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A B S T R A C T   

The Neolithic or Formative Period in the New World drastically transformed the mode of production in human 
societies with the domestication of plants and animals. It impacted the way of life and social relations among 
individuals in permanent farming villages. Moreover, the emergence of elites and social inequality fostered 
interpersonal and inter- and intra-group violence associated with the defense of resources, socio-economic in-
vestments, and other cultural concerns. This study evaluated violence among the first horticulturalists in the 
Atacama Desert in northern Chile during the Neolithic transition between 1000 BCE – 600 CE. Furthermore, it 
analyzed trauma caused by interpersonal violence using a sample of 194 individuals. Strontium isotopic 
composition was examined to determine whether violence was local or among foreign parties. Settlement pat-
terns, weapons, and rock art also were evaluated to assess expressions of violence. Skeletal and soft tissues 
presented the most direct evidence for violence. About 21% (n = 40) of adult individuals, particularly men, 
showed trauma compatible with interpersonal violence, with 50% (n = 20) of trauma appearing fatal. The 
findings suggested that violence was between local groups and that social and ecological constraints likely 
triggered violence within local communities.   

1. Introduction 

The transition from hunter-gatherer to food-producing societies, 
known in the Old World as the Neolithic (10,000–7000 BP) and in the 
New World as the Formative Period (ca. 4000–3000 BP), involved 
substantial lifestyle changes, such as population increase, a shift toward 
food production and animal domestication, territorial expansion and the 
emergence of settlements with population nucleation, and in some cases 
evidence of deterioration in health (e.g. Bocquet-Appel, 2011; Cohen 
and Crane-Kramer, 2007; Larsen, 1995; Larsen et al., 2019; Price and 
Bar-Yosef, 2011). Another consequence of this transition was an increase 
in social inequalities likely associated with private property and inter-
generational wealth transmission (e.g. Bentley et al., 2012; Mulder et al., 

2009). The emergence of elites with differential access to resources and 
greater political power and social prestige caused tensions, conflicts, and 
competition between groups, triggering inter- and intra-group violence 
(Guilaine and Zammit, 2005). This study examined whether the transi-
tion from hunter-gatherer to horticulturalists societies in the Atacama 
Desert was associated with increased violence and lethal conflicts, as 
reported for other Andean regions (Arkush and Tung, 2013) and globally 
(Carman and Harding, 1999; Guilaine and Zammit, 2005; Keeley, 1996; 
Lambert, 2002; Meyer et al., 2009; Smith, 2009; Stanish and Levine, 
2011). 

In other Andean regions, new modes of land production became 
widespread around 4000 BP (Aldenderfer, 2004; Stanish, 2003; Stanish 
and Levine, 2011). Older analyses suggested that this transition to an 
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economy based on food production occurred in a relatively homoge-
neous and synchronous manner within the Andean region. However, 
regional data in Andean localities questioned the idea of a synchronic 
transition, giving way to reconstructions that show greater regional, 
temporal, and social variability throughout the Andes (Kaulicke, 2009; 
Muñoz, 2004; 2019; Núñez and Santoro, 2011; Sepúlveda et al., 2018; 
Staller, 2006). In ecologically marginal regions, such as the Atacama 
Desert, this transition to horticulture and pastoralism did not result in 
social complexity like pre-state or pre-urban development, as in other 
Andean regions, such as Caral-Supe on the central coast, Chavín in the 
central sierra, or Pucara and Chiripa in the Titicaca basin in South- 
Central Andes. Extreme hyperaridity in the Atacama (Fig. 1) created 
severe ecological limitations for large-scale agriculture and pastoralism. 
Therefore, the emergent settlement patterns resembled rural rather than 
urban developments (Schiappacasse et al., 1989), with small villages of 
one to three hectares (Adán et al., 2013; Muñoz, 2004; Muñoz et al., 
2014; Núñez and Santoro, 2011; Rivera, 1987; Urbina et al., 2012; Uribe 
et al., 2020). This population, with a greater congregation of individuals 
living a fully sedentary life around scarce agricultural lands, likely 
increased competition among local leaders for access and control of 
limited and localized productive spaces. This study investigated whether 
this context triggered violence among social groups involved in the 
transition to horticulture in the Atacama Desert. It examined three main 
aspects: (1) types of trauma, marks, or physical evidence of violence 
present in individual remains, (2) types of weapons used to cause the 
trauma, and (3) whether violence involved only local individuals or 
included individuals from other regions. Furthermore, this study eval-
uated settlement patterns of the Formative sites in this region that 
included defensive architectural features and strategic locations. It also 
reviewed evidence from rock art to identify symbolic expressions of 
violence in these ritual archaeological contexts. Finally, social and 
ecological factors that could have triggered violence in the Atacama 
Desert were considered. 

1.1. Violence and war in the Andes 

Arkush and Tung (2013) examined settlement patterns and cranial 
trauma, as a consequence of interpersonal violence, to investigate the 
evolution of war in the Andean region. Their study encompassed a wide 
spatial and temporal range, including many societies from the Archaic to 
the Imperial Period (8000 BCE - 1532 CE). They found that war varied 
considerably in intensity throughout time and space, with widespread 
and intensified violence during the Final Formative Period (400 BCE – 
100 CE; particularly in Peru, where more data on settlement patterns 
were available) and the Late Intermediate Period (LIP; 1000–1450 CE). 
During the Final Formative Period, settlements with defensive archi-
tectural features, such as perimeter walls, built on top of strategic hill 
locations spread across much of the Andean landscape, both on the coast 
and in the highlands (for a detailed review, see Arkush and Tung, 2013: 
Appendix B). Head injuries from interpersonal fighting reached 17.5% 
during this period (Arkush and Tung, 2013: Appendix A). 

Scenes of mural art contained many themes of violence, including 
dismembered and decapitated bodies, such as those engraved on the 
walls of Sechin temples in Casma valley on the northern coast of Peru 
(Bischof, 2008). In addition, the image of an executioner carrying a 
trophy head and an axe in his hands, known as the “sacrificador” or 
sacrificer, was ubiquitously depicted on various ceramics, textiles, and 
rock art throughout the Andes. 

In the central-south Andes, Stanish and Levine (2011) present evi-
dence that Taraco, a Formative Period center and competitor for the 
political center in the north of Lake Titicaca basin, was intentionally set 
on fire around 100 CE, presumably by a rival group (Levine and Stanish, 
2014). This action was interpreted as larger scale aggression of orga-
nized political violence by the Pucara social group, which aimed to 
establish and consolidate themselves as a political, social, and cultural 
entity above other regional centers in the Titicaca basin (Stanish and 

Levine, 2011). During the Formative Period, the Pucara center polity 
began to exert influence in northern Chile, as expressed through the Alto 
Ramírez phase (Rivera, 1984; 1991; 2005). In this context of more 
generalized violence in the South-Central Andes (Arkush and Tung, 
2013), it is relevant to evaluate forms of violence during the Formative 
Period in the Atacama Desert, in particular in the valleys of Arica with 
possible interaction with Pucara. 

Torres-Rouff and Costa-Junqueira (2006) analyzed head injuries due 
to interpersonal violence in the Atacama Desert, in particular in San 
Pedro de Atacama (SPA) oases. The sample covered a period of 2000 
years and several populations, ranging from the Late Formative (200 
BCE – 600 CE) to the Inca period (CE 1400–1532). In contrast to Arkush 
and Tung (2013), Torres-Rouff and Costa-Junqueira (2006) found that 
interpersonal violence trauma had the lowest frequency during the 
Formative Period (5.1%). However, a peak of violence (35.6%) occurred 
during the LIP (CE 1000–1400), similar to the findings of Arkush and 
Tung (2013). Other studies found that violence increased during the LIP 
in SPA oases (Lessa and Souza, 2004). Conversely, in the Pica oasis in the 
lowlands of the Atacama Desert, trauma due to violence had a low fre-
quency during the LIP (Pacheco and Retamal, 2015). These studies 
indicate the variability of violence among groups in the Atacama Desert 
across time and space. 

Interpersonal violence among early hunters, fishermen, and gath-
erers on the coast in Atacama Desert was associated with a sedentary 
way of life, with a higher incidence of healed over perimortem trauma 
and higher rate of trauma among males than females (Standen and 
Arriaza, 2000; Standen et al., 2020). Violence remained constant over 
time from the Early Archaic (10,000 cal BP) to the Late Archaic (4000 
cal BP), suggesting endemic violence among ancient populations in 
northern Chile (Standen et al., 2020). Here we explore whether violence 
varies between early horticulturalists and their hunter-gatherer and 
fisher predecessors. 

1.2. First horticulturists in the Atacama Desert 

Before adopting agriculture, archaic populations persisted for 9000 
years on terrestrial and marine hunting, fishing, and gathering along the 
coast of the Atacama Desert (Clarke, 2006). The extreme aridity and 
scarcity of resources for subsistence that characterized these terrestrial 
ecosystems contrasted sharply with the diversity and variety of marine 
resources (Arriaza et al., 2005; Santoro et al., 2012; Standen et al., 
2018). 

