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Abstract

The earliest known population of the Atacama Desert coincided with the Central

Andean Pluvial Event II (CAPE II), an extensive pluvial event recorded during the

Late Pleistocene–Early Holocene (13,800–8,500 cal years BP). A large number of

archaeological sites from this period have been found along the borders of the

Imilac and Punta Negra (24.5°S) high‐altitude basins (ca. 3,000 masl). By com-

bining the results of proxy data obtained from geomorphological, sedimentolo-

gical, and paleoecological (rodent middens) archives and the spatial location of

archaeological sites and radiocarbon series analyses, this paper examines the

links between human activities and paleoenvironmental dynamics at different

times during CAPE II in the southern Atacama Desert. This is done at a finer

spatial and temporal scale than previous studies. The first archaeological sites

(ca. 12,000–11,200 cal years BP) are concomitant with increased paleowetland

occurrence frequency. An occupational hiatus is recorded between 11,200 and

10,800 cal years BP, synchronous with a drop in precipitation and wetland

development. This is followed by a displacement of the archaeological sites

toward the south‐east of the Punta Negra Basin and concomitant again with a

second peak of wetland development in the area (10,800–10,400 cal years BP)

before the final abandonment of the salt flat margins.
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1 | INTRODUCTION

Drylands and deserts are potential barriers to human dispersal and

settlement, but they can also be suitable places for human occupa-

tion or transit corridors, depending on the timing, magnitude of wet

and dry conditions, and lifeways of the respective human groups

(McLaren & Reynolds, 2009). Over the past two decades, an in-

creasing number of studies have allowed us to expand our under-

standing of the climatic history of the Atacama Desert and the

evolution of Late Pleistocene–Early Holocene environments

(Betancourt et al., 2000; de Porras et al., 2017; Gayó et al., 2012;

Grosjean et al., 2005; Latorre et al., 2002, 2007, 2013; Maldonado

et al., 2005; Nester et al., 2007; Quade et al., 2008, among others).

Through multidisciplinary and multiproxy research strategies, these

studies have tried to identify locations that would have been fa-

vorable for human occupation in the past, and might, therefore, be

important archaeological sites today (i.e., Lynch, 1986, 1990;

Núñez et al., 2002, 2005; Santoro & Latorre, 2009; Santoro et al., 2011).

The populating of the Atacama Desert coincided with the last

half of the Central Andean Pluvial Event (CAPE). This was an ex-

tended period during the Late Pleistocene and Early Holocene that

brought increased rainfall and wet conditions throughout the region.

CAPE was originally referred to as a regional wide wet phase, de-

limited by a broad multiproxy array involving different timescales

(Placzek et al., 2009). It included two wet pulses: CAPE I, from

17,500 to 14,200 cal years BP, and CAPE II, from 12,900 to

9,700 cal years BP (Quade et al., 2008). However, the proposed time

span for CAPE II may have lasted longer in the central and southern

Atacama (13,800–8,500 cal years BP) (de Porras et al., 2017). Re-

cently, a further division of CAPE II was suggested for the northern

Atacama into a CAPE IIa, the wetter half beside wetland facies,

and CAPE IIb, during which a gradual lowering of water tables

and the ending of wetland facies lead to a drier environment

(Workman et al., 2020).

Paleodemographic modeling for the South‐Central Andes

(16°S–25°S), including the coastal Atacama Desert to the high ele-

vation Altiplano using radiocarbon time series, has shown a pattern

of abrupt population growth for the inland Atacama from ca.

13,100 cal years BP onward, with major increases at 10,600 and

9700 cal years BP (Gayó et al., 2015). Broadly speaking, the first

human occupations were scattered across the Atacama Desert and

were commonly associated with active streams, freshwater springs,

wetlands fed by phreatic discharge, and major westward‐draining
basins at higher elevations (Grosjean et al., 2005; Quade et al., 2008;

Rech et al., 2002, 2003; Sáez et al., 2016).

Early human occupations in the northern Atacama Desert (21°S,

Pampa del Tamarugal) have been dated to 12,800–11,700 cal years

BP. The well‐documented site of Quebrada Maní 12 is part of a

system of open‐air campsites associated with paleowetlands in the

currently hyperarid core of the Atacama Desert (1,240 masl) (Latorre

et al., 2013; Santoro et al., 2017). A recent landscape reconstruction

of the evolution of the Quebrada Maní fan complex and a broader

area (Pampa Ramaditas archaeological sites; PR5 and PR7) proposed

to separate the CAPE II pluvial period into two interludes: CAPE IIa

(12.8—11.5 ka), associated with Paleoindian occupations alongside

paleowetland facies, and CAPE IIb (11.5—9.5 ka), characterized by

drier conditions leading to the abandonment of the open campsite

around 11,700 cal years BP. (Workman et al., 2020). In the central

Atacama Desert (22°S–23°S), the first human occupations date to

13,000–11,500 cal years BP (Loyola et al., 2019a; Núñez et al., 2005),

and they were associated with small caves and rock shelters found in

ravines and foothills that extend down from the Andes Mountains at

2,900–3,200 masl (i.e., San‐Lorenzo‐1, Tuina‐1 and 5, El Pescador &

Tulan‐109) (Figure 1). Different studies have proposed that hunter‐
gatherer groups gradually made use of an increasingly diverse range

of resources in the Loa and Atacama basins and their respective

highland zones (de Souza, 2004; Loyola et al., 2019b; Núñez et al.,

2005). In the southern Atacama Desert (24°S), archaeological re-

search conducted in the high‐altitude basins of Imilac and Punta

Negra (ca. 3,000 masl) has demonstrated a direct association be-

tween paleowetlands and early human occupations during the

Pleistocene–Holocene transition (ca. 12,300–10,500 cal years BP)

(Cartajena et al., 2014; Grosjean et al., 2005; Loyola et al., 2017,

2019a; Quade et al., 2008).

The observed trend in population growth in the inland Atacama

Desert reversed sharply around 9,500 cal years BP (Gayó et al.,

2015) in association with the end of CAPE II and the onset of a

sustained period of drought around 9,800 cal years BP, as recorded

in numerous paleoclimate archives (summarized in Grosjean

et al., 2003; Latorre et al., 2007; Workman et al., 2020). This dry

period was recently characterized as a megadrought based on stu-

dies of several in‐stream Atacama Desert wetlands (Tully et al.,

2019). Although widespread wet conditions prevailed in the central

and southern Atacama during CAPE II, their timing and magnitude

differed in these two areas, with records showing that wet phases

lasted longer in southern than in central Atacama (de Porras

et al., 2017; Sáez et al., 2016). As de Porras et al. (2017, p. 671)

comment, “The Early Holocene was a period of increased variability

and regional attenuation of the widespread wetter climates that

characterized the Atacama Desert since the late Pleistocene.” How-

ever, this variability and its relation to spatial and temporal dis-

continuities in the archaeological record have not been explored at a

fine scale; instead, the spatial and temporal resolution of most stu-

dies has been on the order of thousands of years (Núñez et al., 2013;

Santoro et al., 2017). Thus, there is a need for studies that can link

environmental and human dynamics at a much higher resolution.

