
LATE PLEISTOCENE LITHIC PROCUREMENT AND
GEOCHEMICAL CHARACTERIZATION OF THE CERRO

KASKIO OBS ID IAN SOURCE IN SOUTH-WESTERN
BOLIV IA*

J. M. CAPRILES†
Department of Anthropology, The Pennsylvania State University, University Park, PA 16802, USA

N. TRIPCEVICH
Archaeological Research Facility, University of California, Berkeley, CA 94720, USA

A. E. NIELSEN
Consejo Nacional de Investigaciones Científicas y Técnicas—Instituto Nacional de Antropología y

Pensamiento Latinoamericano, Buenos Aires, Argentina
M. D. GLASCOCK

Archaeometry Laboratory, University of Missouri Research Reactor, 1513 Research Park Drive, Columbia,
MO 65211, USA

J. ALBARRACIN-JORDAN
Instituto de Investigaciones Antropológicas y Arqueológicas, Universidad Mayor de San Andrés, La Paz, Bolivia

and C. M. SANTORO
Instituto de Alta Investigación, Universidad de Tarapacá, Antofagasta 1520, Arica, Chile

Primary questions regarding the foraging behaviour of the first hunter–gatherers who colo-
nized the New World are how they found, procured and utilized high-quality raw materials
for manufacturing stone tools. In this paper, we present evidence from the late Pleistocene site
of Cueva Bautista in the highlands of south-western Bolivia, which demonstrates that a sub-
stantial portion of the recovered stone tool assemblage originated in Cerro Kaskio, a recently
discovered obsidian source located 15 km south-west of the site. In addition to describing the
geological and geochronological setting, we provide the first geochemical characterization of
the Cerro Kaskio source by means of instrumental neutron activation analysis and energy-
dispersive X-ray fluorescence. Supported on the technological analysis and archaeometric
sourcing of the obsidian lithics found in Cueva Bautista, we discuss the nature of the procure-
ment strategies practised by the earliest mobile hunter–gatherers who explored and colonized
the Andean highlands. We conclude that opportunistic lithic resource procurement was prob-
ably an important component of the first foraging societies that explored the highland Andes.
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INTRODUCTION

The foraging behaviour of the earliest hunter–gatherers that led to the exploration and coloniza-
tion of the New World is frequently described in terms of a series of attributes, including the pro-
curement of large game, high levels of residential mobility and the use of high-quality stone tool
raw materials (Goebel et al. 2008; Meltzer 2009; Madsen 2015). The relationship between early
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human foragers (commonly referred to in North and South America as ‘Palaeoindians’) and the
procurement of megafauna, including the potential role of humans in their extinction, is a topic
that receives sustained examination (Borrero 2009; Meltzer 2015; Méndez 2015; Barnosky
et al. 2016; Politis et al. 2016). Nevertheless, other factors often used to explain the rapid human
dispersion across the Americas have merited less public attention but are still subject to scrutiny
(Kelly and Todd 1988; Speth et al. 2013). For instance, simulation experiments have verified that
high residential mobility would be compatible with high fertility rates and the rapid spread of ar-
chaeological sites throughout the Americas (Anderson and Gillam 2000; Surovell 2000; Hazel-
wood and Steele 2004). In this paper, we focus on the procurement of high-quality stone tool
raw materials, by addressing resource exploitation strategies during the late Pleistocene human
colonization of the highland Andes. To this effect, we assess evidence from Cueva Bautista, a
high-elevation, short-term occupation camp recently excavated in south-western Bolivia that
contains a stone tool assemblage dated between 12 700 and 12 100 cal BP (Capriles et al.
2016). In addition, we describe the geological setting and geochemical composition of Cerro
Kaskio, a newly discovered obsidian source situated 15 km from Cueva Bautista. We then use
this information to discuss the likely strategies of lithic exploitation and utilization developed
by the initial human foragers who explored the Andean highlands.

STONE TOOL RAW MATERIAL PROCUREMENT BY LATE PLEISTOCENE HUNTER–GATHERERS

The access and collection of stone raw materials for the manufacture of chipped stone tools by
hunter–gatherers is often discussed in terms of direct or embedded procurement strategies (Binford
1979). Direct procurement consists of the specific residential or logistical movement of individuals
or task groups from their residential locations to the raw material sources. Embedded procurement
involves the incidental discovery and collection of raw materials as part of foraging trips motivated
by other tasks such as food provisioning. In addition, an indirect procurement strategy would imply
access to the required raw materials by means of exchange with other groups or intermediaries.

