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With regard to their chronological and osteological context, the traces of violence on the human remains 
from the Early Neolithic suggest a singular episode of conflict to which these individuals fell victim. The adults 
display consistent arrow-shot injuries to the skull but not to the perpendicular skeleton (Fig. 2, Supplementary 
Fig. S1). The children and adults furthermore show traces of similar blunt violence to the skull and entire skeleton 
(Supplementary Fig. S2, Text S3). The use of projectile weapons such as bows and arrows in conflict situations is 
evidenced not only by bows from the nearby contemporary wetland settlement of La Draga10, but also by rock 
paintings from this period depicting various types of violent acts (Fig. 3, Supplementary Fig. S3). Such, including 
battle scenes between hostile groups, exist in rock shelters on the Iberian Peninsula11. In addition to the direct, 
unambiguous traces of violence, this indirect evidence supports the assumption that the individuals in Els Trocs 
became the victims of a massacre (Supplementary Text S4).

The extraordinary significance of the violent conflict presented here lies in the early evidence of intentional 
violence in the Neolithic period. The existing sources date the first events of collective violence, to which entire 
settlement communities fell victim, chronologically to the final phase of the first farming culture (LBK) in Central 
Europe at the end of the 6th and beginning of the 5th millenium BCE, a phase of upheaval and change12–16. The 
violent events in Els Trocs are without parallel either in Spain or in the rest of Europe at that time. Another unu-
sual feature is the remote geographical location of the site, away from the early Neolithic migration routes on 
the Iberian Peninsula, which are located inshore or along the Ebro valley, respectively17. From a theoretical and 
analytical point of view, the complex violent findings on the skeletal remains of Els Trocs raise two fundamental 
questions: on the one hand about the assailants, on the other hand about the motive for a seemingly uninhibited 
excess of violence visited on a group of older adults and children.

The question of the perpetrators cannot be answered directly. Archaeoforensically, they left hardly any evi-
dence. Based on the overall context, however, alternative scenarios can be described and their probability evalu-
ated. Population genetic analyses characterise the victims from Els Trocs as early Neolithic migrants, members of 
the communities that established farming and animal husbandry on the Iberian Peninsula17,18 (Supplementary 
Text S5). Judging from the strontium and oxygen isotope data (unpublished data) and the archaeological context, 
it cannot be decided whether the victims were among the first generation of migrants. While most Neolithic 
migrants reached Western Europe from the Fertile Crescent via a Mediterranean route, it cannot be ruled out that 
the phase I individuals from Els Trocs came from the north via the Rhone Valley. The grounds for this assump-
tion are the genetic profile set of the group. One adult male from Els Trocs (CET 5) exhibits mtDNA haplogroup 

ID Age (y)
Sex 
morph.

Sex 
genet. HVS Ia.b Y-chrom.b,c Violence patternd Phases Radiocarbon data cal. BCEe References (genetic data)

CET 1 5–6 n.d. f J1c3 (-) BFT peri and post Phase I 5311–5218 (MAMS 16159)
a,bHaak et al. 2015 aSzécsényi-Nagy 
et al. 2017

CET 2  > 20 m? m J1c1b I2a1a post Phase II 3933–3709 (MAMS 16160)
aSzécsényi-Nagy et al. 2017 
cVillalba-Mouco et al. 2019

CET 3 30–50 m m pre-T2c1d2 R1b1 BFT peri and post Phase I 5294–5066 (MAMS 16161)
a,bHaak et al. 2015 aSzécsényi-Nagy 
et al. 2017

CET 4 3.5–4.5 n.d. m K1a2a F* BFT peri and post Phase I 5294–5068 (MAMS 16162)
a,bHaak et al. 2015 aSzécsényi-Nagy 
et al. 2017

CET 5 30–50 m m N1a1a1 I2a1b1 BFT peri and post Phase I 5310–5080 (MAMS 16164)
a,bHaak et al. 2015 aSzécsényi-Nagy 
et al. 2017

CET 6 25–40 m? m U3a1 I2a1a post Phase II 3946–3767 (MAMS 16165)
aSzécsényi-Nagy et al. 2017 
cVillalba-Mouco et al. 2019

CET 7 3–4 n.d. f V (-) BFT peri and post Phase I 5303–5075 (MAMS 16166)
a,bHaak et al. 2015 aSzécsényi-Nagy 
et al. 2017

CET 8 6–8 n.d. n.d. H1 n.d. post Phase III 3350–3101 (MAMS 16167) aSzécsényi-Nagy et al. 2017

