tenth century BC).  56 
These discoveries were unexpected, since the twenty individuals were clearly inhumed, almost 57 
always in anatomical order, within a sacred area within the city limits and memorialised through a 58 
system of signs that kept emerging over the centuries, as shown by the stratigraphy. This contrasts 59 
with the major cemeteries that encircle the city. This striking archaeological evidence is the 60 
stimulation to explore in this article the exceptional nature of a sample of six representative 61 
skeletons from the twenty by asking a series of cultural questions with scientific as well as 62 
archaeological evidence: 63 

a. Why were these individuals buried in a sacred area of the city? 64 
b. Why did all the skeletons share the same practice of inhumation and memorialisation? 65 

Were there other characteristics that they held in common? 66 
c. Did all these individuals have a common ancestry with other Etruscans communities?  67 
d. Were these people born locally or elsewhere?    68 

 69 
Our focus is on obtaining insights from a cultural and historical point of view, based on the 70 
archaeological and other scientific evidence we have gathered so far. The samples have 71 
been collected with these cultural questions in mind. We use the osteobiography of these 72 
individuals in a microhistorical perspective, which aims to shed light on the historical 73 
understanding of human societies through the particular history of the individuals11,12 74 



specifically their unusual treatment by inhumation rather than by cremation and their rare 75 
spatial setting. Moreover, the concept of microhistory has more recently been introduced 76 
into the field of bioanthropology13, 14 and there we achieve the same conceptual point of 77 
view by combining bioarchaeology and osteobiography.  As stated above, our approach is 78 
directly focused on integrated research combining the humanistic philological tradition 79 
with the statistical analysis of the scientific tradition. We share the same objective of 80 
reconstructing the lost profile of Tarquinia from multifaceted different categories of 81 
evidence without the constraints imposed by information from classical written sources. 82 
Our work proceeds from the analysis of the data to the search for recurring associations 83 
between different categories of evidence to draw on a consistent series of results that in 84 
the first instance allow for microhistorical reconstructions, and then tap into the overall 85 
history of the settlement and finally its connections to macro-history15. 86 
 87 
The research has five interlinked facets: 88 

-The detailed osteological analysis, based on forensic science and palaeopathology.  89 
- The construction of a solid timeline based on radiocarbon dating integrated with the 90 

chronological sequence obtained through archaeological investigation (stratigraphy and 91 
archaeological artefacts) and  merged within Bayesian statistical models. This is crucial to bridge 92 
the gap between chronologies obtained through traditional sources and those through physico-93 
chemical analyses. This approach has significance both for Etruria, where phasing has often been 94 
constructed by typological sequences and cross-dating, and for Europe, by contributing to an 95 
improved understanding of the Hallstatt calibration curve plateau which affects the period 96 
between c. 800 and 400 BC16. The presence of secure dating greatly enhances the interpretation of 97 
our other data sources. 98 

- Multi-isotope analysis of (carbon (δ13C), nitrogen (δ15N), oxygen (δ18O) and strontium 99 
(87Sr/86Sr)). 100 

-The construction of a local strontium isotope (87Sr/86Sr) reference set for the area of 101 
Tarquinia, with which the values of our human remains can be compared. Our reference set has 102 
focused on sediment (soil) samples, plants, archaeological fauna, taken from the Civita plateau 103 
and cremated young and older children (1-10 years of age) from the nearby Iron Age necropolis of 104 
Villa Bruschi Falgari (ninth century BC).  105 

-The successful implementation of ancient DNA (aDNA) on five of the six human remains, 106 
set against open-source data from contemporary central Italian populations which have been 107 
previously collected published 17, 18.  108 

 109 
 110 
RESULTS 111 
A summary of the chronological, spatial, osteological, δ13C, δ15N, 87Sr/86Sr, δ18O, 14C and aDNA 112 
analysis is reported in Table 1. Other more detailed information for each analysis is reported in the 113 
Supplementary Tables. 114 
 115 
[INSERT TABLE 1] 116 
 117 
MULTI ISOTOPE 118 
CARBON AND NITROGEN ISOTOPES RESULTS 119 
All the six samples met quality control criteria (Supplementary Table S2). C:N ratios fall in the 120 
range between 2.9 and 3.6, indicating good collagen preservation19. The δ15 N values range from 121 



8.6 ‰ to 10.3 ‰ and δ13C ranges from -19.6 ‰ to -13.8 ‰. The standard deviation (SD) for δ13C  is 122 
0.7‰ and SD for δ15N is 2.5‰ (Figure 3A). 123 
 124 
# Figure 3 125 
 126 
Distributon of biologically available strontium (BASr) at Tarquinia 127 
The distribution of strontium isotopes across the landscape is strongly influenced by geology20 and 128 
further modified by soil formation processes, deposition of aeolian dusts, and seaspray effect.  129 
Here we systematically sampled plants and soil from lithological units across the Tarquinia 130 
landscape to establish a locally referenced bioavailable strontium isotope dataset. The lithologies 131 
of this territory originate from the marine transgression that affected the Central Italian region 132 
over the Plio-Pleistocene (5-0.8 Ma)21,22,23. Specifically, the site of Tarquinia Civita sits atop a 133 
plateau-like hill formed after the erosion of the poorly cemented Pian della Regina Unit (Table S3, 134 
sample n. 7), composed of mollusca-rich clayey sands, and the consequent exposure of the more 135 
competent Macco Unit tabular beds is constituted of alternating strata of calcarenite, limestone, 136 
and sandy mudstone 21,22 (Table S3, samples n. 8, 9, 11). To the east these are overlain by 137 
fossiliferous clay of the Macchia della Turchina Unit (Table S3, sample n. 13). The surrounding 138 
slopes, topographically and stratigraphically beneath the Macco Unit, are composed of thick deep 139 
basinal muddy units belonging to the Fosso San Savino Unit24 (Table S3, sample n. 15).  According 140 
to the recently built isoscape map by Lugli and colleagues25, the 87Sr/86Sr for this area ranges 141 
between 0.7091 and 0.7094 (Supplementary Figure S1), within a 5 km radius. Further information 142 
on the geology of Tarquinia is available in the Supplementary Notes. 143 

