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Introduction

Ceremonial centres played a major role in the social organisation of sedentary and agro-pastoralist societies in the South-Central Andes [START_REF] Adán | Arquitectura formativa en San Pedro de Atacama[END_REF][START_REF] Callegari | Tras las huellas del Formativo. Norte de la Provincia de La Rioja. Cronicas Materiales Precolombinas[END_REF][START_REF] Gordillo | La arquitectura ritual durante el Período Medio del Noroeste Argentino prehispánico[END_REF][START_REF] Laguens | Continuidad y ruptura en procesos de diferenciación social en comunidades aldeanas del valle de Ambato, Catamarca, Argentina (s. IV-X A.D.)[END_REF][START_REF] Núñez | El templete de Tulan y sus relaciones formativas panandinas (norte de Chile)[END_REF][START_REF] Tarragó | Variabilidad en los Modos Arquitectónicos Incaicos. Un Caso de Estudio en el Valle de Yocavil[END_REF][START_REF] Tartusi | Los Centros Ceremoniales del NOA[END_REF][START_REF] Uribe | El Inka y el poder como problemas de la arqueología del Norte Grande de Chile[END_REF]). Several works recognise that the construction of religious monumental architecture allowed local elites and political centres to mobilise collective labour and centralise the production and exchange of prestige goods. On the other hand, some authors point out the more corporate and inclusive nature of religious aggregation in these spaces, exercised through political commensalism and public celebrations [START_REF] Cruz | Hombres complejos y señores simples: Reflexiones en torno a los modelos de organización social desde la arqueología del valle de Ambato[END_REF][START_REF] Nielsen | Pobres jefes: Aspectos corporativos en las formaciones sociales pre Inkaicas de los Andes circumpuneños[END_REF]2007;[START_REF] Lazzari | Compositional data supports decentralized model of production and circulation of artifacts in the pre-Columbian south-central Andes[END_REF].

So far, most of these studies have focused on late agro-pastoralist societies. Little is known about the role of large-scale ceremonialism in early periods, or the social conditions of its emergence. Several decades of archaeological research in Tulan Ravine (23.5ºS, 68ºW) have permitted documentation of the construction of two early ceremonial centres from the Late Archaic (5500 to 3500 cal. BP) and Early Formative Periods (3500 to 2400 cal BP) (Figure 1). These findings allowed us to track the beginnings of ceremonial architecture to hunter-gatherer and initial pastoralist groups, prior to institutionalised social inequality and an agriculture-based economy. The evidence in these sites has been interpreted as being the result of large periodic feasts and collective hunts, celebrated periodically by neighbouring local groups [START_REF] De Souza | Cazadores recolectores del Arcaico tardío y desarrollo de complejidad social en la Puna de Atacama: las evidencias del sitio Tulan-52 (norte árido de Chile)[END_REF][START_REF] Núñez | Tulán-52: A Late Archaic ceremonial centre at the dawn of the Neolithisation process in the Atacama Desert[END_REF]Núñez et al. 2006a;[START_REF] Núñez | Quebrada Tulan: Evidencias de Interacción Circumpuneña durante el Formativo[END_REF]Núñez et al. 2017a;Núñez et al. 2017b); however, the extent of these social aggregations and the structure of interaction networks with neighbouring groups are still unknown. Many of our assumptions are based on typological comparisons or on the presence of exotic materials from remote areas that are difficult to determine accurately.

To estimate the scale and nature of inter-community aggregations in these places, and how they evolved over time, we study the circulation of obsidian artefacts recovered in archaeological excavations of two early ceremonial centres in Tulan Ravine: Tulan-52 (5300 to 4200 cal. BP) and Tulan-54 (3200 to 2400 cal. BP). Compositional analyses (X-ray fluorescence and neutron activation analysis) were carried out to determine the source of origin of obsidian samples. In addition, a technological study was applied to a larger lithic assemblage in order to assess the modes of circulation of lithic raw materials. The combination of these methodological approaches allowed us to identify the obsidian sources and the activities in which lithic artefacts participated at both sites. Based on these results, and together with other lines of complementary evidence, we offer a new understanding of the emergence and role of early ceremonialism in the area and its relationships with other archaeological sites of the South-Central Andes.

Figure 1. Map showing the location of the sites and the study area

Archaeological background

Located south of the Salar de Atacama basin (22ºS, 67ºW; 3000 masl), Tulan ravine has been a key area for understanding the transition from hunter-gatherer to agro-pastoral societies in the South-Central Andes (Núñez et al. 2006a). We currently know that after the arid Middle Holocene, Late Archaic hunter-gatherers concentrated around the wetlands and springs along the upper course of Tulan Ravine. In this more favourable scenario, the process of camelid domestication was successfully consolidated (Cartajena 2011). This resulted in a demographic increase and a reduction in mobility, leading to the definitive adoption of a more sedentary settlement system by the Early Formative Period. Unlike other cultural developments in the Andes with an agricultural economy, Tulan groups developed a way of life based mainly on breeding and pastoralism of camelids with an important contribution from hunting and gathering. During this period of profound change, the first villages were settled while architectural complexes were erected exclusively as ceremonial centres. These spaces fostered social aggregation and interaction among neighbouring groups through the reproduction of periodic ceremonies. Integrated into wide Andean interaction networks, Tulan became consolidated as an independent cultural and productive node in the South-Central Andes (Núñez et al. 2006a;[START_REF] Núñez | Quebrada Tulan: Evidencias de Interacción Circumpuneña durante el Formativo[END_REF]).

