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Abstract

The South Central Andes host a wide range of different habitats from Pacific coastal areas up to
extremely harsh cold and dry environments of the high mountain plateau, the altiplano or the
puna. Marine resources in habitats along the cold Humboldt current are abundant and very
stable through time, whereas terrestrial vegetation, animal, and water resources in the habitats of
the intermediate valleys, of the high valleys toward the Andes and of the high puna are marginal,
scarce, highly variable, and hardly predictable in time. Paleoenvironmental information reveals
high amplitude and rapid changes in effective moisture during the Holocene period and con-
sequently, dramatically changing environmental conditions. Therefore, this area is suitable to
study the response of hunting and gathering societies ( Paleoindian and Archaic Period, between
ca. 13,000 and 4500 cal yr BP; 11,000 and 4000 “c yr BP) to environmental changes, because
smallest variations in the climatic conditions have large impacts on resources and the living space
of humans. We analyzed environmental and paleoclimatic information from lake sediments, ice
cores, pollen profiles, and geomorphic processes, and put these in relation with the cultural and
geographic settlement patterns of human occupation in the different habitats in the area of
southern Peru, SW Bolivia, NW Argentina, and North Chile. The time window of 5000 cal yr
BP (4300 "*C yr BP) considered in this context is put in perspective of the early and late
Holocene in order to show a representative range of environmental and cultural changes. We
found that the time broadly around 5000 cal yr BP (4300 '*C yr BP) does not show significant
environmental or climatic nor rapid cultural changes. The largest changes took place around
9000 cal yr BP when the humid early Holocene conditions were replaced by extremely arid but
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highly variable climatic conditions. The onset of such hostile conditions resulted in a marked
decrease of human occupation, in the occupation of alternative habitats ( ‘Ecological refuges’), in
increased mobility, in a stronger orientation toward the habitats with relatively stable resources
(such as the coast, the puna seca, and ‘ecological refuges’), and in stepwise technological
innovations of artifacts. In the most arid and marginal areas of the Puna Salada south of the Rio
Loa (21°S) and the adjacent valleys, the mid-Holocene aridity resulted in some sites even in a
hiatus of human occupation (‘Silencio Arqueologico’, sensu Grosjean et al., 2005b). Such
hostile conditions were repeatedly interrupted by sub-decadal humid spells or by short-lived
extreme climatic events (floods, droughts, etc.), and lasted until ca. 3500 cal yr BP when modern
conditions were established in a stepwise process. This was also the time when the puna salada
was re-occupied at large, and irrigated agriculture emerged. Domestication of camelids in the
South Central Andes (ca 5500 cal yr BP, 4800 '*C yr BP) falls roughly into the time of interest
around 5000 cal yr BP. Although this process is centered in the mid-Holocene harsh conditions,
the climate dictate remains debatable because the onset of such harsh conditions preceded
domestication by as much as 2000-3000 years.

1. Introduction

The Atacama Desert of the South Central Andes is today an area with extremely
harsh geoecological conditions and marginal resources. Thus, societies based on
subsistence economies are highly susceptible to even smallest changes in the climatic
and environmental settings and available resources.

As in other subtropical areas of the world, Holocene climatic changes are mainly
manifested as variations in the effective moisture budget, whereas changes in tem-
perature were relatively insignificant. This is a fundamental difference with mid-
and high-latitude areas and makes the Holocene, as far as subtropical arid and
semi-arid areas are concerned, one of the most interesting time windows for the
study of high amplitude and abrupt climate changes.

Holocene climatic changes in the Central Andes affected primarily the water cycle
(lake levels, spring flow, river discharge, groundwater tables, soil moisture, etc.) and,
consequently, flora and fauna. Thus palaco-ecological archives that record humidity,
vegetation, and animal resources are the best sites to study potential impacts of
climate change on early hunting—gathering subsistence societies in the Atacama
Desert, which were present between ca. 13,000 and 3400 cal yr BP (11,000 and 3200
4C yr BP). Culturally, this period of time is known as the Archaic Period. It was the
time when supplies of and demand for certain natural resources were in a very delicate
balance, with critical implications for the demography of human societies.