87Sr/86Sr results are reported in Table S3. The samples of archaeological fauna from the site of 144 
Tarquinia Civita (tooth enamel) used for the local reference data set are: pigs n = 4, hare n = 1, 145 
sheep/goat n = 1. Further samples are: modern seeds n = 5; soil samples n = 5. Tarquinia Villa 146 
Bruschi cremated older children (OC) n = 4 and young children (YC) n = 6) show 87Sr/86Sr values in 147 
the range of 0.7090-0.7102 (Supplementary Figure S4). Young children (YC) and older children (OC) 148 
from Tarquinia Villa Bruschi Falgari show a range of (0.7091-0.7095) with YC having slightly 149 
broader values.  Samples of soil and seeds from modern plants are in overall good agreement 150 
(0.7090-0.7092; 0.7091-0.7094 respectively), with seeds showing slightly more radiogenic values. 151 
All faunal samples were contemporary to the skeletons, except for the hare which was from the 152 
first centuries BC.  Fauna samples have a range of 0.7090-0.7102, with two pigs (Tq-Bs-17 = 153 
0.7099; Tq-Bs-19 = 0.7102), which may have derived from, or eaten human food discard from, 154 
elsewhere, since they had the most radiogenic values. The hare sample also yields slightly higher 155 
values compared with the other samples (Tq-Bs-21 = 0.7094). If we exclude the two pigs (Tq-Bs-17 156 
and Tq-Bs-19), the faunal strontium isotopic values for Tarquinia range from 0.7090 to 0.7094 157 
(Supplementary Figure S4). YC and OC fit with the other values of the reference data set and are 158 
slightly higher than the values for Tarquinia detected in the isoscape19. Finally, a conservative 159 
estimate of the BASr of all these data suggests that the range 0.7090-0.7095 characterises the 160 
local area of Tarquinia. 161 
 162 
Individual mobility of the six individuals: oxygen and strontium isotopes values 163 
Oxygen, carbon and strontium isotope results for Tarquinia Civita are reported in Supplementary 164 
Table S3.  The samples analysed were second permanent molars (M2; n = 5), except for Individual 165 
8 where an M1 was sampled since the M2 was not available (for more information see Material 166 
and Methods below). A bulk chunk sample for strontium isotope analyses was cut mid-tooth 167 



crown horizontal to the tooth growth axis mid-tooth and a bulk sample for oxygen isotope 168 
analyses drilled alongside. Samples for oxygen and strontium were taken from the same segment 169 
of the tooth (see Supplementary Notes). δ18O values measured from the enamel carbonate 170 
fraction was converted into the V-SMOW scale (V-SMOW = 1.0309 x δ18OVPDB + 30.9126). (Figure 171 
3B).   172 
The 87Sr/86Sr ratios for Tarquinia human samples range between 0.70888 and 0.71253 173 
(Supplementary Table S3; mean = 0.70991 ± 0.00156), which is larger than BASr. Two individuals (8 174 
and 11) are clear-cut outliers (0.71115 and 0.71253, respectively) and fall far outside the local 175 
bioavailable strontium (0.7090-0.7095). The other individuals exhibit highly similar strontium 176 
isotope values ranging from 0.70888 to 0.70899) (Figure 3B).  177 
 178 
 179 
ANCIENT DNA RESULTS 180 
The initial summary of the six Tarquinian individuals (reduced to five with sufficient levels of 181 
endogenous DNA) and their broad sequencing results, contamination estimates, and uniparental 182 
markers, can be found in Supplementary Table S4. 183 
 184 
Uniparental Markers 185 
Y-chromosome Haplogroups 186 
Both males in Tarquinia, Individual 10 and Individual 19, are assigned to the J2b-M12 lineage. On 187 
the basis of covered positions Individual 10, is assigned to M12/J2b precisely, and Individual 19 to 188 
the J2b-M241/J2b2a haplogroup. As the male samples were sequenced to a depth of 0.86 and 189 
1.7X genomic coverage there was low coverage over most informative Y-chromosome haplogroup 190 
markers, and some were missing. For this reason, the possibility of the individuals belonging to a 191 
slightly more derived haplogroup cannot be excluded. J2b and its sub-lineages have a present-day 192 
geographic distribution from South Asia to Europe, and has been hypothesised to have spread to 193 
Central Europe via the Balkans around the early Bronze Age 27,28.  J2b and J2b2a (and sub-lineages) 194 
have been reported in ancient individuals from across the Mediterranean and central Europe from 195 
the Bronze Age, including Iron Age and Medieval individuals from central and south Italy. Amongst 196 
these individuals are R474, an Etruscan individual from the site of Civitavecchia, and CSN004, an 197 
undated putatively Etruscan individual from Campiglia dei Foci 17,18.  198 
 199 
 200 
Mitochondrial haplogroup  201 
All five individuals carry mitochondrial haplogroups typical of post-Neolithic Europe (Table 1 and 202 
Supplementary Table S8). None of the five individuals share a common mitochondrial haplogroup. 203 
 204 
Kinship Analysis 205 
No close autosomal kinship was detected up to the 4th degree was detected between any pair of 206 
the new individuals, using multiple methods29,30. Details can be found in Supplementary Text. 207 
Principal Component Analysis 208 
The majority of Italian Iron Age individuals are projected broadly in the same regions of the PCA 209 
(Principal Components Analysis) as modern Italian and west Mediterranean populations. A 210 
number of outlier individuals from Etruscan and Latin contexts have already been shown to carry 211 
significant amounts of Near Eastern or North African ancestry. Three published individuals from 212 
Etruscan contexts (~770-200 BC) have a high affinity to modern central European populations18. 213 
Individual 11 from Tarquinia clusters with populations from Scandinavia, the Baltic Sea, and north 214 
Atlantic regions in Europe, with genetic affinities to populations from further north in Europe than 215 



has previously been demonstrated in any Iron Age Italian individual. The other Tarquinian 216 
individuals cluster with the main group of Iron Age Italian individuals, in the same region of the 217 
plot as modern Italy and the central Mediterranean. Their position on one edge of the main cluster 218 
of Iron Age Pre-Imperial individuals may be the result of capturing more of the genetic diversity in 219 
Iron Age Italian populations (Figure 4). Details of published ancient individuals used in PCA and 220 
admixture modelling analyses can be found in Supplementary Table S10. 221 
 222 
 223 
#Figure 4 here 224 
 225 
Admixture Modelling  226 
Using the qpAdm program (part of the AdmixTools package48) and following from previously 227 
published analyses17, 18, the new individuals with the exceptions of Individual 14 and Individual 11, 228 
could be successfully modelled using Italy Beaker as a single source. All, aside from the outlier 229 
Individual 11, could be successfully modelled as a two-way mixture of Italy Beaker and 230 
YamnayaSamara, which suggests that the Italian Beaker individual used as the source (I1979) may 231 
have had insufficient Steppe-related ancestry to serve as a source for Individual 14. The model 232 
suggested proportions of 84-92% Italy Beaker and 8-26% additional YamnayaSamara (Steppe-233 
related) ancestry.  234 
The outlier Individual 11 was modelled using European Iron and late Bronze Age populations as 235 
single sources. Iron Age populations from Scandinavia and north-west Europe were acceptable 236 
single-source fits for Individual 11’s ancestry, confirming her northern European genetic affinity. 237 
The accepted models are given in Supplementary Table S5, the results of all tested models can be 238 
found in Supplementary Table S11. 239 
. 240 
  241 
Diversity of appearance 242 
The pigmentation profiles of the ancient individuals were interrogated using the imputed 243 
genotypes and the h-Irisplex-S tool49,50,51. The results are shown in Supplementary Tables S6 and 244 
S12. 245 
 246 
 247 
DISCUSSION 248 
Tarquinia was one of the largest primate urban sites in Etruria52, alongside Vulci to the north and 249 
Cerveteri to the south. Unlike nearby cities placed in a volcanic landscape, Tarquinia benefitted 250 
from distinctly calcareous, lowland coastal environs which not only supported a distinct 251 
agricultural economy, but aided the isotope analysis presented here.  Tarquinia has long been 252 
known from a cultural perspective in terms of its connections and wealth53. Bioarchaeology is a 253 
multibranch field that integrates various disciplines into the analysis of human remains and their 254 
context to reconstruct better their biological, cultural, and environmental experiences in their life 255 
course54. In this perspective, employing a microhistory approach13, this pilot study adds the 256 
complementary detail that relates to understanding of some of her population unusually inhumed 257 
within the city limits.   258 
 259 
Of the six individuals of Tarquinia considered in this study, two were males (individuals 10 and 19) 260 
and four were females (individuals 8, 11, 12, 14) with age categories ranging from young to old 261 
adult. Half of the individuals (8, 10 and 12) presented signs of physiological stress (i.e. enamel 262 
hypoplasia, cribriotic lesions, Harris lines) and five (8, 11, 12, 14 and 19) showed signs of 263 