The development of horticulture, which marked the beginning of the 
Formative Period in northern Chile, were partly influenced by external 
socio-cultural forces, such as the changes and transformations occurring 
in the Titicaca basin (Rivera, 1984; 1991; 2005). These Altiplano pop-
ulations developed an unprecedented level of social complexity in the 
Southern Andes (Albarracín-Jordán, 1996; Capriles, 2017; Goldstein, 
2015; Kolata, 1993; Stanish, 2003; Stanish and Levine, 2011). Horti-
culture, pastoralism, and other technologies such as loom textiles, 
metallurgy, ceramics, and new ideological system spread to populations 
that inhabited the Atacama Desert (Rivera, 1991; 2005). 

By 3000–2500 BP, some groups shifted to a horticultural economy 
and began occupying inland valleys and oases to cultivate plants, 
achieving control of food production (Chacama et al., 2014; Muñoz, 
2019; Núñez and Santoro, 2011). Isotopic studies using δ13C and δ15N 
showed that the diet gradually incorporated various cultivated plants 
(King et al., 2018a; 2018b). Archaeobotanical remains of Zea mays, 
Capsicum sp., Lagenaria sp., Maniot esculenta have been identified in 
several funerary contexts and domestic sites of the Formative Period 
(Muñoz, 2004; Santoro, 1980a; 1980b; Rivera, 1987). As there were no 
wild ancestors for these cultigens in the Atacama Desert, they were 
likely introduced and transported from the tropical mesothermic valleys 
of the eastern Andes, from the Altiplano, or from southern Peru. This 
was made possible due to extensive networks and long-distance mobility 
among Formative people. Cultural interaction and exchange that started 
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Fig. 1. The Atacama Desert in Northern Chile. Green lines indicate the streams of valleys and quebradas that flow into the Pacific Ocean and Pampa del Tamarugal, 
where fertile land for horticulture is circumscribed. The red circles show the location of the Formative sites cited in the text. (For interpretation of the references to 
color in this figure legend, the reader is referred to the web version of this article.) 
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during the Formative Period (ca. 3000 BP) connected distant Andean 
regions (Núñez and Dillehay, 1985). Prestigious goods such as tropical 
feathers for headbands, implements for the consumption of psychotropic 
substances, polychrome textiles, and ornamental objects made of gold, 
silver, and copper were imported (Núñez and Santoro, 2011; Santoro, 
1980a; 1980b). 

With horticulture, the first village settlements emerged in several 
valleys, oases, and quebradas in the Atacama Desert, surrounded by crop 
fields with complex irrigation systems, cemeteries, rock engravings and 
geoglyphs (Adán et al., 2013; Mostny, 1970; Muñoz, 2004; Núñez, 1982; 
Rivera, 1987; Rivera, 2005; Urbina et al., 2012; 2018; Uribe et al., 
2020). Settlements with a fully sedentary lifestyle brought together a 
large number of individuals in Tarapacá and Guatacondo ravines. The 
Pircas, Caserones, Guatacondo and Ramaditas villages, located in the 
proximal sections of the alluvial fans of these ravines, show differenti-
ated construction techniques and materials and varied spatial architec-
tural patterns. Most of them integrated agglutinated structures, with the 
exception of Pircas, which had a dispersed distribution (6.3 structures 
per hectare) of small structures (<5 m2) (Adán et al., 2013). In contrast, 
the other villages had larger structures (5–20 m2) (Adán et al. 2013). 
Their density ranged from crowded (227 structures per hectare at 
Guatacondo) to dispersed (9 structures per hectare at Ramaditas), with 
the latter containing integrated compounds of several agglutinated 
structures (Adán et al., 2013; Urbina et al., 2012; 2018). 

Life in the Atacama Desert villages likely conditioned a new way of 
social interaction. Communities were likely grouped based on kinship 
ties, which helped reaffirm land rights by creating alliances to protect 
the scarce productive spaces. In comparison with the Archaic way of life, 
these new social relationships and differential access to land may have 
put pressure on social groups to compete for resources, land, and spring 
water. In addition, in this extreme desert, farming was dramatically 
restricted and confined to valley terraces (Figs. 2a-b), quebradas, and 
oases, with these pockets of land separated by extensive sterile inter-
fluvial pampas that dominated the landscape (Fig. 1). Away from the 
fertile coast, moving out from these productive oases meant facing 
barren landscapes without water and resources for subsistence, which 
prevented the establishment of permanent settlements (Berenguer, 
2004). This new socio-cultural framework and land use could have 
triggered social tensions, conflict, and violence among groups investing 
in a horticultural lifestyle. 

2. Materials and methods 

2.1. Bioarchaeological sample 

Trauma associated with interpersonal violence was assessed in 194 
adult individuals (>17–18 years) from six cemeteries (Table 1) in the 
lower section of the Azapa Valley (Fig. 1) excavated between the 1970′s 
and 1980′s (Focacci, 1980; Focacci and Erices 1972; Muñoz and Focacci, 
1985; Santoro, 1980a; 1980b). Although this valley was small, it was 
one of the richest and most fertile in northern Chile. 

Bioarchaeological collections. The burial sites from which the collec-
tions originated were located in fluvial terraces on the northern and 
southern sides of the Azapa Valley (Figs. 2a-b). Az-70 and Az-122 sites 
correspond to burial mounds, which were constructed with layers of 
wild plants, particularly chilca (Baccharis petiolata), and tree branches 
(Salix humboldtiana) interspersed with layers of soil and rocks (Muñoz, 
2004; Muñoz et al., 2014; Romero et al., 2004). Some mounds reached 
up to 4 m in height and some bodies were buried between the layers of 
soil and plants. Az-14, Az-71, and Az-115 sites correspond to cemeteries 
where bodies were buried in pits dug directly in the sandy and salty soil 
of the terraces of the valley. Their cultural contexts were similar to those 
found in the burial mounds (Focacci, 1980; Focacci and Erices, 1972; 
Muñoz, 2004; 2019; Santoro, 1980a; 1980b). Site Az-75 corresponds to 
a cemetery located on a slightly sloped hillside (Aufderheide et al., 2002; 
Muñoz and Focacci, 1985). Site Az-146 corresponds to an isolated grave 

dug in a sector of a southern terrace, where three individuals were 
buried together (Standen et al., 2010). 

The remains showed different degrees of conservation and 
completeness, ranging from complete bodies with preserved soft tissue 
to partial remains, such as skulls and postcranial bones. 

Age and Sex. The methods and techniques compiled by Buikstra and 
Ubelaker (1994) were used to estimate age and sex. Some individuals 
retained soft tissue of genitals, facilitating sex identification. 

Radiographic analysis. Bodies that preserved mummified soft tissues 
were radiographed with a conventional instrument (EZy-Rad, focus 1.2 
mm, Model R20 X-ray machine) to identify possible bone trauma. In 
addition, all skeletal remains that showed evidence of trauma were 
radiographed for accuracy. 

14C dating and chronology of trauma. These sites ranged from 800 BCE 
– 600 CE, as indicated by 29 14C dates (Table S1). Seven individuals with 
evidence of trauma were directly dated using AMS 14C of soft tissue and 
bone, which allowed a more refined chronological control of the cases 
with signs of violence. 

2.2. Bioarcheology of violence 

Skeletal remains provide the most accurate information about 
violence in ancient societies (Lambert, 2002; Walker, 2001; among 
others). In addition, this study analyzed some preserved soft tissue re-
mains. This revealed the effects of violence on the body, type of violence, 
the form of struggle, and weapons that may have been used (Jurmain 
et al., 2009; Lambert, 1997; Martin and Frayer, 1997; Martin et al., 
2008; Martin and Harrod, 2015; Milner, 1999; Walker, 2001). In gen-
eral, trauma resulting from interpersonal violence tends to affect the 
axial skeleton, such as the skull and the thorax, and the upper appen-
dicular skeleton, such as the diaphysis of the ulna, referred to as a parry 
fracture. 

This study recorded trauma details for each individual, including 
location, type, possible causal mechanism, possible weapon, and 
whether trauma was antemortem or perimortem. Antemortem trauma 
corresponds to healed trauma or fractures, which leave a mark or 
imprint on the bone due to its remodeling process (Lovell, 1997). Peri-
mortem trauma is more ambiguous than antemortem trauma and cor-
responds to trauma that occurred before, during, or immediately after 
death. Perimortem trauma affects bone that is fresh and holds moisture; 
therefore, the fracture pattern can be differentiated from postmortem 
taphonomic fractures of dry bones (Galloway, 1999). Distinctive fea-
tures of perimortem fractures include beveled morphology of fracture 
edges, presence of hinge fragments, radial fractures of the skull, but-
terfly fractures of long bone diaphysis, and consistent color between the 
surface of the exposed fracture and the rest of the bone (Galloway, 
1999). 