Tulan-52

As far as is currently known, the construction of Tulan-52 was the first communal building effort of non-domestic architecture in the area. The evidence recovered at the site indicates that this was a space for temporary use occupied by large aggregations of hunter-gatherer groups that congregated periodically for collective hunts and feasts [START_REF] Núñez | Tulán-52: A Late Archaic ceremonial centre at the dawn of the Neolithisation process in the Atacama Desert[END_REF]. Excavations of 57 m 2 have exposed an architectural complex formed by agglomerated circular and sub-circular structures (Figure 2A), built with large vertical blocks and with recessed wall niches [START_REF] De Souza | Cazadores recolectores del Arcaico tardío y desarrollo de complejidad social en la Puna de Atacama: las evidencias del sitio Tulan-52 (norte árido de Chile)[END_REF][START_REF] Núñez | Asentamiento de cazadores recolectores tardíos en la Puna de Atacama: Hacia el sedentarismo[END_REF][START_REF] Núñez | Ocupación arcaica en la Puna de Atacama: secuencia, movilidad y cambio[END_REF]Núñez et al. 2006a). The central enclosures were erected and occupied between 5000 and 4200 cal. BP (Figure 3A); a test-pit in the periphery that provided a date of 4580±90 yr BP (5442-4873 cal. BP) could correspond to a previous phase of occupation (Núñez et al. 2006a).

The large amount of domestic remains consumed and discarded during community aggregations formed a large feasting midden mound that covered the central structures to a depth of 1.3 m. Among the faunal assemblages, vicuña (Vicugna vicugna) and guanaco (Lama guanicoe) predominate (Cartajena 2009). The presence of domestic camelids (Lama glama) was also revealed, which suggests that breeding of camelids was already established (Cartajena 2011;[START_REF] Cartajena | Camelid domestication on the western slope of the Puna de Atacama, northern Chile[END_REF][START_REF] Cartajena | Lesiones en extremidades inferiores de camélidos. Una comparación entre los conjuntos del Arcaico Tardio y Formativo Temprano (Vertiente occidental de la puna de Atacama)[END_REF][START_REF] Valenzuela | Uso de fibras animales en un contexto ceremonial Formativo Temprano (3400 a 2400 AP): las evidencias del sitio Tulán-54[END_REF]. The processing and consumption of animals at the site was assisted by a diverse and abundant lithic assemblage discarded around several fire-places [START_REF] De Souza | Cazadores recolectores del Arcaico tardío y desarrollo de complejidad social en la Puna de Atacama: las evidencias del sitio Tulan-52 (norte árido de Chile)[END_REF]Núñez et al. 2006a). The food remains include wild plant species (Opuntia sp., Geoffroea decorticans, Prosopis alba) obtained through gathering and to a lesser extent some cultivated plants (Lagenaria sp.) [START_REF] Mcrostie | The role of plant production in subsistence and cultural changes during the Formative period in the Atacama Puna, southern Andes, Chile (1400 BC-500 AD). A re-evaluation based on the analyses of microfossils attached to hoes and grinding tools, and isotopic analyses of human bones[END_REF][START_REF] Núñez | Consideraciones sobre la recolección vegetal y la horticultura durante el Formativo Temprano en el sureste de la cuenca de Atacama[END_REF]. Conical lithic mortars and grinding implements are quite abundant at the site, reflecting intensive processing activities.

Inside the narrow structures, there is evidence that indicates the performance of ritual activities [START_REF] Núñez | Tulán-52: A Late Archaic ceremonial centre at the dawn of the Neolithisation process in the Atacama Desert[END_REF]. Among the deposits, a bone with pyrographic engraving, feathers, hematite and red pigment have been recovered that could have been part of the ritual paraphernalia [START_REF] De Souza | Cazadores recolectores del Arcaico tardío y desarrollo de complejidad social en la Puna de Atacama: las evidencias del sitio Tulan-52 (norte árido de Chile)[END_REF][START_REF] Núñez | Nuevas excavaciones en Tulan-54. Revelando la arquitectura ceremonial durante el Formativo Temprano en la puna de Atacama[END_REF]. A lithic block with linear-parallel incisions was deposited in an undercut pit next to one of the niches. The production of ornamental goods also acquired great importance. A significant number of shell, bone and a few copper mineral beads have been recovered at the site [START_REF] Soto | Tipología de cuentas de collar en la quebrada de Tulan (salar de Atacama): nueva línea de evidencia para la transición Arcaico-Formativo[END_REF].

Figure 2. Ceremonial centres of Tulan ravine

Tulan-54

The Tulan-54 temple consists of a large, semi-subterranean architectural complex built in several stages between 3200 and 2400 cal. BP (Figure 3B) [START_REF] Núñez | El templete de Tulan y sus relaciones formativas panandinas (norte de Chile)[END_REF]2016;2017a;2017b). Its construction required great mobilisation of communal labour. The single main enclosure involved the extraction of about 500 m 3 of sediment and the transportation of more than 25 tons of rocks, including megalithic blocks (Núñez et al. 2006b). The central nave was built on a large undermined depression, where an oval perimeter wall was erected with large blocks partially buried in a volcanic ash floor and supported by large external buttresses. Recessed wall niches were placed at certain intervals, several of which communicated with external chambers and vaults (Cartajena et al. 2019a;[START_REF] Núñez | Nichos, cámaras y ceremonias en el templete Tulan-54 (Circumpuna de Atacama, Chile)[END_REF]) (Figure 2B).