The high‐altitude Punta Negra and Imilac endorheic basins

(ca. 2,950 masl, 24°S) provide an especially favorable setting for

conducting studies at high spatial and temporal resolutions. The re-

search to date indicates that these salt flats were occupied in-

tensively over a brief period, between ca. 12,500 and

10,300 cal years BP and then abandoned (Cartajena et al., 2014;

Grosjean et al., 2005; Loyola et al., 2017, 2019a). Evidence of later

occupations is meager, limited to a mere handful of sites, most dating

to the late Holocene (Lynch, 1986, 1990). This situation, including

the distribution of archaeological sites throughout both basins, the
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limited time during which they were occupied, the restricted area they

cover, and the availability of existing paleoclimatic archives—offers a

unique opportunity within the macroregional context for a study that

seeks to refine the scale of analysis. In our study, we aim to under-

stand how dryland hunter‐gatherers coped with environmental

variability and constraints during CAPE II, in terms of relocating their

settlements, making use of previously inhabited locations, or by ulti-

mately abandoning the area. By combining results from proxy data,

such as rodent middens, geomorphological archives, and the spatial

location of archaeological sites, we seek to build a finer‐scale temporal

and spatial picture of how human groups dealt with changing condi-

tions in this desert environment at the end of the Pleistocene.

1.1 | Study area

1.1.1 | Geographic and environmental setting

The Imilac and Punta Negra basins extend longitudinally between the

Domeyko precordillera (3,500 masl) and the Andes, where moun-

tains and volcanoes rise up to 5,000–6,800 masl as part of a system

of closed high‐altitude basins at ~2,950 masl (Figure 1). The Imilac

basin, 16 km northward of the Punta Negra, is smaller, covering an

area of just 189 km2, compared to the 4,263 km2 covered by the

Punta Negra. The Marginal High‐Altitude Desert climate is char-

acterized by extremely arid conditions and cold temperatures, with

precipitation of 10–25mm/year, and temperatures ranging from

−20°C to 32°C, with an annual average of 8°C (Cartajena et al., 2014;

Corporación Nacional Forestal de Chile, 1999; Loyola et al., 2017).

The two basins are dissected transversally by a dendritic drainage

system formed by shallow, nonperennial ravines and streams des-

cending from the Andes, although the waterways do not flow over-

land to the Punta Negra salt flat; instead, they leach entirely into the

piedmont (Corporación Nacional Forestal de Chile, 1999). The area

presents transitional climatic conditions, between winter and sum-

mer rainfall regimes, with highly specialized flora, including a number

of taxa that exist here at the northern and southern limits of their

distribution zones (Corporación Nacional Forestal de Chile, 1999).

Medium‐to‐low height shrublands dominated by Acantholippia

deserticola and Atriplex imbricata occur between 3,500 and 3,900 masl

(Prepuna) replaced by shrublands of Artemisia copa and Adesmia

melanthes between 3,900 and 4,100 masl (Puna). At higher

F IGURE 1 Study area. Left: Early sites mentioned in the paper. Right: Topographic map of the studied area and localities cited in the text.
Main ravines draining from the high cordillera are represented by dashed blue lines. The Punta Negra hill is outlined by the dashed
black line. Right Below: E–W topographic profile between the Pacific Ocean and Altiplano at the latitude of the studied area
[Color figure can be viewed at wileyonlinelibrary.com]
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elevations, grass‐dominated areas (high Andean steppe) featuring

predominantly Deyeuxia crispa along with Mulinum crassifolium occur

between 4,100 and 4,500 masl, where the high Andean desert of

Chaethantera sphaeroidalis develops up to 5,000 masl (Subnival belt;

Peñaloza et al., 2013). Among the fauna inhabiting this area, camelids

such as vicuñas (Vicugna vicugna) and guanaco (Lama guanicoe) are

abundant, and carnivores such as the Andean fox (Lycalopex culpaeus)

and pumas (Felis concolor) as well as colonies of chinchillas (Chinchilla

brevicaudata) can be found. Common birds present in the area in-

clude the puna tinamou (Tinamotis pentlandii), ornate tinamou

(Nothoprocta ornata), birds of prey (Tyto alba, Phalcoboenus maga-

lopterus, and Buteo polysoma), and the occasional Darwin's rhea (Rhea

pennata) (Corporación Nacional Forestal de Chile, 1999).

1.1.2 | Paleoenvironmental context

The area was surveyed for the first time by Lynch (1986), who ob-

served numerous archaeological sites associated with diatomite de-

posits and suggested that a deep lake could have occupied the basin

during the Late Quaternary, between 15,000 and 10,000 cal years

BP; however, there was no concrete evidence of paleoshorelines

supporting this claim (Lynch, 1986; 1990).

It was not until the early 2000s that further studies were con-

ducted. Grosjean et al. (2005) performed a local paleoenvironmental

reconstruction based on a description of the sedimentary facies of
14C‐dated profiles near the SPN‐1 archaeological site located in the

northern part of the Punta Negra salt flat. Diatomite can be in-

dicative of a wide variety of marshland microhabitats with stagnant

water or gentle water flow. Epiphytic diatoms and the presence of

Cyperaceae, root marks, and intercalations with peat layers point to

extensive wetlands or shallow ponds. For our study, it is important to

note that the discovery of erosive surfaces and oxidized horizons in

the profiles suggests that the humid phase between 12,600 and

10,300 cal years BP was interrupted by one or more significant dry

periods (Grosjean et al., 2005) (Figure 2).

Quade et al. (2008) expanded the spatial area of previous work,

mapping paleowetland deposits at three locations near the Punta

Negra and Imilac salt flats. They concluded that during the time

corresponding to stratigraphic Unit B, wetlands developed during

two periods of high water tables, represented by Unit B1 (15,900 to

~13,800 cal years BP) and Unit B3 (12,700–9,700 cal years BP).

Perennial standing water conditions and extensively vegetated

wetlands were inferred from features observed in Units B1 and B3

(Quade et al., 2008).

Furthermore, an analysis of the abundance of Gramineae

(grasses, an indicator of the High Andean steppe environment and

therefore of increased precipitation) in the macrofossil record of

rodent middens in the adjacent ravines of Zorras and Tocomar

suggests a moderate increase in precipitation from 13,400 cal years

BP peaking between 12,900 and 11,400 cal years BP. This, in part,

coincided with the second paleowetland phase (Quade et al., 2008).

The results of paleowetland stratigraphies and grass‐abundant
macrofossils in rodent middens near the Punta Negra salt flat,

among other archives, were used by Quade et al. (2008) to define

what is now widely accepted as the CAPE.