mechanical stress (i.e., Schmorl’s nodes, degenerative joint disease, marked entheseal changes). 264 
These signs indicate difficult living conditions during growth, from malnutrition to childhood 265 
infections, as well as prolonged and strenuous physical activities, potentially related to daily 266 
occupations.    267 
All individuals showed traumatic injuries. Half of the individuals presented a traumatic pattern 268 
which may be attributed to an accidental event, such as a fall or fractures from occupational 269 
activities (individuals 8, 11 and 12). The other three individuals (10, 14 and 19) exhibited traumatic 270 
lesions attributable to interpersonal violence: two individuals (10 and 19) showed lesions that may 271 
have resulted from defensive actions, and individual 14 displayed multiple fractures from at least 272 
two temporally distinct traumatic events on areas of the face and neck, typical (although not 273 
specific) of assault victims 53, 56, 57, 58, 59. 274 
Palaeodietary reconstruction, through the application of carbon and nitrogen isotopes, has 275 
informed on the relative importance of the principal classes of food protein with different 276 
chemical pathways. The individuals show a wide range of diet, from a largely terrestrial diet 277 
(Individuals 10, 12 and 14) to a strongly marine diet (Individuals 8 and 19). This latter information 278 
is also very important for the interpretation of 87Sr/86Sr isotope analysis, since the consumption of 279 
marine food can influence the 87Sr/86Sr isotope values in human individuals, who show values 280 
closer to the higher values of seawater 87Sr/86Sr values (0.7092 by definition). The Bayesian 281 
mixture models of dietary sources suggest marine food was more important as a protein 282 
component in the diet of two individuals (8 and 19) than animal or plant foods. These estimates 283 
may be improved when more local reference data are collected60. Meat consumption, as seen in 284 
the later iconography of elite visual culture, may have been a significant part of the diet of 285 
Individuals 10, 12 and 14, although significant uncertainties remain (Figure 5). 286 
 287 
#Figure 5 here 288 
 289 
Oxygen and strontium isotope values measured from the six individuals buried in the Civita 290 
suggest different geospatial histories for these individuals.  In the case of the δ18O results, the 291 
sample number of the Tarquinia Civita is not large enough to assess possible outliers statistically 292 
61. By comparing the 87Sr/86Sr results of the six individuals with the BASr values (Figure 6), it is 293 
possible to see that two samples clearly stand out (Individual 8 = 0.71115 and Individual 11 = 294 
0.71253), whereas the others cluster tightly together. Regardless of the small number of samples 295 
Individuals 11 and 8 can be considered non-locals, i.e., raised non-locally in the early infancy 296 
(Figures 3 and 6). 297 
 298 
Individual 19 (87Sr/86Sr = 0.70899), who shows significant marine food intake, may have an87Sr/86Sr 299 
ratio that is dietarily affected and thus may have derived from an area of less radiogenic geology 300 
than their value suggests. Indeed, a marine based diet might influence the 87Sr/86Sr isotope values 301 
(see above) (Figure 5). Individuals 10 (0.70888) and 12 (0.70892) are just outside the local baseline 302 
range but only further studies with a larger number of individuals can really clarify their status as 303 
outliers. Considering the diverse information that oxygen versus strontium provides regarding the 304 
ecological settings where an individual spent early-life, outlying values for both isotopic markers 305 
strengthen the non-local hypothesis, but this cannot be defined with certainty. Therefore, we can 306 
estimate, with some confidence, that 2 out of the 6 individuals from Tarquinia Civita could be 307 
considered as raised non-locally (Individuals 11 and 8). It is also possible that some individuals that 308 
are consistent with being local could have been raised elsewhere, since the local range is not 309 
highly diagnostic and can be attained in various areas of the Italian Peninsula13. Indeed, diverse 310 



geographical areas could show a similar 87Sr/86Sr range, making it impossible to distinguish local vs 311 
non-local individuals (Holt et al. 2021). 312 
  313 
With the aid of aDNA sequencing, and by comparison with other studies17,18, we can infer that one 314 
of these isotopic outliers (Individual 11) not only spent their early life away from Tarquinia as 315 
shown by the radiogenic strontium isotopic values, but also had ancestry from a region as distant 316 
as the Baltic.  The other four that were sequenced in sufficient detail conform convincingly with 317 
previous individuals who have been sequenced from first millennium BC central Italy and thus 318 
appear to have a more local ancestry. 319 
 320 
All the Iron Age individuals (almost entirely from Central Italy) cluster most closely with modern 321 
North Italy and Spain, rather than modern central Italy, for reasons outside the scope of this paper 322 
but related to population movements post-Iron Age. From the PCA (Figure 4) we can instead look 323 
to their relative position which is with Italy and the west Mediterranean more generally. As in the 324 
PCA, each ancient individual is projected independently using underlying modern genetic 325 
variation, and since all have a proportion of missing genotypes, their closeness to each other 326 
cannot be interpreted further. Rather we could say that all new individuals from Tarquinia (with 327 
the exception of the outlier individual 11) cluster with Italian and West Mediterranean 328 
populations, and fall in a similar region of the plot, on the cline of known central Italian Iron Age 329 
genetic variation.   330 
 331 
Modern perceptions of cultural difference often focus substantially on outward bodily 332 
appearance, and it is interesting to note that three out of five of these Tarquinian individuals are 333 
predicted to have had blue eyes.  So, the diversity of these early populations may have had a 334 
potential visual impact beyond any difference in material culture. Such indications need further 335 
investigation. 336 
 337 

A synthesis of the archaeological context, bioarchaeological and osteobiographical results in 338 
chronological order. (Table 1) 339 

(#Figure 2; #Figure 6) 340 

There is a very precise context for the abnormal inhumations at the ‘monumental complex’. The 341 
six skeletons range in date from the ninth to the seventh century BC. They are always connected 342 
to ash-rich and fired surfaces, placed in combination with stone blocks or stone structures. All the 343 
results are reported in Table 1. A synthesis of the osteological results of each individual is provided 344 
in the discussion below and in Fig 7. 345 