The repeated community celebrations outside the temple led to the accumulation of a dense feasting midden mound of about 2800 m 2 and 1.80 m depth that covered the central structures in a period of no more than 200 years (Cartajena et al. 2019b;Núñez et al. 2017a). At meals, wild plants such as Opuntia sp., Scirpus sp., Atriplex sp. (among others) continued to play a central role, although with a limited presence of cultivated species such as chillies (Capsicum sp.), maize (Zea mays) and quinoa (Chenopodium quinoa) [START_REF] Holden | Evidence of prehistoric diet from northern Chile: coprolites, gut contents and flotation samples from the Tulan quebrada[END_REF][START_REF] Mcrostie | Arboricultura y silvopastoralismo en el Período Formativo[END_REF][START_REF] Núñez | Consideraciones sobre la recolección vegetal y la horticultura durante el Formativo Temprano en el sureste de la cuenca de Atacama[END_REF]. Plant processing involved a profuse milling technology of metates, conanas, grinding implements and pestles. Some "Los Morros" ceramic vessels served as containers for storing, cooking and serving food [START_REF] Kalazich | Tipología y contextos de uso de la alfarería temprana de Tulan y Puna de Atacama[END_REF]. The high frequency of bone remains indicates the importance of the hunting of wild camelids, although the evidence shows a significative contribution of domestic camelids (Lama glama) [START_REF] Cartajena | Camelid domestication on the western slope of the Puna de Atacama, northern Chile[END_REF][START_REF] Cartajena | Lesiones en extremidades inferiores de camélidos. Una comparación entre los conjuntos del Arcaico Tardio y Formativo Temprano (Vertiente occidental de la puna de Atacama)[END_REF][START_REF] Valenzuela | Uso de fibras animales en un contexto ceremonial Formativo Temprano (3400 a 2400 AP): las evidencias del sitio Tulán-54[END_REF]. Food was prepared and consumed on site, as can be seen from the abundant hearths and the massive discard of lithic and bone remains. The production of necklace beads and pendants reaches a remarkable frequency [START_REF] Soto | Tipología de cuentas de collar en la quebrada de Tulan (salar de Atacama): nueva línea de evidencia para la transición Arcaico-Formativo[END_REF], also reflected in a disproportionate number of micro-perforators (Núñez et al. 2017a).

Twenty-eight human infants were inhumed in the original floor [START_REF] Holden | Evidence of prehistoric diet from northern Chile: coprolites, gut contents and flotation samples from the Tulan quebrada[END_REF], plus one in an outdoor chamber [START_REF] Núñez | Nichos, cámaras y ceremonias en el templete Tulan-54 (Circumpuna de Atacama, Chile)[END_REF]. All of them were deposited in excavated pits, accompanied by diverse goods such as shells, gold, copper and lead artefacts, projectile points, minerals, basketry, bone spear-throwers, etc. and then covered with worked stone slabs (Núñez et al. 2017a(Núñez et al. , 2017b)). Similar offerings were also deposited below the niches (Cartajena et al. 2019a;[START_REF] Núñez | Nichos, cámaras y ceremonias en el templete Tulan-54 (Circumpuna de Atacama, Chile)[END_REF]) and prepared hearths were placed inside the main enclosures. Evidence of cultigens such as cucurbitaceae, quinoa and maize suggests the consumption of non-daily meals, probably served in foreign ceramics such as those recovered in the central enclosure [START_REF] Núñez | Consideraciones sobre la recolección vegetal y la horticultura durante el Formativo Temprano en el sureste de la cuenca de Atacama[END_REF]). The presence of ceramic pipes also indicate smoking activities and the consumption of hallucinogens such as cebil (Anadenanthera sp.). Prior to the definitive abandonment of the site, several graves of adults with a few offerings were buried in the periphery of the site and then sealed by large mounds of rocks [START_REF] Núñez | El templete de Tulan y sus relaciones formativas panandinas (norte de Chile)[END_REF]. 

Material and method

In order to explore obsidian circulation we combined compositional and technological analysis. To determine obsidian sources, x-ray fluorescence analysis (XRF) was applied to 87 samples selected from well-dated excavation units located inside the central enclosures (E6SW from Tulan-52 and 8ANW from Tulan-54). Ten samples were submitted to neutron activation analysis (NAA) which offers greater precision and accuracy, and allows more elements to be measured. Through the examination of bivariate plots of different elements and element ratios, a source was assigned to each artefact [START_REF] Glascock | A systematic approach to obsidian source characterization[END_REF]. All XRF and NAA measurements were performed at the Archaeometry Laboratory at the University of Missouri Research Reactor (MURR). Compositional data can be consulted at the MURR website https://archaeometry.missouri.edu/datasets/. The technological studies were carried out on the complete lithic assemblages from two other excavation units at each site (A6SW from Tulan-52 and H-2 from Tulan-54).

XRF

Non-destructive XRF analyses were performed on a ThermoScientific ARL Quantx energydispersive XRF spectrometer equipped with a rhodium-based X-ray tube and thermoelectrically cooled silicon-drift detector (SDD). The X-ray tube was operated at 35kV and the current adjusted automatically to produce an optimal counting rate with a fixed dead time of 30%. A counting time of two minutes each enabled measurement of nine elements (Mn, Fe, Zn, Rb, Sr, Y, Zr, Nb, and Th). Calibration of the Quantx ED-XRF involved measuring a set of 40 well-characterised obsidian source samples previously analysed by NAA, inductively coupled plasma-mass spectrometry (ICP-MS), and XRF at MURR [START_REF] Glascock | A systematic approach to geochemical sourcing of obsidian artifacts[END_REF]. Subsequently, measured counts from ED-XRF were converted to concentration by normalisation to the area of the Compton scattering peak. Samples from sources have been characterised previously by both XRF and NAA by [START_REF] Capriles | Late Pleistocene lithic procurement and geochemical characterization of the Cerro Kaskio obsidian source in southwestern Bolivia[END_REF], Seelenfreund et al. (2010aSeelenfreund et al. ( , 2010b) ) and [START_REF] Yacobaccio | Quest for ancient routes: Obsidian sourcing research in Northwestern Argentina[END_REF].

NAA

The samples were prepared by weighing small fragments into high-purity polyethylene and quartz vials used for short and long irradiation periods respectively. All weights were recorded to 0.01 mg.