Archaeologists have long debated the procurement strategies favoured by Palaeoindian
hunter–gatherers (Gould and Saggers 1985; Seeman 1994; Bamforth 2006; Surovell 2009; Speth
et al. 2013). For human foragers exploring new territories, stone raw material procurement
should depend on various factors, including the quality, availability and distribution of raw ma-
terials in known regions in relation to the uncertainty of the distribution and frequency of com-
parable resources in unknown areas (Kelly 1988; Kuhn 1992; Brantingham 2003). ‘High-
quality’ raw materials can be defined as a function of their knapability, which depends on their
compositional and structural homogeneity, and conchoidal fracture, as well as other properties,
including nodule size, texture and so on. The distribution of high-quality raw materials is a func-
tion of geology and, therefore, could potentially be anticipated in a geographically familiar re-
gion. If known raw materials are considered to be of ‘high quality’, they can be mapped in by
foragers who might then return to these locations regularly for logistical direct provisioning. Fur-
thermore, depending on their distribution and availability, the use and circulation of high-quality
raw materials may reflect behavioural adaptations, such as high residential mobility, but also
costly signalling as key to the reproduction of social networks (Speth et al. 2013). Several case
studies, from both North America and South America, suggest that Palaeoindian foragers readily
procured ‘high-quality’ raw materials, such as agate, jasper and obsidian located hundreds of
kilometres away from their residential camps, through logistical movements or exchange (Suárez
2011; Boulanger et al. 2015; Flegenheimer and Weitzel 2017). Yet, many high-quality raw ma-
terials were also procured through embedded strategies, as part of more constrained foraging
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ranges (Borrero and Franco 1997; Dillehay 2008; Franco et al. 2015). Therefore, discussion of
the procurement and utilization of high-quality raw materials is important for understanding
the variability associated with Palaeoindian foraging behaviour across the New World.

In addition to the acquisition of high-quality raw materials, the question of transport is signif-
icant for understanding procurement strategies and the organization of lithic technology as a
whole. Transportation of complete nodules, partially reduced cores, moderately knapped bifaces
or even finished artefacts, including the reliance on specialized quarry workshops, are all impor-
tant correlates for differentiating direct procurement from embedded strategies. To understand
the dynamics of this process, one can focus on the lithic utilization loci, but it is also important
to observe the sources themselves, as well as their distribution ranges (Tripcevich and Contreras
2011; Freund 2013). In the Andes, the geological landscape is highly heterogeneous and, al-
though specific locations with ‘high-quality’ raw materials are abundant, their exact location
from one region to another is highly variable and potentially difficult to anticipate.

To determine the origin and distribution of lithic raw materials, researchers must adequately
connect sources and artefacts. This work involves not only characterizing the elemental compo-
sition of a specific artefact but also knowing the location and geochemical composition of the
range of potential sources. Advances in archaeometric techniques, primarily using instrumental
neutron activation analysis (INAA), energy-dispersive X-ray fluorescence (ED-XRF) and induc-
tively coupled plasma – mass spectrometry (ICP–MS) have facilitated this work by helping to
quantitatively characterize the geochemical composition of lithic samples from sources and ar-
chaeological sites (Glascock and Neff 2003; Andrefsky 2005; Shackley 2005).

OBSIDIAN SOURCES STUDIES IN THE ANDES

One of the highest-quality lithic materials available in the Andes is obsidian. The use of obsidian
has been documented in sites that range from the earliest human occupations during the late
Pleistocene up to the Inca conquest (Burger et al. 1998a, 1998b, 2000; Burger and Glascock
2000; Glascock et al. 2007; Kellett et al. 2013). Research in the central Andes of Peru has helped
to locate and characterize some of the most important obsidian sources in the region, including
Alca, Chivay and Quispisisa (Jennings and Glascock 2002; Tripcevich 2007; Tripcevich and
Contreras 2011; Tripcevich and Mackay 2011, 2012; Rademaker et al. 2013; Tripcevich,
Contreras 2013). Similar work across the Argentinean and Chilean southern Andes has helped
to locate and differentiate the complex landscape of sources in those regions (Seelenfreund
et al. 1996; Yacobaccio et al. 2002, 2004; Barberena et al. 2011; Giesso et al. 2011; Méndez
et al. 2012; Salgán et al. 2015; Cortegoso et al. 2016; Escola et al. 2016; Pintar et al. 2016).
Yet in intermediate regions, such as the Bolivian Andes, the location of many sources remains
unknown and many of the currently known sources were poorly documented until recently (Brooks
et al. 1997; Giesso 2003; Seelenfreund et al. 2010a, 2010b; Glascock and Giesso 2012; Williams
et al. 2012). This pattern is exacerbated by the lack of research about the periods that precede the
development of agricultural complex societies, which is the focus of most research within the region.