Pollen records from rodent middens in Quebrada Zorras (QZO)

show that between 13,500 and 10,800 cal years BP, conditions were

much wetter than at present, a situation that is also observed further

south in Barrancas Blancas (BB) up to 10,000 cal years BP (de Porras

et al., 2017). Similarly, fossil rodent midden pollen records (Cerros de

Aiquina and Lomas de Tilocalar) from the central Atacama Desert

show wetter conditions than at present across the Atacama, with

moisture levels varying by location and elevation, from 13,000 to

10,000 cal years BP. In contrast, QZO and BB pollen assemblages

indicate that wetter than present conditions prevailed longer until

roughly 8,500 cal years BP, which, when coupled with the records

from Quebrada del Chaco (25.5°S; Maldonado et al., 2005), suggest

that the very wet conditions of CAPE II gradually diminished up to a

time between 10,000 and 8,500 cal years BP, when hyperarid con-

ditions became prevalent.

Both the grass macrofossil abundance and the pollen record

from rodent midden series between 24.5°S and 24.9°S point out

wetter conditions between 13,600 and 9,800 cal years BP, although

reversal moisture phases at the centennial–subcentennial scales do

not match. On the contrary, differences in the magnitude of change

are recorded between proxies, given that the macrofossil record

shows a decrease in the elevational range of individual species of up

to 1,000m (Betancourt et al., 2000; Latorre et al., 2002, 2013;

Quade et al., 2008), whereas the pollen record suggests more mod-

erate vegetation shifts (<400m in elevation; de Porras et al., 2017).

1.1.3 | Archaeological background

The archaeological record for the Punta Negra and Imilac salt flats

shows several concentrations of artifacts as well as isolated findings

distributed along the borders of both basins. In addition to the eight

sites previously identified by Lynch (1986), Lucero et al. (1997, in

Cartajena et al., 2014), Grosjean et al. (2005), and Quade et al.

(2008), systematic surveys of both basins conducted by Cartajena

et al. (2014) identified a total of 28 Late Pleistocene–Early Holocene

archaeological sites, most of which correspond to open‐air campsites

featuring elevated concentrations of surface materials, in some cases

associated with combustion features. Spatially, virtually all of these

known sites, including the six sites recorded by Grosjean et al.

(2005), are concentrated in three sectors: Imilac salt flat north‐west,

(n = 12), Punta Negra salt flat north (n = 11), and Punta Negra salt flat

south (n = 11). On the basis of the locations of the sites and the

distances between them, the area covered by each sector was esti-

mated to be 2.4, 1.4, and 5.5 km2, respectively (Cartajena

et al., 2014). Though each sector includes sites dated to ca.

12,500–10,500 cal years BP, many other sites could not be dated

because of the superficial nature of the findings. However, lithic
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assemblages were comparable to those recovered in the dated sites.

To date, only a single Late Archaic site has been recorded,

dated to between 4,830 and 4,970 cal years BP (SPN‐7)
(Grosjean et al., 2005).

One notable feature of the lithic assemblages of the area is the

presence of three types of projectile points, all associated with Late

Pleistocene–Early Holocene occupations, including fishtail points

(Fell type), known to be associated with early occupations in other

parts of South America (Flegenheimer et al., 2014). Most frequently,

triangular nonstemmed points (Tuina type), analogous to those often

found in early occupations of the Atacama salt flat and upper Loa

basins and Northwestern Argentina (Aschero, 2014; Núñez &

Santoro, 1988); and stemmed barbed projectile points (Punta Negra

stemmed points sensu Lynch, 1986) have been found (for a detailed

discussion see Loyola et al., 2018).

Despite this variety, bifaces and projectile points accounted for a

low percentage of the assemblages recovered from the sites. Despite

the low quantity of cores recorded, seven main core reduction sys-

tems were identified. Flake tools are the most common artifacts that

display wide variability. Among them, the most represented cate-

gories are unmodified used flakes, followed by lateral and frontal

tools, such as scrapers, knives, raclettes, chisels, and others. Despite

the technological variability identified in the Punta Negra and Imilac

basins during the Pleistocene–Holocene transition, common strate-

gies can be observed in the operative chains of local raw material

procurement, the relationship between unifacial and bifacial reduc-

tion, the diversity of bifacial designs, and a generalized techno‐
economy (Loyola et al., 2017).

2 | MATERIALS AND METHODS

2.1 | Archaeological surveys

Previous surveys (Lucero et al., 1997 [In Cartajena

et al., 2014]; Grosjean et al., 2005) led to the identification of 34

early archaeological sites around the Imilac and Punta Negra salt

flats. Although these surveys afforded significant coverage and

characterization of the edges of both salt flats, they did leave some

gaps, which this study fills with new surveys.

These new archaeological surveys involved the intensive ex-

amination of areas for which information had been previously

F IGURE 2 Paleoenvironmental and
paleoclimatic background of the southern
Atacama Desert between 7‐ and 19‐ka BP
showing: (a) Grass macrofossils preserved in
rodent middens from Quebrada Tocomar and
Quebrada Zorras (QZO) (24.5°S; Quade
et al., 2008). (b) Local water table levels
inferred from paleowetland records at the
Salar de Punta Negra basin (24.5°S; Quade
et al., 2008). (c) Occurrence of groundwater
discharge deposits from Sierra de Varas (25°S;
Sáez et al., 2016). (d) Moisture reconstruction
based on rodent midden pollen records from
QZO, Barrancas Blancas (BB), and Quebrada
del Chaco (QCH) (de Porras et al., 2017,
Maldonado et al., 2005). Colors in plot
D indicate different moisture conditions
compared to the present where D = drier;

H+ =moderately wetter, H++ =much wetter,
and H+++ = extremely wet [Color figure can be
viewed at wileyonlinelibrary.com]
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lacking, including all shorelines on the southern border of the Punta

Negra salt flat and at the mouth of the Frio River (Figure 3), a sector

that had been excluded from prior surveys but showed potential for

providing evidence of human occupation during the Late

Pleistocene–Early Holocene. Additionally, test pits were excavated

at the southern end of the Punta Negra salt flat, where artifacts were

more densely concentrated, to obtain stratigraphic information and

take samples for radiocarbon dating.

Intensive surveying was also undertaken in the ravines that

drain from the Andes into the salt flats where no previous survey

work had been performed. This area was chosen because though

little is known about potential occupations at higher altitudes, the

ravines that drain into both the Imilac and Punta Negra basins could

have facilitated human mobility between the highlands and the sites

bordering the two basins. Indeed, these ravines may have played a

key role in the peopling of the region, as we have seen further north

in the Salar de Atacama Basin (Loyola et al., 2019a, 2019b). These

waterways could have been occupied seasonally, more permanently,

or opportunistically in an interecological mobility system (Osorio

et al., 2017). Such a system could have been strategic in dealing with

F IGURE 3 Copernicus satellite image
(January 2020). The dots indicate the locations of
archaeological sites and paleoenvironmental
records used in this study (see Supporting
Information Table) [Color figure can be viewed at
wileyonlinelibrary.com]
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the irregularity and unpredictability of rainfall, which would have

impacted available resources in the basins’ ecosystems. Today, the

uppermost stretches of ravines include scattered wetland deposits

and enjoy year‐round runoff. Intensive surveys seeking evidence of

archaeological sites were undertaken in seven ravines between

3,500 and 4,200 masl (Quebrada Guanaqueros, Zorras, Zorritas, El

Salado, Llullaillaco, La Barda, and Tocomar), along with test pits to

obtain stratigraphic information and radiocarbon dating samples.