The standard reference material used for obsidian analysis is SRM-278 Obsidian Rock, which was prepared similarly to the artefacts. The short irradiation samples were irradiated in pairs for 5s by a neutron flux of 8x10 13 n cm 2 s -1 [START_REF] Glascock | Sourcing archaeological obsidian by an abbreviated NAA procedure[END_REF]. Standards were irradiated before and after every 15 artefacts to monitor any flux changes. Short irradiation was followed by a 25-min decay and 12-min count on separate high-purity germanium (HPGe) detectors to measure the following short-lived elements: Al, Ba, Cl, Dy, K, Mn, and Na. Afterward, the samples were submitted to long irradiation of 48 h in a bundle of 30 artefacts and four standards using a neutron flux of 6x10 13 n cm 2 s -1 followed by two counts on each sample. The first count was carried out after a decay of 7 days to measure seven medium-lived elements (Ba, La, Lu, Nd, Sm, U, and Yb). The replicate measure of Ba was included as a check on the consistency between the short and long irradiations.

After the samples had decayed for an extra 14-20 days, they were counted once more to measure fifteen additional long-lived elements (Ce, Co, Cs, Eu, Fe, Hf, Rb, Sb, Sc, Sr, Ta, Tb, Th, Zn and Zr).

Technological study

In the first stage of analysis, the lithic assemblages were separated according to major classes of rocks following criteria of texture, colour, cortex and granulometry. All obsidian artefacts were considered as a single petrographic group due to the difficulty of separating them macroscopically.

In the second stage, all the artefacts were classified into general technological groups according to the following classes: (1) cores and tested blocks;

(2) waste-flakes and debris;

(3) flake tools; and (4) bifacial tools. Then they were separated into sub-classes according to the position, orientation and extension of the retouch on the blank and grouped into typological categories of instruments recognised in previous works. The retouched tools were described according to metric, technological and typological variables.

Results

XRF

Multiple log-log scatterplots were compared using pairs of elements and element ratios with 90% confidence ellipses for groups containing more than two samples; the best matches were obtained using Rb vs. Zr (Figure 4A) and Y/Zr vs. Rb/Zr (Figure 4B). Element concentrations of Mn, Fe, Zn, Rb, Sr, Y, Zr, Nb and Th are listed in detail in Appendix A. As a result, 16 different compositional fingerprints were identified. The source assignments and distance to the source of origin are listed in Table 1. Of these, six sources are consistent with known sources in Argentina and Chile. The Argentine sources identified are Ona-Las Cuevas (OLC) (n = 3), Quirón (n = 2), Salar del Hombre Muerto (SHM) (n = 6), Alto Tocomar (n = 8) and Zapaleri/Tara (n = 10). The Chilean source identified is Quebrada Pelun (n = 6). The remaining 52 artefacts are distributed in ten different unknown groups: Unk-AA (n = 31), Unk-CC (n = 4), Unk-BB (n = 6), Unk-DD (n = 2), Unk-EE (n = 2), Unk-FF (n = 2), Unk-GG (n = 2), Unk-HH (n = 1), Unk-II (n = 1), and Unk-JJ (n = 1). Five of the unknown fingerprints (CC, DD, EE, FF, and GG) cluster together in the plots, while the Unk-BB cluster is close to Quebrada Pelun. Unk-AA (n = 31) corresponds to a greyveined volcanic glass that provides a high percentage of the study samples. Ten of the samples previously assigned to unknown sources by XRF were submitted to NAA to verify that they do not match known sources. These samples were RLO002, RLO007, RLO010, RLO015, RLO016, RLO022, RLO024, RLO032, RLO035, and RLO040. Compositional data of the analysis is listed in Appendix B. Artefact RLO016 is consistent with Salar del Hombre Muerto (SHM) while the rest of the pieces did not match previously known sources.

Technological analysis

In the Tulan-52 assemblage, 26.96% (n = 1562) of a total of 5794 pieces correspond to obsidian artefacts. At Tulan-54, obsidian account for only 4.32% (n = 322) of a total of 7454 pieces. This difference is explained by the large increase in the proportion of siliceous rocks in the Tulan-54 assemblage, used mainly in the production of micro-perforators (Table 2). Unlike the others, the grey-veined obsidian attributed to the Unk-AA source is easily distinguishable from the other subvarieties, representing between 70% and 85% of the total obsidian assemblages. Obsidian from both sites show a low presence of cortex. In Tulan-52, only 1.47% (n = 23) of the pieces presented cortex, while in Tulan-54 only 2.8% (n = 9) did; in both cases they correspond almost entirely to the Unk-AA grey obsidian. Based on the technological classification, obsidian is primarily intended for bifacial tool production. Indeed, projectile points are the predominant techno-typological class at both sites (Table 3). Other retouched tools such as perforators, knives and wedges were recognised but to a lesser extent. All of them show unifacial-marginal retouching with low technical investment in production compared to bifacial tools. The significant frequency of debris and waste-flakes and the presence of cores indicate local production, particularly those made of grey obsidian. This also applies to a part of the projectile points considering the moderate frequency of bifacial reduction flakes, especially of those produced in the final stages of knapping. In Tulan-52 assemblages, 76.47% (n = 13) of the projectile points correspond to the lanceolate type with convex base, and in some cases pointed or straight base. They are mainly small in size (Figure 5a) with an average maximum length of 3.5 cm, although some pieces exceed 8 cm. In the Tulan-54 assemblage, projectile points are mostly stemmed with wings (77.61%). The general shapes of the blade are lanceolate or triangular, often with denticulate edges and contracting stem. They are small in size, with average maximum lengths between 1 and 4 cm, except for some unusual larger pieces that, according to their depositional context, do not seem to have been used but rather were part of offerings (Figure 5b). The lanceolate type seems to have continued in use but to a lesser extent (14.93%). 