A significant number of individuals in the Arica bioarchaeological 
collection (about 30%) have preserved soft tissue. This facilitated ac-
curate diagnoses, as soft tissue kept bone fragments in situ, allowing 
observation of deformation in areas where high impact blows were 
received. Trauma in soft tissues are scarcely reported in the bio-
archaeological record, as natural soft tissue preservation occurs in only a 
few places in the world, including the Atacama Desert. This allowed 
identification of some perforating wounds in the thoracic and abdominal 
region which did not leave any skeletal traces. 

Finally, projectile tips embedded in the bodies are a clear indicator of 
conflict (Milner et al., 1991; Milner, 2005). For embedded projectile 
point tips or lithic micro fragments with no signs of regeneration, 
trauma was considered perimortem and likely lethal. Although the in-
dividual could survive if the projectile did not impact a vital organ, such 
wounds would exhibit healing with the projectile retained in the body. 

2.3. Weapons 

Artifacts placed as offering or burial goods in tombs were analyzed to 
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identify potential weapons, and their physical characteristics were 
linked with the trauma observed in the remains. Artifacts for hunting 
and butchering animals, such as bows, spear throwers, and knives, were 
likewise considered as possible weapons used in conflict contexts. 

2.4. Geoarchaeology: Strontium isotopes 

Previous studies developed a baseline of bioavailable strontium 
isotope data in northern Chile from the coast to the altiplano (Standen 
et al., 2018). These studies found that isotopic signatures of terrestrial 
fauna (87Sr/86Sr 0.706116–0.707402) were significantly different from 
those of marine fauna (87Sr/86Sr 0.709136–0.709150). Marine fauna 
values were closer to sea water values of 87Sr/86Sr 0.709178 (Burke 
et al., 1982). 

The present study measured strontium isotopes in enamel and bone 
from a sample of 69 individuals representing all Formative cemeteries in 
the Azapa Valley (about 35% of the total sample). The samples were 

processed in the Department of Geological Sciences isotope geochem-
istry laboratory at the University of North Carolina at Chapel Hill. In-
dividuals with trauma (n = 31) and without trauma (n = 38) were 
included. Individuals with similar isotopic composition characteristic of 
the local area indicated an internal social conflict. In contrast, non-local 
isotopic composition indicated intervention of external actors from lo-
calities or regions bordering the desert. 

3. Results 

3.1. Bioarchaeology 

Of the 194 adult individuals studied, 21% (n = 40) exhibited trauma 
compatible with interpersonal violence, regardless of the degree of 
completeness of the bodies. Among the male individuals, 26% (27/105) 
preserved evidence of trauma compared to 15% (13/89) of the female 
individuals. This difference was not statistically significant (Fisher exact 

Fig. 2a. Distribution of Formative sites in the Azapa Valley. 1 (Az-24); 2 (Az-21); 3 (Az-22); 4 (Az-75148); 5 (Az-80); 6 (Az-17); 7 (Az-122); 8 (Az-14); 9 (Az-83); 10 
(Az-147); 11 (Az-142); 12 (Az-75); 13 (Az-12); 14 (Az-115); 15 (Az-70); 16 (Az-71); 17 (Az-117); 18 (Az-67); 19 (Az-146). The studied sites, in bold, are numbered 
from West to East: 7, 8, 12, 14, 15, 16, 19. Triangles correspond to earth mounds (tumulus) cemetery. Circles correspond to pit burial cemeteries. The square 
corresponds to the village. 

Fig. 2b. Schematic profile of the Azapa Valley: Location of Formative settlements on fluvial terraces (cemeteries, burial mounds, and the village) in relation to the 
elevation, the river, and the valley slope. 
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Chi-square test = 0.1124, p > 0.05), indicating that the incidence of 
trauma was independent of sex. 

To reduce bias, the sample was divided into cranial and postcranial 
groups and analyzed separately, as not all bodies were complete 
(Table S2). The results showed that 15.7% (26/166) of individuals with 
cranial remains had trauma. Of them, 22.5% (20/89) were males and 
7.8% (6/77) were females, indicating a statistically significant differ-
ence (Fisher exact Chi-square test, p < 0.05). Similarly, 16.1% (20/124) 
of individuals with postcranial remains exhibited trauma. Of them, 
19.6% (11/56) were male and 13.2% female (9/68), lacking statistically 
significant differences (Fisher exact Chi-square test, p > 0.05). 

Of the 40 individuals exhibiting trauma, 57.5% (n = 23) had one 
trauma, 22.5% (n = 9) had two traumas, and 20% (n = 8) had more than 
two traumas. The majority (70% [n = 28]) exhibited skeletal trauma, 
followed by puncture wounds in soft tissue and bone (10% [n = 4]), 
bone erosions or abrasions (15% [n = 6]), a projectile point embedded in 
the body (2.5% [n = 1]), and facial mutilation (2.5% [n = 1]). 

Overall, 47.5% (n = 19) exhibited perimortem trauma and 50% (n =
20) healed trauma. Only one individual exhibited both perimortem and 
healed trauma (Table S3) – a woman with perimortem trauma from a 
blow on her head and healed fractures in the proximal diaphysis of the 
left fibula and in the eleventh right rib. Among individuals with peri-
mortem trauma, 75% (n = 16) were male and 25% (n = 4) were female. 
Among individuals with healed trauma, 55% (n = 11) were male and 
45% (n = 9) female. 

3.1.1. Distribution of trauma in the body 
Among individuals with trauma, 51% (n = 21) had cranial trauma, 

34% (n = 14) – postcranial, and 15% (n = 5) –both cranial and post-
cranial trauma. 

Cranial trauma. Of the 26 individuals with skeletal and soft tissue 
cranial trauma, 77% (n = 20) were male and 23% (n = 6) were female, 
indicating a statistically significant difference (Chi-square = 5.14, p <
0.02). In addition, 54% (n = 14) of individuals exhibited perimortem 
trauma (Fig. 3a-b), while 46% (n = 12) had healed trauma. 

Healed cranial trauma. Of the 12 individuals with healed cranial 
trauma, a total of 13 examples of trauma were observed (one individual 
had two instances of trauma), particularly among males (Fig. 4). Healed 

Fig. 3. (a) Lethal trauma to the face, affecting the maxilla, frontal, lachrymal, and ethmoid. (b) Bone flaking below the eminence of the left frontal. Possible impact 
with blunt stone-like artifact. Site Az-14/T3B, male, 20–25 years old, 14C 2550 ± 30 BP. 

Fig. 4. Distribution of the 13 healed traumas on the anterior and posterior 
planes of the skull. 
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trauma of the cranial vault was represented by small depressed fractures 
(1.0–1.5 cm in diameter on average) with circular or oval shapes. They 
showed a slight depression in the external table of the cranium (0.2–0.3 
cm deep) due to the advanced process of healing and bone remodeling. 
Some were very mild injuries, affecting only the external table of the 
vault as a dent. One individual showed two severe fractures that affected 
the internal table, leaving two circular holes and a radial fracture 
(Fig. 5a-c). Facial fractures preferentially affected the area of the nose 
and cheekbones (Fig. 6) and were generally mild to moderate. 

Trauma was observed in the vault (n = 7; posterior plane) and in the 
face (n = 6). Facial trauma was mostly located on the right side (n = 4 
right; n = 2 left). The same was observed for vault trauma (n = 4 right; n 
= 2 left; n = 1 midline) (Fig. 4). 

Postcranial trauma. Of the 20 individuals who showed postcranial 
trauma, including two individuals with only soft tissue trauma, 55% (n 

= 11) were male and 45% (n = 9) were female. In total, 60% (n = 12) 
showed perimortem trauma, most likely lethal, and 40% (n = 8) showed 
healed trauma. 

Postcranial healed trauma. A total of 11 trauma instances were iden-
tified among the eight individuals with healed bone trauma, including 
three individuals who had two instances of trauma and five with one. 
The most affected anatomical regions were the thorax, with simple rib 
fractures, and upper extremities; with fractures of the ulna, radius, and 
clavicle. All individuals with healed postcranial trauma except one were 
female. One adult male individual (Az-71/T-296)1 had a lithic projectile 
point lodged in the left lung and penetrating the dorsal plane (X-ray 
revealed the position of the point) (Arriaza, 1990). The skin healed after 
the projectile entered the lung, suggesting that the individual survived 
for some time after receiving the impact. In relation to laterality, the 12 
trauma instances were randomly distributed on the right or left side of 
the body and affected the ventral and dorsal planes of the body. 