 346 
Individual 11 was inhumed in a pit dug into the edge of a hut, a little further east than individual 347 
10, probably in the first half of the eighth century BC. This chronology depends on that of two 348 
fibulae deposited on the skeleton that partially match 14C results: 830-790 BC (68%). This burial 349 
was covered by ash and stones. The skeleton, with a stature of about c. 163 cm, was that of an old 350 
adult with strong evidence of spinal degeneration.  Additionally, there was trauma to the left 351 
upper limb, suggestive of a fall at some period prior to death.  From aDNA analysis, the genetic sex 352 
of this individual is female and her genetic affinity is to Northern European, Scandinavian, and 353 
Baltic populations. Pigmentation profile analysis indicates she had brown eyes, lighter brown hair, 354 



and intermediate skin.  The 87Sr/86Sr isotope analyses (Figure 6) suggest her early life was in an 355 
area different to Tarquinia.  δ15N and δ13C isotope results suggest a mixed fish and terrestrial diet. 356 
 357 
Individual 12 was inhumed facing east in a second pit a little further east in the same hut as 358 
individual 11 probably during the first half of the eighth century BC. This chronology relies on that 359 
of fibulae deposited on the skeleton and partially matches the 14C results: 840-790 BC (68%). 360 
Anthropological analyses showed a young adult female and c.163 cm tall.  Already at this younger 361 
age, there was evidence of spinal degeneration, related to physical activities. This was 362 
accompanied by evidence of metabolic stress on the femur and cranium, and some evidence of 363 
caries, particularly on the mandible. Healed ante-mortem trauma was evident on the hands. From 364 
aDNA analysis, the genetic sex of this individual is female, but insufficient endogenous aDNA 365 
survived to do any further analysis. 87Sr/86Sr isotopic analyses (Figure 6) suggest her early life 366 
might have been spent in Tarquinia or in a region with similar values.  δ15N and δ13C results 367 
suggest a substantially terrestrial diet relatively rich in meat (Figure 5).  368 
 369 
Individual 14 was inhumed facing west, and apparently without care, within a square pit next to 370 
an elliptical hut. The excavation chronology suggests a protohistoric period, potentially refined by 371 
14C to 920-830 BC (68%), but to the ninth/seventh century on stratigraphic grounds. This burial can 372 
be linked to the later construction of a sacred building. She was a middle-aged adult female who 373 
had evidence of spinal stress and deformation. In addition, trauma was evident on the spine, 374 
shoulder area and mandible, in loci that suggest inter-personal violence.  From aDNA analysis, the 375 
genetic sex of this individual is female and her genetic affinity is to Iron Age Italian individuals (and 376 
Mediterranean populations more generally). Pigmentation profile analysis indicates she had 377 
brown eyes, dark brown hair, and intermediate to dark skin.  87Sr/86Sr analyses (Figure 6) suggest 378 
her early life was spent in Tarquinia or alternatively in an area with similar 87Sr/86Sr isotope values. 379 
 δ15N and δ13C results suggest a terrestrial diet relatively rich in meat. 380 
 381 
Individual 19 was inhumed facing east, crouched in a very small, shapeless pit, not far from 382 
individual 14. The excavation chronology suggests the protohistoric period (ninth/seventh century 383 
BC), while the 14C allows us to limit this date to 740-550 BC (68%), and the ninth/seventh century 384 
on stratigraphic grounds. Anthropological analyses showed an old adult male c. 167cm tall and 385 
evidence for degenerative joint disease. Enamel hypoplasia was noted on maxillary and 386 
mandibular teeth, indicating metabolic stress in youth. There was trauma to the right ulna which 387 
could have resulted from an accident or interpersonal violence.  From aDNA analysis, the genetic 388 
sex of this individual is male, his genetic affinity is to Iron Age Italian individuals (and to 389 
Mediterranean populations more generally). Pigmentation profile analysis indicates he had blue 390 
eyes, lighter brown hair, and intermediate skin. Y-chromosome analyses suggest he has a J-Z1296 391 
(J2b2a1a1) Y-chromosome haplogroup.  87Sr/86Sr isotope analysis (Figure 6) suggests his early life 392 
was in Tarquinia or a region with similar isotope ratios. δ15N and δ13C isotope results suggest a 393 
marine-dominated diet.  394 
 395 
Individual 10 was inhumed facing east in a pit dug into the rock at around (750-725 BC). This 396 
chronology depends on Geometric pottery fragments deposited close to his skull and broadly 397 
matches the 14C results: 790-570 BC (68%). This burial had a later cultural marker (a sixth century 398 
anchor). Anthropological analyses showed a middle-aged adult man and c. 172 cm tall with 399 
marked occlusal dental wear and enamel hypoplasia, which are evidence of substantial chewing 400 
and metabolic disturbance during youth. Trauma was detected on the cranium, multiple ribs and 401 
right ulna, the latter suggesting attempts to parry blows. From aDNA analysis, the genetic sex of 402 



this individual is male and his genetic affinity is to Iron Age Italian individuals (and Mediterranean 403 
populations more generally). Pigmentation profile analysis indicates he had blue eyes, dark brown 404 
hair, and intermediate skin. His Y-chromosome haplogroup is J-M12 (J2b). 87Sr/86Sr analyses 405 
(Figure 6) suggest his early life was probably in Tarquinia or in a region with similar isotopic values. 406 
δ15N and δ13C istope results suggest a relatively low marine diet (20%). 407 
 408 
Individual 8 was inhumed in a large pit excavated in the bedrock around 650 BC; this traditional 409 
chronology is confirmed by 14C: 660-400 BC (68%). In this pit, one more individual (7) was 410 
superimposed on this skeleton, which was chosen for this stratigraphic relationship and a series of 411 
cultural markers. Anthropological analyses showed a middle-aged adult woman c.160 cm tall with 412 
frequent use of the limbs for occupational practices as evidenced from the marked entheseal 413 
changes of the hand phalanges.  Likely evidence of consistent chewing of hard foods was observed 414 
in the form of osteoarthrosis of the temporomandibular joints and high severity of tooth wear. 415 
Dental abscesses and enamel hypoplasia indicated an event of metabolic disturbance during 416 
youth62.  Several traumatic lesions were found on the ribs, left arm and cranium. From aDNA 417 
analysis the genetic sex of this individual is female, her genetic affinity is to Iron Age Italian 418 
individuals (and to Mediterranean populations more generally). Pigmentation profile analysis 419 
indicates she had blue eyes, light brown hair and pale-intermediate skin.  87Sr/86Sr isotope 420 
analyses (Figure 6) suggest her early life was in a region different to Tarquinia. δ15N and δ13CVPDB 421 
results suggest a marine dominated diet.  422 
 423 
Further details of the analyses are reported in the Supplementary Notes. 424 
 425 
 426 

