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We discuss the process of human re-occupation of the Southern Puna (25◦-
27◦S) during the Late Holocene through a variety of lines of evidence, such as
ceramics, faunal bones, lithic technology, sources of raw materials like obsidian,
and rock art, and their integration with spatial analyses using least-cost paths.
Our results indicate a process in which niches were formed in the puna, focused
on a variety of activities such as vicuña hunting; exploitation of lithic sources,
minerals and pigments; camelid grazing; symbolic manifestations, and inter-
Andean circulation. This suggests that human dynamics in the highlands of the
Southern Puna toward the LateHoloceneweremotivated by a range of biotic and
abiotic resources, and di�erent modes of occupation, which tended to become
diversified in the long term; nevertheless, they retained a common base in vicuña
hunting and obsidian procurement, circulation and exchange.
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1 Introduction

Human subsistence in high altitude environments poses unique biological and cultural
adaptive challenges. Nonetheless, human exploration and settlement of these spaces in
various regions of the world occurred at an early date, from the end of the Pleistocene
(Aldenderfer, 2011; Brantingham et al., 2013; Barton, 2016; Borrero and Santoro, 2022;
Zhao et al., 2023). In the case of the Andean Puna, recent investigations have shown that
the initial peopling of the highlands occurred at different times for each region, triggering
independent cultural courses (Rademaker et al., 2014; Capriles et al., 2016; Yacobaccio,
2017; Borrero and Santoro, 2022). The local sequences reconstructed in each area show
large fluctuations in the long term, both in intensity and in the modes of occupation of
the highlands. In particular, in the South-Central Andes a remarkable drop occurs in the
intensity of the archaeological signal in the Middle Holocene (Núñez et al., 1999, 2002;
Yacobaccio and Morales, 2005; Pintar, 2009, 2014; Barberena et al., 2017, etc.), recovering
at the start of the Late Holocene with the improvement in climatic conditions.
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Recent studies in the southern part of the Andean Puna, known
locally as the Puna de Copiapó, appear to confirm and expand the
southern extent of this event. Many sites and finds recorded in the
basins of the Infieles, Pedernales, Maricunga, and Alto Jorquera
present a remarkable lacuna in occupation during the Middle
Holocene (López et al., 2021a, 2023b). The area was gradually re-
occupied only well into the Late Holocene, with a notable increase
in the material evidence in later periods. Based on the spatial
and temporal variability of the archaeological record, our principal
object in the present work is to evaluate the process of human re-
occupation of the Puna de Copiapó during the Late Holocene. To
attain this objective, our study uses an interdisciplinary approach
to address various aspects relating to the mobility, settlement and
technology of human societies, and how these relate with climate
change events on a regional scale.

Our result points to three main directions. The first indicates
that the arid event of the Middle Holocene had a significant
impact on human mobility, manifested in lower or non-existent
occupation of the area from 7,600 to 4,000 cal. BP. Second, the
reappearance of the archaeological signal during the Late Holocene
agrees with an improvement in environmental conditions ∼3,000
years ago. The re-establishment of a wetter environment resulted
in the formation of productive zones like wetlands and marshes,
attracting hunter-gatherer groups who exploited the highlands on
a seasonal basis as part of seasonal mobility circuits connecting
different eco-zones like valleys and the coast. Finally, more
extensive and diverse occupation of these environments occurred
during later agro-ceramic periods, based on niche construction
(sensu Zedeño et al., 2014). This required a significant investment
of effort, the mobilization of communal work, and a certain
knowledge of animal ethology, and would also have created
tensions over territorial ownership, especially in pastoral societies
(Lemke, 2021). Factors like the introduction of domestic animals
and plants encouraged expansion to the highest limits of the
agricultural systems in which they were produced, and also to the
limits of the human physiological capacity to resist high altitude
(over 2,500 masl), requiring and fostering new cultural solutions
for high altitude environments (Barton, 2016).

2 Study area and environmental
context

The Andes Mountains form the western border of South
America over its whole length. The Atacama Region (26◦-29◦S),
in the extreme north of Chile, holds the largest concentration of
peaks over 6,000masl in the country, such as Nevado San Francisco,
Incahuasi, Tres Cruces and Nevado Ojos del Salado, the latter being
the highest mountain in Chile at 6,893 masl. To the west, the
Andes are flanked by the almost parallel Domeyko Range; between
the two ranges lies the Great Pre-Altiplano Depression, formed
by a chain of basins at altitudes between 3,300 and 4,200 masl.
In recent years, we have carried out a high-mountain archaeology
project in the salares (salt flats) of Infieles (26◦S), Pedernales (26◦S),
Maricunga (26◦S), Laguna Negro Francisco (27◦S) and the basin
of the upper Jorquera River (27◦S) (Figures 1, 2a–d). The basin of
Salar de Infieles covers an area of 293 km2 and the actual salt flat
is around 6.7 km2 at a mean altitude of 3,520 masl. The basin of
Salar de Pedernales (26◦S) covers an area of 3,620 km2 and the

salt flat covers around 335 km2 with a mean altitude of 3,356 masl.
The Salar de Maricunga is an endorheic basin at 3,760 masl with
affluents like the Colorado, Lamas and Ciénaga Redonda rivers. The
salt flat covers 145 km2, while the area of the basin is 3,045 km2 and
the area of its lagoons is 6 km2. The Negro Francisco lagoon is a
salt-water lake at an altitude of 4,110masl; the basin covers 933 km2

and the area covered by lagoons is 24.8 km2. Finally, the upper basin
of the Jorquera River is one of the affluents of the Copiapó River; it
is located in a transitional zone between the Puna and the principal
range of the Andes, with rougher, more mountainous relief. This
area is known as Vegas de Caspiche, due to the numerous marshes
(vegas) that have formed at the base of Caspiche mountain. Lakes,
wetlands and extensive salt flats form in the floors of all the basins,
with abundant populations of flamingos (Phoenicoparrus andinus
and Phoenicopterus chilensis) and other water birds such as egrets
(Egretta thula and Ardea alba), various species of ducks (Anas
flavirostris, Spatula puna, Lophonetta specularioides, etc.), camelids
(Lama guanicoe and Vicugna vicugna), foxes (Lycalopex culpaeus

and Lycalopex griseus), rodents like the tucu-tucu (Ctenomys spp.)
and vizcachas (Lagidium viscacia), lizards (Liolaemus spp.), iguanas
(Callopistes maculatus), and amphibians (Rhinella spinulosa).

The vegetation is Andean, dominated by grasslands, geophytes,
marshes and bogs (bofedales), consisting principally of small bushes
and grasses characteristic of the high steppes. There are also azonal
formations, in the form of wetlands in the bottom of the ravines.
Although the current climate is arid, the paleo-environmental
records indicate various fluctuations in the past (Figure 2e). A
climate marked by pulses of greater humidity has been inferred
for the Late Pleistocene and Early Holocene (Lamy et al., 1998,
2000; Kull et al., 2002; Zech et al., 2006; Riquelme et al., 2011;
Sáez et al., 2016), contemporary with the hydro-climatic anomaly
known as the Central Andean Pluvial Event (CAPE; Latorre et al.,
2006; Quade et al., 2008). The Middle Holocene, in contrast, is
associated with a drier, warmer climate (Maldonado and Rozas,
2008). The first signs of this process of reduced humidity appear
around 8,600 years BP, but it is from 7,700 years BP until 5,000
years BP that a drastic reduction in precipitations and a clear
increase in temperature are recorded (Grosjean et al., 1997; Kim
et al., 2002; Maldonado et al., 2005; Maldonado and Villagrán,
2006; Sáez et al., 2016). The regional recovery in environmental
conditions occurred only from the Late Holocene (Maldonado and
Rozas, 2008), although it was likewise interrupted by alternating
drier and wetter phases (Maldonado et al., 2016). In the Negro
Francisco lagoon, studies of lake sediments reveal pulses of higher
humidity in the periods 3,000–2,600 and 2,200–1,800 years BP,
related with glacial advances (Grosjean et al., 1997). Similar trends
were identified from the formation of fluvial fans (Veit, 1996)
and the increases in the water tables in Sierra de Varas (Sáez
et al., 2016). Isotope records in cellulose obtained in high Andean
bofedales in the Cordillera de Copiapó (Lagunillas area, 27◦S),
and comparison with records obtained in basins in north-western
Argentina (NWA), suggest relatively humid conditions between
1,530 and 1,270 BP (Kock et al., 2020).