3.1.2. Perimortem trauma 
Of the total sample, 10% (20/194) showed perimortem trauma, 

mostly with probable lethal consequences. Perimortem fractures in the 
cranium were observed in 14 individuals. At cranium level, the blows 
mostly impacted the bones of the face, frontal, parietals (lateral planes), 
and occipital of the vault, with depression of the impact zones and 
causing multiple radiated fractures in the neurocranium. Some fractures 
were compatible with Le Fort I (Az-14/T3A, male 20–25 years) and Le 
Fort II, with craniofacial disjunction (Az-146/C3, male 20–25 years). 
The conservation of soft tissues in some individuals allowed the bone 
fragments to remain in situ (Fig. 7a-c). 

Perimortem trauma in the postcranial region included fractures 
affecting the torso and upper extremities (three cases had fractures in 
the pelvis and legs). One individual (Az-14/T16, male 20–25 years) 
showed bilateral perimortem fractures of ribs (6th, 7th, 8th), right 
clavicle, fibulas, and left tibia. This individual had perimortem fractures 
in four toes of the left foot, above the metatarsal-phalangeal joint, which 
follow the oblique orientation line that shows the alignment of the toes. 
Furthermore, the left eye was displaced downward outside the orbital 
cavity and the right eye was open at the time of death. Both features 

Fig. 5. (a) Two healed depression fractures of the right parietal and occipital. (b) Radiated fracture of the right parietal. Possibly caused by sling stone impact. Site 
Az75D/S-n3, male, 25–30 years. 

Fig. 6. Healed zygomatic bone fracture of moderate intensity. Possibly caused 
by a fist blow. Site Az-70/Tumulo4/T20, male, 35–40 years old. 

1 The information was obtained from a report by Dr. Bernardo Arriaza, file 
MASMA (1990). 
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could be explained by violent death. Surprisingly, he was buried wear-
ing a beautiful turban of spun camelid fiber skeins, which was unaltered. 

Two individuals showed trauma in the back. One individual (Az-75/ 
T-33, male 25–30 years old) showed two injuries, one at the right 
vertebral arch level (T9), with a circular hole on the upper edge that was 
left by the weapon when it penetrated the bone. The impact produced a 
fracture toward the lower edge of the arch (although there was no 
displacement of the vertebral fragment; Fig. 8a-b). The weapon likely 
damaged the spinal cord. Another circular penetrating wound was 
observed in the proximal epiphysis of the right humerus (posterior 
plane), with two small linear fractures of oblique orientation and slight 
detachment of cortical bone as a result of the impact (Fig. 8c-d). Both 
injuries were likely caused by the same penetrating pointed weapon 
(circular in cross-section), in the same event. The second case (Az-14/T- 
10A, male 30–35 years) showed a perimortem fracture at T3 level (right 
lamina) and ribs (medial), without displacement. Periosteal reaction 
suggested that the individual survived for a short time after suffering the 
trauma. 

Soft tissue trauma included puncture wounds in the neck, axilla, 
thorax, abdomen, and groin. One individual (Az-71/T-255, male, adult) 
showed two wounds, one in the abdomen (12 cm by 4 cm of diameter) 
that likely resulted in massive exit of intestines and another neck wound 
(2 cm in diameter), above the manubrium of the sternum. One indi-
vidual (Az-115/T-9, female 25–30 years old) showed an unusual alter-
ation of facial skin. The skin was tightened, with the teeth covered by the 
skin of the chin and the lips displaced to the level of the nostrils (Fig. 9a- 
b). 

3.2. Weapons 

Artifacts specifically designed as weapons that could be associated to 
observed trauma or protecting the bodies from trauma were extremely 
scarce. In contrast, artifacts that were widely used in hunting activities 
were frequent in funerary contexts, including atlatls, bows, darts 
(Fig. 10a-b), lithic projectile points, and knives. One documented indi-
vidual had a projectile point embedded in the left lung (Az-71/T-296), 
which could have been thrown with a hunting weapon, such as a spear 
thrower. Knives with lithic points could have been used to cause soft 
tissue puncture wounds. Other artifacts in mortuary contexts included 
sharp sticks (Fig. 10c-d), which could have been used as weapons to 
strike skulls, trunk, and extremities. Healed vault trauma, consisting 
mostly of small depression fractures, suggested that these individuals 
were likely attacked with sling (Fig. 11). 

3.3. Strontium isotopes 

Of the 69 individuals sampled, the range of Sr isotope of the 31 in-
dividuals with trauma (87Sr/86Sr 0.706693-0.708159) and of the 38 
individuals without trauma (87Sr/86Sr 0.706350–0.708978) are the 
same. Moreover, 26 individuals, with and without trauma, had stron-
tium value (87Sr/86Sr 0.706684–0.707404) (Table 2; Fig. 12) matching 
the terrestrial fauna of the valleys (87Sr/86Sr 0.706536–0.707402). In 
contrast, 42 individuals (with and without trauma) had strontium values 
87Sr/86Sr 0.707486-0.708978 that exceeded the range of the valley 
fauna isotopic signal (Table 2; Fig. 12). The latter results suggest that 
these individuals spent time as children on the coast consuming marine 
resources and probably continued to do so as adults. The distance to the 
coast is no more than 10 to 15 km, making this plausible. Although, 
strontium values vary between the two groups, the incidence of trauma 
is similar among them. Finally, only one individual had an isotopic 
signal lower than the range established for the valleys of the extreme 
north of Chile. 

4. Discussion 

4.1. Trauma caused by interpersonal violence, practices of fighting, and 
weapons 

The types of trauma identified and the anatomical zones involved 
indicates that the majority of trauma was caused by deliberate and 
intentional actions perpetrated by individuals in contexts of interper-
sonal violence. Among the types of trauma observed were perimortem 
fractures of high-impact on the cranium, including radial, concentric, 
and bending fractures, healed cranial depressed fractures, puncture 
wounds to the chest and abdomen, blocking (parry) fractures, rib frac-
tures, and projectile points imbedded inside the body. Such trauma is 
generally interpreted as a result of interpersonal violence (Jurmain 
et al., 2009; Lambert, 1997; Lovell, 1997; Martin and Harrod, 2015; 
Milner et al., 1991; Tung, 2007; Walker, 2001). 

A feature that stood out in this sample was the high number of in-
dividuals affected by perimortem trauma, the majority with probable 
lethal consequences, indicating intention to kill. This trauma was mostly 
located in the frontal and coronal planes of the body, with some trauma 
identified in the dorsal plane. This distribution of trauma suggested two 
modes of confrontation, body to body or an attack from the rear. The 
latter could have occurred in the context of an assault where individuals 
were struck while trying to escape. We did not find a clear trend between 

Fig. 7. Perimortem traumas from high-impact shocks to the face and skull vault. (a) Exposed fracture of the frontal, maxilla, mandible, and left parietal bones. The 
hair was intentionally cut before burial. Site Az-71/T298, female, 20–25 years old, ca. 2000 BP. (b) Exposed fracture of the frontal and right parietal. Site Az-146/C1, 
male, 25–30 years old, 14C 2110 ± 40 BP. (c) Exposed fracture of the frontal, right parietal, and facial bones. Site Az-146/C3, male, 25–30 years old, 14C 2130 ± 60 
BP. Causal mechanism in all three cases was probable impact with blunt stone or wooden artifact. 
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sexes. Both males and females exhibited trauma in the anterior and 
posterior planes of the bodies. However, among healed cranial trauma, 
females tended to exhibit more trauma to the posterior plane of the 
vault. 

Some individuals exhibited severe high impact fractures of the cra-
nium that caused massive destruction of the face and neurocranium, 
with cranio-facial disjunction and outflow of brain mass. These in-
dividuals also exhibited multiple blows to the postcrania, including 
upper extremities, thorax, pelvis, and legs. A weapon, such as a mace, 
was likely used to cause high impact fractures of the skull. Due to the 
weight of the stone ring (mace head) it was a highly lethal weapon. 
However, this weapon was not found at any of the studied sites. Its 
absence may be due to a random sampling issue, since stone mace heads 
have been recorded in archaic sites (4000 BCE) of hunter-gatherers in 
the semiarid north and in Central Chile as well as sites of the Middle 
Horizon (600–1000 CE) in Azapa Valley. In addition, more expeditious 
wooden sticks or batons could have been used to beat individuals in 
face-to-face fighting. 

Postcranial trauma located in the dorsal plane was infrequent. Two 
individuals showed evidence of attack using penetrating weapons, such 
as lithic projectile points probably thrown from a distance. This re-
inforces the idea that these individuals could have been ambushed. An 
individual with a lithic projectile point embedded in his left lung showed 
signs of surviving the attack. He probably managed to escape and may 
have been assisted by his social group. This evidence demonstrated that 
hunting devices, such as spear throwers and darts, were likely used as 
distance attack weapons. Individuals with projectile points embedded in 
bones or inside trunk cavities have been documented in various contexts 
of archaic hunter-gatherers in South America (Guillén and Carpio, 1999; 
Haas and Llave, 2015; Escola, 2014; Standen and Arriaza, 2000; Standen 
et al., 2020), demonstrating that spear throwers and other similar de-
vices were used as attack weapons from an early time. 