2.2 | Analysis of sedimentary records

Our stratigraphy of the area of study considers that proposed by

Quade et al. (2008) and complements it with nine additional strati-

graphic logs from exposed outcrops 40 to 110‐cm high across the

Punta Negra salt flat border. Stratigraphic information was also

collected during a 1:25,000 geomorphological mapping conducted in

the field and extracted from Google Earth images. Sedimentary de-

scriptions were taken in the field, and samples were examined under

a 14–20 × reflected light microscope. These descriptions include bed

contact types and thicknesses, sedimentary structures, granulometry

and grain size distribution, cement type, and organic matter content.

For facies descriptions, Miall codes for fluvial environments were

used (Miall, 1996)

Nine bulk organic matter samples were taken for radiocarbon

dating, providing additional stratigraphic age constraints to those

published by Quade et al. (2008) and Grosjean et al. (2005). These

samples were collected, avoiding contamination with young carbon,

and packed in aluminum foil packets. Standard procedures were

carried out at the DirectAMS Radiocarbon Dating Laboratory.

2.3 | Analysis of pollen records

Moisture anomalies between 13,500 and 7,000 cal years BP were

calculated based on fossil rodent middens and pollen records from

QZO (24.5°S) and BB (24.9°S) (de Porras et al., 2017). Both of these

series are located in the Prepuna, the lower vegetation belt that

borders the absolute desert. In the Atacama Desert, midden pollen

assemblages reflect the vegetation belt that would have been pre-

sent at the midden elevation (de Porras et al., 2015; Maldonado

et al., 2005), and thus can be used to infer the displacement of ve-

getation with elevation in the past. As the altitudinal position and

composition of vegetation belts depend primarily on summer pre-

cipitation from the east, pollen records (indirect vegetation archives)

are, therefore, used to infer moisture changes.

To calculate anomalies, percentages of Prepuna pollen types

from the fossil middens in each series were grouped and summed,

and the same calculation was performed for percentages of Pre-

puna pollen types obtained from modern unconsolidated midden

samples collected at 24.5°S. Modern unconsolidated middens are

nests that were built by rodents and can be identified as modern

because of the presence of fresh feces and chlorophyll in leaf

remains (de Porras et al., 2015). These are the best modern ana-

logous samples used to interpret fossil pollen rodent midden re-

cords collected in the same area, given that both the pollen

deposition method and the taphonomic processes related to the

consolidation of the midden do not affect the pollen signal

(de Porras et al., 2015).

Anomalous values were then calculated using the following

formula:

A x x Xt ( t m)/ ,σ= −

where At is the moisture anomaly for each fossil midden sample at a

given time, xt is the Prepuna % value for each sample at time t, xm is

the Prepuna % value of modern middens, and σX is the standard

deviation of Prepuna % values of the fossil middens. Once the

anomalies were calculated, the data from QZO and BB were com-

piled into a single curve, based on their proximity and their same

position at the vegetation gradient. The statistical median was cal-

culated for some periods to facilitate the identification of wet (dry)

periods over time and compare them with paleowetlands and ar-

chaeological records.

2.4 | Analysis of radiocarbon series

To assess the intensity and continuity of human occupations in the

area, time series based on radiocarbon dating was constructed for

the identified archaeological sites. In parallel, time series were con-

structed for the radiocarbon dates obtained from the wetland out-

crops to relate variations in hydroclimate to the sequence of human

activity.

All of the published dates from archaeological sites (Grosjean

et al., 2005; Loyola et al., 2017) and wetland outcrops (Quade

et al., 2008) were compiled into a single database along with those

generated in this project, yielding a total of 12 14C dates on ar-

chaeological sites and 44 on wetland outcrops (Supporting

Information 1). The dates were then calibrated with the Oxcal 4.3

program, using the ShCal20 terrestrial calibration curve for the

southern hemisphere (Hogg et al., 2020), the intercept method, and a

2‐sigma confidence interval (95.4% of the distribution probability).

The calibrated dates for the archaeological sites and wetland

outcrops were arranged into independent time series under two

kinds of formats: individual stacked probability distributions

(archaeological sites) and summed probability distributions (wetlands

outcrops). We choose individual stacked probability distributions for

archaeological sites to look for coarse patterns of occupation of the

area, considering the small sample size of dates. Wetland outcrop

dates were instead constituted by a bigger sample, good enough to

evaluate wetland tables’ increases or drops across time, based on

different probability densities (Michczyńska et al., 2007). We

assessed statistically significant increments or drops of wetland

date frequencies against a uniform theoretical distribution by

deploying the ModelTest function of the RCarbon package (Crema &

Bevan 2020).
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The dates for the archaeological sites considered here are mainly

derived from fire pits. In one case only (B‐8154, from archaeological

site SPN‐1), dating was obtained from a peaty sediment sample,

which was taken because it was found between two levels with stone

artifacts (Grosjean et al., 2005). Another sedimentary sample from

this site (B‐8155) dated to an earlier time (10,470 ± 50 14C‐years BP)
was not taken into account, as it was underneath the levels con-

taining artifacts, and thus could have been from a time before human

occupation of the site.

3 | RESULTS

3.1 | Archaeological records

Archaeological surveys in the southern part of the Punta Negra salt

flat identified two previously unknown archaeological sites, which,

added to those already identified, brings the total count of early

settlements in the Punta Negra‐Imilac area to 36. Like others in the

area, these new sites feature abundant dispersed lithic remains,

predominantly from monofacial knapping, along with bifacial pro-

jectile points, specifically early triangular forms. Adding together the

areas of previously and newly identified sites, we arrive at a total

occupied area of 5.5–5.8 km2 for the southern Punta Negra sector,

further strengthening the notion that this was the most extensively

occupied sector in the area of study.

In the southern part of the area, the SPN‐17 site offers tre-

mendous potential for study. Owing to its large size, the high density

of lithic materials, the presence of structures, and the technological

variability displayed, a series of test pits were excavated there

(Figure 4). This led to the identification of a stratigraphic deposit at a

maximum depth of 30 cm, in which fire pits associated with abundant

lithic material were identified. A charcoal sample dated 9,260 ± 40

BP (10,510–10,240 cal years BP) was recovered from one of those

fire pits, situating it in the latter part of the early sequence of the

sites located at the salt flat borders (Table 1). These dates are similar

to those obtained for the nearby sites SPN‐19 and SPN‐20, pointing
to a concentration of later dates in the southern part of the area.