3 Archaeological background

Dates obtained in sites studied in the Puna de Copiapó allow us
to contextualize human dynamics according to the chrono-cultural
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López Mendoza et al. 10.3389/fearc.2024.1423960

FIGURE 1

Study area and modern landscapes of the basins studied.

sequences proposed for the region. Recent studies in the Salar de
Infieles (25◦S) indicate an initial event of human occupation in site
IN-1 at the end of the Pleistocene, from 12,800 to 11,900 cal. BP
(López et al., 2023a). This event is followed by a second pulse of
occupation during the Early Holocene, from 11,500 to ∼8,000 cal.
BP (López et al., 2022, 2024) in what is described for this area as the
Early Archaic Period (Cabello et al., 2010; Troncoso et al., 2016).
The archaeological record of this phase comes from sites PE-5 and
PE-38, two hunter-gatherer occupations. The evidence recovered
suggests a link with the Huentelauquén Cultural Complex on the
Pacific coast (Cervellino, 1998), the Tuina-Tambillo tradition of
the Atacama basin and NWA (Núñez et al., 2002), and the lithic
industries of Salar de Imilac and Punta Negra (Lynch, 1986).

For the period corresponding to the Middle Archaic, there is
an abrupt hiatus in occupation between 7,500 and 4,000 cal. BP.
During this period, human occupations in the Atacama Region
were concentrated on the coast, and formed part of the so-called
Cultura Anzuelo de Concha (shell fish-hook culture) recorded
throughout the whole Atacama Region (Cervellino, 1998; Bravo,
2022). Evidence of human activity reappears in the southern sector
of the study area, in site YH-2 dated to around 4,146–3,909 cal. BP;
and later in the northern sites IN-1, PE-1 and PE-38 with dates
of around 3,100–1,900 cal. BP. This block of time corresponds to
the Late Archaic Period, characterized by aceramic hunter-gather
groups. For the Puna and pre-Puna, Cervellino (1998) details a
series of archaic hunting camps in the sectors of the Astaburuaga
river, the Laguna del Negro Francisco, and Nevado Tres Cruces at

altitudes ranging between 3,600 and 4,500masl; currently, however,
it is difficult to attribute them to a specific period.

A third block of time marks the appearance of pottery-making
groups. According to local summaries, the first occupations of the
Early Ceramic Period occurred between 2,000 and 1,300 cal. BP,
and form part of the Molle Cultural Complex, which spanned
a territory from the Salado river in the north (26◦S) to the
Choapa river in the south (31◦S) (Cabello et al., 2010). Some of
the dates recorded from PE-1 and PE-2 fall into this period. In
more southerly areas of the Semi-arid North, the Molle groups
were highly mobile in early moments (Méndez et al., 2009).
Nevertheless, enclaves exist in the valleys of the Copiapó area with
more stable concentrations, associated with incipient agriculture;
stylistic similarities also show evidence of contacts with NWA
(Troncoso et al., 2016). These relations intensified during the
Middle Ceramic Period, between 1,300 and 1,000 cal. BP, with
the local Las Ánimas Cultural Complex. Only two dates from
PE-1 and IN-1 can be assigned to this period, corresponding to
low magnitude rock-shelter occupation events. Something similar
appears to have occurred during the Late Intermediate Period,
which extends from 1,000 to 600 cal. BP, only manifested in site
PE-1. This period is associated with the Copiapó Culture which
occupied the east-west valleys of the Atacama Region, characterized
by their ceramics with red on black painting, or red slipware with
stylized camelids painted in black and with geometrical designs
(Garrido, 2010). The settlements from this period consist of villages
with round enclosures and adjacent dwelling areas, corrals and
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FIGURE 2

Location of the archaeological sites mentioned in the text in the salt flats of: (a) Infieles, (b) Pedernales, (c) Maricunga, and (d) Río Jorquera; (e)
Paleo-climatic records of the Late Pleistocene and Holocene in the southern area of the Atacama Desert: 1. Water levels of Laguna del Negro
Francisco; 2. Rodent midden pollen records from Quebrada del Chaco (25–30◦); 3. Occurrence of groundwater discharge deposits from Sierra de
Varas (25◦S); 4. Groundwater discharge levels inferred from paleo-wetlands (22–24◦S); 5. Local water table levels of paleo-wetlands at Salar de Punta
Negra (24.5◦S); 6. Lake levels of Laguna Miscanti (23◦S); 7. Plant macrofossils midden record at 24◦S; 8. Rodent midden pollen records; 9. Sea-surface
temperature evolution in the Southeast Pacific; 10. ENSO activity in the tropical Pacific; 11. Temporary blocks of archaeological sites excavated in the
Puna de Atacama. (e) Modified from De Porras et al. (2017).

middens, located on fluvial terraces overlooking the croplands. A
large number of dates fall between 556–655 and 496–535 cal. BP,
from sites MA-41, PE-1 and PE-3. These dates fall into what is
known as the Late Period, associated with the Inka presence in the
region. The sites and evidence documented form part of sections of
the Inka Road or Qhapaq Ñan, as is also shown by other evidence
in the area such as high-altitude sanctuaries, ceremonial platforms
and administrative centers (Reinhard, 1991; Gaete, 1999; Cabello
et al., 2010).

4 Materials and methods

Table 1 shows the Late Holocene sites in the study area, the size
of the excavations carried out in each case, and the characteristics
of each site. The dates available from each site are summarized
in Table 2. MA-34 is the only site for which no 14C dates were

obtained. For the purposes of this work, we focused on lithic,
zooarchaeological, ceramic and spatial analyses of the evidence
recovered in recent excavations and surface collections. We include
complementary evidence obtained during field surveys, as well as
data such as identification of obsidian sources defined in previous
studies (Loyola et al., 2023).

Analysis of ceramic remains was based on macroscopic
observation of the material noting the following variables: (a)
superficial treatment, e.g., smooth, brushed or polished; (b)

thickness of walls; (c) shapes, defining segments such as rim,
neck and body; (d) firing, determined by categories such as
absence and presence, as well as (c) complete or incomplete. The
number of zooarchaeological remains is defined by the Number of
Identified Specimens (NISP). Analysis of taxonomic abundance is
calculated based on the Minimum Number of Individuals (MNI).
The frequency of anatomical units was measured by the minimum
number of skeletal elements (MNE), the Minimum Number of
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TABLE 1 Late Holocene archaeological sites in the study area.