Other individuals exhibited trauma that could be interpreted as 
possible mutilation. An adult male displayed fracture of the left toes, 
which may indicate that the toes were intentionally severed (the right 
toes were undamaged). This individual also exhibited multiple 

Fig. 8. (a-b) Perimortem injury and fracture of the right neural arch of T9, which likely injured the spinal cord. (c-d) Perimortem injury of the posterior face of the 
right proximal humeral epiphysis and three longitudinal bone fissures. Possibly caused by an acute and penetrating artifact, which pierced and fractured both bones. 
Site Az75/T33, male, 30–35 years old. 
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Fig. 9. (a) Possible perimortem facial mutilation. The skin was stretched upward to cover the mouth and teeth with the skin of the chin and the nostrils with the lip 
mucosa. (b) Disordered hair. Site Az115/T9, female, 25–30 years old, 14C 1420 ± 30 BP. 

Fig. 10. Hunting devices. (a) Dart thrower. (b) Dart. (c-d) Sharp sticks. Az-70 Site, Formative Period, Azapa Valley.  
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perimortem fractures, including butterfly, spiral and transverse frac-
tures of diaphysis of tibia and fibula, suggesting the application of direct 
torsional and bending forces to both legs. Additionally, this individual 
showed oblique fractures on the right clavicle, some of the ribs, and the 
manubrium sterni. Another case of possible mutilation was an adult 
female (Az-115T9) with a strange stretching of the facial skin that could 
not be explained by natural factors or taphonomic processes. The causal 
mechanism was likely an intentional act, occurring at the time of death 
when the skin was still fresh and causing deep agony. At the time of her 
death, her hair was disarranged and her eyes were open, likely as a result 
of violent death. She presented tattoos on both hands and forearms, a 
novel cultural feature among local populations of the Atacama Desert, 
with geometric designs in wavy lines, achieved with black pigments 
introduced under the skin. The tattoos suggested that she was not local, 
as this practice was not common in the region (Allison et al., 1981). Her 
strontium isotopic composition (87Sr/86Sr 0.707560) was slightly above 
the range of values recorded for valley samples (Fig. 12), suggesting that 
she may have been a native of the costal valleys from southern Peru, 
where similar isotopic compositions (87Sr/86Sr 0.706786–0.707422) 
have been documented (Knudson et al., 2004). Moreover, tattoos were 
more common in those valleys than in northern Chile (Allison et al., 
1981). 

A possible case of body-to-body struggle (Az-71/T-255) was 
observed owing to the preservation of postcranial soft tissues, allowing 
identification of perforating wounds to the abdomen, neck, groin, and 
thorax. This adult male was found without his head (although no traces 
of decapitation were observed on the cervical vertebrae) and displayed 
two puncture wounds (abdomen and neck), which likely caused deep 
agony and bleeding out before death. These puncture wounds were 
likely caused by a knife. Knives with wooden handles and hafted with 
thin, sharp lithic blades could produce piercing and tearing the skin in 
the most vulnerable areas of the body, such as the abdominal region and 
neck. 

Healed cranial fractures equally affected the facial bones and the 
vault. As facial trauma impacted the cheekbone area and nose, these 
injuries were likely caused by direct blows of the face using the fists. 
Healed trauma of the back of the vault, consisting mostly of small 
depression fractures, suggested that these individuals were attacked 
from behind as they were running away or escaping. Given the type of 
trauma, the attackers probably used slings and boleadoras. Slings have 

been reported from the region (Focacci, 1980), but were not found 
among the burial offerings of the studied individuals. Simpler and more 
expedient weapons, like wooden sticks or canes, could have also been 
used. 

Most healed cranial fractures were neither extensive nor deep. 
However, apart from causing hemorrhages and headaches in the acute 
phase, they could cause chronic ailments that would have affected daily 
life and resulted in physical and psychological maladies (Boldsen et al., 
2015). Moreover, according to Boldsen et al. (2015), individuals with 
cranial trauma may die at younger ages. Healed postcranial trauma 
included a classic parry fracture of the ulna, typically interpreted as 
resulting from an attempt to block a blow to the face or head (Judd, 
2006). Clavicle fractures at the level of the middle third of the diaphysis 
were interpreted to indicate a direct blow to the bone, whereas fractures 
of the second metacarpal were likely caused by a fist blow given to 
another individual. Although the fifth metacarpal is typically injured by 
this action and known as boxer’s fracture (López-Viego, 1995), it is 
possible that other hand bones may be fractured during fist strikes in 
hand-to-hand fighting. Rib fractures, mostly transverse and located in 
the middle or anterior third of the ribs body along with two to three 
adjacent bones, were interpreted as the result of blows to the chest in 
body-to-body fighting. It cannot be ruled out that rib fractures were the 
result of unintentional trauma, such as falls; however, given the high 
frequency of trauma caused by interpersonal violence and low frequency 
of healed trauma in the lower extremities in these samples, rib trauma 
may also have been the result of deliberate and intentional actions with 
direct blows to the chest and/or falls in contexts of interpersonal 
violence. 

4.1.1. Trauma: Age and sex 
Individuals who experienced interpersonal violence among the 

Formative populations of the Azapa Valley showed a clear pattern in 
terms of sex and age. Young (20–35 years) and middle-aged adults 
(35–45 years) of both sexes displayed more healed trauma than older 
individuals (>45 years). As most healed trauma showed advanced bone 
remodeling, these individuals were younger when they experienced the 
trauma. All individuals affected by perimortem trauma were young 
(20–35 years), including both sexes. 

Although there were no significant differences between men and 
women in overall incidence of trauma, types of trauma revealed clear 
differential trends. Men experienced three times more cranial trauma 
than females. In contrast, healed postcranial trauma affected only 
women, except for one man with an imbedded projectile point. There-
fore, men received more blows to the head than women, who received 
more blows to their chest and arms. Males were three times more likely 
than females to experience perimortem trauma that was probably lethal. 
These demographic patterns are consistent with ethnographic data 
showing that young men are more frequently involved in violent en-
counters (Chagnon, 1988; Keeley, 1996). Distribution of trauma may 
shed light on the different contexts of interpersonal violence to which 
these individuals were exposed. Male trauma may reflect brawls or 
fights on a larger scale and intensity, using weapons such as spear 
throwers, slings, mace, sticks, and knives. In contrast, healed postcranial 
trauma among women could indicate domestic violence with low- 
intensity fist strikes. 

4.1.2. Mortuary context of individuals with traces of violence 
Bodies from Az-70 and Az-122 sites were disfigured, including 

mutilated bodies with broken legs and arms and without heads (Focacci 
and Erices, 1972; Focacci, 1980; Muñoz, 1987). Some bodies from Az-70 
and Az-14 were found in forced positions, with the lower limbs and head 
bent toward the back. Other bodies were found intentionally mangled 
(Soto-Hein, 1987). 

Bioarchaeological analyses of some individuals with multiple peri-
mortem trauma supported these assertions of probable acts of mutila-
tion. However, osteological and soft tissue evidence are not consistent 

Fig. 11. Lithic ball for sling. Site PLM-7, Formative period, coast of Arica.  
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Fig. 12. Sr isotopic value chart: Black stripes indicate horticulturalists without trauma from the Azapa Valley; red stripes indicate horticulturalists with trauma from the Azapa Valley; green stripes indicate terrestrial 
fauna of the valleys; brown stripes indicate Andean terrestrial fauna; and blue stripes indicate marine fauna. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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with human sacrifice, nor is evidence of a widespread cult of head- 
taking in northern Chile. In the entire sample, only one case compat-
ible with a trophy head was identified based on diagnostic features 
presented by Verano (2001; 2008), namely, a perforation in the frontal 

bone at the midline and the presence of a cord for carrying or suspen-
sion. This was a prepared head that was recovered from an isolated 
burial mound, and the decapitated body was not found. This trophy 
head from the Azapa Valley could have been used as a symbolic 

Fig. 13. Three individuals found in a mass grave in atypical body positions with perimortem and likely lethal trauma to the skull from high-impact blows and oblique 
and transverse fractures of the forearms and humerus. Site Az-146: C1, C2, C3. 

Fig. 14. Formative village of Caserones (Quebrada de Tarapacá) with a defensive wall (yellow line). The red circle indicates the place where the accumulation of 
sling stones was found in situ. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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mechanism showing the power and effectiveness of violence to other 
communities. 