CET 9  > 30 n.d. n.d. n.d. n.d. post Phase III assigned stratigraphically

CET 10 50–70 f n.d. K n.d. AHT and BFT peri 
and post Phase I 5310–5078 (MAMS 16168) aSzécsényi-Nagy et al. 2017

CET 11 6–7 f? n.d. n.d. n.d. BFT peri and post Phase I 5312–5219 (MAMS 16163)

CET 12 30–50 m n.d. T2 n.d. BFT peri and post Phase I 5218–5034 (MAMS 40100) aSzécsényi-Nagy et al. 2017

CET 13  > 20 n.d. n.d n.d. n.d. AHT and BFT peri 
and post Phase I assigned stratigraphically

CET-F22580  > 20 n.d. n.d. n.d. n.d. AHT peri Phase I assigned stratigraphically

CET-F22567  > 20 n.d. n.d. n.d. n.d. AHT peri Phase I assigned stratigraphically

Table 1.  Minimum number of individuals (ID: CET) from Els Trocs and two potential further individuals 
represented by isolated funnel-shaped cranial bone fragments (CET-F); Individual data on Age at death (in 
years) and Sex (morphologic/genetic; n.d. = not determined); Genetic profiles (aHVS1 data Mainz University, 
bGenome-wide data Harvard University Boston and MPI Jena, cGenome-wide data MPI Jena); occurrence of 
fatal arrowshot head trauma (AHT) as well as blunt force trauma (BFT) on cranial and postcranial remainsd and 
their timing during the peri = perimortem and post = post-mortem phases; chronology (phases of occupation); 
Radiocarbon data (eMAMS = Mannheim AMS facility at the Curt-Engelhorn-Centre for Achaeometry; 
References. More detailed information as well as a Bayesian modelling of the Phase I data is to be found in 
Materials and Methods, Supplementary Text S2 and Supplementary Fig. S4).
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N1a1a1, which was common in early Neolithic Central Europe but previously unknown in Spain19. He represents 
the oldest early Neolithic individual on the Iberian Peninsula matching a Central European Neolithic mtDNA 
haplogroup. Only recently has new evidence been published of other N1a individuals along the hypothetical 
migration route from Central to Southwest Europe through France20,21.

Why, however, did this group from Els Trocs suffer a different fate than other early migrant groups in Spain, 
who relatively quickly formed mixed populations with the indigenous communities?18. Was their doom possi-
bly dictated by the isolated geographical location, slightly off the Iberian Neolithic migration mainstream? The 
archaeological context, zooarchaeological and archaeobotanical data as well as the demographic composition of 
the group of victims suggest that these might represent the older members and children of a larger Neolithic com-
munity who, separated from the main group, spent the summer months in the Pyrenees in the course of seasonal 
transhumance, i.e. livestock migration22,23.

Two hypotheses can be formulated for the isolation of the perpetrator group and their motives. If the causes 
were territorial in nature, for example, then the perpetrators could have been indigenous hunter-gatherers who 
saw the Neolithic group encroaching upon their foraging territories, and who may have brutally enforced their 
claims. Alternatively, it may have been an altercation between two Neolithic groups in which disputes over territo-
rial rights escalated. This reasoning considers as a motive that the terrain on which the violent event took place is 
a plateau offering manifold resources. The other variant for interpreting the conflict focuses on general patterns of 
behaviour. Common causes of disputes between local groups, regardless of time and place, origin or ethnicity, are 
territorial disputes, raids for acquisition of possessions (e.g. livestock, women, harvest), and conflicts over scarce 
resources (land, water, game). In contrast to present day interracial or inter-ethnic conflicts (“interracial clash”), 
however, the systematic extermination of entire communities is rather rare in the event of the recurrent use of 
violence between neighbouring groups, who often know each other well and may share socio-cultural roots3,24 
(Supplementary Text S6).

The dramatic composition of the events in Els Trocs may never be fully clarified in detail. The extent to which 
violence was exerted in the remoteness of the Pyrenees, however, reveals an extraordinarily high potential for 
aggression on the part of the attackers, a phenomenon as manifested in forensics as “overkill” or “killing frenzy”25. 
What is clear is that two rivalling groups fatally collided. These may either have been a local group still living tra-
ditionally as foragers, who would decide to oppose the migrants - representing the invaders - decisively and with 
full force (Supplementary Text S7). Or it may have been another, either foreign or locally competing Neolithic 
group disputing the victims from Els Trocs their summer pastures. From the perspective of a criminal profiler, a 
coincidental encounter which escalated seems scarcely imaginable: the procedure appears systematically planned 
and executed, the motive for the act serious. So, with regard to both the local setting and the archaeological evi-
dence, these several possibilities underlying the tragic events at Els Trocs must remain unresolved.