Discussion

Obsidian circulation and long-distance contacts

As a result of the provenance analyses, 16 compositional fingerprints were detected. Six of them correspond to known sources which allow us to trace the networks of obsidian circulation (Figure 6). The presence of the Quebrada Pelun source, available at a distance of 110-120 km, reveals a close relationship with the north of the Atacama basin. Although it is not possible to distinguish accurately between the Zapaleri, Jarellón and Tara sources, because their geochemical signatures overlap, in any of these cases transfer to Tulan would imply circulation distances over 100 km from the highlands. The sources of Quirón and Alto Tocomar in the Salta region are located 130-165 km to the east. The sources OLC and SHM located in the Catamarca region are distributed at an even greater distance of 180-210 km to the southwest. A potential local origin can be attributed to most of the unknown sources. Given its frequency (in both technological and provenance analysis), Unk-AA may well be located in the area surrounding the settlements. Another five unknowns (CC, DD, EE, FF, and GG), which cluster closely in the plots, could correspond to related sub-sources, while Unk-BB can be considered as a sub-source of Quebrada Pelun based on its compositional profile.

When the two sites are compared, there are no striking differences between them except for the record of Alto Tocomar in Tulan-52 but not Quirón. The reverse situation is observed in Tulan-54.

Since both sources are in the same direction and are not far from each other, this situation could be explained by a sampling problem. Another notable difference is the greater presence of unknown sources in Tulan-52, especially Unk-BB; if it is a sub-source of Pelun, its frequency would reinforce the relationship of this site with the northern Atacama basin.

For now, there are no contemporary sites with such a diversity of obsidian sources. The privileged location of Tulan Ravine with respect to the inter-Andean passes must have positioned it as an important node within the mobility and interaction networks between the two slopes of the Andes. The mountain routes in the highlands of Tulan were intensely used by indigenous pastoralists and muleteers until historical periods (Molina Otárola 2011). In fact, Tulan-52 and Tulan-54 received obsidian from both the northern and southern Argentine Puna. This only occurs in very few contemporary archaeological sites of the Salta region (Figure 6). During the final Middle Holocene (5700 to 4400 cal. BP), an obsidian artefact from the Tocomar source was identified at the Alero Cuevas site; while in the neighbouring Alero Pozo Cavado site, several artefacts correspond to the Archibarca source in Catamarca [START_REF] López | Macro-regional interaction processes in the south-central Andes along the Holocene (ca. 10000-500 BP): Obsidian circulation, cultural transmission and evidence of allochthonous materials at archaeological sites in the Puna of Salta, north-western Argentina[END_REF]. During the Formative Period, obsidian artefacts recovered in a layer dated to around 1900 cal. BP arrived at the site from Quirón, Archibarca, Zapaleri, Tocomar and an unknown source ("Unk-D") [START_REF] Mercuri | Application of physico-chemical and macroscopic methods to lithic artifacts studies from Alero Cuevas site (Salta, República Argentina): a complementary approach[END_REF] which has also been identified in other sites of later periods [START_REF] Mercuri | Primeros datos sobre la procedencia de obsidiana de un sitio formativo de Santa Rosa de los Pastos Grandes, Puna de Salta, Argentina[END_REF]. This last source matches quite well (both for its geochemical fingerprint and macroscopic description) with our presumed local Unk-AA source. Another site in the Salta region is Aldea de Las Cuevas located in Quebrada El Toro, which is considered to be an important node in interaction networks during the initial Formative Period. Obsidian artefacts from Ona-Las Cuevas, Zapaleri, Alto Tocomar and Laguna Cavi were found among the lithic assemblages (Álvarez Soncini and De Feo 2010; [START_REF] Yacobaccio | Long-distance obsidian traffic in Northwestern Argentina[END_REF][START_REF] Yacobaccio | Quest for ancient routes: Obsidian sourcing research in Northwestern Argentina[END_REF]). Everything seems to indicate that the exchange area with Tulan is the Salta region; however, no SHM obsidian have been recorded in contemporaneous sites in Salta, despite the fact that these raw materials were widely exploited in Catamarca [START_REF] Escola | Moving obsidian: The case of Antofagasta de la Sierra basin (Southern Argentinean Puna) during the late Middle and Late Holocene[END_REF]. How could transfer of this material to Tulan be explained? A plausible answer is the existence of direct, parallel contacts with groups in the Catamarca region in the southern part of the northwest of Argentina (NWA).

Certainly, our findings force us to rethink our current models of mobility and interaction. Obsidian transfers at these sites reveal an interaction network between remote areas, prior to the development of caravan traffic that seems to have been consolidated only from the Late Formative Period (2400 to 1400 cal. BP onwards) in the area [START_REF] Núñez | La naturaleza de la expansión aldeana durante el Formativo Tardío en la cuenca de Atacama[END_REF] 

Cooperative hunting and feasts

At both sites, obsidian was used primarily for projectile point production. This trend does not appear to have been altered despite morphological and technological changes in weapons systems.

During the Late Archaic period, lanceolate points were hafted onto throwing darts which were propelled by spear-throwers. Conversely, by the Formative Period, stemmed points would have been used in bow and arrow weapon systems [START_REF] De Souza | Tecnologías de proyectil durante los períodos Arcaico y Formativo en el Loa Superior (Norte de Chile): una aproximación a partir del análisis de puntas líticas[END_REF], 2011). The presence of flake-tools shows that obsidian was also employed for other complementary activities. Since the sub-varieties of obsidian cannot be separated macroscopically, distinguishing differential technological management remains impossible for now. However, a significant part at least of the projectile points and other obsidian tools were produced locally. This is especially true for the Unk-AA grey obsidian source. In the case of extra-local sources, they could have arrived already worked.