CONCLUSIONS  427 
The six skeletons analysed here were already marked as different by their funerary rite and their 428 
place of deposition.  The study of the osteological biographies of some of the unusual individuals, 429 
combined with their biochemical signature, has highlighted their difference on a range of criteria. 430 
The individuals from the urban centre were inhumed, had distinctive medical histories, often 431 
suffered violent deaths, were diverse amongst themselves in appearance, were likely to have a 432 
history of mobility that was, in at least one case, apparently quite distant and were memorialised 433 
by ideological markers placed above them.  More generally, these individuals give insights into the 434 
level of violence and poor living conditions that were inherent in the social and political changes at 435 
the foundations of the early city. The evidence suggests that the six individuals had varied diets 436 
dominated by cereals and marine fish, where the consumption of meat and plants varied 437 
substantially, showing no gender preference and complementing impressions seen in the later 438 
visual culture of these communities.  439 
In the eloquent spirit of Pirandello, from which the title has been taken, the six authors embedded 440 
in the stratigraphy of the Civita plateau have thus unwittingly offered, through osteological and 441 
other scientific analyses, a narrative of themselves and their living conditions. The exceptionality 442 
of the type of burial and its memorability in a sacred area help to qualify them as individuals 443 
selected by the community for rituals aimed at consolidating the community around the ancestral 444 
core of the 'monumental complex' whose importance had already been grasped by the 445 
archaeological research carried out over the last forty years. 446 
In the course of further research, we will be able to discover if they share these characteristics 447 
with the other fourteen inhumed skeletons at the monumental complex and to what extent they 448 
differ from the vast majority of the community. We will also be able to examine the characteristics 449 
of those buried in standard cemeteries, subject to the limits imposed by cremation. 450 



 451 
 452 
 453 
METHODS  454 
 455 
The ambitious multi-factorial methodology employed in this study necessitated the application of 456 
macroscopic and molecular methods in a range of labs across Europe. The multi-scalar datasets 457 
were coordinated and integrated by the project leads. In instances, where analyses were 458 
undertaken at different labs (e.g., 87Sr/86Sr) data should be directly comparable because of the use 459 
of international and in-house calibrated standards (see Supplementary Notes for more detail). 460 
 461 
Osteoarchaeology  462 
Anthropological analysis included the estimations of sex, age-at-death, population affinity, stature, 463 
as well as pathological and traumatic study of the six individuals.  These data are summarised in 464 
Table 1, Figure 7 and in the Supplementary Notes. 465 
 466 
Dating  467 
Chronological definition is important for the current project since our aim has been to study a 468 
contemporary community at the moment of its early formation in the tenth to ninth century BC 469 
and its ongoing development. For this we have combined traditional archaeological typo-470 
chronologies with accelerator mass spectrometry (AMS) radiocarbon dating, calibrating using the 471 
most recent data and Bayesian statistics employing contextual knowledge of the excavators and 472 
an assessment of associated material culture.  The analysis of six skeletons was performed at the 473 
14 CHRONO Centre, Queen’s University Belfast using described protocols63. The analysis of further 474 
four skeletons was undertaken at the University of Lecce. For full details see the Supplementary 475 
Code, Figures and Tables supplied in the Supplementary Notes. 476 
 477 
Carbon (δ13C) and nitrogen (δ15N) isotope analysis for palaeodietary reconstruction  478 
     Carbon and nitrogen isotopic analysis of bone collage (tooth roots; Supplementary Table S2) 479 
was undertaken at the same time as the dating. For full details of the methodology see the 480 
Supplementary Notes. The analysis was performed at the 14 CHRONO Centre, Queen’s University 481 
Belfast, using isotope ratio mass spectrometry (IRMS)63. Mixture modelling was done with simmr65 482 
using trophic enrichment factors of 0.8±0.5 ‰ for 13C and 4±1 ‰ for 15N and the sources baseline 483 
for the central Mediterranean60.  484 
 485 
δ18O isotope analysis 486 
Mass spectrometry was performed in the Leibniz Laboratory at the University of Kiel (Germany). 487 
Enamel powders were reacted with H3PO4 at 75C under vacuum on a Kiel IV carbonate 488 
preparation device interfaced with a Finnigan MAT 253 mass spectrometer. Samples were 489 
referenced against two international carbonate standards, NBS-19 (δ13C = +1.95‰ V-PDB; 490 
δ18O=−2.20) and IAEA-603 (δ13C, +2.46 V-PDB; δ18O = −2.37 V-PDB) and two internal enamel 491 
standards (CM1 and ER 1). 492 
For further details of the extractive methodology used see the Supplementary Notes.   493 
 494 
87Sr/86Sr isotope analysis 495 
As for inhumations, tooth enamel was sampled using established protocols64 and described in 496 
further detail in the Supplementary Notes.   497 



The assessment of the local 87Sr/86Sr baseline was based on a multifactorial approach64, 20 taking 498 
into account: (a) the geological and isotopic composition of the area around Tarquinia, (b) the 499 
assessment of the local baseline measuring diverse modern and archaeological samples from 500 
around the site, (c) the assessment  of the 87Sr/86Sr range for the youngest individuals from the 501 
contemporary Iron Age necropolis of Tarquinia Villa Bruschi Falgari (ninth century BC), namely 502 
cremated young children (YC) and older children (OC) aging from 1-10 years of age. Petrous bone 503 
and tooth enamel in subadults form shortly before death, and, consequently, a limited possibility 504 
of residential mobility can be inferred66. As for (b), 16 samples which included faunal 505 
archaeological specimens from the Civita (n = 6), modern seeds (n = 5), soil samples (n = 4) and a 506 
palaeo-soil (n = 1) were collected and analysed (see Supplementary Table S3). As for (c), ten 507 
cremated human petrous bones and tooth enamel were selected from the necropolis of Villa 508 
Bruschi Falgari, which will be part of a broader study that will be published elsewhere. The petrous 509 
bone was sampled following the VUB (Vrije Universiteit Brussel) protocol67 to ensure precise 510 
sampling of the otic capsule, which does not remodel after development, thus providing a 511 
temporally resolved early life signal. The method is described in further detail in the 512 
Supplementary Note.  Baseline and tooth enamel was analysed at the Frankfurt Isotope and 513 
Element Research Center (FIERCE)64,68. Cremated tooth enamel and petrous bones from Tarquinia 514 
Villa Bruschi were analysed at Cardiff Earth Laboratory for Trace element and Isotope Chemistry 515 
(CELTIC). 516 
 517 
Oxygen (δ18O) and strontium (87Sr/86Sr) isotope analysis for individual mobility  518 
Strontium and oxygen isotope analyses are used to detect human mobility in the past69, 70, 71. 519 
Human tooth enamel from six individuals from Civita were selected for δ18O and 87Sr/86Sr analysis      520 
(Supplementary Table S3). Ingestion of breastmilk influences oxygen isotope values72, so we 521 
selected second permanent molars (M2; n = 5) for analysis. The M2 was not available, however, 522 
for one individual (Individual 8; M1). Enamel formation in the second molar begins around three-523 
four and is completed by eight years of age73. The first lower M1 crowns usually form before birth, 524 
as witnessed by the presence of the neonatal line (i.e. an incremental line forming at birth74) until 525 
three years of age.  526 
 527 
DNA extraction 528 
Detailed descriptions of DNA extraction, sequencing, sex determination, mitochondrial analysis, Y-529 
chromosome analysis, contamination estimation, principal component analysis, qpAdm admixture 530 
modelling, genotype imputation, pigmentation profile analysis and kinship analysis can be found in 531 
Supplemental Information. 532 
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TABLES  579 
Table 1. Main results from this research. 580 