The Altiplano–Puna volcanic complex of northern Chile, south-western Bolivia and
north-west Argentina is a region dominated by snow-capped volcanoes, extinct calderas and
large ignimbrites formed by arc magmatism with the tectonic uplift of the Altiplano (Fig. 1)
(De Silva 1989; Allmendinger et al. 1997; Soler et al. 2007). A period of increased mafic volca-
nism occurred during the late Miocene to early Pliocene (11–3 Mya), when most of the existing
landscape was formed. A series of caldera eruption pulses during this period included the forma-
tion of at least 300 different ignimbrite outcrops in 60 units (Salisbury et al. 2010). The
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composition of these outcrops is dominantly dacitic, and a recent study involving high-precision
40Ar/39Ar geochronology determined that at least three different large-scale volcanic pulses have
occurred in the past 10 million years, determining the geological configuration of the region
(Salisbury et al. 2010). The formation of this landscape also involved a few important obsidian
outcrops, most of which remain unstudied or poorly documented (Yacobaccio et al. 2004;
Seelenfreund et al. 2010a). Human foragers initially colonized these highlands in the late
Pleistocene (c.13 000 cal BP), during a wet climatic pulse that would have favoured ecological
productivity (Núñez et al. 2002; Grosjean et al. 2005; Placzek et al. 2013; Santoro et al. 2017).

MATERIALS AND METHODS

The Cueva Bautista dry rock shelter is approximately 70m to the west and 20m above the cur-
rent shore of the Sora River, at 3930m above sea level (a.s.l.) in the Lípez highlands of south-
western Bolivia (Albarracin-Jordan and Capriles 2011). We recently reported the stratigraphic,
chronological and contextual associations of the site’s earliest occupation, including radiocarbon
dating and artefact analyses (Capriles et al. 2016). Based on the presence of small hearths and
relatively small faunal and lithic assemblages, we argued that the rock shelter was initially used
as a temporary camp by highly mobile human foragers. Eight radiocarbon dates place this

Figure 1 The Altiplano–Puna volcanic complex, showing the location of Cueva Bautista and Cerro Kaskio, as well as
other archaeological sites and sources mentioned in the text. The insets show the distribution of obsidian sources between
the central and southern Andes and Cerro Kaskio’s obsidian outcrops and dispersion area.
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occupation between 12 700 and 12 100 cal BP, which is roughly contemporaneous with the sec-
ond pulse of the central Andean pluvial event that involved increased humidity in the region.
These conditions deteriorated during the mostly arid, Early and Middle Holocene (Placzek
et al. 2006), when the site was not occupied. Subsequent reoccupations occurred when humid
conditions returned to the region at the onset of the Late Holocene (c.4500 cal BP).

To assess the procurement strategy of high-quality raw materials by early human foragers dur-
ing the late Pleistocene, we analysed the morphological and technological attributes of all the
lithic remains recovered in Cueva Bautista. In addition, we conducted an archaeological survey
within the boundaries of the Sora River valley, identifying other rock shelters and open-air sites
(Albarracin-Jordan et al. 2014). More importantly, we identified a new obsidian source, Cerro
Kaskio. We carried out surface reconnaissance and collected georeferenced samples of obsidian
specimens at the source and its immediate vicinity to maximize the heterogeneity of our sample
and intra-source geochemical variability (Shackley 1998). Samples were collected and analysed
by means of INAA and subjected to both short and long counts, using standard procedures
(Glascock et al. 2007). We also analysed samples, using two nearly identical ED-XRF portable
devices (one owned by MURR and the other by the University of California, Berkeley’s Archae-
ological Research Facility). Both ED-XRF instruments are Bruker Tracer III-SD, which were run
using the manufacturer’s specifications for obsidian and supplementary calibration procedures
(Craig et al. 2007; Glascock 2010; Ebert et al. 2015). More specifically, all samples were
analysed between 180 and 200 s with the green filter and sediment settings, using 40 keV at
40μA. The ED-XRF spectral results were then calibrated through a correction developed with
reference to chemical concentrations derived from multiple analysis methods (Glascock and
Ferguson 2012). Both instruments are also part of a larger inter-instrument control study. In ad-
dition, we selected one Cerro Kaskio source sample to date the origin of the obsidian flow and
comparative samples from other two sources (Salar de Tara and Quebrada Pelún) by means of
40K/39Ar dating, the samples being analysed at the isotopic geology laboratory of Chile’s
Servicio Nacional de Geología y Minería.