Another relevant feature among these Formative horticulturalists in 
the Azapa Valley was the first evidence of collective violence (site Az- 
146), represented by three individuals found in a mass grave with 
multiple likely lethal trauma (Standen et al., 2010). The bodies were 
buried on their backs with rotation and forced flexion of the lower ex-
tremities (Fig. 13), naked, with disordered and unkempt hair, covered 
with mats, and with no associated grave offerings. Moreover, they were 
not buried in a cemetery but in a barren terrace close to the river, sug-
gesting that they did not receive the common mortuary ritual of the 
epoch, excluding them from traditional cultural ceremonies. The bodies 
did not show evidence of being exposed on the surface, such as wind 
erosion, sun bleaching or scavenging by animals. Previous research 
suggests that these individuals could have been coastal fishermen and 

may have been assaulted and killed by a group of horticulturalists 
(Standen et al., 2010). Strontium isotopic signatures of the three in-
dividuals (87Sr/86Sr 0.707517, 0.707638, 0.707626), although not 
characteristic of a marine signal, were slightly higher than the local 
fauna of the Arica valleys. The isotopic data suggested that these in-
dividuals had a valley-coastal mobility and consumed marine resources. 

4.1.3. Violence in early formative versus late formative 
Due to the length of Formative Period in the extreme north of Chile, 

we divided it into two phases based on the radiocarbon dates directly 
associated with the study sample: Early Formative (600 BCE – 1 CE) and 
Late Formative (1–600 CE). Comparing the two phases, we observed 
that the early phase had double the frequency of individuals with 
trauma (33/131, 25%) compared to the late phase (7/63, 11%) (Fisher’s 
exact Chi-square test, p < 0.05). Moreover, individuals with likely lethal 

Fig. 15. Rock engraving scenes of confrontation, site Las Ánimas-1, Formative Period, Azapa Valley: (a) dynamic anthropomorph shooting a bow and arrow; (b) 
scene of dynamic anthropomorphs, with differentiated weapons and headdresses; (c) confrontation of two dynamic anthropomorphs with differentiated headdresses, 
one of them with bow and arrow, and the other with objects in each hand; (d) anthropomorph with headdress shooting a bow and arrow. (Photographs by Nick 
Charlesworth). 

Table 1 
Sites from the Formative Period in Azapa Valley analyzed in this study.  

Site N Male Female Chronology Years of excavation (20th) Reference 

Azapa-14 46 30 16 700 BCE – 300 CE 1970s Santoro, 1980a, b 
Azapa-70 30 18 12 700 BCE – 300 CE 1970s Focacci, 1980 
Azapa-71 52 23 29 700 BCE – 600 CE 1970s Santoro, 1980a, b 
Azapa-75 41 20 21 300 – 600 CE 1980s Muñoz and Focacci, 1985 
Azapa-115 17 9 8 300 – 600 CE 1980s Muñoz, 1987 
Azapa-122 4 1 3 300 – 500 CE 1980s Muñoz, 1987 
Azapa-146 3 3 0 100 CE 1990 Standen et al., 2010 
Az-28614 1 1 0 100 CE 1970s File MASMA 
Total 194 105 89     
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Table 2 
Strontium isotope ratios human teeth and animal bone (actual and archaeological) from northern Chile.  

Site ID Body 87Sr/86Sr1 Trauma Sample Age Sex Region Period Culture Sample type 

Azapa-14 AZ14 T1 0.707360 Negative M3 right Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T10 0.708978 Negative M3 left Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T21 0.706912 Negative M2 left Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T38 0.708757 Negative Enamel Adult F Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T59 0.707186 Negative M3 right Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-14 AZ14 T65A 0.707925 Negative Enamel Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-14 AZ14 T69 0.707838 Negative M2 right Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-14 AZ14 T76B 0.707222 Negative M2 right Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-14 AZ14 T113 0.707893 Negative M3 left Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-70 AZ70 POZO E5 0.706709 Negative M3 left Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo 1 
CR2 

0.707601 Negative M3 left Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo 1 
CR3 

0.707204 Negative Enamel Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo 2 
CR1 

0.707860 Negative M2 left Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo 2 
CR5 

0.708047 Negative M3 right Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo 3T1 0.707118 Negative M2 left Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-71 AZ71 T288 0.707659 Negative M2 left Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-71 AZ71 T328 0.707486 Negative M2 left Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-71 AZ71 T331 0.707630 Negative M3 left Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-71 AZ71 T603 0.707916 Negative M2 left Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-75 AZ75 T43 0.707506 Negative PM1 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 A775 S-NA 0.707576 Negative PM1 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 S-NC 0.707948 Negative M3 right Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T111 0.707018 Negative M3 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 S/NE 0.706990 Negative M3 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 S/NG 0.707741 Negative M1 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 S/NI 0.706350 Negative M3 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T1 0.707370 Negative M3 left Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T55 0.707397 Negative M2 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T104 0.707485 Negative M3 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T112 0.708152 Negative M1 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75D T8B 0.706788 Negative M3 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75D T14 0.706799 Negative M2 left Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-115 AZ115 MuseoC4 0.707876 Negative Enamel Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-115 AZ115 T5 0.708015 Negative M3 right Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-115 AZ115 T8 0.706684 Negative M2 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-115 AZ115 T11 0.707928 Negative M2 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-115 AZ115 T17B 0.708183 Negative M3 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

(continued on next page) 
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Table 2 (continued ) 

Site ID Body 87Sr/86Sr1 Trauma Sample Age Sex Region Period Culture Sample type 

Azapa-115 AZ115 TZ5 0.707972 Negative PM2 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-14 AZ14 T3B 0.706752 Trauma M3 left Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T8 0.707478 Trauma M2 right Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T10A 0.707976 Trauma M2 left Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T14 0.707584 Trauma M2 left Adult F Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T16 0.707725 Trauma Bone Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 T64C 0.707355 Trauma PM2 

right 
Adult M Azapa Early 

Formative 
Alto 
Ramirez 

Human 

Azapa-14 AZ14 T84A 0.706693 Trauma C1 left Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-14 AZ14 S/R1 0.707533 Trauma Enamel Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-14 AZ14 Desc2 0.707359 Trauma M2 right Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo1-435 0.707811 Trauma M3 left Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo2-CR3 0.707404 Trauma Bone Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo2-CR7 0.707110 Trauma M2 right Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo4-T15 0.707929 Trauma Bone Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo4-T20 0.706880 Trauma M3 right Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-70 AZ70 Tumulo Ent.1 0.707211 Trauma Bone Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-71 AZ71 T84A 0.706841 Trauma M2 right Adult F Azapa Early 
Formative 

Azapa Human 

Azapa-71 AZ71 T255 0.707290 Trauma Bone Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-71 AZ71 T326 0.708159 Trauma M3 left Adult F Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-71 AZ71 T423 0.707749 Trauma M1 right Adult M Azapa Early 
Formative 

Azapa Human 

Azapa-71 AZ71 T602 0.707939 Trauma Bone Adult M Azapa Early 
Formative 

Alto 
Ramirez 

Human 

Azapa-75 AZ75 T5 0.707760 Trauma M2 right Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T33 0.707521 Trauma Bone Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T34 0.707536 Trauma Bone Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T116A 0.707724 Trauma M2 left Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75D S-N3 0.707930 Trauma M2 right Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 TBa 0.706883 Trauma M3 left Adult M Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-75 AZ75 T131 0.706935 Trauma PM2 left Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-115 AZ115 T9 0.707560 Trauma Bone Adult F Azapa Late Formative Alto 
Ramirez 

Human 

Azapa-146 AZ146 C1 0.707517 Trauma Bone Adult M Azapa Early 
Formative 

Formative Human 

Azapa-146 AZ146 C2 0.707638 Trauma M1 left Adult M Azapa Early 
Formative 

Formative Human 

Azapa-146 AZ146 C3 0.707626 Trauma Bone Adult M Azapa Early 
Formative 

Formative Human 

Lluta Lluta_Act_a 0.707395 – Bone Rodent – Arica Coast Actual Actual Terrestrial 
fauna 

Lluta Lluta_Act_b 0.707210 – Bone Rodent – Arica Coast Actual Actual Terrestrial 
fauna 

Camarones Cam_Act 0.707402 – Bone Rodent – Camarones Coast Actual Actual Terrestrial 
fauna 

Conanoxa Cxa_Act_a 0.707027 – Bone Rodent – Interior Desert Actual Actual Terrestrial 
fauna 

Conanoxa Cxa_Act_b 0.706582 – Bone Rodent – Interior Desert Actual Actual Terrestrial 
fauna 

Tiliviche 1B Til_Arq_b 0.706536 – Bone Rodent – Interior Desert Late Archaic Archaic Terrestrial 
fauna 

(continued on next page) 
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trauma were concentrated in the early phase (n = 16) rather than the 
late phase (n = 4), although this trend was not statistically significant 
(Fisher’s exact Chi-square test, p < 0.05). These data suggest that the 
early transition to horticulture was associated with increased violence, 
which became less frequent as this way of life developed in coastal 
valleys, likely as a consequence of the emergence of social practices that 
regulated conflicts associated with the emergence of property rights 
(Bowles and Choi, 2013). It is important to point out that the transition 
from Archaic to Formative environments was marked by a transition 
from dry and resource poor conditions both in the coastal areas and 
inland, toward more productive conditions in the Late Formative (San-
toro et al., 2017a; 2017b), which may have resulted in increased 
competition and conflict. 