It was early recognized (Le Paige, 1965; Lanning, 1967, 1973) that many archae-
ological sites in the Atacama Desert and elsewhere in South America are found in
places with very hostile environmental conditions at present, and that paleo-
environments must have been very different from those of today. Thus, a relatively
deterministic interdependence between Paleoindian/Archaic human occupation and
the paleoenvironment was postulated and documented in many cases (e.g., Cardich,
1980; Massone and Hidalgo, 1981; Fernandez, 1984-85; Lynch, 1990; Santoro
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et al., 1991; Grosjean and Nufiez, 1994; Nufiez and Grosjean, 1994; Nufez et al.,
1994, 1996, 2001, 2002; Grosjean et al., 1997a, 2005a,b; Borrero et al., 1998; Messerli
et al., 2000). In the area of the Central Andes, consensus exists that prolonged and
severe droughts and arid periods had particularly strong impacts on early societies at
times when buffer and storage capacities were still limited (Binford et al., 1997).

Recent advances in multidisciplinary paleoclimate research on tropical glaciers,
lake sediments, geomorphologic features, paleosols, groundwater bodies, rodent
middens, and pollen profiles in bogs have provided information about large scale,
high amplitude, and rapid climate changes in the Central Andes during the
Holocene, and have strengthened the hypothesis about the man—environment
relationship. Indeed, paleoenvironments play a key-role in understanding the
very complex pattern of Paleoindian and Archaic resource use in space and
time, for the human occupation of different habitats from the marine coast up
to the high elevation lake environments on the altiplano above 4500m altitude
(Grosjean et al., 2005b). The combination of archaeological and paleoenviron-
mental information may also shed light on the question whether climate and cul-
tural changes were synchronous or not, whether there is a causal relationship
between climate and culture, and to what extent early cultures were able to
shape and manage the landscape toward more efficient resource use and for
mitigating high variability or shifts in resources (Lentz, 2000). We may speculate
if changes to the socio-economic and cultural patterns were adaptations to new
environmental conditions and thus the result of changing environmental boundary
conditions.

The aim of this chapter is to review the paleoclimate information for the mid-
Holocene (between ca. 8000 and 4000 cal yr BP) in the South Central Andes, to
draw a picture of the different habitats of human occupation (marine coast, valleys
and quebradas, high elevation puna habitats and sites), and to compare the paleo-
climate scenario with the regional archaeological information in space and time.
Major research questions are:

(1) Why did people occupy or abandon specific habitats? Does a hiatus of human
occupation or a change in the habitat reflect overly harsh environmental con-
ditions whereas continuous inhabitation is indicative of stable conditions and
hence resources through time?

(2) Are cultural or socio-economic changes (e.g., the beginnings of domestication or
the adoption of innovative lithic industries) related to changes in the environ-
ment, or were technological and cultural changes the result of internal processes
of transformation within hunting and gathering societies and aimed directly at a
better management and exploitation of the environment?

(3) Was the period around 5000 cal yr BP a particularly interesting period with
significant, rapid and high-amplitude climatic changes and adaptive cultural
processes?

We emphasize that the unambiguous interpretation of occupations and settle-
ment patterns is still difficult given the current state of knowledge. In some cases,
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our interpretations will become more complete when archaeological deposits and
artifacts are better documented and dated (usually just the basal and top layers of a
stratigraphic column are dated) and incomplete regional survey is clarified. In all
cases, developing local and detailed environmental reconstructions, including of the
geomorphological processes at every individual site, is a prerequisite to achieving a
consistent and holistic view of the human—environment relationship in the past
(Grosjean et al., 2005a,b).