FIGURE LEGENDS (FIGURES BELOW) 581 
Figure 1. Time and Place. Map of Central Italy showing location of Tarquinia and modelled dates of 582 
six skeletons under study. The general plan of southern Etruria is produced with Corel Draw v.X7 583 
(https://www.coreldraw.com/it/pages/coreldraw-x7/). The diagram of the modelled dates is 584 
produced with OxCal OxCal version 4.4 (https://c14.arch.ox.ac.uk/oxcal.html). 585 
Figure 2. The location of the six skeletons within the ‘monumental complex’ of Tarquinia. Inset 586 
shows the position of the monumental complex within the site of Tarquinia, whose walls and gates 587 
are indicated in red. The plan of the excavation (on the left) is done with Autodesk Autocad v. 588 
2021. The map of the Civita plateau is a combination of drawings produced with: Cloud Compare 589 
v.2, Quantum GIS v. 2.12 and Adobe Photoshop v. 2022 590 



Figure 3. Scatter plots with (A) carbon (δ13C) and nitrogen (δ15N) and (B) strontium (87Sr/86Sr) and 591 
oxygen (δ18O) values of the six individuals from Tarquinia Civita divided for sex and different 592 
chronologies.  593 
Figure 4.  Principal component analysis of ancient individuals17,18,31-47 projected onto the genetic 594 
variation of modern Europe and West Asia41. The modern populations are labelled by broad 595 
region. The newly reported individuals are indicated by labels. EU = Europe, HG = Hunter-gatherer. 596 
Plot generated using ggplot2 in R (https://ggplot2.tidyverse.org/) 597 
Figure 5.  Modelled dietary protein sources based on Nitrogen and Carbon stable isotope 598 
measurements from the six individuals compared with flora and fauna from the region. 599 
Figure 6. Density plot showing strontium (87Sr/86Sr) values. Density plot of 87Sr/86Sr values for the 600 
six individuals from Tarquinia Civita, children from Tarquinia Villa Bruschi Falgari and other 601 
baseline values (e.g., soil, seed, archaeological fauna). Red dots: Tarquinia Civita individuals; green 602 
diamonds: Tarquinia Villa Bruschi Falgari children; blue squares: Tarquinia soil, seed and 603 
archaeological fauna values.  604 
Figure 7. Overview of the state of preservation and location of the injuries of the six skeletons 605 
under study. 606 
 607 
 608 
  609 



FIGURES 610 
     Figure 1. 611 
 612 

 613 
 614 
 615 
 616 
 617 
 618 
 619 
 620 
 621 
 622 
 623 
 624 
 625 
 626 
 627 
 628 
 629 
 630 
 631 



 632 
 633 
 634 
Figure 2. 635 

 636 
      637 
  638 



  639 
 640 
 641 
 642 
 643 
Figure 3 644 

 645 
 646 

 647 

 648 

 649 

 650 

 651 

 652 

 653 

 654 

 655 

 656 

 657 

 658 

 659 

 660 

 661 



Figure 4  662 

 663 

 664 

 665 

 666 

 667 

 668 

 669 

 670 

 671 

 672 



 673 

Figure 5674 

 675 

  676 
 677 
  678 



 679 
 680 
 681 
 682 
Figure 6. 683 

 684 
 685 
 686 
Figure 7.  New Figure 687 
 688 

 689 
 690 
 691 
 692 



REFERENCES 693 
 694 
1 Bartoloni, G. Introduzione all'Etruscologia.  (Hoepli, 2012). 695 
2 MacIntosh Turfa, J. The Etruscan world.  (Routledge, 2013). 696 
3 Stoddart, S. Power and Place in Etruria. The spatial dynamics of a Mediterranean civilisation. 1200-500 697 

B.C.  (Cambridge University Press, 2020). 698 
4 Pirandello, L. Sei personaggi in cerca d'autore: commedia da fare.  (R. Bemporad & Figlio, 1921). 699 
5 Snow, C. P. The Two Cultures.  (Cambridge University Press, 1960). 700 
6 Bagnasco Gianni, G. Architectural Choices in Etruscan Sacred Areas: Tarquinia in Its Mediterranean Setting, 701 

in Architecture in Ancient Central Italy: Connections in Etruscan and Early Roman Building (ed. 702 
Charlotte Potts) 148-173 (Cambridge University Press, 2022). 703 

7 Bagnasco Gianni, G., Cattaneo, C., Marzullo, M., Mazzarelli, D. & Ricciardi V. Aggiornamenti e novità sulle 704 
deposizioni di bambini in abitato a Tarquinia. Il caso dell’individuo 9 del ‘complesso monumentale’, 705 
in BIRTH. Archeologia dell'infanzia nell'Italia preromana (ed. Elisabetta Govi) 333-359 (Bononia 706 
University Press, 2021). 707 

8 Marzullo, M. Tarquinia. L’abitato e le sue mura: indagini di topografia storica, Tarchna Suppl. 8.  (Ledizioni, 708 
2018). 709 

9 Bagnasco Gianni, G., Marzullo, M. & Piazzi, C. in Making Cities Economies of Production and Urbanisation 710 
in Mediterranean Europe 1000–500 BCE (eds Margarita Gleba, Beatrice Marin Aguilera, & Bela 711 
Dimova) 177-193 (McDonald, 2021). 712 

10Bonghi Jovino, M. The Tarquinia Project: A Summary of 25 Years of Excavation. American Journal of 713 
Archaeology 114, 161-180 (2010). 714 

11Ginzburg, C. Microhistory: Two or three things that I know about it. Critical Inquiry 20 (1), 10-35 (1993). 715 
12Levi, G. On microhistory. In New Perspectives on Historical Writing (ed. Peter Burke) 93-113 (Penn State 716 

University Press, University Park, 1991). 717 
13Hosek, L. Osteobiography as Microhistory: Writing from the Bones Up. Bioarchaeology International 3 (1), 718 

44-57 (2019). 719 
14Fischer, A. et al. Vittrup Man–The life-history of a genetic foreigner in Neolithic Denmark. PLOS ONE 19, 720 

e0297032, doi:10.1371/journal.pone.0297032 (2024). 721 
15 Bagnasco Gianni, ‘Fare’ nel sacro degli Etruschi: indagando fra attori, committenti e destinatari. Scienze 722 

dell’Antichità 28 (2), 331-344 (2022). 723 
16 Rose, H. A., Müller-Scheeßel, N., Meadows, J. & Hamann, C. Radiocarbon dating and Hallstatt chronology: 724 

a Bayesian chronological model for the burial sequence at Dietfurt an der Altmühl ‘Tennisplatz’, 725 
Bavaria, Germany. Archaeological and Anthropological Sciences 14, 72, doi:10.1007/s12520-022-726 
01542-1 (2022). 727 

17Antonio, M. L. et al. Ancient Rome: A genetic crossroads of Europe and the Mediterranean. Science 366, 728 
708-714, doi:10.1126/science.aay 6826 (2019). 729 

18 Posth, C. et al. The origin and legacy of the Etruscans through a 2000-year archeogenomic time transect. 730 
Science Advances 7, eabi7673, doi:doi:10.1126/sciadv.abi7673 (2021). 731 

19 DeNiro, M. J. Postmortem preservation and alteration of in vivo bone collagen isotope ratios in relation to 732 
palaeodietary reconstruction. Nature 317, 806–809 (1985). 733 