Although we cannot rule out the existence of inter-group conflicts, which were quite common in trans-egalitarian societies, the significant frequency of projectile points in tandem with the high representation of wild camelids in the faunal record indicate that hunting was an important and recurrent activity in both contexts (Cartajena et al. 2019a(Cartajena et al. , 2019b)). Several lines of evidence support interpretation of these sites as aggregation sites for ceremonial practices and feasts preceded by intensive hunts. In the absence of storage, the capture of prey and plant gathering through collaborative labour was probably an effective strategy to provide copious quantities of food. The collection of plants must also have provided a good part of the meals judging by the large number of mortars and grinding tools at the sites. The scene of camelids in motion, depicted in rock art related to the Confluencia-style inside the inner enclosure of Tulan-54 (Núñez et al. 2017), could well be a representation of such a hunting events. Other evidence in the same site also reveal the relevance and social role of hunting. Several spear-throwers and projectile points were deposited as offerings alongside sacrificed infants while about 400 m away from the site, a bundle of mats tied with camelid wool twine was intentionally buried inside the rock-shelter (Tulan-109) [START_REF] Núñez | Consideraciones sobre la recolección vegetal y la horticultura durante el Formativo Temprano en el sureste de la cuenca de Atacama[END_REF]. The bundle offering contained four spear-throwers made of camelid radio-ulnas, a medial dart component, three carved pieces of wood, and two bone head-ornaments commonly represented on hunters' heads in the Confluencia rock art style. According to ethno-historical data, cooperative hunts of vicuña persisted until recent times. During the summer (February and March), local groups from various neighbouring villages that were practically depopulated after the annual carnival carried out collective drives and hunting forays in the highlands (>3800 masl) [START_REF] Bowman | Desert trails of Atacama[END_REF].

Tulan thus offered a strategic position not only within inter-Andean communication routes, but also for seasonal access to the highlands.

At this point, the acquisition of obsidian artefacts can be attributed to several different modes of circulation. A first mode of circulation could be related to inter-community exchange. It has been suggested that during the Formative Period in NWA, stemmed obsidian points, particularly from the Ona-Las Cuevas source, circulated widely over great distances through exchange as prestige goods [START_REF] Escola | Obsidianas en contexto: tráfico de bienes, lazos sociales y algo más[END_REF][START_REF] Yacobaccio | Intercambio y caravanas de llamas en el sur Andino (3000-1000 AP)[END_REF]. The presence of bifacial points from this and other NWA sources indicate that Tulan could have been integrated into these exchange networks. A similar status can be also argued for those unused projectile points included as offerings below the niches in Tulan-54 [START_REF] Núñez | Nichos, cámaras y ceremonias en el templete Tulan-54 (Circumpuna de Atacama, Chile)[END_REF], which also indicate the presence of obsidian artefacts in ritual performances. However, these cases appear to be exceptional and rare. Most obsidian tools were made from local sources and discarded in the feasting middens, and show traces of having been used. This pattern is consistent with a second mode of circulation related to local household production of weapons for hunting and other domestic tools. A third mode consists in the complementary circulation of some obsidian tools transported by non-local hunters or foreign participants from remote regions. This would explain the presence of exotic obsidian despite its wide local availability. In this case, the long-distance transport was the result of social integration mechanisms on wide spatial scales rather than technological or economic needs. This strategy is also consistent with the presence of some foreign goods and exotic foods such as maize or Lagenaria that were not everyday meals but transported for exclusive consumption during feasts.

In sum, the obsidian employed during ceremonial aggregations could be directly sourced and worked on site; transported from remote regions as part of the personal tool-kits of the participants; or acquired indirectly through exchange. All these modes of circulation probably operated simultaneously as part of the diverse forms of interaction and activities carried out in these spaces.

Early ceremonialism in hunter-gatherer and pastoralist societies of Tulan

Through the study of obsidian circulation, we can trace for the first time the scales of intercommunity aggregations that occurred in these spaces. Tulan obsidian artefacts and other exotic objects come from areas as diverse as the Pacific coast, the northern Salar de Atacama, the Loa Basin, the Atacama highlands and the northwest of Argentina. The ceremonial centres of Tulan were nodes with a high degree of centrality within wide inter-community networks. The fact that Tulan-52 shows a similar diversity of obsidian sources to Tulan-54 allows us to assume that Tulan was established as an important cultural node from the Late Archaic Period.

Collective hunting and feasts might have attracted neighbouring groups from contemporaneous residential sites located along the Tulan Ravine, such as Tulan-51, Tulan-122, Tulan-94 and Tulan-85 (see Núñez et al. 2006). Some groups might have even come from other settlements in the Atacama region or the Loa basin. These periodic aggregations of residential groups facilitated the circulation of local obsidian acquired from the Pelun and Tara sources. However, at large spatial scales the mobility cost and distance could have promoted a logistical mobility in the form of entourages, walkabout-style travellers, pilgrims or exchange partners, enabling the circulation of obsidian from even more distant sources.