RESULTS

Technological organization and obsidian utilization in Cueva Bautista

The human occupation of Cueva Bautista can be roughly divided in three phases: late Pleisto-
cene, Archaic and Agropastoralist. The late Pleistocene occupation (12 700–12 100 cal BP),
which is the focus of our study, corresponds to the initial and most significant hunter–gatherer
use of the site. Contextual evidence suggests that it was a temporary and, most probably,
logistical foraging camp (Capriles et al. 2016). The Archaic occupation (5500–3500 cal BP)
corresponds to the return of hunter–gatherers during the onset of the Late Holocene, following
a long occupational hiatus, which involved the use of the rock shelter for sporadic residence.
Finally, between the Formative period and the Spanish conquest, Agropastoralist groups
(3500–400 cal BP) sporadically carried out a series of mainly funerary and other ritual and
economic activities at the site.

We carried out a morphological and technological attribute analysis of the entire lithic assem-
blage of Cueva Bautista, which consists of roughly 439 stone tools and debitage (Table 1). The
late Pleistocene assemblage is dominated by stone tools and debitage manufactured with obsidian
(56.5%). Other important raw materials include a silcrete-like lustrous brown chert, jasper and
other less frequent igneous and sedimentary rocks. Obsidian use decreases between the late
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Pleistocene occupation and the later reoccupations of the site, but it remains important (> 20%).
Moreover, the proportion and dominance of high-quality raw materials decreases through time,
as coarser grey and white cherts become increasingly common during the late Archaic and
Agropastoralist periods.

The late Pleistocene obsidian tools include three bifacial retouched edges, a notch tool and a
backed flake with a retouched edge, all of which might have originated in larger instruments
(Table 2). In addition, abundant flakes, bifacial thinning flakes, blades, retouch flakes and shatter
fragments suggest that obsidian reduction and maintenance activities were carried out at the site.
The absence of cores, the low frequency of cortex (N = 14) and cortical platforms (N = 7), and the
abundant retouch debitage suggest that maintenance was more important than manufacturing at
the site. In fact, most flakes, including small retouch flakes, are complete, and both medial and
distal ends with undetermined platform and terminations types are relatively infrequent. The size
range of flakes and retouch flakes is also quite narrow (maximum length x̄ = 12.7 ± 11.2mm 1σ)
and, therefore, is consistent with secondary reduction, maintenance activities, a reliance on small
cores or a combination of the above (Fig. 2). The Archaic and Agropastoralist period assem-
blages are smaller and include cores and an end scraper, consistent with other changes in the
site’s use and occupation intensity.

Cerro Kaskio

Cerro Kaskio is located 15 km south-west of Cueva Bautista and approximately 3.6 h away, fol-
lowing a least-cost path based on Tobler’s hiking function implemented in ArcGIS’s path dis-
tance tool on a SRTM 1 arc second (~30m) digital elevation model (Fig. 1). Cerro Kaskio is
part of a volcanic ignimbrite mountain within an arid and rocky landscape dominated by grass-
lands that are interspersed by a few shrubs and small patches of keñua trees (Polylepis
tarapacana). Presently occupied as a nocturnal sleeping territory of wild vicuña herds, which
graze during the day in the nearby wetlands, its slopes are covered by hundreds of dung piles.
The obsidian source of Cerro Kaskio was independently identified by Nielsen and Capriles while
working on different projects. Nielsen was initially taken to the source by herders of the
Copacabana community, whereas Capriles was taken there by herders from Alota. Copacabana
and Alota are adjacent Quechua-speaking camelid pastoralist communities that share similar