Site Basin Altitude Size of excavation Geoform Time block

IN-1 Infieles 3,553 1 by 1m Salt flat beach Late Pleistocene
Early Holocene
Late Holocene

PE-2 Pedernales 3,728 1 by 1m Mountainside Late Holocene

PE-3 Pedernales 3,644 1 by 1m Rockshelter Late Holocene

PE-38 Pedernales 3,780 2 by 1m Rockshelter and fluvial terrace Early Holocene
Late Holocene

MA-41 Maricunga 3,773 1 by 1m Rockshelter on shore of Santa Rosa lagoon Late Holocene

MA-34 Maricunga 3,784 Surface collection Mountainside Possibly Late Holocene

YH-1 Jorquera 3,830 1 by 1m Alluvial cone Possibly Late Holocene

YH-2 Jorquera 3,829 Column 30 cm wide Fluvial terrace Late Holocene

Animal Units (MAU) and the %MAU. We calculated the indices
of Species Richness (NTaxa), Diversity (Shannon Index, H

′

) and
Evenness (J

′

) in order to compare the sites from the whole cultural
sequence of the basins studied. The last two indices were calculated
by multiplying the MNI by the average weight of each taxon in life.
The taxonomic categories of Mammalia, Rodentia and Aves were
eliminated from the calculation due to the problems of quantifying
fragments involving species of different sizes.

Lithic analysis focused on two sites, PE-38 and IN-1, as
they contained the longest sequences found in any of the salt
flats. The materials were separated into general technical classes
(core, retouched tools, bifacial pieces, and knapping remains), and
subdivided into specific typological groups. The following variables
were then recorded: (a) class of rock and variety of rawmaterial; (b)
percentage of cortex in increasing intervals; (c) dimensions (length,
width, thickness) and weight; (d) type of blank; (e) preparation
procedure and knapping technique; (f) knapping accidents; (g)
types of fracture; (h) intensity and extent of thermal alterations;
(i) intensity and extent of abrasion. The knapping operational
chains were reconstructed based on diacritical schemes of selected
pieces. Knapping techniques were inferred from comparison
with references pieces and the recognition of technical attributes
proposed in experimental works (Pelegrin, 1995, 2000).

Spatial analysis focused on calculating the least-cost paths
between various locations with archaeological evidences (Table 3),
such as malacological remains, ceramic and rock art motifs,
typological affinities and obsidian sources. The archaeological
obsidian samples included are detailed in Supplementary material 1
and mainly consist of knapping remains; the samples from IN-1
and MA-34 were collected on the surface (Loyola et al., 2023). We
used 15 locations and calculated 18 least-cost paths (Table 4). The
optimumpath calculation has been used in various studies (Herzog,
2010, 2021; White and Surface-Evans, 2014; Ciriglianoi and Palloii,
2016; Verhagen et al., 2019; Moreno-Meynard et al., 2022) and with
different approaches. For this calculation, we used an anisotropic
criterion, on the basis that human mobility and its cost vary in
non-linear patterns, relating the energy consumed to the gradient
of the slope, the soil type, etc. It is therefore irregular and inconstant
(López Romero, 2005). Slope data were calculated from the dataset
of the Shuttle Radar Topography Mission (NASA, 2013) with a

resolution of 30m, using QGIS software (QGIS Association, 2024).
Cost estimation followed the Minetti (1995) function modified
by Llobera and Sluckin (2007) and revised by Herzog (2014),
considering the following symmetrical quadratic function:

Cost(s) = 1+ (s/š)2

Where š and s are the slope in percentage terms.
Apart from the gradient, we considered it important to include

the possible cost of moving across different soil types; we therefore
added the LandUse Registers for the Atacama Region (Corporación
Nacional Forestal, 2019), the Antofagasta Region (Corporación
Nacional Forestal, 2018), and Argentina (Volante et al., 2009).

A multiplication cost was assigned to the soil types present; in
other words, for a soil type that presented no difficulty in crossing,
the slope would be multiplied by 1; while for a high-cost type, such
as crossing a lagoon, the slope would be multiplied by 10 (details
available in Supplementary material 2a–c). We then added a border
to the resulting raster with a cost value of 300 to increase the
efficiency of the analysis and avoid errors of direction; finally, we
calculated the least-cost path by Dijkstra’s (1959) algorithm using
the Least-Cost Path plug-in (Gooong, 2024).

5 Results

Our inter-disciplinary study involved chronological,
paleoenvironmental, and different artifactual and ecofactual
analyses of the evidence obtained. It is important to discuss
the ecofactual evidence within a comparative framework
including different periods. Data such as the origin of obsidian
sources, ceramic types and their origin, rock art styles and other
complementary evidence are also addressed, as they are basic
information for calculating least-cost paths.

5.1 Zooarchaeology

The samples studied to calculate the NISP are detailed in
Table 5, and for MNI in Supplementary material 3. Wild camelid

Frontiers in Environmental Archaeology 05 frontiersin.org

https://doi.org/10.3389/fearc.2024.1423960
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org
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TABLE 2 Radiocarbon dates of the Infieles, Pedernales, Maricunga, and Jorquera sites during the Late Holocene.

Basin Site Laboratory
code

Unit SU Feature Level Material 14C years
BP (1
sigma)

14C
calibrated BP
(2 sigmas,
95.4%)