20 Holt, E., Evans, J. A. & Madgwick, R. Strontium (87Sr/86Sr) mapping: a critical review of methods and 734 
approaches. Earth Sciences Review 216, 103593 (2021). 735 

21Catuto, C., Gregori, L., Milano, M. & Rapiceta, S. Condizioni geomorfologiche e stabilita’ dell’acropoli di 736 
Tarquinia Vecchia. Il Quaternario-Italian Journal of Quaternary Sciences 19, 227-232 (2006). 737 

22Chiocchini, U. & Castaldi, F. Carateri sedimentologici e composizionali delle ghiaie del sintema di Poggio 738 
Mar�no, Bacino Plio-Pleistocenico di Tarquinia, Italia centrale. Italian .Journal of Geosciences 739 
Bollettino.Societa Geologica Italiana 128, 695-713 (2009). 740 

23De Rita, D., Fabbri, M. & Cimarelli, C. Evoluzione pleistocenica del margine �rrenico dell’Italia centrale tra 741 
eusta�smo, vulcanismo e tetonica. Il Quaternario-Italian Journal of Quaternary Sciences 17, 523-742 
536 (2004). 743 



24Funiciello, R., De Rita, D. & Sposato, A. Note illustrative della Carta Geologica d’Italia alla scala 1:50.000, 744 
Foglio 354 Tarquinia.  (ISPRA Servizio Geologico d’Italia, 2012). 745 

25 Lugli, F. et al. A strontium isoscape of Italy for provenance studies. Chemical Geology 587, 120624, 746 
doi:https://doi.org/10.1016/j.chemgeo.2021.120624 (2022). 747 

26Coplen, T. B. Normalization of oxygen and hydrogen isotope data. Chemical Geology: Isotope Geoscience 748 
section, 293-297. doi:210.1016/0168-9622(1088)90042-90045 (1988). 749 

27 Cruciani, F. et al. Tracing Past Human Male Movements in Northern/Eastern Africa and Western Eurasia: 750 
New Clues from Y-Chromosomal Haplogroups E-M78 and J-M12. Molecular Biology and Evolution 751 
24, 1300-1311, doi:10.1093/molbev/msm049 (2007). 752 

28Sengupta, S. et al. Polarity and Temporality of High-Resolution Y-Chromosome Distributions in India 753 
Identify Both Indigenous and Exogenous Expansions and Reveal Minor Genetic Influence of Central 754 
Asian Pastoralists. The American Journal of Human Genetics 78, 202-221, doi:10.1086/499411 755 
(2006). 756 

29Monroy Kuhn, J. M., Jakobsson, M. & Günther, T. Estimating genetic kin relationships in prehistoric 757 
populations. PLoS One 13, e0195491, doi:10.1371/journal.pone.0195491 (2018). 758 

30  Manichaikul, A. et al. Robust relationship inference in genome-wide association studies. Bioinformatics 759 
26, 2867–2873, doi:10.1093/bioinformatics/btq559 (2010). 760 

31Brace, S. et al. Ancient genomes indicate population replacement in Early Neolithic Britain. Nat Ecol Evol 761 
3, 765–771, doi:10.1038/s41559-019-0871-9 (2019). 762 

32Broushaki, F. et al. Early Neolithic genomes from the eastern Fertile Crescent. Science 353, 499–503, 763 
doi:10.1126/science.aaf7943 (2016). 764 

33Cassidy, L. M. et al. A dynastic elite in monumental Neolithic society. Nature 582, 384–388, 765 
doi:10.1038/s41586-020-2378-6 (2020). 766 

34Fregel, R. et al. Ancient genomes from North Africa evidence prehistoric migrations to the Maghreb from 767 
both the Levant and Europe. Proc. Natl. Acad. Sci. U. S. A. 115, 6774–6779, 768 
doi:10.1073/pnas.1800851115 (2018). 769 

35Fu, Q. et al. The genetic history of Ice Age Europe. Nature 534, 200–205, doi:10.1038/nature17993 (2016) 770 
36Gallego-Llorente, M. et al. The genetics of an early Neolithic pastoralist from the Zagros, Iran. Sci. Rep. 6, 771 

31326, doi:10.1038/srep31326 (2016). 772 
37Haak, W. et al. Massive migration from the steppe was a source for Indo-European languages in Europe. 773 

Nature 522, 207–211, doi:10.1038/nature14317 (2015). 774 
38Hofmanová, Z. et al. Early farmers from across Europe directly descended from Neolithic Aegeans. 775 

Proceedings of the National Academy of Sciences 113, 6886–6891, doi:10.1073/pnas.1523951113 776 
(2016). 777 

39Jones, E. R. et al. Upper Palaeolithic genomes reveal deep roots of modern Eurasians. Nat. Commun. 6, 778 
8912, doi:10.1038/ncomms9912 (2015). 779 

40Kılınç, G. M. et al. The Demographic Development of the First Farmers in Anatolia. Curr. Biol. 26, 2659–780 
2666, doi:10.1016/j.cub.2016.07.057 (2016). 781 

41Lazaridis, I. et al. Ancient human genomes suggest three ancestral populations for present-day Europeans. 782 
Nature 513, 409–413, doi:10.1038/nature13673 (2014). 783 

42Lazaridis, I. et al. Genomic insights into the origin of farming in the ancient Near East. Nature 536, 419–784 
424, doi:10.1038/nature19310 (2016). 785 

43Mathieson, I. et al. Genome-wide patterns of selection in 230 ancient Eurasians. Nature 528, 499–503, 786 
doi:10.1038/nature16152 (2015). 787 

44Mathieson, I. et al. The genomic history of southeastern Europe. Nature 555, 197–203, 788 
doi:10.1038/nature25778 (2018). 789 

45Olalde, I. et al. The Beaker phenomenon and the genomic transformation of northwest Europe. Nature 790 
555, 190–196, doi:10.1038/nature25738 (2018). 791 

46Rivollat, M. et al. Ancient genome-wide DNA from France highlights the complexity of interactions 792 
between Mesolithic hunter-gatherers and Neolithic farmers. Sci Adv 6, eaaz5344, 793 
doi:10.1126/sciadv.aaz5344 (2020). 794 



47Saupe, T. et al. Ancient genomes reveal structural shifts after the arrival of Steppe-related ancestry in the 795 
Italian Peninsula. Curr. Biol. 31, 2576–2591.e12, doi:10.1016/j.cub.2021.04.022 (2021) 796 

48Patterson, N. et al. Ancient admixture in human history. Genetics 192, 1065-1093, 797 
doi:10.1534/genetics.112.145037 (2012). 798 

49 Walsh, S. et al. The HIrisPlex system for simultaneous predic�on of hair and eye colour from DNA. 799 
Forensic Sci Int Genet 7, 98-115, doi:10.1016/j.fsigen.2012.07.005 (2013). 800 

50 Walsh, S. et al. Developmental valida�on of the HIrisPlex system: DNA-based eye and hair colour 801 
predic�on for forensic and anthropological usage. Forensic Sci Int Genet 9, 150-161, 802 
doi:10.1016/j.fsigen.2013.12.006 (2014). 803 