Table 1 Raw material by occupation phase at Cueva Bautista

Raw material Late Pleistocene % Archaic % Agropastoralist % Total %

Obsidian 217 56.5 6 21.4 6 22.2 229 52.2
Brown chert 139 36.2 8 28.6 1 3.7 148 33.7
Grey chert 1 0.3 10 35.7 9 33.3 20 4.6
Jasper 15 3.9 2 7.1 2 7.4 19 4.3
White chert 6 1.6 1 3.6 6 22.2 13 3.0
Basalt 3 0.8 1 3.7 4 0.9
Sandstone 1 3.6 2 7.4 3 0.7
Chalcedony 2 0.5 2 0.5
Andesite 1 0.3 1 0.2
Total 384 100 28 100 27 100 439 100
ED-XRF obsidian 61 28.1 5 83.3 6 100 72 31.4
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patterns of subsistence and mobility (Tomka 2001a, 2001b). Although herders today have no use
for obsidian, they remember using it in the past for castrating llamas and for ritual. Local inhab-
itants know the area as Cerro Kaskio (or Kasquiu), but the ignimbrite lobe where the source is
located is specifically known as Kansor Kharka.

Fieldwork at Cerro Kaskio involved systematic exploration and collection of obsidian nodules
from the surface and exposed profiles. The source comprises a main outcrop, secondary and mi-
nor outcrops, and a general dispersion area. The main outcrop is situated at approximately
4320m a.s.l., measures about 20m in diameter and contains a narrow 2m deep extraction pit
from recent mining efforts. In the profile of the pit, the obsidian outcrop is observable as a
disarticulated flow of prismatic structure intersected by spherical tuff fragments and pumice.
The nodules are mostly small (~5 cm in diameter) and subangular, but many are larger
(> 10 cm) and subrounded. The Alota herders mentioned that although a depression was noted
at the site, the pit was enlarged around 15 years ago, when a group of them collected a truckload
of the material for sale in Uyuni, thinking that it might have commercial value. Given that the
material did not sell as expected, they did not return to the site.

Table 2 Obsidian stone tools and debitage from the late Pleistocene human occupation of Cueva Bautista organized by
lithic category and flake termination in relation to platform type

Lithic category and flake
termination

Platform type

Cortical Flat Complex Abraded Broken Undetermined Total

Tools and cores
Bifacial retouched edge
Feathered 1 1
Undetermined 2 2

Notch tool
Undetermined 1 1

Flake with retouched edge
Undetermined 1 1

Debitage
Flake
Feathered 4 5 1 23 4 37
Hinged 1 1
Stepped 3 5 5 25 6 44
Undetermined 1 1 2

Biface thinning flake
Feathered 1 2 3
Stepped 1 1

Blade
Feathered 1 1
Stepped 1 1

Retouch flake
Feathered 1 13 10 2 46 3 75
Hinged 1 2 3
Stepped 6 5 21 2 34
Undetermined 1 1 2

Shatter fragment
Undetermined 3 3 6

Total 7 29 28 3 125 25 217
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A secondary outcrop is situated approximately 1 km to the south-west and upslope (4347m a.
s.l.) from the main source. This second and intact outcrop can be mistaken as a vicuña dung pile,
which suggests that others like it might be present elsewhere in the mountain. Unlike the first ex-
traction pit, this second outcrop measured roughly 10m in diameter and included evidence of a
shallow depression containing mostly small subangular nodules (~8 cm). A few small flakes and
blades interspersed with unmodified nodules in the surface of outcrop suggest that evidence of
primary extraction is still observable in situ.

The general secondary dispersion of the Cerro Kaskio obsidian spans roughly 10km2, mostly
towards the south-west and down the slope of Kansor Kharka. In addition to nodules of various sizes,
within this dispersion we occasionally identified cores with a few extractions, flakes and retouched
flakes. On the terraces that flank the temporary drainage that flows westward from Cerro Kaskio there
are several sites with not only obsidian debris, but tools, other lithic materials (basalt, chert), and even
some ceramics, attesting to the long-term use of this source. However, we did not observe the exis-
tence of any specialized workshop or specialized activity areas. The Cerro Kaskio obsidian is mostly
translucent black with grey and dark brown hues, and can include small white spherulites. Despite the
presence of spherulites, the raw material is adequate for making small sharp flake tools and blades.

Geochemical composition and 40K/39Ar dating

To characterize the geochemical composition of the Cerro Kaskio obsidian, eight samples ini-
tially collected by Nielsen were complemented by 20 new georeferenced samples at MURR
for both INAA and ED-XRF. In addition, we also analysed 15 additional source samples with
UCB’s ED-XRF instrument. Together, these samples comprise the full range of the currently
known spatial and stratigraphic extent of the source. The resulting data from our Cerro Kaskio
reference sample consist of 28 INAA specimen readings (Table S1) and 43 ED-XRF specimen
readings (Table S2). These techniques provided consistent results for five replicated elements
(Fe, Rb, Zn, Zr and Th). We did not observe significant chemical differences among specimens

Figure 2 The size range of obsidian tools and debitage from the late Pleistocene human occupation at Cueva Bautista.