Jorquera YH-2 D-AMS

049680

1 – – – Charcoal 3,723 ± 24 4,146–3,909

Jorquera YH-2 D-AMS

049681

1 – – – Bone 2,161 ± 22 2,290–2,013

Maricunga MA-41 D-AMS

049678

1 1 – 6 (25–30 cm) Vicugna

vicugna bone

512 ± 21 535–496

Maricunga MA-41 D-AMS

049679

1 – 4 10 (45–50 cm) Charcoal 665 ± 22 653–552

Pedernales PE-1 D-AMS

040188

1 – 1 2 (5–10 cm) Vicugna

vicugna bone

628 ± 23 634–539

Pedernales PE-1 D-AMS

040191

1 – 1 1 (0–5 cm) Charcoal 650 ± 19 645–549

Pedernales PE-1 D-AMS

039009

1 – 1 1 (0–5 cm) Vicugna

vicugna bone

675 ± 23 655–556

Pedernales PE-1 D-AMS

039007

1 1 – 1 (0–5 cm) Vicugna

vicugna bone

1,121 ± 23 1,054–928

Pedernales PE-1 D-AMS

039010

1 – 3 3 (10–15 cm) Charcoal 1,270 ± 24 1,260–1,066

Pedernales PE-1 D-AMS

040192

1 – 4 4 (15–20 cm) Charcoal 1,739 ± 23 1,698–1,536

Pedernales PE-1 D-AMS

040193

1 – 4 5 (20–25 cm) Charcoal 1,875 ± 21 1,826–1,708

Pedernales PE-1 D-AMS

039008

1 2 – 4 (15–20 cm) Vicugna

vicugna bone

1,786 ± 25 1,709–1,585

Pedernales PE-1 D-AMS

039011

1 – 4 5 (20–25 cm) Charcoal 1,832 ± 23 1,814–1,612

Pedernales PE-1 D-AMS

040190

1 – 4 5 (20–25 cm) Charcoal 2,010 ± 23 1,998–1,839

Pedernales PE-1 D-AMS

040189

1 – 4 4 (15–20 cm) Vicugna

vicugna bone

2,070 ± 22 2,050–1,924

Pedernales PE-1 D-AMS

039012

1 3 – 6 (25–30 cm) Charcoal 2.,484 ± 26 2,705–2,357

Pedernales PE-2 D-AMS

044475

1 – 1 5 (20–25 cm) Charcoal 1.597 ± 20 1,522–1,374

Pedernales PE-2 D-AMS

047322

1 – 1 5 (20–25 cm) Vicugna

vicugna bone

1.484 ± 22 1,366–1,301

Pedernales PE-2 D-AMS

047321

1 – 4 9 (40–45 cm) Vicugna

vicugna bone

1,360 ± 23 1,290–1,177

Pedernales PE-3 D-AMS

044476

1 1 G 12 (55–60 cm) Charcoal 570 ± 22 556–510

Pedernales PE-38 UGAMS

53068

1 3 – 7 (30–35 cm) Vicugna

vicugna bone

2,460 ± 25 2,699–2,349

Pedernales PE-38 UGAMS

53067

2 2 – 5 (20–25 cm) Charcoal 2,620 ± 20 2,763–2,522

Pedernales PE-38 D-AMS

040489

2 – 1 6 (50–60 cm) Charcoal 2,969 ± 26 3,205–2,963

Pedernales PE-38 UGAMS
53069

2 – 3 10 (45–50 cm) Vicugna
vicugna bone

6,870± 30 7,744–7,584

Pedernales PE-38 UGAMS
53066

1 1 – 3 (10–15 cm) Vicugna
vicugna bone

7,370± 30 8,283–8,022

(Continued)
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TABLE 2 (Continued)

Basin Site Laboratory
code

Unit SU Feature Level Material 14C years
BP (1
sigma)

14C
calibrated BP
(2 sigmas,
95.4%)

Pedernales PE-38 UGAMS
53072

2 3 – 11 (50–55 cm) Charcoal 7,660± 30 8,520–8,365

Pedernales PE-38 UGAMS
53071

2 3 – 12 (55–60 cm) Vicugna
vicugna bone

8,060± 30 9,017–8,724

Pedernales PE-38 D-AMS
044474

2 3 – 12 (55–60 cm) Charcoal 8,422± 30 9,489–9,294

Pedernales PE-38 UGAMS
53070

2 – 3 11 (50–55 cm) Vicugna
vicugna bone

8,740± 30 9,885–9,543

Pedernales PE-38 D-AMS
040490

2 3 – 11 (50–55 cm) Charcoal 8,867± 36 10.151–9,696

Pedernales PE-38 D-AMS
044473

2 – 3 11 (50–55 cm) Charcoal 8,884± 32 10,158–9,733

Pedernales PE-5 D-AMS
047320

1 1 – 1 (0–5 cm) Vicugna
vicugna bone

9,768± 38 11,241–10,879

Pedernales PE-5 D-AMS
047317

1 – 1 8 (35–40 cm) Charcoal 9,499± 39 11,067–10,570

Pedernales PE-5 D-AMS
047313

1 5 – 11 (50–55 cm) Charcoal 9,447± 36 10,749–10,511

Pedernales PE-5 D-AMS
047315

1 – 3 11 (50–55 cm) Charcoal 9,437± 36 10,736–10,509

Pedernales PE-5 D-AMS
047314

1 – 3 12 (55–60 cm) Charcoal 9,536± 37 11,072–10,589

Pedernales PE-5 D-AMS
047316

1 – 3 12 (55–60 cm) Charcoal 9,933± 39 11,612–11,201

Infieles IN-1 D-AMS

047318

1 – 2 2 (5–10 cm) Charcoal 1,086 ± 22 1,041–921

Infieles IN-1 D-AMS

053485

F1 – 2 4 (15–20 cm) Charcoal 2,240 ± 23 2,326 -,2119

Infieles IN-1 D-AMS
053486

F1 3 – 12 (55–60 cm) Charcoal 9,349± 41 10,658–10,301

Infieles IN-1 D-AMS
047324

1 5 – 12 (55–60 cm) Vicugna
vicugna bone

9,733± 46 11,228–10,799

Infieles IN-1 D-AMS
053488

F1 – 4 14 (65–70 cm) Charcoal 10,053± 34 11,710–11,286

Infieles IN-1 D-AMS
053487

F1 – 4 13 (60–65 cm) Charcoal 10,100± 42 11,831–11,319

Infieles IN-1 D-AMS
047325

1 6 – 13 (60–65 cm) Vicugna
vicugna bone

10,350± 38 12,443–11,891

Infieles IN-1 D-AMS
047319

1 6–7 – 13 (60–65 cm) Charcoal 10,209± 46 11,967–11,633

Infieles IN-1 D-AMS
048105

1 6–7 – 13 (60–65 cm) Vicugna
vicugna bone

10,327± 46 12,440–11,846

Infieles IN-1 D-AMS
053490

F1 4 – 15 (70–75 cm) Mammalia
bone

10,394± 41 12,467–11,975

Infieles IN-1 D-AMS
053489

F1 – 5 16 (75–80 cm) Charcoal 10,397± 41 12,469–11,979

Infieles IN-1 D-AMS
053491

F1 4 – 16 (75–80 cm) Vicugna
vicugna bone

10,849± 41 12,830–12,717

Late Holocene dates marked in black.

hunting is undoubtedly one of the economic activities most
frequently represented throughout the sequence. In almost all the
sites, except PE-5, vicuña (Vicugna vicugna) is by far the preferred

prey (Figure 3A). Although the NTaxa indicates that the numbers
of some taxa decline toward the Late Holocene, the trend in the
type of species is relatively similar from the Late Pleistocene and
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TABLE 3 Locations used to calculate least-cost paths.

Location Description X Y Country

Cerro Manchado Obsidian source 512,672 6,985,484 Chile

Ciénaga Redonda Obsidian source 490,202 7,007,025 Chile

Hualfín Rock art 713,424 6,986,031 Argentina

IN-1 Site 495,920 7,129,276 Chile

MA-34 Site 482,476 7,004,695 Chile

MA-41 Site 482,754 7,003,699 Chile

Ona-Las Cuevas Obsidian source 600,347 7,185,397 Argentina

Pacific Ocean Malacological 337,497.732 7,085,352.701 Chile

PE-2 Site 500,797 7,065,278 Chile

PE-22 Site 475,610 7,085,984 Chile

PE-3 Site 500,991 7,064,833 Chile

PE-38 Site 475,711.0584 7,086,237.731 Chile

Salar de Punta Negra Projectile point 511,565.6924 7,299,566.461 Chile

Salar del Hombre Muerto Obsidian source 694,867 7,190,801 Argentina

Early Holocene, considering the inclusion of remains by natural
means, especially rodents (Cricetidae) and lizards (Liolaemus spp.)
in sites located on blocks of ignimbrite like PE-5 and PE-38
(Table 5). This is reflected in the Diversity and Evenness indices,
which present no remarkable changes over the whole sequence,
considering that the greatest species diversity in the puna is found
in birds, which are scarcely present in the archaeological record
(Figure 3B).

In previous works carried out in the study area we have
discussed a series of expectations related to the use of logistical
camps or residential base camps (López et al., 2021b). In
logistical camps, the anatomical units represented should be low-
yield units, with little bone fragmentation due to the transport
of high-yield units to related sites located at other altitudes
(Neme et al., 2020). In residential base camps, used over long
periods, we would expect the animal bone remains to reflect
the wide diversity of altitude environments available, with all
anatomical units represented, and high bone fragmentation given
the greater consumption of fat and marrow (Neme et al.,
2020).