In the archaeological survey of the highland ravines, 21 archaic

sites were registered, mainly corresponding to open‐air camps lo-

cated on fluvial terraces around alluvial fans that may have been

active during times of increased moisture availability. In those sites

containing diagnostic lithic materials from the Early Archaic period,

test pits were excavated. The Zorritas 1 (QZTA‐1) and Quebrada

Guanaqueros 5 (QGUA‐5) sites are characterized by low‐density
lithic artifacts scattered on the ground and discrete deposits. How-

ever, test pit excavations revealed charcoal lenses in the strati-

graphy, which were sampled, yielding two dates: 8,760 ± 40 BP

(9,900–9,540 cal years BP) for QZTA‐1 and 8,120 ± 60

(9,270–8,720 cal years BP) for QGUA‐5 (Table 1). The material re-

covered included triangular nonstemmed projectile points, mainly

concave bases.

F IGURE 4 Punta Negra 17 site (SPN‐17). (a) View of the SPN‐17 site showing the excavated structure and associated lithic scatters. (b)
Punta Negra stemmed point found on SPN‐17 surface. (c) Tuina nonstemmed point found on SPN‐17 surface [Color figure can be viewed at

wileyonlinelibrary.com]
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By integrating all existing dates for archaeological sites in the

area (Figure 5), we observe that the earliest dates fall around

12,000–11,800 cal years BP for the SPN‐6 site in the northern part

of the Punta Negra salt flat. Following this, humans continued to

occupy the area for a period of 700 years, until around 11,200 cal

years BP, when there is a gap in the archaeological record until

10,700 cal years BP, for which no dates have been obtained. Around

10,700–10,600 cal years BP, signs of human activity return to the

F IGURE 5 Diagram with calibrated radiocarbon dates from archaeological sites of the study area. The pink band reflects the current

chronological gap of human occupations. The dotted line indicates the time of abandonment of salt flats borders [Color figure can be viewed at
wileyonlinelibrary.com]
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area, with occupations recorded until around 10,200 cal years BP.

From the latter date onward, no indications of human occupation

have been found near the salt flats. The closest next dates recorded

are from 600 years later, around 9,700 cal years BP, and then

9,000 cal years BP. However, these dates were obtained from sites

located in highland ravines, with no contemporary indications of

human occupations lower down in the salt flats.

3.2 | Sedimentary records

Sedimentological observations focused primarily on stratigraphic

Unit B, as defined by Quade et al. (2008). This stratigraphic unit is

widely distributed throughout the lowlands, from the Imilac to the

Punta Negra salt flats (Figure 6). The unit is white to pale brown in

color on clean outcrops and can be up to 2‐m thick. Quade et al.

(2008) offer detailed stratigraphic logs for the Imilac salt flat, El

Salto, and northern Punta Negra salt flat. For these localities, the

logs show that fine‐grained deposits consist mainly of massive, oc-

casionally well‐laminated bedded, sandy silts alternating with mas-

sive to thinly bedded silts, rare sandy channel deposits, and abundant

intercalations of diatomite stringers and diatomaceous silt. The unit

was divided into four subunits (B1 to B4), with the B1 and B3 sub-

units containing abundant organic mats. The sedimentary logs across

the Punta Negra salt flat (Figure 7) show mainly massive to well‐
bedded laminated fine to medium sands (Sm) and, in a lesser pro-

portion, massive‐to‐thinly bedded laminated silts (Fsm). The unit

exposes abundant thin to thick mats of carbonized to partially car-

bonized plant material, plant debris, and often grasses, commonly

exposing well‐preserved plant epidermis and vascular plant bundles.

Organic mats frequently alternate with thinly bedded laminated silts,

rarely clays. Common sedimentary structures include contorted

bedding convolute sheets of organic mats and alternating silt beds,

implying wet‐sediment deformation. Organic mats and closer strati-

graphic levels are frequently overprinted with extensive networks of

root traces.

The fine‐grained deposits are covered by a desert pavement

(mapped as a massive gravel mantle in Figure 6) that consists of a

mantle of angular fragments of interlocking pebbles and cobble-

stones covering a sandy to silty, rarely clayey, bed that is commonly

less than 10‐cm thick. Both fine‐grained units and the massive gravel

mantle are frequently cemented with gypsum and salty minerals and

occasionally expose micro dissolution structures; they are also ero-

ded by alluvial deposits supplied by the ravines that drain the high

Andes. The fine‐grained deposits were eroded to a depth of less than

1m before the deposition of coarse‐grained alluvial sediments. The

surface of the coarse‐grained alluvial deposits still shows evidence of

the debris flows by which they were deposited, which makes them

easy to distinguish from the desert pavements that form most of the

remaining landscape. They do, however, display an exposed incipient

desert pavement, indicating they have been inactive for a long time.

Present‐day intermittent runoff is restricted to narrow channels

above alluvial deposits.

Figure 8 displays the calendar age time series (radiocarbon

summed distribution probabilities) yielded from the fine‐grained
deposits published by both Quade et al. (2008) and Grosjean et al.

(2005) and those yielded by this study (PtN.1, PtN.3, PtN.4, PtN.5,

PtN.7, PtN.8A, PtN.8B, PtN.17B2.3, PtN.17B2.4; see Table 1). The

calendar ages of these organic mats ranged between ~16,000 and

~9,600 cal years BP, with a single outlier sample of ~8,100 cal years

BP from the Imilac salt flat (Sample AT630 of Quade et al., 2008).

These ages can be divided into two groups, according to the B1 and

B3 stratigraphic units defined by Quade et al. (2008): the older

16,000–14,600 cal years BP group (B1), identified mainly in the

Imilac salt flat, and the younger 12,700–9,600 cal years BP group

(B3), evident across the entire study area (Supporting Information

Table 1). The younger age limit in this age group seems to be lower in

the Punta Negra salt flat, as shown by the significant number of

younger aged samples in this area (7 ages younger than

~10,600 cal years BP).

Because the collected wetland samples correspond to bulk or-

ganic sediments, the reservoir effect cannot be rejected (Pigati

et al., 2014). However, the deposition ages of the beds should be

close and consistent with the 14C‐dated samples. The resulting dates

are similar to those reported by Quade et al. (2008) in the area,

obtained from a very similar sedimentary matrix and facies (organic

mats interbedded in sedimentary deposits) from Unit B3. In addition,

the new 14C dates overlap with the period of a distinctive climatic

episode defined by similar sedimentary deposits along almost the

entire Atacama Desert (Pfeiffer et al., 2018; de Porras et al., 2017;

Quade et al., 2008; Rech et al., 2002, Workman et al., 2020).

3.3 | Rodent midden pollen records: Moisture
anomalies

The moisture anomaly curve based on the rodent midden pollen

record reveals wetter than the present conditions along the western

Andes (24.5°S–24.9°S) between 13,500 and 8,100 cal years BP

(Figure 9) interrupted by moisture reversals at the centennial scale.

This matches the chronozone of CAPE II (13,800–9,700 cal years BP;

de Porras et al., 2017; Quade et al., 2008) with a later termination

date (as late as 8,100 cal years BP) than that proposed by de Porras

et al. (2017).