8 J. M. Capriles et al.

© 2018 University of Oxford, Archaeometry ••, •• (2018) ••–••



collected from different locations within the source, including the second outcrop and secondary
dispersions, suggesting a mostly homogenous composition (Table 3). As measured by both
INAA and ED-XRF, obsidian from Cerro Kaskio is compositionally distinct from other known
Altiplano–Puna volcanic complex sources, including Laguna Blanca/Zapaleri, Caldera Vilama,
Salar de Tara and Quebrada Pelún (Figs 3 (a) and 3 (b)) (De Souza et al. 2002; Yacobaccio
et al. 2002, 2004; Seelenfreund et al. 2010a).

The 40K/39Ar dating of an obsidian sample from Cerro Kaskio produced a date of 5.7 ± 0.4
Mya (2σ) (P976). A previous 40K/39Ar date on andesite hornblende dated the formation of Cerro
Kaskio to 13.8 ± 1.0 Mya (AL-56) (Pacheco and Ramírez 1997). Nevertheless, the new date of
the actual obsidian flow is consistent with a more recent study that places Cerro Kaskio within
the Chuhuilla caldera volcanic phase, which during the Pliocene produced the immediately
surrounding ignimbrites (Salisbury et al. 2010). According to the regional geochronology, Cueva
Bautista possibly formed during the same volcanic pulse (Pacheco and Ramírez 1997). As part

Table 3 A summary of MURR’s INAA and ED-XRF results for Cerro Kaskio’s obsidian, including sample size, mean and
standard deviation: elements in ppm unless otherwise specified

INAA ED-XRF
n = 28 n = 28

Element x̄ ± 1σ x̄ ± 1σ
Fe (%) 0.61 ± 0.02 0.65 ± 0.02
Rb 207.9 ± 2 209.9 ± 6
Zn 53.5 ± 1 63.6 ± 15
Zr 154 ± 6.27 81.5 ± 5.34
Sr n.d. 1.9 ± 0.97
Y n.d. 24.3 ± 2.66
Nb n.d. 17.8 ± 1.43
Th 18.5 ± 0.3 19.2 ± 1.92
Na (%) 2.95 ± 0.04
Al (%) 6.57 ± 0.25
Cl 588 ± 56
K (%) 3.93 ± 0.2
Sc 3.66 ± 0.06
Mn 582 ± 8
Co 0.03 ± 0.01
Sb 0.72 ± 0.02
Cs 11.6 ± 0.16
Ba 52 ± 10.88
La 19 ± 0.46
Ce 45.6 ± 1.17
Nd 21.3 ± 1.2
Sm 5.59 ± 0.1
Eu 0.23 ± 0.01
Tb 0.77 ± 0.03
Dy 4.76 ± 0.38
Yb 2.66 ± 0.04
Lu 0.63 ± 0.01
Hf 3.96 ± 0.13
Ta 1.83 ± 0.03
U 9.9 ± 0.2
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Figure 3 Scatterplots showing the elemental composition of the obsidian from Cerro Kaskio and other sources, includ-
ing 95% confidence intervals, by both (a) INAA and (b) ED-XRF, as well as (c) ED-XRF analysis of obsidian lithics from
Cueva Bautista and other archaeological sites in relation to these same sources.
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of this study, we also dated a sample from Salar de Tara, which yielded a date of 2.5 ± 0.9 Mya
(P977), and a sample of Quebrada Pelún, which provided a date of 1.5 ± 0.4 Mya (P945). These
much younger flows strongly differ from Laguna Blanca/Zapaleri, which had been previously
dated to 9.6 ± 0.3 Mya, using the same technique (Yacobaccio et al. 2004). Together, these re-
sults suggest that all the known obsidian sources of the Chilean–Bolivian–Argentinean
Altiplano–Puna volcanic complex date to different episodes of igneous plutonic activity.