51 Chaitanya, L. et al. The HIrisPlex-S system for eye, hair and skin colour predic�on from DNA: Introduc�on 804 
and forensic developmental valida�on. Forensic Sci Int Genet 35, 123-135, 805 
doi:10.1016/j.fsigen.2018.04.004 (2018). 806 

52 Stoddart, S. et al. Patterns of Etruscan urbanism.  In Fulminante, F., Hanson, J.W., Ortman, S.G., 807 
Bettencourt, L.M.A. (eds) Where Do Cities Come From and Where Are They Going To? Modelling 808 
Past and Present Agglomerations to Understand Urban Ways of Life Frontiers. Digital Humanities 809 
(Digital Archaeology) 7, doi: 10.3389/fdigh.2020.00001 (2020). 810 

53 Pallottino, M. Tarquinia. Monumenti Antichi 36, 5-594 (1937). 811 
54 Baker, B. J. & Agarwal, S. C. Stronger together: Advancing a global bioarchaeology. Bioarchaeology 812 

International 1, 1-18 (2017). 813 
 814 
55 Bhandari, M., Dosanjh, S., Tornetta, P. & Matthews, D. Musculoskeletal manifestations of physical abuse 815 

after intimate partner violence. Journal of Trauma - Injury, Infection and Critical Care 61, 1473–816 
1479. https://doi.org/1410.1097/1401.ta.0000196419.0000136019.0000196415a.  (2006). 817 

56 Crandall, M. L., Nathens, A. B. & Rivara, F. P. Injury patterns among female trauma patients: Recognizing 818 
intentional injury. Journal of Trauma - Injury, Infection and Critical Care 57, 42–45. 819 
https://doi.org/10.1097/1001.TA.0000135491.0000159215.0000135486 (2004). 820 

57 Redfern, R. C. Identifying and Interpreting Domestic Violence in Archaeological Human Remains: A Critical 821 
Review of the Evidence. . International Journal of osteoachaeology 27, 13–34. 822 
https://doi.org/10.1002/oa.2461https://doi.org/1010.1002/oa.2461 (2017). 823 

58 Sheridan, D. J. & Nash, K. R. Acute injury patterns of intimate partner violence victims. Trauma Violence 824 
Abuse 8, 281–289. https://doi.org/210.1177/1524838007303504 (2007). 825 

59 Wu, V., Huff, H. & Bhandari, M. Pattern of physical injury associated with intimate partner violence in 826 
women presenting to the emergency department: A systematic review and meta-analysis. Trauma 827 
Violence Abuse 11, 71–82. https://doi.org/10.1177/1524838010367503 (2010). 828 

60 McLaughlin, R. et al. in Temple People: Bioarchaeology, Resilience and Culture in Prehistoric Malta. 829 
Volume 3 of Fragility and Sustainability – Studies in Early Malta, the ERC-funded FRAGSUS Project 830 
(eds S.  Stoddart et al.)  295-302 (McDonald Institute for Archaeological Research, 2022). 831 

61Lightfoot, E. & O’Connell, T. On the use of biomineral oxygen isotope data to identify human migrants in 832 
the archaeological record: intra-sample variation, statistical methods and geographical 833 
considerations. PLoS One 11, e0153850 (2016). 834 

62 Goodman, A. H. & Rose, J. C. Assessment of systemic physiological perturbations from dental enamel 835 
hypoplasias and associated histological structures. Yearbook of Physical Anthropology 33, 59-110 836 
(1990). 837 

63 Reimer, P. J. et al. Selection and Treatment of Data for Radiocarbon Calibration: An Update to the 838 
International Calibration (IntCal) Criteria. Radiocarbon 55, 1923-1945, 839 
doi:10.2458/azu_js_rc.55.16955 (2013). 840 

64 Esposito, C. et al. Intense community dynamics in the pre-Roman frontier site of Fermo (ninth–fifth 841 
century BCE, Marche, central Italy) inferred from isotopic data Scientific Reports 13, 3632, 842 
doi:10.1038/s41598-023-29466-3 (2023). 843 

65 Govan, E. & Parnell, A. simmr: A Stable Isotope Mixing Model. R package version   0.5.1.212. 844 
https://CRAN.R-project.org/package=simmr. (2023).  845 

 846 

https://doi.org/1410.1097/1401.ta.0000196419.0000136019.0000196415a


66 Knipper, C. et al. Coalescing traditions – coalescing people: community formation in Pannonia after the 847 
decline of the Roman Empire. PLoS One 15, e0231760 (2020). 848 

67Veselka, B. et al. Strontium isotope ratios related to childhood mobility: Revisiting sampling strategies of 849 
the calcined human pars petrosa ossis temporalis. Rapid Communications in Mass Spectrometry 35 850 
(7), e9038. doi: 9010.1002/rcm.9038. PMID: 33370492 (2021). 851 

68 Müller, W., Fricke, H., Halliday, A. N., McCulloch, M. T. & Wartho, J.A. Origin and migration of the Alpine 852 
Iceman. Science 302, 862–866 (2003). 853 

69Bentley, R. A. Strontium isotopes from the earth to the archaeological skeleton: A review. Journal of 854 
Archaeological Method and Theory 13, 135-187 (2006). 855 

70 Lee-Thorp, J. A. On isotopes and old bones. Archaeometry 50, 925–950.  https://doi.org/910.1111/j.1475-856 
4754.2008.00441.x (2008). 857 

71 Sharp, Z. D. Principles of stable isotope geochemistry.  (Prentice Hall, 2007). 858 
72 Wright, L. E. & Schwarcz, H. P. Stable carbon and oxygen isotopes in human tooth enamel: Identifying 859 

breastfeeding and weaning in prehistory. American Journal of Physical Anthropology 106, 1–18 860 
(1998). 861 

73 al Qahtani, S. J., Hector, M. P. & Liversidge, H. M. Brief communication: the London atlas of human tooth 862 
development and eruption. American Journal of Physical Anthropology 142, 481–490 (2010). 863 

74Sabel, N. et al. Neonatal lines in the enamel of primary teeth--a morphological and scanning electron 864 
microscopic investigation. Archives of Oral Biology 53, 954-963. 865 

 866 
 867 
 868 
 869 


	LABANOF (Laboratorio di Antropologia e Odontologia Forense), Università degli Studi di Milano, 
	2
	4
	Hamilton Institute, Maynooth University
	6
	Department of Classical Studies and Program in the Environment, University of Michigan, 
	7
	Institute of Archaeology, UCL University College London
	8
	Magdalene College, Cambridge
	9
	Kelsey Museum of Archaeology, University of Michigan
	10
	Cardiff University, Cardiff School of History, Archaeology and Religion
	12
	Institute of Prehistoric and Protohistoric Archaeology, Christian-Albrechts-Universität zu Kiel, 
	15
	ABSTRACT
	INTRODUCTION
	RESULTS
	DISCUSSION
	Conclusions
	Methods
	The ambitious multi-factorial methodology employed in this study necessitated the application of macroscopic and molecular methods in a range of labs across Europe. The multi-scalar datasets were coordinated and integrated by the project leads. In ins...
	Data Availability
	Additional information
	Tables
	Figure Legends (Figures below)