Violent conflicts between neighbouring groups (states), between different ethnic groups within multi-ethnic 
societies and between ethnic minorities and majority populations are often based on power politics exploiting the 
fear of difference in regard to people’s appearance, language, religion, ideology, way of life and cultural or ethnic 
affiliation. Countless examples of conflicts of the present and the past have shaken our view of overcoming a fun-
damental disposition to violence in human societies by civilisation26,27. If violence serves to defend oneself or to 
protect the community, it is socially tolerated28. However, if it aims at exploitation and power against third parties 
or against the welfare and life of peaceful people, it has a negative connotation. In its structural form, violence 

TROCS I - PHASE BC Amodel = 108.7/Aoverall = 108

14 C yr BP

Unmodelled cal. yr BCE Modelled cal. yr BCE A (individual 
agreement indices)1σ (68.2%) 2σ (95.4%) 1σ (68.2%) 2σ (95.4%)

End of End 5225–5158 5284–5067

Period of End 0–3 0–129

Start of End 5277–5190 5290–5132

End Trocs I 5226–5177 5285–5108

CET 12 6175 ± 31 5207–5071 5218–5034 5282–5192 5291–5147 59.4

CET 3 6217 ± 25 5226–5076 5294–5066 5284–5204 5296–5148 117.5

CET 4 6218 ± 24 5282–5077 5294–5068 5283–5205 5296–5141 122.3

CET 7 6234 ± 28 5299–5084 5303–5075 5283–5208 5296–5203 136.1

CET 5 6249 ± 25 5295–5215 5310–5080 5281–5212 5290–5209 110.7

CET 10 (X) 6249 ± 28 5296–5215 5310–5078 5281–5211 5292–5208 114

CET 1 6280 ± 25 5302–5229 5311–5218 5257–5214 5293–5212 92.8

CET 11 6285 ± 25 5304–5229 5312–5219 5257–5214 5294–5212 91.5

End of Start 5289–5215 5317–5208

Period of Start 0–28 0–103

Start of Start 5308–5219 5358–5214

Start Trocs I 5299–5218 5326–5214

Table 2.  Results of the Bayesian modelling (Phase analysis) for the radiocarbon dates associated with the 
human bones of the early (Phase I) occupation of Els Trocs cave. Calibration and modelled curve Intcal 13; 
programme OxCal v.4.3.266,67.
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Figure 2.  Four cases of fatal arrow-shot injuries from Els Trocs cave site. (A1) Fragment of the left parietal 
bone of individual CET-10, external view. The triangular lesion was produced by localized blunt force non-
penetrating trauma (arrow shot) impacting the surface at high speed. (A2) Internal aspect of A1. The impact 
reached the internal lamina and lead to the splintering of a fragment, producing a funnel-shaped defect crater. 
(A3) Detail of the ca. 24 mm long funnel-shaped defect; the detached fragment is missing. (A4) Micro-CT 
image of the lesion in the parietal bone of CET-10 with the section plane running through the lesion. It shows 
the external depression and internal protrusion of bone fragments resulting from the impact of the arrow. 
(B1) Fragment of the right parietal bone of individual CET-13, external view. Visible are the fracture lines of 
the external protrusion with splintering. (B2) Internal aspect of B1. The slit-like cut at the internal point of 
impact causing the external protrusion. (B3) Detail of the slit-shaped defect due to blunt force trauma. The flint 
arrowhead penetrated the left side of the skull, traversed the brain and obliquely lodged in the parietal bone 
opposite the point of penetration. (B4) Micro-CT image of the area of the flint arrow defect of CET-13, showing 
a continuous, deep defect with protrusion of the external lamina. (C) Example 1 of an isolated roundish 
fragment (dislodged funnel-shaped cranial bone fragment, ID 22580) dislocated by the impact of an arrow 
shot from a parietal bone in external (C1) and internal (C2) view. (D) Example 2 of a defect funnel fragment 
(dislodged funnel-shaped cranial bone fragment) dislocated from a parietal bone (ID 22567) in external (D1) 
and internal (D2) view. Both fragments closely resemble the defect crater in CET-10 (A2 and 3), tapering 
from the internal lamina to the diploe, but only one fragment (D1) contains portions of the external lamina. 
ID number = isolated bone; CET-number = skull (photos: T. Schuerch; micro-CT images: G. Schulz using a 
Phoenix nanotome®m).

https://doi.org/10.1038/s41598-020-58483-9