The construction of religious centres has often been related to administrative centres, elites or charismatic leaders who, through the reproduction of ritual cycles, legitimised their political power and controlled collective labour. The chronology for the emergence of social inequality in the South-Central Andes is not resolved; it probably occurred at different times in each region. In some areas of NWA, social inequalities could have emerged as early as the Middle Archaic [START_REF] Yacobaccio | Cazadores complejos y domesticación de camélidos[END_REF]. However, in Tulan there are no indicators that allow us to sustain categorically the existence of intra-community social differentiation in the sense of institutionalised or hereditary hierarchies. So far we have no evidence of full-time craft specialists attached to a central authority, of intra-site or inter-site hierarchical organisation, of restricted access to resources, of differences in mortuary treatment, or of offerings of prestige goods to adults. On the contrary, the evidence seems to show inclusive group participation, stimulated by open access to religious centres and periodic aggregations (Núñez et al. 2017a). This agrees with a more decentralised and corporate nature of religious practices, ruling out political commensalism and public celebrations such as have been proposed for later periods in the South-Central Andes [START_REF] Cruz | Hombres complejos y señores simples: Reflexiones en torno a los modelos de organización social desde la arqueología del valle de Ambato[END_REF][START_REF] Lazzari | Compositional data supports decentralized model of production and circulation of artifacts in the pre-Columbian south-central Andes[END_REF][START_REF] Nielsen | Pobres jefes: Aspectos corporativos en las formaciones sociales pre Inkaicas de los Andes circumpuneños[END_REF]. This long-lived way of social integration through ceremonialism would have had its origin in late hunter-gatherer societies, as also seems to occurred in the Central Andes [START_REF] Aldenderfer | Preludes to power in the highland Late Preceramic Period[END_REF].

Ethnographic observations in other hunter-gatherer, pastoralist and horticulturist societies point out that feasting and hunting are exceptional instances for the exchange of goods and information, mate finding, structuring alliances and networking [START_REF] Benz | Zur Bedeutung von Festen während der Neolithisierung im Vorderen Orient[END_REF][START_REF] Dietler | Feasts: Archaeological and Ethnographic Perspectives on Food. Politics, and Power[END_REF][START_REF] Dietrich | Feasting, social complexity, and the emergence of the early Neolithic of Upper Mesopotamia: a view from Göbekli Tepe[END_REF][START_REF] Hayden | Were luxury foods the first domesticaticates? Ethnoarchaeological perspectives from southeast Asia[END_REF][START_REF] Hayden | The proof is in the pudding: feasting and the origins of domestication[END_REF]. Certainly, these festive aggregations promoted cooperation based on reciprocity and solidarity between and within trans-egalitarian groups of the Andes Puna. But in parallel, lavish feasts are also occasions for competition and ostentation. Through the displays of success, feast hosts and sponsors attract people and create reciprocal debt [START_REF] Hayden | The Power of Feasts[END_REF][START_REF] Kuijt | What do we really know about food storage, surplus, and feasting in preagricultural communities?[END_REF][START_REF] Twiss | Transformations in an early agricultural society: Feasting in the southern Levantine pre-pottery Neolithic[END_REF]. It has been suggested that the restricted, semi-subterranean built spaces of the Tulan ceremonial centres were erected for the purpose of carrying out exclusive rituals for a limited number of participants, while the general public remained outside the central enclosures [START_REF] Núñez | La naturaleza de la expansión aldeana durante el Formativo Tardío en la cuenca de Atacama[END_REF]. According to ethnographic accounts of feasts, restricted areas are allocated to representatives of the host households, their political counterparts and supporters [START_REF] Hayden | The Power of Feasts[END_REF]. If this is so, the ceremonial centres of Tulan Ravine offered ideal environments for the dispute of power by high-ranking individuals, corporate groups and even secret societies as has been suggested in recent works [START_REF] Hayden | The power of ritual in prehistory[END_REF]. In this class of events, competitive sports such as hunting are also recurring mechanisms for the acquisition of influence and the promotion of individuals. At least, the relevance of this activity in the sites, such as its representation in rock art, seem to point in this direction.

Hunting and feasting in the South-Central Andes was a dynamic arena for the negotiation of social relations. In these events, competition and solidarity were in constant tension. We propose that the increased ritual activities in Tulan were a mechanism that allowed social cohesion to be maintained within non-centralised, multi-community networks in the face of the profound changes of the Archaic-Formative transition. Through the reproduction of festive and ceremonial cycles, transegalitarian groups alleviated the scalar stress derived from demographic increase, the shift to a pastoralist-based economy and a more sedentary way of life.

Conclusions

The combination of compositional and technological studies of obsidian artefacts provides us with a new understanding of the role of ceremonial centres and aggregations in the Tulan Ravine. Until now, it has been accepted that Tulan acquired greater importance on a regional scale from the Formative Period with the establishment of a village way of life and pastoralism. However, provenance analyses show that ceremonial centres such as Tulan-52 functioned already as congregation sites for multi-community networks from the Late Archaic and throughout the Early Formative Period. The six sources of obsidian detected, as well as other complementary evidence, reflect long-distance circulation that linked the Pacific coast, the north of the Salar de Atacama, the Loa basin, Tulan, the Atacama highlands and the northwest of Argentina. Five other unknown sources, in addition to a source of grey-veined volcanic glass (Unk-AA) suggest the existence of undetected local sources. Future works will be directed towards recognising the unknown sources, as well as comparison with other lines of evidence.

In the study sites, obsidian was mostly used for the production of projectile points for hunting wild camelids which were consumed during periodic feasts. Some of them were even included as part of the offerings taking part in the ritual performances. Through these ceremonial aggregations, transegalitarian groups managed to remain connected within large scale cooperation networks. At the same time, feasts and collective hunting were probably arenas for competitive displays and the negotiation of political power. This arrangement allowed them to maintain social cohesion and coordinate cooperative labour in the face of socio-economic changes. These trends give us an extraordinary approach at the last moments of an ancient and long-lived way of life based on hunting, gathering and pastoralism, but also on religious practices, which would change irreversibly with the introduction of agriculture and new and more centralised forms of political organisation during the Late Formative Period. However, the importance and breadth of ceremonial aggregations seems to have persisted over time, even to this day. 
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 3 Figure 3. Summed probability distributions of 14 C calibrated dates: (A) Tulan-52; (B) Tulan-54.Dates calibrated with OxCal 4.2 software (Bronk Ramsey 2017) using the ShCal020 curve[START_REF] Hogg | SHCal20 Southern Hemisphere Calibration, 0-55,000 Years cal BP[END_REF] 
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 4 Figure 4. Log-log scatterplot from XRF analysis for obsidian artefacts projected against 90% confidence ellipses for major sources: (A) Zr versus Rb; (B) Y/Zr versus Rb/Zr
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 6 Figure 6. Obsidian circulation networks of Tulan ceremonial centres: (1) Quebrada Pelun; (2) Jarellón Caldera; (3) Zapaleri; (4) Tara; (5) Caldera Vilama; (6) Quirón; (7) Alto Tocomar; (8) Ramadas; (9) Archibarca; (10) Ona-Las Cuevas; (11) Salar del Hombre Muerto. Obsidian circulation from the source of origin to the sites is indicated by black arrows. Circulation of other types of materials mentioned in the text is shown by dotted arrows.