The frequency of bones in Early Holocene events is consistent
with the expectations for logistical camps, while for later events
(especially pottery-making groups), the similar frequency of
bones from the skeletal axis and the appendices reflects a
pattern consistent with residential bases used for long periods
during summer seasons. Several remains of metapodial bones
present signs of intentional breakage (Figure 3C). In both
time blocks there are indicators of seasonal use, such as
eggshells from Phoenicopteridae, which lay from December to
March. These trends suggest summer use, around the time
when vicuña young are born. However, a notable change in
mobility occurs during the Late Holocene, indicating a shift to
residential use.

5.2 Hunting structures

Other evidence related to camelid hunting in the area includes
a series of structures used during hunting and carcass processing.
These structures consist of trenches-shelters and work surfaces
(see Moreno, 2010) for animal sighting, encounter hunting and
carcass processing (Figure 4a). They are located principally on high
ground in hilly areas and on flat ground close to stable settlements,
or near movement routes and grazing grounds of vicuñas and
guanacos, forming functionally complementary local systems
(Figures 4b–e). Although there are few stratigraphic deposits in
these sites, the surface evidence allows us to associate them
with the Late Holocene, based on the presence of raw materials
(high quality siliceous rocks) exclusive to this period detected
stratigraphically. The structuring of this hunting landscape is
evidence of a heavy investment of work, which over time would
yield a high energy return (Aschero and Martínez, 2001; Moreno,
2010).

5.3 Lithic technology and raw material
procurement

Another strongly represented activity is lithic procurement and
tool manufacture. Of the sites studied, we have lithic technology
information only for PE-38 and IN-1. The lithic assemblage from
PE-38 consists of 1,270 pieces, of which 345 date to the Late
Holocene occupation between levels 3 and 7 (Figure 5A). Of this
group, 88.41% are siliceous rocks; 71.30% are of a greenish, grained
variety probably of local origin. The (much smaller) second-
largest group consists of tuff (8.99%), and there are other minority
rock types including obsidian from the Ciénaga Redonda-Cerro
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TABLE 4 Least-cost paths calculated and the hypothetical connection

between the locations.

From To Connection

IN-1 Hualfín Rock art at Punta del Pueblo and
ceramic of the Condorhuasi tradition
from Río Diablo

IN-1 Ona-Las Cuevas Obsidian

IN-1 Salar de Punta Negra Projectile point

MA-34 Cerro Manchado Obsidian

MA-34 Ciénaga Redonda Obsidian

MA-41 Cerro Manchado Obsidian

MA-41 Ciénaga Redonda Obsidian

PE-2 Cerro Manchado Obsidian

PE-2 Ciénaga Redonda Obsidian

PE-2 Ona-Las Cuevas Obsidian

PE-2 Pacific Ocean Malacological (olive snail)

PE-2 Salar del Hombre Muerto Obsidian

PE-22 Salar de Punta Negra Obsidian

PE-3 Pacific Ocean Malacological (olive snail)

PE-3 Salar del Hombre Muerto Obsidian

PE-38 Cerro Manchado Obsidian

PE-38 Pacific Ocean Malacological (olive snail)

PE-38 Ciénaga Redonda Obsidian

Manchado source 70 km further south, in the Salar de Maricunga
(Loyola et al., 2023).

The sample consists mainly of non-diagnostic knapping
remains (Table 6). There are a few flakes from advanced bifacial
shaping (n = 22) and pressure knapping (n = 15), related to
projectile point manufacture. Other pieces, like a retouch flake
of a unifacial tool and a circular end-scraper with indications
of re-sharpening (Supplementary material 4a), suggest to a lesser
degree the production and use of retouched tools (Loyola et al.,
2024). Immunological studies of remains adhering to the edge of
the scraper showed a positive reaction with camelid antiserum
(vicuña), suggesting that it was used for processing skins (Loyola
et al., 2024). There is practically no evidence of débitage.

The majority of the non-diagnostic knapping remains fall into
groups of small size and low weight, confirming that the final
stages of the operative chains for the manufacture of unifacial and
bifacial tools were performed at the site. All this suggests that
the tools entered the settlement already finished, or at least as
preforms and blanks to be used, maintained and exported at the
end of occupation; in some cases, the tools were discarded in the
site. These trends agree with the expected activities of a short-stay
hunting camp in the highlands during the Late Archaic Period,
probably occupied during the summer by task-groups.

The IN-1 assemblage consists of 281 pieces, of which 142
come from levels 3 to 7. These levels contain dates from
the Late Holocene. The predominant rocks in this group are
chalcedony (55.63%) and siliceous rocks (31.69%) (Figure 5B).

Both raw materials form part of the same outcrop located in the
neighborhood of the site (López et al., 2024). This is reflected in
the presence of evidence of débitage and cortex removal on small
fragments at the site (Table 6). At least one nodule of raw material,
a re-worked unidirectional core (Supplementary material 4b), and
one unmodified blank were left in the site. Cortex flakes are more
frequent, while the knapping remains falls into groups of large
size and weight (Figure 5C). Some flakes (n = 5) from bifacial
shaping obtained by soft-tangential percussion—and probably one
pressure flake—suggest moderate work on bifacial tools. From this
stratigraphic unit we also recovered an exceptional obsidian piece
in the form of a six-pointed “spike” (Supplementary material 4c).
The piece was worked using a non-cortical flake as blank and was
pressure-retouched bifacially by means of short, sub-parallel flakes.
Although it might be a projectile point, the plane-convex section
and the morphology appear to indicate an ornamental object. The
lithic record agrees with the previous interpretation of the Late
Holocene occupation as a temporary camp used by caravans and/or
foot travelers when crossing the Andes during the Middle and Late
Intermediate Periods; they also would have taken the opportunity
to collect workable rocks as well as pigment used in the rock art at
the site.

Retouched tools are scarce in the Late Holocene levels.
However, surface finds of these and other types in the study
area indicate a great typological diversity in projectile points
during this period. In PE-38, several small and medium-sized
stemmed projectile points were recorded (Figure 6A) which present
dimensional and technological differences from the points known
for the Early Holocene in the site (Loyola et al., 2024). In IN-
1, a stemmed projectile point with triangular blade, wings and
contracted stem was recovered on the surface (Figure 6B). The
volume had not been thinned and it was only lightly retouched,
which would appear to suggest a simplified variant. Other stemmed
projectile points with wings and contracted stem were recorded
in association with hunting structures in the upper part of
the Pedernales basin (Figure 6C). In PE-3, triangular projectile
points were recovered—both stemmed and non-stemmed—which
were probably used in bow and arrow systems in later periods
(Figure 6D). In the adjacent PE-2 site, we also documented a
non-stemmed projectile point dated to the Late Intermediate
Period (Figure 6E). In YH-2, we recorded stemmed (Figure 6F) and
triangular non-stemmed points (Figures 6G, H) dated to the Late
Holocene. Grinding instruments are also frequent in several of the
sites investigated, which probably indicates the importance of plant
resources in the highlands.

To analyze the origin of the obsidian pieces used as references
in the least-cost path analyses, we included 46 archaeological
samples analyzed in previous works. Of these, 29 come from the
Cerro Manchado-Ciénaga Redonda source (Salar de Maricunga),
11 from Ona-Las Cuevas and four from the Salar del Hombre
Muerto (Catamarca, NWA); the last two samples are unassigned
(Supplementary material 5).

5.4 Ceramics

The fragments recovered at IN-1 belong to one or two
similar vessels, of restricted compound profile, with thin walls,
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TABLE 5 Taxonomic representation expressed in NISP for each site studied.