Two distinct major phases could be identified based on the

dominance of wet or dry conditions over time. During the first one,

much wetter conditions than the present prevailed between 13,500

and 9,800 cal years BP, interrupted by a less humid phase of

200 years (Figure 9). Pollen records reflect a mixed Prepuna–Puna

community at the QZO and BB sites, implying a downslope shift of

vegetation of about 400m in altitude (de Porras et al., 2017). The

moisture anomaly values were high and stable between 13,500 and

12,200 cal years BP while being quite variable between 11,800 and

9,800 cal years BP peaking at 11,400 and 10,700 cal years BP

and showing a decreasing moisture trend from 10,800 to 9,800 cal

years BP (Figure 9). During the second phase, since 9,800 cal years

DE SOUZA ET AL. | 11



BP, dry phases prevailed interrupted by a wet pulse at 8,800 cal

years BP and a wet phase between 8,400 and 8,100 cal years BP

(Figure 9). The QZO and BB pollen assemblages reflect Prepuna‐
Puna transitional communities that reveal a gradual upslope shift of

Puna elements to higher altitudes in response to the drop in ambient

moisture (de Porras et al., 2017).

These data support stepped wet‐to‐dry climatic scenarios re-

corded throughout the Atacama Desert from the Late Pleistocene to

F IGURE 6 Characterization of sedimentary morphologies. (a) Copernicus satellite image (January 2020) (black&white). Black boxes
indicate the positions of the geomorphologic maps of the Imilac, El Salto, and Punta Negra north areas shown in (b–d), respectively. The maps
show the location of the stratigraphic logs yielded from this study [Color figure can be viewed at wileyonlinelibrary.com]
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the Middle Holocene (e.g., Grosjean et al., 2001; Maldonado

et al., 2005; Santoro et al., 2017; Workman et al., 2020) when con-

ditions more arid than today became prevalent (e.g., Grosjean

et al., 2001; de Porras et al., 2017; Santoro et al., 2017).

4 | DISCUSSION

4.1 | Sedimentary records

The B1 and B3 stratigraphic units are exposed in discontinuous

outcrops along the eastern boundaries of the Imilac and Punta

Negra salt flats. These units are mainly composed of sandy silts

with abundant organic mats that include plant debris and grasses,

contorted bedding, and extensive networks of root traces, which

suggest standing water conditions. Organic mats with these

sedimentary features which are interbedded within sandy silt

deposit are, in the Atacama Desert, frequently interpreted as

wetland deposits (Geyh et al., 1999; Betancourt et al., 2000; Rech

et al., 2002; Grosjean et al., 2001, 2005; Quade et al., 2008). The

lack of paleoshorelines or other fine‐grained sediments at the

centers and on the western boundaries of the Punta Negra and

Imilac salt flats led Quade et al. (2008) to rule out the possibility

that these organic levels were deposits from a continuous, deep

F IGURE 7 Stratigraphic logs yielded from this study for the northern (SPN_north) and southern (SPN_south) Salar de Punta Negra areas,
respectively. Continuous black lines connect the same stratigraphic level between logs performed at different points of the same outcrop

F IGURE 8 Calibrated radiocarbon dates
summed probabilities plots from wetlands
outcrops of the Salar de Punta Negra (SPN) and
Imilac basins based on data from Quade et al.
(2008), Grosjean et al. (2005), and this study.

Crosses represent the median values of
individually calibrated radiocarbon ages [Color
figure can be viewed at wileyonlinelibrary.com]
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paleolake. Additional arguments against a lake origin can be de-

rived from the lateral extension and the radiocarbon age dis-

tribution shown by these deposits through the stratigraphic

record. With regard to the first argument, the levels with organic

matter can be laterally followed only for a few tens of meters.

Second, the distribution through the stratigraphic record prevents

a single organic level from being correlated across all the

stratigraphic logs; each of the stratigraphic levels with organic

matter can likely only be correlated between neighboring logs.

These arguments suggest that each of these stratigraphic levels

was deposited by a perennial standing water body isolated from

the others.

Two opposing models have been proposed for the origin of the

wetland deposits in the Atacama Desert; these two models suggest

that the wetland deposits either result from high or low water tables.

The first model has been proposed for sandy silt deposits with in-

terbedded organic mats entrenched within incised valleys. Wetland

deposition occurs during dry periods when the water table drops and

hillslopes are de‐vegetated, allowing the stripped soil to erode

and sediments to accumulate in channels. In such a case, sandy silt

and organic mats are deposited from stagnant vegetation water

dammed by recurrent episodic debris flows (Grosjean, 1997, 2001).

In the second model, sandy silts are deposited when the water table

reaches the ground surface, and the dense vegetation and humidity

content of the sediments allow fine‐grained sediments to be trapped

(Quade et al., 2008; Rech et al., 2002). In view of the geomorphologic

context, along the border of salt flat basins, it is difficult to interpret

the B1 and B3 deposition as results of damming by debris flow de-

position. These stratigraphic units are the result of water tables

rising just above ground level. Modern analogs of wetland environ-

ments in which the B1 and B3 units could have been deposited can

be seen in very restricted areas at the southern border of the Punta

Negra salt flat. Other modern analogs, more extensively developed,

can be seen 250–300 km south of the Maricunga and Negro Fran-

cisco salt flats.

On the contrary, the B3 unit overlays the B2 unit (see Quade

et al., 2008). The B2 unit is composed mainly of massive sands and

lesser silts, similar to those currently deposited in the Atacama De-

sert by ephemeral wash flows. This led Quade et al. (2008) to pro-

pose that climatic conditions were dryer and water tables deeper

before the deposition of the B3 unit. We find no reason to rule out

such a dryer climate episode. However, organic mats from the

B3 unit alternate laterally with sands and silts similar to those of the

B2 unit. Thus, high water tables allowing wetland deposition during

the B3 unit deposition were not extended across the entire Punta

Negra salt flat but rather were locally determined.

The massive sands in the B2 and B3 units would have been

deposited from hyper‐concentrated flows (Smith, 1986) or high‐
density turbidity currents (Horton & Schmitt, 1996), in which sand

deposition is too rapid to allow the development of bedforms.

Massive silts represent subaerial waning flood flows (Miall, 1977),

and well‐bedded sand results from sheetflood deposits (Horton &

Schmitt, 1996). Thinly bedded silts can be interpreted as the de-

position of suspended clays associated with the precipitation of

evaporates in a stagnant saline water body (Nalpas et al., 2008). This

last point is consistent with the observation that thinly bedded silts

always alternate with organic mats. In contrast, the overlying coarse‐
grained alluvial deposits result from debris‐flow‐dominated flood

deposition.