For the purpose of this chapter, we put the mid-Holocene arid period into the
perspective of the entire Holocene, starting with the swing from humid early
Holocene to fully arid mid-Holocene conditions between ca. 9500 and 8500 cal yr
BP, and ending with the onset of modern climatic conditions around 4000 cal yr BP.
This interval brackets the time window around 5000 cal yr BP under investigation
herein (see also Sandweiss et al., 1999). We delineate the research area as extending
from the marine coast in the west up to the altiplano in the east, and from the
tropical summer precipitation area in SE Bolivia and Peru at 17°S in the north to
the fully arid southern margin of the altiplano at 28° in the south (Fig. 3.1). This
area is known as the Atacama Desert, and hosts a broad range of habitats and
archaeological sites with different assortments of resources such as high elevation
open campsites associated with lakes on the puna (dry puna and salt puna), caves,

74°W 72°W 70°W 68°W 66°W

Ny \__Lake Titicaca
16°5 . L 16°S
D BOLIVIA
18°S - 18°S
20°S ~20°S
22°S - -22°S
a //’/ / -
ya 1‘ [ Intermediate
e _ Antofagasta Valleys
24°8 { Va ‘»‘ ;1 -24°S

T T
74°W 72°W

T T T T
70°W 68°W 66°W
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and complex open campsites in intermediate valleys and quebradas (dry valleys),
and densely occupied sites on the Pacific coast.

Hunters and gatherers in arid areas such as the Atacama Desert were always
threatened by the extreme variability of precipitation and unpredictable periods of
drought. Therefore, high mobility, and complementary and diversified use of
resources in different ecological zones, was an important strategy to live in
and to manage a difficult, highly variable environment. This also brought about a
regional cultural development with groups that were specialized in certain habitats.
However, inter-regional interaction, for instance, between the highlanders and the
coastal people, were always very important. This is fundamental when patterns of
concentration and dispersion of Archaic settlement in the Atacama Desert are
evaluated. In this context it is important to note that a general decrease in resources
during times of extreme regional aridity (such as the mid-Holocene) resulted in the
formation of ecological refuges where resources were locally still available due to
favorable micro-environmental conditions. This in turn led to a major concentra-
tion of animals and humans specifically around these areas despite the regional
crisis and possibly also regional depopulation. The archaeological sites in these
areas are thought to be the nuclei of increasing socio-economic and cultural com-
plexity, semi-sedentarism, and the domestication of flora and fauna (Nufnez, 1981;
Santoro, 1989; Nunez et al., 1996; Grosjean et al., 1997a; Nuiiez et al., 2001).

2. The physiogeographical setting

The Andes and the high mountain plateau (altiplano or puna) form one of the most
prominent mountain chains in the world. The unique physiogeographical setting
with vertical gradients ranging from sea level up to peaks above 6000 m within less
than 150 km horizontal distance is the result of Cenozoic tectonic uplift in the fore-
arc region of the active tectonic convergence zone. This created a wide range of
geoecological belts with extremely strong and persistent precipitation gradients
between the humid windward side and the arid rain-shadow side of the N-S ranging
mountain chain. The formation of the Andes led also to a broad vertical range of
temperature regimes from hot climates at sea level to continuous permafrost climate
above 5600 m, and to a highly variable spatial pattern of topography, slope, aspect,
geological, and pedological conditions. All of these variables superposed result in a
mosaic of potential habitats with characteristic local water, vegetation, and animal
resources. The geoecological conditions may also involve natural hazards such as
volcanism, seismic activity, tsunamis, landslides, and debris flows. Some of the
variables that combined to form the living space for humans remained constant in
time, some others changed very rapidly. However, it was always the humans who
decided, based on their subsistence economy, technology, and ideology, whether a
given living space at a specific time was regarded as favorable or hostile.