Taxa PE-1 PE-2 PE-3 PE-38 PE-38 IN-1 IN-1 MA-41 YH-2 Total

Late
Holocene

Late
Holocene

Late
Holocene

Late
Holocene

Early
Holocene
Middle

Holocene

Late
Pleistocene

Early
Holocene

Late
Holocene

Late
Holocene

Late
Holocene

1 × 1 m 1 × 1 m 1 × 1 m 2 × 1 m 1 × 1 m 1 × 1m 30cm
0.63 m3 0.65 m3 1.6 m3 2.46 m3 0.05 m3 0.66 m3 column

Mammalia 1,354 3,393 649 396 504 112 4 398 93 6,903

Camelidae 24 161 46 25 32 0 0 0 6 294

Lama guanicoe-Lama sp. 7 5 8 0 0 0 0 2 13 35

Vicugna vicugna 337 309 83 8 12 13 2 62 18 844

Puma concolor 3 1 0 0 0 0 0 0 0 4

Lycalopex culpaeus 1 0 0 0 0 0 0 0 0 1

Rodentia 18 0 6 0 0 1 0 0 0 25

Cricetidae 0 0 1 3 3 0 0 0 0 7

Chinchillidae 0 0 8 0 0 1 0 0 1 10

Lagidium viscacia 8 0 0 0 0 0 0 0 0 8

Aves (bones) 15 0 16 12 4 4 0 31 0 82

Passeriformes 0 0 0 4 0 1 0 0 0 5

Phoenicpoteridae 0 0 0 0 0 1 0 8 0 9

Liolaemus sp. 0 0 0 2 0 0 0 0 0 2

Indeterminate taxa 37 0 5 0 0 11 0 1 0 54

Total 1,804 3,869 822 450 555 144 6 502 131 8,283
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FIGURE 3

(A) General characteristics of Vicugna vicugna, (B) Indices: NTaxa, Diversity, and Evenness from the Late Pleistocene to the Late Holocene, and (C)

remains of metapodial bones with signs of intentional fracture.

polished exterior and smooth interior. The exterior decoration is
incised in dotted fields with traces of red pigment, delimited by
straight lines, which indicate a link with the Río Diablo phase
of the Condorhuasi tradition of NWA (González et al., 2023.
Figures 7a, b). Other evidence comes from site PE-2. This site

contains smooth, restricted vessels with a neck, and rim diameter
of around 200mm; vessels with polished exterior; and smooth,
thin-walled vessels, possibly restricted, with clays containing large
and very large inclusions. All the fragments are monochrome
and present no diagnostic decorations or shapes (Figures 7c–e).

Frontiers in Environmental Archaeology 11 frontiersin.org

https://doi.org/10.3389/fearc.2024.1423960
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org
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FIGURE 4

(a) Activities performed in the hunting structures: 1. Prey sighting, 2. Encounter hunting, and 3. Butchering, (b) shelter and trench in Salar de
Pedernales, (c) possible work surface at site PE-18, (d) possible warning beacon at site PE-18, and (e) basal fragment of projectile point from PE-18.

On the surface we observed fragments from the Inka tradition
with decoration in black and red on white slip (Figure 7f), and
a gray fragment with incised decoration which could belong
to the Historical period (Figure 7g). In the adjacent site, PE-3,
three types were recorded: restricted vessels of polished exterior,
with inflected profile, short neck and strongly everted rim; non-
restricted vessels, highly polished on both faces; and restricted
vessels with inflected profile, smooth on both faces and clay
containing mica as an anti-plastic, suggesting that they may
belong to Atacameño ethnographic types (Uribe, 2004; Figures 7h–
l). Finally, in YH-1 a fragment was found of a non-restricted
vessel, polished on both faces with decoration in black on red
slip, assignable to a bowl of the Copiapó black on red type

(Garrido, 2004), which suggests links with local lowland groups (see
Table 7).

5.5 Production and circulation of personal
adornments

In sites such as PE-2 and PE-3, remains of copper ore were
recovered. This can be associated with bead production (Figure 7n),
although not on the same scale as in the areas where mass
production occurred, like the surroundings of Mina Las Turquesas,
exploited from the Formative Period (ca. 3,150–1,350 BP) to
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FIGURE 5

(A) Frequency of lithic pieces by level of excavation at PE-38, (B) frequency of lithic pieces by level of excavation at IN-1, and (C) distribution of lithic
pieces by weight bands.

the Late Period (ca. 550–414 BP) (González et al., 2017). This
production is limited compared with that of these big production
areas and is presumably related to the availability of veins of copper
ore in the area. It is interesting that remains of Felicioliva peruviana
(olive snail) have been recovered in stratigraphy at sites like PE-
3 and observed on the surface at PE-2 and other Pedernales sites
of similar characteristics (Figure 7o). This species is distributed in
the Pacific Ocean from Sechura, Peru (5◦S) to Concepción, Chile
(36◦S), and today is not considered edible (Osorio, 2002). It has
been reported in archaeological sites in Peru, Bolivia, northern

Chile and NWA. The samples from Argentina, from the Province
of Córdoba (32◦S), are observed to have no apex, and signs of
abrasion on their ventral face, suggesting an oval outline (Gordillo,
2021). In northern Chile, this species is associated with a long
temporal range, being mentioned for Arica (18◦S) in a funerary
context from the start of the Holocene (Núñez and Santoro, 1988).
In the Caserones site (19◦S), we find mention of shells of this
species without apex and with an orifice close to the valve opening
(True, 1980; Valenzuela, 2010); likewise in a caravan camp dated
to 2,870–2,140 BP, together with remains of mineralized copper in
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TABLE 6 Technological classes of the lithic assemblages.

Category PE-38 IN-1 Total

Retouched tools 1 1 2

Spike-shaped lithic 0 1 1

End-scraper 1 0 1

Lithic remains 344 137 481

Cortical flake 3 6 9

Non-cortical flake 54 16 70

Non-modified blank 0 1 1

Bifacial shaping flake 22 5 27

Unidirectional retouch flake 1 0 1

Pressure flake 15 2 17

Splinter bladelet 0 1 1

Indeterminate flake 7 0 7

Flake fragment 223 61 284

Indeterminate fragment 14 43 57

Splintered piece 1 0 1

Indeterminate 4 2 6

Core 0 2 2

Non-modified nodule 0 1 1

Unidirectional core 0 1 1

Thermal-shock fragment 0 1 1

Indeterminate 0 1 1

Total 345 142 487

the upper Loa (21◦S), for use as an adornment (Soto, 2019); and in
Archaic sites (4,950–3,950 BP) of the circumpuna highlands such as
Puripica, Tambillo, and Tulán (22◦-23◦S, Núñez, 1984; Soto, 2009;
Núñez et al., 2017), among other references.

5.6 Rock art

In Infieles we find a remarkable record of rock paintings and
carvings, both pre-Hispanic and Historical, the former including
both non-figurative (lines, rectangles, ovals, triangles, irregular
forms), and figurative designs (anthropomorphic and zoomorphic,
see Supplementary material 6). These rock paintings represent
styles associated with Punta del Pueblo in Antofagasta de la Sierra
(1,450–950 BP), typical of NWA; Las Ánimas motifs (1,450–950
BP); the Late Intermediate/Late Period (950–414 BP) based on
rock-art styles from the northern and central parts of the Atacama
Region (González et al., 2023).