4.2. Who were the individuals exposed to violence in the Azapa Valley? 

The strontium isotopic signature of individuals sampled for the 
Azapa Valley (n = 69) did not show the presence of foreigners from the 
Titicaca basin, Altiplano, or tropical forest. In contrast, 26 individuals 
showed a fairly homogeneous isotopic signature typical of the lower 
valleys of the Atacama Desert. There were 42 individuals with strontium 
isotope ratios slightly higher than the local range. This suggests that the 
diet of the Formative groups of Azapa valley included a wide spectrum of 
foods. These groups likely consumed small amounts of marine foods, 
which would raise their strontium isotope ratios slightly. Consistent 
with this, isotopic carbon and nitrogen data of the same sample exhibit 
both plant and maritime component in the diet (King et al., 2018a; 
2018b). As such, conflict and violence likely occurred between groups of 
horticulturalists who were colonizing the Azapa Valley and fishermen 
living on the adjacent coast. Only one individual is an outlier, since it has 
an isotopic signal lower than the range established for the valleys of the 
extreme north of Chile. This individual could be an immigrant from the 
valleys of southern Peru, where lower isotopic signals have been 
determined (Knudson et al., 2004). 

However, the cultural, ideological, and technological influence 
exerted by altiplanic social groups, such as the Pucara, on inhabitants of 

the Atacama Desert from the Formative Period onward cannot be 
ignored. Exchange networks and regional interaction likely allowed 
Formative communities of the Azapa Valley to obtain and incorporate 
cultural traits and new technologies (such as cultigens, textiles, and 
ceramics) into their cultural tradition. The rotating mobility model 
proposed by Núñez and Dillehay (1985), argues that llama caravan 
traffic facilitated the acquisition of new technologies, ideologies, and 
prestigious goods in the Atacama Desert. The role of the caravans must 
have been key in the contacts and interaction between people of the 
different areas of the Central-South Andean region, practiced in a 
multidirectional way that included the Titicaca basin, the eastern slope 
of the Andes (Bolivia), the lower valleys of southern Peru, and the 
endorheic quebradas and oases of the Atacama Desert (Chacama et al., 
2014; Horta, 2004; Núñez and Dillehay, 1985; Muñoz, 2004; Santoro 
et al., 2017a). Thus, whereas non-local exchange and interaction were 
surely important in this area, the isotopic data do not indicate long- 
distance migration or violence related to migration. Moreover, dental 
epigenetic features (Sutter, 2000) and craniometric features from de 
Azapa Valley population (Rothhammer and Santoro, 2001) do not 
support a migratory model. 

4.3. Do settlement patterns and rock art show evidence of conflict? 

In contrast to the high frequency of funerary sites, evidence of do-
mestic sites in the Azapa Valley is scarce. The only documented village, 
Azapa-83, did not contain solid architectural elements and was located 
in a non-defensive position (Rivera, 1987). Its placement upon a fluvial 
terrace of quebrada Las Llosllas, a tributary of the San José river of the 
Azapa Valley, and its proximity to spring water were key for developing 
a horticultural system by canalizing water for irrigation (Muñoz, 2004). 
In contrast to the lack of evidence of domestic sites in this valley, villages 
with defensive architectural features have been documented in other 
areas of the Atacama Desert, such as Quebrada Tarapacá, an endorheic 
stream that drains from the Andes into the Pampa del Tamarugal basin 
(Santoro et al., 2017a). At the mouth of this quebrada, the village of 
Caserones (800 BCE − 900 CE) had more than 600 structures (Adán 

Table 2 (continued ) 

Site ID Body 87Sr/86Sr1 Trauma Sample Age Sex Region Period Culture Sample type 

Tiliviche Til_Act_a 0.706602 – Bone Rodent – Interior Desert Actual Actual Terrestrial 
fauna 

Tiliviche Til_Act_b 0.706577 – Bone Rodent – Interior Desert Actual Actual Terrestrial 
fauna 

Patapatane Pata_Arq_a 0.707104 – Bone Camelid – Pre-Andean 
Mountain 

Late Archaic Archaic Terrestrial 
fauna 

Patapatane Pata_Arq_b 0.706798 – Bone Camelid – Pre-Andean 
Mountain 

Late Archaic Archaic Terrestrial 
fauna 

Putre Putre_Act_a 0.706878 – Bone Rodent – Pre-Andean 
Mountain 

Actual Actual Terrestrial 
fauna 

Putre Putre_Act_b 0.707006 – Bone Rodent – Pre-Andean 
Mountain 

Actual Actual Terrestrial 
fauna 

Hakenasa Hake_Arq_a 0.706868 – Bone Camelid – Andean Mountain Late Archaic Archaic Terrestrial 
fauna 

Hakenasa Hake_Arq_b 0.706819 – Bone Camelid – Andean Mountain Late Archaic Archaic Terrestrial 
fauna 

Lauca Lauca_Arq 0.706920 – Bone Camelid – Andean Mountain Late Archaic Archaic Terrestrial 
fauna 

Las Cuevas Cuevas_Arq 0.706730 – Bone Camelid – Andean Mountain Late Archaic Archaic Terrestrial 
fauna 

Colchane Colcha_Act_b 0.706470 – Bone Rodent – Andean Mountain Actual Actual Terrestrial 
fauna 

Colchane Colcha_Act_a 0.706116 – Bone Rodent – Andean Mountain Actual Actual Terrestrial 
fauna 

Chinchorro PlayaCH_Act 0.709136 – Bone Sea lion – Arica Coast Actual Actual Marine fauna 
Maestranza 

CH 
MtzaCH_Arq 0.709163 – Bone Whale – Arica Coast Middle Archaic Archaic Marine fauna 

Tiliviche 1B Til_Arq_a 0.709150 – Bone Sea lion – Interior Desert Late Archaic Archaic Marine fauna 

1All data normalized to 86Sr/88Sr = 0.1194 assuming exponential fractionation. Long-term mean NBS 987 = 0.710258 ± 0.000020 (2σ). Internal run precision is better 
than external reproducibility and ± 0.000020 (2σ) is the best estimate for uncertainty of all analyses. 
M = Male, F = Female. 
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et al., 2013; Núñez, 1982; Uribe et al., 2020) with a massive double 
perimetric wall (up to 1.5 m remaining) and an internal circulation 
passageway that protected the entire southern sector of the village 
(Fig. 14). The northern sector was naturally protected by the steep slope 
of the quebrada (Núñez, 1982). For Adán et al. (2013:81), this wall was 
conceived with a crenellated design. Moreover, Núñez (1982:82) found 
a significant stock of sling stones on a section of the wall interpreted as 
part of the defensive system. These features confirmed the protective 
and defensive function for the village and its inhabitants against possible 
threats from other groups in the neighboring valley or oases. The climate 
of violence at Caserones was also reflected in the high frequency of 
intentional cranial trauma (19/45, 42%), including probable lethal 
trauma,2 reported for the cemetery associated with this village 
(Tarapacá 40 archaeological site; Uribe et al., 2020:98, Table S2). 

Guatacondo (669 BCE-384 CE) and Ramaditas (460 BCE-285 CE) are 
other Formative villages located in the drainage of Quebrada Guata-
condo that include several circular structures. Unlike Caserones, these 
villages were not walled in their outer perimeter. Both had large walled 
circular central plaza (45 m and 25 m in diameter, respectively; Mostny, 
1970; Rivera, 2005). These interior “plazas” have been interpreted as 
places for both ritual and domestic communal activities. 

Unlike the data presented by Arkush and Tung (2013) for Peru, 
where settlements located on top of the hills proliferated and defense 
relied on natural protection, this was not the case for Formative villages 
in northern Chile. Villages in northern Chile were located on flat, open 
land, close to the edges of quebradas, with wide visibility, which 
ensured easy access and control of vital resources within the restricted 
ecological environment of this desert (Adán et al., 2013; Muñoz, 2004; 
Núñez, 1982; Santoro et al., 2017a; Urbina et al., 2012). 

Given the prospect that some social practices could be detected 
through visual media, rock engravings and geoglyphs in the Azapa 
valley were evaluated for possible scenes of combat or fighting. Some of 
the reviewed sites, located in the lower section of the Azapa Valley near 
the burial sites analyzed in this study, were chronologically assigned to 
the Formative Period based on context, style, and composition of the 
motifs and scenes (Valenzuela et al., 2014). Engraving rock from Cerro 
Chuño, Las Animas, and Sobraya sites show anthropomorphic figures 
facing each other in a dynamic attitude carrying objects interpreted as 
projectile weapons, such as bows and darts (Fig. 15). Further south, 
some pictographs of the Loa River (Confluencia style) showed repre-
sentations of anthropomorphic figures facing each other, in dynamic 
actions, wearing headdresses and carrying throwing weapons in their 
hands, interpreted as spear throwers and darts (Montt, 2004). Some of 
these scenes with camelid depictions have been interpreted as collective 
hunting scenes. 