Thus, the B3 and overlaying alluvial deposits represent different

flood flow regimes. The shift from the B3 unit to the coarse‐grained
alluvial deposits is accompanied by an increase in grain size and a

F IGURE 9 Moisture anomalies between 13,500 and 8,000 cal yrs
BP based on the rodent midden pollen records of Quebrada
Zorras and Barrancas Blancas series (de Porras et al., 2017). Red
(blue) bands highlight dry (wet) phases [Color figure can be viewed at
wileyonlinelibrary.com]
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decrease in the lateral extension of the deposits. The B3 unit was

deposited across the entire border of the Punta Negra salt flat,

whereas coarse‐grained alluvial deposits were restricted to alluvial

fans at the outlet of the ravines draining the high cordillera. Differ-

ences in the distance from the sediment source, bedrock lithology, or

fan slopes cannot be invoked to explain this type of evolution. Thus,

the change in the flood flow regime can be associated with a varia-

tion in vegetation cover at the sediment sources or with a change in

the climate (Blair & McPherson, 1994; Levson & Rutter, 2000;

Spalletti & Piñol, 2005).

To summarize, sedimentary changes through the stratigraphic

record of the Punta Negra salt flat suggest at least two hydrological

regime changes during CAPE II: (a) wetland development before

12,700 cal years BP which determined the shift from B2 to B3 de-

position and (b) coarse‐grained alluvial deposition not long after

10,400 cal years BP reflected in the B3 unit's transition character-

ized by scarce wetland development.

4.2 | Human–environment relationships
through time

The earlier change in climate was proposed by Quade et al. (2008) and

considers that the water table rises before 12,700 cal years BP which

determines the shift from the B2 to B3 deposition. The frequency of

paleowetland deposits in the outcrops gradually increases from that

date onward, reaching a statistically significant increment around

12,300 cal years BP (Figure 10b). This is synchronous with the onset of

a wet phase in the Domeyko Range in Alto Varas and Chepica (25°S),

around 12,210 and 12,000 cal years BP (Sáez et al., 2016). Rodent

midden‐pollen‐based anomalies point to a humid phase from

13,500 cal years BP onward, the longest and most stable phase in the

record up to 12,200 cal years BP (Figure 10c). Then, a 200‐year phase
that lasted until 12,000 cal years BP was characterized by a drop in

moisture to lower levels than the present. However, this 200‐year
humidity drop did not seem to affect wetland development, probably

due to its short duration. It was precisely at that time that we see the

first evidence of human occupation of the area according to archae-

ological combustion features dating back to ca. 12,000 cal years BP

(Table 1). Thus, the people would have settled in the area as favorable

humid conditions stabilized during CAPE II in the local environment,

which occurred around 12,000 cal years BP.

Indeed, from 12,300 cal years BP to just after 10,300 cal years

BP, fine‐grained deposition in an alluvial fan environment was ex-

tensive along the entire Punta Negra salt flat border. In this en-

vironment, laterally limited wetland deposition was determined by

increases in local water tables. The wetland outcrops time series data

points to the presence of high humidity during this period, albeit with

an observable gap when the water tables dropped between 11,100

and 10,800 cal years BP. Although the presence of hiatuses could be

linked to the presence of sharp contacts between facies, given that

only a small number of radiocarbon dates have been obtained from

paleowetland deposits in this period, this connection would require

further and more in‐depth study. In agreement with this, the rodent

middens, while indicating that humidity was higher than the present

day for most of the period, also pointed to a drier period from

11,400 cal years BP to just before 10,800 cal years BP. The dates of

archaeological occupations along the edges of the salt flats reveal a

pattern similar to the paleowetland time series, with occupations

extending from 12,000 to 10,200 cal years BP but with a hiatus be-

tween 11,200 and 10,700 cal years BP. The absence of human set-

tlements in the area for dates during this gap would suggest that

more arid conditions triggered a change in settlement systems. This

change could have involved a population decrease, the partial

abandonment of the area, or a reorganization of settlements in the

salt flat zone. Resolving this issue will require a larger battery of

radiocarbon dates that cover a greater number of archaeological

sites in and around the salt flats.

F IGURE 10 Diagram comparing (a)
calibrated dates from archaeological sites
stacked probability distributions, (b) model
output of wetland SPD between 14 k and 8 k
cal years BP against a uniform theoretical
distribution, (c) moisture anomalies based on
rodent midden pollen records (24.5°S). In (b),
orange/green bands reflect dry/wet periods
that restricted/allowed human occupation of
salt flats borders. In (c), dashed blue lines
represent the median of the anomalies
moisture values for each period [Color figure
can be viewed at wileyonlinelibrary.com]
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The relocation of archaeological sites and active wetlands before

and after this gap suggests that these changes were linked to intra‐
regional precipitation changes that unfolded in a north to south di-

rection. In this regard, regional paleo‐records indicate that humid

conditions extended longer into the early Holocene as latitude in-

creased through the Atacama Desert (de Porras et al., 2017). This

could be explained by the differential intensity of summer pre-

cipitation modes affecting the central and southern Atacama Desert

described at the interannual scale. Thus, the south‐east mode would

have been more intense up to the early Holocene, resulting in wetter

conditions in the southern Atacama Desert, decoupling the termi-

nation of the most humid phases recorded since the

Pleistocene–Holocene boundary. However, it is not possible to de-

termine whether the dry phase observed at the local level

(ca. 10,200) was linked to changes in the modes of tropical pre-

cipitation during this period or whether it corresponded to a regional

phenomenon in the southern Atacama Desert.

At the end of this gap, around 10,800 cal years BP, evidence of a

sharp rise in ambient humidity abounds in the rodent middens, which

display the highest anomalous values for the entire sequence (2.9).

In addition, around 10,800 cal years BP, the radiocarbon dates show

a dramatic increase in paleowetland development. The new archae-

ological site dates to around 10,700 cal years BP, providing evidence

that humans returned to the area as the humidity increased.

It is interesting to note that the archaeological sites dated from

12,000–11,300 cal years BP are all located in the Imilac salt flat, or in

the northern part of the Punta Negra salt flat. No archaeological

evidence was found in the southern part of the Punta Negra salt flat.

At the same time, the greatest number of dated paleowetlands

corresponds to the exposed profiles near the Imilac salt flat, which

suggests that humid conditions were mostly manifested in the

northern part of the area for the first 700 years of human

occupation.

Conversely, most of the dates from archaeological sites falling

within the gap stretching from 10,800–10,200 cal years BP come

from the southern part of the Punta Negra salt flat. Dates from the

northern part of the Punta Negra salt flat are much less frequent and

absent in the Imilac salt flats. Dates of similar age for paleowetlands

tend to be concentrated in the Punta Negra and are less frequent in

the Imilac salt flats. This suggests that, in the latter part of the early

human occupation of the area studied, conditions of humidity, and

therefore of human habitability, were more favorable in the south

than in the north.

The second climate change is reflected in the B3 unit's transition

to coarse‐grained alluvial deposition. In some archaeological sites,

lithic materials are found in situ over this alluvial deposition. This

change occurred not long after 10,400 cal years BP. After that time,

coarse‐grained alluvial fan deposition was restricted to the outlet of

the ravines that drained the high Andes, with almost no wetland

deposition.

Consequently, around 10,400 cal years BP there is a sharp drop

in the number of wetland dates, which after that time only arise

sporadically in occasional records of wetland outcrops. Pollen‐based

moisture anomalies indicate a major moisture decline (0.5), which did

not reach the modern extreme aridity conditions in the area but

presented the lowest anomalies for the first time in 1,800 years.