The representations associated with Punta del Pueblo are linked
to caravan groups from Antofagasta de la Sierra, reflecting possible
ceremonial activities at the site, as indicated by Martel et al.
(2017, p. 200) in trans-Andean contexts. Records of Condorhuasi-
Río Diablo ceramic recovered from a pre-Inka travel route site
in Pampa del Carrizo (near Infieles) support a relation between

this ceramic and evidence of caravan groups who used this salt
flat throughout their continuous movements (González et al.,
2023).

5.7 Integrating the information: spatial
analysis and inter-regional connection

Based on the multiple types of evidence recovered and
described above, integration of the information and application
of spatial analysis enabled us to calculate successfully 18
least-cost paths (Figures 8a, b), showing paths indicating high
interconnectivity between sites. At a first level of analysis, we
may consider that circulation paths existed from and between
the salt flats of the puna during the Late Holocene, providing
interconnections between points on the west or Pacific slope and
coast, and the intermediate sectors of Argentina. The Infieles,
Pedernales, and Maricunga salt flats present spatial configurations
that favor circulation paths, as has been shown by other lines of
evidence (see Supplementary material 7–13).

The novel aspect of this work is the finding that the paths
are superimposed, with the same path used from different starting
points. This is the case of the best paths from PE-2 and PE-3,
and from PE-38 to the Pacific, which, although the starting points
are more than 32 km apart, both follow the course of the Salado
river. Furthermore, to reach the start of the climb up the Cuesta
Montandón from PE-2 and PE-3, the path necessarily passes by the
path to PE-38 and PE-22. The Cerro Manchado obsidian source is
more difficult to reach than the relatively nearby Ciénaga Redonda,
due to its high altitude and the need to climb up toward Los
Patos volcano (see Loyola et al., 2023). It therefore appears more
probable, given the similarity between the sources, that Ciénaga
Redonda is the optimum procurement point. Whatever the case in
this respect, it is clear that a north-south path interconnected the
sites from PE-38 in the north, passing close by PE-2 and PE-3, and
then separating, with a second southward path diverging to the east.
Thus, a path to the obsidian sources could be posited passing along
the edge of the Salar deMaricunga, joining sitesMA-34 andMA-41,
which would at the same time provide easy access to raw materials
and other spaces offering high availability of resources and shelter.

The access paths to the raw material sources of Ona-Las
Cuevas from sites IN-1 and PE-2 differ completely. From IN-
1, passing through Salar de Aguilar and then Salar de la Isla,
a direct crossing through the mountains is established at the
latitude of Laguna Aguas Calientes, passing subsequently through
Laguna Los Patos. From PE-2, on the other hand, the path
would cross Salar de Piedra Parada in an easterly direction,
reaching the frontier almost level with Laguna Brava Norte, and
then deviating northwards close to Salar del León Muerto. From
there, the path continues to the north-east, passing between
Salinas del Fraile to the east and Laguna Vega Larga to the
west, to reach a number of small lakes such as Laguna Cajeros
and joining the path from IN-1 between Cerro Los Patos
and Cerro Lila. The path to Salar del Hombre Muerto from
PE-3 and PE-2 is exactly the same as the path to Ona-Las
Cuevas; however, it diverges at the level of Volcán Colorados,
heading north-east across the Salar de Antofalla, and then passing
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FIGURE 6

Types of projectile points and bifaces recorded in the basins studied: (A) PE-38, (B) IN-1, (C) PE-18, (D) PE-3, (E) PE-2, and (F–H) YH-2.

Laguna de Caro to reach the source of materials at Laguna del
Hombre Muerto.

In the case of the paths from IN-1 and PE-2 to Ona-Las Cuevas,
and from PE-3 and PE-2 to Salar del Hombre Muerto, we observe
that they offer direct, safe connection along mobility circuits very
well-supplied with water and local flora and fauna. The route from
site PE-2 to Salar de Punta Negra might appear difficult, however
the least-cost path climbs to the north along the edge of Pedernales
to the lower part of Cerro Bolsón, where it joins the path from
IN-1. From there it turns north, passing close by Salar de Aguilar,
then Salar de Agua Amarga and finally Salar de Pajonales, which
leads directly to Salar de Punta Negra. This path is quite interesting,
since the accumulated cost analyses show that it has the highest
cost per km. Nevertheless, it supports the thesis of interregional
mobility in areas close to reliable fauna and plant resources. Finally,
the longest and most improbable path is that connecting site IN-1
with the area of Hualfín, a distance of 293.33 km. The path leads
south-east, bordering Infieles, though a number of ravines until
it comes close to Lagunas Bravas. There it crosses into modern-
day Argentina, where it connects with the system of streams and
rivers fed by snow-melt, betweenManantiales and Bayomountains.
This connects in turn with the area of high Andean and Puna
lakes including Laguna del Peinado, Laguna Purolla and Mar
de Olas, east of Robledo volcano. This route continues past the

lakes at the foot of Cerro Pabellón to Río Belén, and finally
reaches Hualfín.

6 Discussion

The results of our research take us in three directions. In first
place, the arid event of the Middle Holocene had a significant
impact on human mobility, which was manifested in a low to
null archaeological signal between 7,600 and 4,000 cal. years BP.
The second refers to the fact that the repopulation of the area
during the Late Holocene coincides with an improvement in
environmental conditions ∼3,000 years ago. In the third place,
during later agro-ceramic periods, a more significant and diverse
occupation of the environments was experienced, consolidating
niche construction. The drastic hiatus in occupation of the Puna
de Copiapó between 7,600 and 4,000 cal. BP coincides with the
so-called “Archaeological Silence” proposed for the Atacama puna
(Núñez and Santoro, 1988). This drastic drop in the archaeological
signal is probably related with the hyper-arid conditions established
during the Middle Holocene in the Atacama basin and other areas
of the Central-Southern Andes.

Some authors have attributed this phenomenon to a
demographic bottle-neck (Barberena et al., 2017). It is of course
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FIGURE 7

(a, b) Ceramic fragments from IN-1 ascribed to the Río Diablo phase, (c–e1) monochrome fragments from PE-2, (e2) detail of red pigment, and (e3)

cross section, (f) fragment of Inka ceramic from PE-2, (g) incised fragment, possibly Historical, from PE-2, (h–l) ceramic fragments from PE-3, (m)

Copiapó type fragment from YH-1, (n) mineralized copper including a collar-bead pre-form from site PE-3, and (o) Felicioliva peruviana from site
PE-3.

TABLE 7 Detail of the ceramic remains found in Infieles (IN), Pedernales (PE) and Jorquera (YH), together with their cultural ascription and chronology.

Site n Cultural a�liation Chronology

IN-1 5 Condorhuasi Río Diablo Formative (ca. 2,650–2,450 BP)

PE-2 18 Indeterminate, probably pre-hispanic
tradition

Indeterminate

PE-2 – Inka (surface observation) Late period (550/500–414 BP)

PE-3 9 Possibly historical Later than 414 AP

PE-2 1 Possibly historical Later than 414 AP

YH-1 1 Copiapó culture Late intermediate/late period (ca. 650–414
BP)

probable that the drop of the archaeological signal in the Southern
Puna is not due to a total absence of human occupations, but to
the reduced visibility and representativeness of the record, because
the Puna was probably occupied intermittently during the Middle
Holocene. In other regions less affected by arid conditions, the
formation of micro-environments supported habitats favorable to
human life, known as “eco-refuges,” which meant a reorganization
of human settlement and mobility (Núñez, 1992; De Souza,
2004; Yacobaccio and Morales, 2005; Pintar, 2009; Aschero and
Hocsman, 2011; Núñez et al., 2018). A similar situation may have
occurred in particular areas of the Southern Puna which have
not yet been identified. The reappearance of the archaeological
signal at the start of the Late Holocene is quite subtle, limited to
two events, first in YH-2 and then in PE-38, which present low
density of material. This may reflect the fact that the recovery of
humidity and the formation of productive environments in the

highlands at the beginning of the Late Holocene was quite gradual
(Grosjean et al., 1997; Maldonado and Rozas, 2008; Maldonado
et al., 2016). Thus practices such as seasonal mobility toward higher
altitude areas would have become established progressively, as was
observed during the Early Holocene.