The meso- and macroscale climate of the Atacama Desert is controlled by (1) the
SE Pacific Anticyclone (SPA), (2) the cold Humboldt Current, (3) the upper
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tropospheric Bolivian Anticyclone centered above the eastern Cordillera, and (4)
the Westerly circulation belt in the mid-latitudes of Central Chile (Vuille, 1999;
Garreaud et al., 2003). The SPA is a quasi-permanent dynamic high-pressure area
and forms part of the southern hemisphere Hadley circulation. The all-year-round
dry subsiding air masses are largely responsible for the persistent aridity in the
coastal areas and the western slope of the Andes in northern Chile and Peru. The
SPA also blocks the frontal systems from the zonal Westwind Drift in the mid-
latitudes that bring moisture from the Pacific. Eckman upwelling of cold water in
the Humboldt current off the Chilean and Peruvian coast stabilizes the SPA, and
gives rise to an inversion layer at ca. 800 m altitude with the prominent coastal fog,
locally known as camanchaca. The coastal range in northern Chile is a very effective
local moisture trap for the coastal fog (Schemenauer et al., 1988) and a strong
barrier against moisture transport from the Pacific into the interior of the continent.
During austral summer, the altiplano and the western Cordillera are controlled
by the ‘Bolivian High’ centered above the eastern Cordillera of Bolivia (Hastenrath,
1997). The ‘Bolivian High’ is regarded as the result of local heating of the high
mountain plateau (Gutman and Schwerdtfeger, 1965; Rao and Erdogan, 1989)
and latent heat release over Amazonia (Lenters and Cook, 1997). The
‘Bolivian High’ features strong upper tropospheric divergent flow, lively convec-
tion, easterly winds and advection of tropical Atlantic moisture from the conti-
nental lowlands east of the Andes (e.g., Hardy et al., 1998; Vuille et al., 1998). Thus
the area considered here (i.e., southern Bolivia and Peru, northernmost Chile and
NW Argentina) is subject to tropical summer precipitation (/nvierno boliviano)
which decreases with strong gradients from >450mmyr~' on the Bolivian
altiplano to <200mmyr~" in adjacent high elevation areas to the west and south
in northern Chile, and to <20mmyr ™' in areas below 2000 m elevation and the
coast.

Tropical summer rainfall remains restricted to high elevations above 4000 m in
the western Andes (northern Chile), while summer rainfall reaches all elevation belts
in the windward very humid eastern slope of the South Central Andes (SE Bolivia
and NW Argentina). The western slope of the Andes remains in the fully arid ‘rain
shadow’ but receives some river discharge from the high Andes. A few rivers north
of 22°S reach the marine coast. Frontal winter rainfall of the Westwind Drift is the
common moisture source for Central Chile (Invierno chileno). Frontal systems fur-
ther north than ca. 28°S are usually blocked by the SE Pacific Anticyclone. How-
ever, penetration of fronts is sporadically observed as far north as northernmost
Chile and SE Bolivia (Vuille, 1996; Vuille and Ammann, 1997; Vuille and Ba-
umgartner, 1998). Winter precipitation increases toward the south from ca. 100 mm
in coastal areas at 27°S to >300mm at 33°S. Thus, the Atacama Desert is currently
located in the extremely dry transition zone between the tropical summer precip-
itation areas in the north and east ([nvierno boliviano) and the extratropical winter
precipitation areas in the south and west (lnvierno chileno). The most arid part of
this ‘Arid Diagonal’ crosses the Andes NW-SE at ca. 25°S (Messerli et al., 1993;
Arroyo et al., 1998).
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Water resources are very scarce today (Grilli, 1989). For instance, the total
available water resources for the Region de Antofagasta in northern Chile
(126,000 km?) amounts to 12-18m*s ™", the larger proportion being too saline for
domestic use. Also most of the endorheic lakes on the Chilean, Argentinean, and
Bolivian altiplano are seasonally dry, very shallow, and hypersaline (Stoertz and
Ericksen, 1974; Chong Diaz, 1984; Vuille and Baumgartner, 1993; Risacher et al.,
2003), and the water quality in lakes, springs, groundwater, and rivers is generally
affected by naturally high loads of dissolved salt, in particular arsenic. Except the
two large freshwater bodies of Lake Titicaca and Lake Chungara which are located
in the somewhat more humid (P > 400 mm yr~") tropical part of the altiplano and
have a surface or subsurface outflow, the only open water bodies with a surface of
a few square kilometers are bound to active geologic fault systems with limited
internal drainage (Chong Diaz, 1984; Grosjean, 1994). Small springs (discharge of
some Im?s™') above 2500 m altitude provide water for small bogs and mires with
particular ecological conditions (Ruthsatz, 1993, 1995) for animals and humans.
Along the ca. 1000 km long coast of northern Chile, there are only five valleys with
currently perennial or seasonal rivers connecting the altiplano with the Pacific.
Besides these estuaries, freshwater is extremely scarce along the coast. At best, there
are some small springs fed by the coastal fog, some of them being rather brackish
(Nunez and Varela, 1967-68). Some of these places served also as microhabitats
combined with nearby marine resources.