Geochemical sourcing of archaeological stone tools

Given that the majority of Cueva Bautista’s lithic assemblage consists of obsidian (52.2%), we
analysed 72 specimens, using ED-XRF, which is equivalent to 31.4% of the total obsidian frac-
tion. An initial sample of 13 specimens from Cueva Bautista were run at MURR and we analysed
67 samples with UCB’s instrument. Eight specimens were analysed with both instruments and
produced comparable results. The obsidian sample analysed from Cueva Bautista includes every
stone tool and core and a large proportion of the debitage. The majority of the analysed speci-
mens correspond to the late Pleistocene occupation (N = 61), but specimens from the Late
Holocene Archaic (N = 5) and Agropastoralist (N = 6) occupations of the site were also analysed
(see Table S2). The remaining specimens were not analysed due to their small size: they
correspond to retouch flakes, medial and distal ends of flakes, and shatter fragments that other-
wise have the same colour and other physical properties that characterize the larger analysed
specimens. Most of the analysed items correspond to either artefacts or flakes with platforms
to avoid duplicates.

The analysis shows that all the obsidian specimens from Cueva Bautista were manufactured
from Cerro Kaskio’s source (Fig. 3 (c)). Many of the archaeological specimens, however, contain
elemental chemistry outside of the recommended values for Cerro Kaskio, with strontium and
zirconium. The anomalous results could be the consequence of analysing some very small and
thin specimens (Frahm 2016). Alternatively, it is possible that these materials originated in a still
undetermined outcrop in the vicinity of Cerro Kaskio, or that we did not capture the full range of
variability associated with the geochemical composition of Cerro Kaskio when we sampled it.

All of the obsidian samples from the other 13 archaeological sites situated within a 25 km ra-
dius of Cerro Kaskio originated at this source with the exception of three samples that came from
Agropastoralist contexts (Fig. 3 (c)). The exceptions include a knife found during excavations at
Cueva del Chileno (a rock shelter located about 2.3 km south of Cueva Bautista), possibly orig-
inating from Salar de Tara. At Cueva del Chileno, four other obsidian samples—including a pris-
matic microblade core dated to the late Archaic (Albarracin-Jordan et al. 2014)—were sourced to
Cerro Kaskio. A rock shelter (SA06) located near San Agustín, some 16 km from Cueva Bautista,
included a small projectile point that originated at Caldera Vilama, but also a flake from Cerro
Kaskio. Finally, Chullpas Milluni, a burial site dated to c.700–500 cal BP (Morales et al.
2013), contained a core from an unknown source.

Only one obsidian sample of this type has been identified at sites greater than a day’s walk
from the geological source. This was a Cerro Kaskio obsidian flake found at Campamento
Chalviri (see Fig. 1). This location is situated on the southern shore of Laguna Chalviri and con-
sists of a sizeable multi-component site used as a llama caravan encampment during the
Agropastoralist period and possibly as a hunting camp during earlier periods (Nielsen et al.
2000). Campamento Chalviri is located approximately 134 km south of Cerro Kaskio (or approx-
imately 30 h away, according to Tobler’s hiking function). Nevertheless, the high consistency of
the obsidian found at Cerro Kaskio makes us believe that there was a more generalized use of this
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source throughout the region, and that more sites with stone tools made of this material will be
identified in the future.

As part of this study, we also analysed the only obsidian flake found during fieldwork at the
site of Quebrada Maní 12 (QM12), located in the hyper-arid core of the Atacama Desert, which
is roughly contemporary with the occupation of Cueva Bautista, and possibly the nearest pres-
ently known late Pleistocene site (Latorre et al. 2013). The geochemical signature of this speci-
men does not correspond to that of Cerro Kaskio or to any other presently known obsidian
source. Another flake studied within our research sample includes a flake from Quebrada Blanca,
a high-elevation site dated to the Early Holocene (Osorio et al. 2017), and which possibly corre-
sponds to Salar de Tara, situated 270 km from the site and farther away than Cerro Kaskio.

DISCUSSION

The archaeometric analyses of obsidian samples from Cerro Kaskio and of tools and debitage
from Cueva Bautista provide new insights regarding the organization of lithic technology among
the first foragers who explored the southern Altiplano. First, our data support the view that early
human foragers encountered high-quality raw materials and used them effectively. Cerro Kaskio
was the sole obsidian source used at Cueva Bautista and the most important high-quality raw ma-
terial discarded at the site. This pattern is stronger for the late Pleistocene occupation of the site,
when obsidian accounted for more than half of the stone tool assemblage. Second, our technolog-
ical analysis reveals that Cueva Bautista’s obsidian tools consisted mostly of complete tools or
partially reduced bifaces. Cores were rarely brought to the site. Several technological attributes
suggest that the activities carried out in this rock shelter involved mainly the maintenance of tools
and secondary reduction. On the other hand, the absence of formal workshops and the minute ev-
idence of initial reduction activities at Cerro Kaskio suggest relatively rapid and selective pro-
curement of obsidian nodules and flakes. All these attributes are typically associated with an
embedded procurement strategy.