From that time onward, the rodent midden pollen record displayed

high variability in moisture with a median value below the previous

period, indicating generally dry conditions.

From around 10,300 cal years BP onward, signs of human oc-

cupation are absent along the borders of the Punta Negra and the

Imilac salt flats, which we interpret as the result of human groups

abandoning the area because humidity fell below the threshold of

habitability for hunter‐gatherer groups, leaving few active wetlands

available. Not until 600 years later, around 9,700 cal years BP, do we

find, once again, signs of people occupying the area, this time not

along the borders of the salt flats but in the ravines that drain into

them, 30 km away and at altitudes of 3,500 masl. To date, it is un-

clear whether these groups were connected with the lower‐lying
areas of the salt flats; possibly, they had interactions with settle-

ments on the eastern side of the Andes, where there are dense

records of human occupations during the same period

(Aschero, 2014).

The highland ravine sites suggest that human mobility patterns

shifted as groups began to occupy the upper stretches of the ravines,

favoring the highlands over the salt flats. Though the dryer condi-

tions inhibited wetland formation at lower altitudes, the limited

precipitation provided enough water to maintain higher wetlands in

the valleys.

4.3 | A matter of time and spatial scales resolution

The human presence around the Imilac and Punta Negra salt flats

appears to show a close relationship in space and time with wetland

development (Figure 10a,b). This could be explained by the depen-

dence of hunter‐gatherer groups on the hydric and biotic resources

provided by these ecosystems. However, neither human occupation

nor wetland development appears to show a one‐to‐one relationship

with moisture anomalies. Precipitation (reflected as moisture

anomalies), groundwater recharge, and wetland development should

be tightly connected, and therefore, closely associated with human

presence.

We argue that the observed discrepancies among the proxies

could be related to the time resolution of the different archives,

differences of interpretation, particularly in light of the low degree of

spatial and temporal sampling, and time of response (Soorushian &

Martinson, 1995). In that sense, spatial and temporal scale resolu-

tion, represented by each proxy, is easier to state compared to the

response time to a given external climate force (increase and de-

crease of effective moisture). Indeed, the Imilac and Punta Negra

paleowetlands groundwater recharge depended on effective moist-

ure; however, responses to changes in atmospheric water as well as

land‐surface and subsurface fluxes of water might not have been

homogenous among them (Street‐Perrott, 1995; Valero‐Garcés
et al., 1999).
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The spatial scale represented by pollen in rodent middens is

localized to regional pollen dispersal processes (de Porras

et al., 2015) and it has been suggested that these archives may

present up to decadal resolution (e.g., Grosjean et al., 2003). How-

ever, the response time of vegetation reflected in the pollen record

of rodent middens is difficult to determine as no modern surveys

have been developed.

The resolution of the timescale of human occupations is cur-

rently limited by the surficial nature of many of the sites and their

low depth deposits. Considering these limitations, broad correlations

across the different archives depict similar trends at a centennial

scale. According to the current results, the resolution of archae-

ological occupation is closer to that of wetlands than pollen records.

However, the wide extension of the sites suggests potential spatially

delimited occupational diachronic events that would allow us finer

resolutions of the current centennial scales.

Wetland development and human occupation occurred during

the wettest phases of CAPE II in the southern Atacama Desert, as

shown by the moisture anomalies. Similarly, once moisture started to

decrease after 10,400 cal years BP, wetland development declined

and salt flats' abandonment occurred.

The latter suggests a very interesting issue in terms of the joint

interpretation of human and environmental/climatic records. Even

when the southern Atacama Desert was wetter than the present

(e.g., 10,800–10,400; 8,800; and 8,400–8,100 cal years BP), the salt

flat basins of Imilac and Punta Negra were not occupied. Therefore,

are the moisture thresholds required for vegetation changes, wet-

land development, and human presence different? A vegetation

anomaly value of zero would be similar to the present, reflecting a

hyperarid environment where the development of wetlands is scat-

tered and restricted to small areas. This would have made it im-

possible for hunter‐gatherers to survive in the area owing to a lack of

water and other resources. If a moisture threshold of approximately

0.5 is considered to be sufficiently wet for wetland development and

human presence, then conditions would have been constrained from

13,000 to 10,400 cal years BP, with instances of episodic moisture

recoveries thereafter. This pattern closely matches our results in the

southern Atacama Desert.

5 | CONCLUSIONS

The multiproxy analysis allows for the development of a chron-

ological and spatial framework for human occupations in the high‐
altitude endorheic basins of the Imilac and Punta Negra salt flats and

the associated paleoenvironmental context. However, linking

human occupation and climate change has been challenging, as

records of past vegetation changes, geomorphological processes, and

human groups operate at different temporal and spatial scales

(Grosjean et al., 2003; McLaren & Reynolds, 2009).

Paleoenvironmental data suggest that far from being a homo-

genous phase, CAPE II in the southern Atacama Desert was char-

acterized by an important local variability of wetland development

related to groundwater recharge and changes in precipitation as re-

flected by vegetation belt shifts. Thus, this climatic and environmental

variability affected the human groups at the Imilac and Punta Negra salt

flats in several ways, as indicated by the chronology of occupational

hiatuses, relocation, and abandonment. This dynamic differs from the

timing observed further north in the Atacama Desert.

The human occupation of the endorheic basins of the southern

Atacama Desert occurred around 12,000 cal years BP in synchrony

with greater development of wetlands. Occupations were initially

concentrated in the northernmost area, around the Salar de Imilac

and the section north of the Salar de Punta Negra. The gap in human

occupation around 11,200 cal years BP reflects a change in settle-

ment patterns rather than an abandonment of the area possibly

triggered by the decline of wetlands, but this hypothesis requires

further research. Around 10,800 cal years BP, the evidence of human

occupation concentrated south of the Salar de Punta Negra, asso-

ciated with wetland development concentrated in the same area.

Finally, the definitive abandonment of the area by human groups

occurred around 10,400 cal years BP along with an accelerated drop

in wetland development. Since then, the human occupation has only

been related to temporary camps located in the high streams sur-

rounding the area, possibly linked to more stable occupations on the

eastern Andean slope.

The discontinuities observed in the archaeological record at

different times during CAPE II reflect the different ways that the

early human groups coped with changing conditions. Whether they

relocated their occupational sites or abandoned the area, those ad-

justments would have involved a series of decisions that merit fur-

ther study. On the contrary, our results indicate a close relationship

between the human record and the development of paleowetlands,

which could be explained by the dependence of hunter‐gatherer
groups on the hydric and biotic resources provided by this ecosystem

in the Atacama Desert. Nevertheless, a direct (one‐to‐one) correla-
tion between moisture anomalies and paleowetland water regimes is

still difficult to establish; however, the anomaly values lead us to

rethink how we interpret moisture changes in drylands in terms of

the (moisture) threshold to provide sufficient resources for human

subsistence, regardless of whether the area was more humid than

the present.
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