  

  

  

Table 1 .

 1 Source assignment and distance to the source for archaeological obsidian artefacts

	Obsidian	Geographic	Tulan-52	Tulan-54	Distance to
	source	zone	n	%	n	%	the source
							(km)
	Quebrada Pelun	Atacama basin,	4	8,51	2	5	115
		Northern Chile					
	Zapaleri / Tara /	Atacama,	6	12,77	4	10	110-140
	Jarellón	northern Chile /					
		Jujuy, Argentina					
	Alto Tocomar	Salta, Argentina	0	0	8	20	165
	Quirón	Salta, Argentina	2	4,26	0	0	130
	Ona -Las	Catamarca,	2	4,26	1	2,50	180
	Cuevas	Argentina					
	Salar del	Catamarca,	3	6,38	3	7,5	210
	Hombre Muerto	Argentina					
	Unk-AA	Tulan area (?)	11	23,4	20	50	(?)
	Unk-BB	Quebrada Pelun	6	12,77	0	0	(?)
		(?)					
	Unk-CC	Atacama (?)	4	8,51	0	0	(?)
	Unk-DD	Atacama (?)	1	2,13	1	2,5	(?)
	Unk-EE	Atacama (?)	2	4,26	0	0	(?)
	Unk-FF	Atacama (?)	1	2,13	1	2,5	(?)
	Unk-GG	Atacama (?)	2	4,26	0	0	(?)
	Unk-HH	(?)	1	2,13	0	0	(?)
	Unk-II	(?)	1	2,13	0	0	(?)
	Unk-JJ	(?)	1	2,13	0	0	(?)
	4.2. NAA						

Table 2 .

 2 Distribution of major rock classes in lithic assemblages

	Tulan-52	Tulan-54

Table 3 .

 3 Techno-typological classes of obsidian artefacts

	Techno-typological class	Tulan-52	Tulan-54
		n	%	n	%
	Retouched tools				
	End-scraper	0	0	2	3,77
	Knife	4	15,38	5	9,43
	Notch	0	0	1	1,89
	Perforator	3	11,54	9	16,98
	Burin	0	0	4	7,55
	Wedge	0	0,00	7	13,21
	Bifacial Preform	2	7,69	1	1,89
	Multifunctional Tool	0	0	5	9,43
	Projectile Point	17	65,38	19	35,85
	Total retouched tools	26	100	53	100
	Core	9		6	
	Debris and subproducts				
	Flake	1417	92,80	86	32,70
	Blade	54	3,54	19	7,22
	Bifacial reduction flake	23	1,51	29	11,03
	Indeterminate fragment	30	1,96	63	23,95

  ; Núñez and Briones 2012). In fact, we had assumed that ties with other groups during the Late Archaic were largely limited to the western slope of the Andes and the coast[START_REF] De Souza | Cazadores recolectores del Arcaico tardío y desarrollo de complejidad social en la Puna de Atacama: las evidencias del sitio Tulan-52 (norte árido de Chile)[END_REF][START_REF] Núñez | Quebrada Tulan: Evidencias de Interacción Circumpuneña durante el Formativo[END_REF]). In Tulan-52, conch shell remains from the Pacific (Oliva peruviana and Pecten purpuratus) have been well recorded, and there are remarkable techno-typological similarities with the Chiu-Chiu Complex in the Loa basin[START_REF] Druss | Medioambiente, economia de subsistencia y patrones de asentamiento del Complejo Chiu (ca. 3.000-2.000BC)[END_REF][START_REF] Jackson | Complejización de los cazadores y recolectores en Chiu, río Loa Medio (norte de Chile)[END_REF]. Until now, no evidence of contact with the eastern slope has been observed. Extra-local goods are more recurrent from the Early Formative Period, which has led investigators to suggest a rapid expansion of the interaction networks during this period thanks to the use of pack animals. In addition to the conch-shell remains[START_REF] Soto | Distribución y significado de los restos malacológicos en la Fase Tilocalar (3130-2380 ap), quebrada Tulan (salar de Atacama, norte de Chile)[END_REF], extra-local contacts can be inferred from the distribution of "Los Morros" ceramics[START_REF] Uribe | Sobre cerámica, su origen y complejidad social en los Andes del desierto de Atacama[END_REF], smoking pipes and intrusive ceramics common in NWA, as well as the presence of gastropods of

the Andean yunga (Strophocheilus oblongus) or introduced plants such as cebil and maize (Zea mays)

[START_REF] Mcrostie | Arboricultura y silvopastoralismo en el Período Formativo[END_REF][START_REF] Núñez | Quebrada Tulan: Evidencias de Interacción Circumpuneña durante el Formativo[END_REF][START_REF] Núñez | Consideraciones sobre la recolección vegetal y la horticultura durante el Formativo Temprano en el sureste de la cuenca de Atacama[END_REF]

.

  Appendix B. NAA results listing source assignments and element concentrations in part per million.
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