Our finding of an individual with a projectile point imbedded inside 
the body demonstrated that these weapons were indeed used to inflict 
damage on an adversary. Early iconography from Peru shows that 
themes of violence were more explicit. Representations of dismembered 
bodies and decapitated heads were common for the Late Formative 
Period, when social differentiation intensified and individuals emerged 
with higher social rank such as priests and possible warriors (Arkush and 
Tung, 2013). 

In spite of scant iconography depicting conflict in northern Chile 
Formative sites, the bioanthropological evidence showed the presence of 
low-scale interpersonal conflict. In addition, current evidence does not 
support the existence of formal armies or warriors. Notwithstanding, 
violence was present and sometimes lethal. 

4.4. Violence in the South-Central Andean Formative 

Compared to other Formative populations within the Atacama 

Desert, the high frequency of interpersonal violence among the initial 
horticulturists of the Azapa Valley was surprisingly high. Cranial data 
from SPA oases showed that cases of Azapa were three times greater 
than at Toconao Oriente (15.7% versus 5.1%; Torres-Rouff and Costa- 
Junqueira, 2006). Moreover, in SPA populations females were pre-
dominately affected by trauma (Torres-Rouff and Costa-Junqueira, 
2006). This contrasts with Azapa, where males were more often 
affected. In SPA, cranial trauma was concentrated in the anterior plane, 
whereas in Azapa trauma was distributed in the face (anterior plane) 
and the vault (posterior plane), interpreted as the result of different 
forms of brawls, confrontations, and fights. The most notable difference 
between these two regions was that SPA populations were not affected 
by any lethal trauma, whereas half of the Azapa individuals affected by 
trauma died. The Azapa cases included severe degrees of violence and 
one case of collective slaughter (Standen et al., 2010). 

Compared with the Andes in general, our findings were consistent 
with those presented by Arkush and Tung (2013:323) for the final 
Formative Period, particularly with Paracas in the southern Peruvian 
coast. At the Juaranga site, 25% (n = 5/20) of the population was 
affected by interpersonal violence (Arkush and Tung, 2013). Another 
similarity between Paracas and Azapa was the presence of lethal 
violence. In Paracas, a decapitated adult male with cut marks on his 
cervical vertebrae and a projectile point embedded between his ribs was 
documented (Tomasto, 2009). At the Amato site in the Acari Valley, 
Valdez (2009) reported a group of decapitated adults and sub-adults, 
including infants, of both sexes, is dated at the Early Intermediate 
period (late Formative in northern Chile). The bodies also exhibited 
perimortem fractures and wrists and ankles tied with ropes, and the 
assemblage is interpreted as representing a village assault by a rival 
group to annihilate its inhabitants (Valdez, 2009). Unlike northern 
Chile, violent trauma in the southern coast of Peru correlated with the 
settlement pattern, characterized by villages located on top of hills and 
other defensive features (Arkush and Tung, 2013). 

The case of Pacopampa, a complex Formative ceremonial center in 
the northern highlands of Peru, showed another kind of violence that 
contrasted with the extreme lethal violence of southern Peru and the 
Azapa Valley. Nagaoka et al. (2017) found that 10.6% (7/66) of adults, 
both sexes, showed signed of violent trauma principally in the cranium, 
but all them were healed. Since this is not a defensive settlement, the 
authors interpreted these data as part of ritual performance, as the 
bodies were buried on platforms within this ceremonial center. More-
over, they considered that the violence occurred in a context of ritual 
warfare, in which combatants fought face-to-face or threw stones at each 
other. These were intended to cause bloodshed during the fights in order 
to make offerings to the earth to pray for fertility. Although men pre-
dominated in these ritual fights, occasionally women were also 
involved. 

4.5. Triggering factors for violence in the Azapa Valley 

Interpersonal violence during the Formative Period in the Azapa 
Valley could have been triggered by disputes over living spaces and 
resources, such as spring water and land for horticulturalist practices, 
which were essential elements for this initial socio-cultural system. The 
basic principles of Carneiro’s model of “environmental circumscription” 
(Carneiro, 1970) could be applied to the highly circumscribed valleys in 
the hyper-arid environments of the Atacama Desert. This means that 
environmental circumscription, ecological stress, and population in-
crease and density were key factors to explain social, economic, and 
ideological changes that occurred during the transition from 
hunting-gathering Archaic formation to Formative horticulturalist sys-
tem in the coastal valleys of northern Chile (Marquet et al., 2012; Núñez 
et al., 2017; Santoro et al., 2017a). In this case, the transformation was 
related with violent and even lethal interpersonal behaviors without 
evidence of centralized socio-political structures. 

Carneiro’s model was well supported by the violence observed in the 
2 The authors did not provide details of trauma and how it affected in-

dividuals, mentioning only the number of individuals affected. 
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valleys of southern Peru and northern Chile. However, the Formative 
cases of SPA oases (Torres-Rouff and Costa-Junqueira, 2006) and 
Pacopampa in the northern highlands of Peru (Nagaoka et al., 2017) are 
an exception. We have no explanation for the low frequency of inter-
personal violence trauma in these areas, which is surprising, given that 
SPA oases were dramatically circumscribed environments at an altitude 
of ca. 2500 m surrounded by extensive pampas and mountain ranges of 
total aridity. In contrast, the Pacopampa case could be explained by an 
absence of social circumscription conditions, suggesting that violence 
was part of ceremonial actions (e.g., tinku) (Nagaoka et al., 2017). 

The coastal marine ecosystem began to be less predictable during the 
Formative epoch due to the increase in intensity and frequency of ENSO 
events (El Niño South Oscillation; Beresford-Jones et al. 2009; 
Beresford-Jones et al., 2015; Sandweiss et al., 2001). In northern Chile, 
Williams et al. (2008) used archaeological and paleoecological data to 
demonstrate a population decline between 4000 and 3000 cal year BP 
linked to ENSO, followed by a rapid increase 3000–2000 cal years BP 
coinciding with the introduction of horticulture and the concomitant 
socio-economic and cultural changes. This was supported by other 
studies (Gayo et al., 2012; Latorre et al., 2003; Santoro et al., 2017a; 
2017b). ENSO events likely caused marine resources to become scarce, 
increasing the pressure on the few productive agricultural lands. This 
also put more pressure on plant and animal resources in the already 
nutritionally challenged desert. In this context, Snoddy et al. (2020) 
proposed that the population turned to a mixed diet (marine and hor-
ticulture) as a buffer strategy to cope with uncertain ENSO cycles that 
may have generated short famine periods (Snoddy et al., 2020). The 
authors identified bone lesions compatible with scurvy caused by 
vitamin C deficiency to support this. Snoddy et al. (2020) studied the 
same Azapa Valley Formative population that was analyzed in the pre-
sent study, but focused principally on juveniles and infants, which were 
not included in this study. Their results showed that 34% of the popu-
lation showed skeletal evidence of “probable or possible” scurvy 
(Snoddy et al., 2020:71). 

5. Conclusions 

Strong pressure on limited spaces for agriculture, scarce fresh water 
resources, and ENSO events altered the coastal-valley ecosystems in the 
Atacama Desert. These factors could have triggered competition, ten-
sions, and violent conflicts between competing neighboring social 
groups in the Azapa Valley during the Formative Period as seen during 
the Neolithic elsewhere (Bocquet-Appel, 2011). Moreover, in this new 
economic mode based on land use and horticultural production, emer-
gent leaders may have tried to hold greater scope of power and prestige 
by trying to control productive spaces, creating social inequalities 
within stressful conditions (Mulder et al., 2009). These turbulent eco-
nomic and social conditions created a situation fostering interpersonal 
violence that resulted in potentially lethal trauma, leaving little space 
for more ritualistic and ceremonial warfare, as observed in Pacopampa. 

Warfare and violent behavior did not start in the Formative Period. 
Pre-Formative Archaic hunters, fishermen, and gatherers along the coast 
of Arica showed similar trauma rates from interpersonal violence 
(Standen et al., 2020). As such, violence was likely an endemic behavior 
in the region that was hardened during the Formative Period, as Archaic 
non-lethal violence (3 cases out of 34) shifted toward more lethal 
violence among horticulturists (20 cases out of 40). This conversion to 
unrestrained and bloody violence, causing severe physical damage to 
individuals, may be an expression of strong competition among local 
groups to secure and maintain access to new productive land and spring 
water for irrigation. Fully sedentary life provided the breeding ground 
for new crops, along with increasing population density, use of unex-
plored spaces, and conflict for new valuable resources that could be 
harvested, stored, consumed, and exchanged. Although our data showed 
low-scale conflict, the presence of lethal cases opened the possibility for 
retaliation and endemic conflicts not related to ritualistic death but 

rather reflecting the hardships and tensions of living in marginal lands. 
Future studies are required to evaluate if this was a local phenomenon or 
if the bioarchaeological evidence of violence can be identified in other 
valleys or quebradas in northern Chile. 
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