The best obsidian nodules from Cerro Kaskio, visible on the surface, are small (~10 cm long)
and subrounded, with a thin cortex. Despite the presence of some brittle nodules, this material is
of relatively high quality. Obsidian nodules are distributed across approximately 10 km2. Individ-
ual outcrops tend to be no larger than 100 m2, where nodules were gathered and possibly flakes
and blades were manufactured. It is unclear how early foragers managed to find Cerro Kaskio in
the first place, given the hostile conditions associated with its high altitude, the small area cov-
ered by the obsidian outcrops and the small size of the nodules. In the context of an embedded
procurement strategy, it is possible that mobile foragers, pursuing vicuñas and guanacos,
followed these animals to their high sleeping territories and ran across the low-density dispersion
of obsidian. As they looked for the probable provenience of the nodules upslope, they may have
found the main outcrops. Alternatively, foragers could have ventured into the high slopes of
Kansor Kharka in search of keñua trees, which in this barren environment are the only source
of wood, an important resource used not only for fuel but also for the manufacture of various
utensils. In either case, the initial finding and opportunistic exploitation of the source could have
led to subsequent visits, as part of foraging excursions and occasional special-purpose direct pro-
curement (Binford 1979; Nelson 1991; Duke and Steele 2010). This interpretation is also consis-
tent with the short-term and possibly logistical use of Cueva Bautista (Capriles et al. 2016).

The analyses of obsidian samples taken from sites at different distances from Cerro Kaskio and
dating to different periods reveal some preliminary trends regarding the circulation of this raw ma-
terial and its changes over time. The results of our analysis show that 26 of 29 items made of
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obsidian—from 13 out of 14 sites located within a 25 km radius of Cerro Kaskio—belonged to this
source, which strengthens our argument concerning the sustained importance of this resource at
the local scale. Moreover, given that the three specimens that came from other sources were taken
from Agropastoralist contexts and that two of these correspond to sources situated over 200 km
away (Salar de Tara and Caldera Vilama), it is likely that their circulation was facilitated by the
increased inter-regional interaction and exchange cycles (Nielsen 2004; Nielsen et al. 2010;
Yacobaccio 2012). Conversely, the finding of Cerro Kaskio obsidian some 134km to the south,
at Campamento Chalviri, might have been a consequence of similar indirect procurement routes.
Other early foraging settlements situated farther away from Cerro Kaskio do not include this
source’s obsidian. Instead, tool manufacture at these sites probably relied mostly on locally avail-
able cherts, such as at Quebrada Maní 12, and the basalt that was used at Quebrada Blanca.

CONCLUSIONS

We have assessed the technological and geochemical composition of the obsidian from Cueva
Bautista to understand the pattern associated with the procurement of high-quality stone tool
raw materials by early human foragers in the highland Andes. The combination of surface recon-
naissance and archaeometric sourcing by means of INAA and ED-XRF verified that Cerro
Kaskio, a source situated 15 km from the rock shelter, was the only source of obsidian used at
the site. The technological analysis suggests that most of the activities that were carried out at
Cueva Bautista consisted of stone tool utilization and maintenance, but not manufacture. The
field assessment of Cerro Kaskio suggests that no specialized reduction activities were carried
out in its vicinity. The observed pattern is consistent with foraging strategies that emphasize
the collection of small nodules and the partial reduction of cores into bifaces and flakes prior
to transport, signalling technological provisioning of individuals as opposed to places (Kuhn
1992). Together, the archaeological evidence seems to support the hypothesis that early human
foragers engaged in complementary embedded and logistical strategies of lithic high-quality di-
rect resource procurement. Given that few early human foraging sites have been the focus of de-
tailed studies regarding raw material utilization, it is difficult, at present, to generalize about the
pattern observed in Cueva Bautista. Nevertheless, the utilization of localized high-quality raw
materials from initial exploratory phases also supports the view that opportunistic procurement
was among the behavioural foraging strategies engaged by rapidly expanding late Pleistocene
hunter–gatherers.
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