After 2,000 cal. years BP, the archaeological signal increases
considerably, both in the density and number of occupations, as
well as in the types of sites, reflecting a diversification in modalities
of occupation and land-use. The best represented activities are
camelid hunting and plant gathering. The hunting structures and
landscapes also indicate that the capture of vicuña and guanacos
was an important activity during the Late Holocene, suggesting
intensification in the exploitation and construction of a specific
niche (Zedeño et al., 2014; Lemke, 2021). Planning and the use of
structures would also require co-operation, and the mobilization
of collective work, associated with emerging social complexity.
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FIGURE 8

(a) Map of least-cost paths by location and link, (b) section of the study area.

The great diversity of projectile points indicates that this activity
was important in different periods, probably implying different
hunting strategies and weapon systems. These spaces also appear
to have been important for plant gathering, as confirmed by
finds of grinding tools in YH-2, PE-2, and IN-1. Archaeobotanical
analyses carried out in the Late Holocene levels of PE-38 indicate
access not only to zonal vegetation but also to azonal species
in lakes and wetlands, reflecting the increased diversity of taxa
used as compared to the Early Holocene. Similar tendencies are

found in sites on the eastern slope of the Andes, as a result of
increasing appropriation of the landscape (Rodríguez and Aguirre,
2019).

With the occupation of groups that manufactured pottery,
other forms of land use in highlands areas start to appear. In
various sectors of the marshes formed by the Juncalito river
we have documented land and corrals used for animals, with
deposits of fecal remains; these marshes would therefore have been
used as foraging areas, probably as part of transhumantic grazing
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circuits. Moreover, sites like PE-38 and IN-1 were evidently used
during visits to sources of rocks and minerals. Notable among
the latter is a pigment, easily available in the vicinity, which was
used profusely in rock paintings. Other sites, like MA-41 in the
Maricunga basin, show local exploitation of black obsidian from
the Ciénaga Redonda-Cerro Manchado source (Loyola et al., 2023),
while remains of mineralized copper were recovered from sites
PE-2 and PE-3. Copper production was fairly limited, so this
might be connected with small-scale local exploitation of veins of
copper ore.

The analyses of least-cost paths between the various sites
suggest an interconnected space between the mobility routes of the
human groups. They establish clearly the possibility of north-south
traffic from Salar de Punta Negra in the north to Salar deMaricunga
in the far south, as well as east-west movement between the Pacific
coast and NWA. It is interesting to note that all the optimum
paths observed pass through areas of wetlands, bogs, salt flats and
lakes, considered a crucial factor in extensive, large-scale mobility
circuits. This is corroborated by variousmaterials like the Felicioliva
peruviana shells at sites PE-2 and PE-3, connected by the path with
PE-38 where materials associated with the Huentelauquén Cultural
Complex were recorded (López et al., 2022). The same occurs with
the paths to spaces from which obsidian was obtained, or the area
of Hualfín where ceramic of the Condorhuasi-Río Diablo type was
found, or the Punta del Pueblo style rock art. To corroborate these
exploratory ideas, it will be necessary to look for archaeological sites
in the areas indicated by the least-cost paths, a line of exploration
which offers high possibilities of success. At the same time, it is
also necessary to evaluate the spatial interconnectivity of the region
as a whole, not only the links between different locations, and
taking other elements of human agency into account as well as the
least cost.

7 Conclusions

In conclusion, the research carried out in the Southern Puna
indicates an almost total absence of occupations between 3,200 and
7,500 cal. years BP, with the exception of a date of 4,146–3,909 cal.
years BP in the Jorquera River. These results confirm that the arid
event of the Middle Holocene did indeed have a significant impact
on the low archaeological signal between 7,500 and 4,000 cal. years
BP. As environmental conditions became more humid, the Puna
de Atacama was re-occupied by hunter-gatherer groups, although
with low-intensity occupations until the appearance of the first
records of pottery makers. This may be attributable to the gradual
rate of repopulation from 3,200 cal. years BP, due to the alternation
of arid and humid phases (Maldonado et al., 2016).

It is from the appearance of ceramic groups that a greater
intensification in the occupation of space is observed, but also a
greater diversification of the interests linked to the use of these
high Andean environments. To date our excavations in sites from
late periods are scarce, but surface finds associated with corrals,
structures and rock-art denote that these spaces were occupied by
herders. For now, we cannot confirm or dismiss that this process
of domestication was local, as occurred in the Salar de Atacama
(Núñez et al., 1999). We have not identified environmentally stable
eco-refuges that would allow local camelid domestication practices

as observed in the Salar de Atacama. In any case, the consolidation
of pastoral practices allowed connections between very distant
areas through caravan movement and the exchange of goods, as
observed in many other regions of the Andes (Nielsen, 1997–1988).
In the case of the Puna de Atacama, these goods include obsidian,
minerals (especially copper), mineral pigment, and high-quality
fibers such as those provided by vicuñas, and to a lesser extent by
guanaco, which were abundant in the Puna de Copiapó.

Finally, the archaeological evidence does not fully fit the
chronological and cultural sequences defined for the valleys and
coast of the current Atacama Region. The Puna functioned as a
series of nodes and internodes related mainly to high mountain
basins and passes, and to a lesser extent to valleys and the
Pacific coast. The construction of chrono-cultural sequences must
therefore consider these cultural interactions, especially withNWA,
given the presence of Condorhuasi Río Diablo ceramics, Punta del
Pueblo rock art from Antofagasta de la Sierra and obsidian from
the Ona-Las Cuevas and Salar del Hombre Muerto in Catamarca.
The above goes hand in hand with the idea that important nodes
can develop in hostile or scarcely productive areas such as the
mountains, with strong contrasts in the density of activities and
interactions (Nielsen, 2017) and related to a series of internodes
re-used over time. Another scenario is the transition from an
internode to a node or vice versa, especially in productive areas
where exploitation is intensifying. An example of this for the
study area is the Las Turquesas mine, located 30 kilometers
west of Pedernales, where extraction passes from the hands of
formative Atacameño groups to bearers of Ánimas ceramics during
the Middle Period, but returns to Atacameño control in the
Late Intermediate Period and subsequently into the hands of the
Inka (González et al., 2017). At this point, it is worth asking
whether activities as common—throughout the Puna de Atacama
sequence—as vicuña hunting are merely due to a need for food and
technology. We believe not, since various tasks, motives and forms
of appropriation of space are represented in addition to obtaining
resources. In this sense, the classic presumption that the Puna was
visited exclusively for economic reasons is reductionist andmust be
discussed from various lines of evidence and approaches.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author

Ethics statement

The research with archaeological evidence was approved by the
National Monuments Council of Chile (Consejo de Monumentos
Nacionales, Chile). The study was conducted in accordance with
the local legislation and institutional requirements.

Author contributions

PL: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project

Frontiers in Environmental Archaeology 18 frontiersin.org

https://doi.org/10.3389/fearc.2024.1423960
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org
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