In contrast to the scarce terrestrial resources along the coast, the ocean offers
stable and predictable resources suitable for permanent human occupation. The
coast of northern Chile and southern Peru features the unique arrangement of very
hostile fully arid terrestrial conditions with extremely rich marine resources of the
cold Humboldt Current. High-nutrient loads of the cold water combined with high
solar radiation rates sustain one of the most productive marine ecosystems and
food chains in the world, and provide the base for a long tradition of marine
subsistence in the coastal areas of the Atacama Desert (Llagostera, 1979, 1982;
Sandweiss et al., 1996, 1998).

Terrestrial natural vegetation is an important indicator linking climatic patterns
with the living space for animals and humans. Arroyo et al. (1988) show that
vascular plant diversity and vegetation cover in the western Andes of northern
Chile reflects well the precipitation pattern and the vegetation food resources for
subsistence societies. Vegetation cover and species number are highest in the al-
tiplano of northernmost Chile (18°S), decrease rapidly toward the coast (rain
shadow) and toward the south (Arid Diagonal), and increase again as winter rainfall
becomes stronger. In the winter rainfall areas, however, the best conditions for
vegetation are found in intermediate altitudes, because low temperatures limit plant
growth higher up. The occurrence of terrestrial fauna broadly follows the pattern of
the vegetation. Camelids, birds, and rodents are the most important animal groups
for hunting (Hesse, 1982; Santoro, 1987). Obviously, the high elevation areas and
the areas with river runoff from the mountains are generally the most favorable
places, whereas terrestrial resources in the low elevation areas are sparse or totally
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absent. However, the particular combination between the coastal fog and the mois-
ture trapping coastal range may, in some cases, provide enough moisture to sustain
surprisingly dense local vegetation (Loma vegetation) and the respective animals.

Natural hazards may also play a role in determining whether a given area is
selected as a living space for humans. Numerous active volcanoes are found in the
Western Cordillera of southern Peru, Bolivia, and northern Chile between 15°S and
27°S (Zeil, 1986). Numerous volcanic eruptions on the Atacama altiplano are re-
ported for historic, Holocene, and late-glacial times (Gardeweg et al., 1984; Francis
et al., 1985; Glaze et al., 1989). Some of these eruptions resulted in the collapse of
large massifs, triggered immense debris flows and lahars, devastated large areas, and
changed in some cases completely the hydrological drainage of a watershed. A debris
avalanche, for instance, formed Lake Chungara after the late-glacial collapse of Vn.
Parinacota, which dammed the earlier westward drainage (Francis and Wells, 1988).
Volcanism in the Andes plays also an important role with regard to raw materials
for lithic artifacts. Obsidian and basalt are usually found in the high elevation areas
with Cenozoic volcanism, whereas the coastal range and the intermediate zone of
the Precordillera with low-grade metamorphic rocks, Cenozoic alluvial material, and
sedimentary rocks do not provide first-choice raw material for lithic artifacts.
Exceptions are Devonian flint stone nodules or fine-grained sandstones.

However, earthquakes, occasional tsunamis, and volcanic eruptions are low-
frequency catastrophes of rather local significance. If devastating, the impact is
expected to be found in the stratigraphies of archaeological sites, which is, however,
hardly observed in the Atacama (Schiappacasse and Niemeyer, 1984). Furthermore,
new studies from Middle America suggest that relatively simple societies tended to
recover from sudden stress of explosive volcanism more readily than complex
societies (Sheets, 2001). In summary, we conclude that natural hazards and low-
frequency catastrophes, although present, did not play a major role in the general
regional settlement pattern over the time scales of centuries or millennia considered
in this chapter.

3. Habitats for human occupation in the Atacama Desert

In order to compare the settlement patterns within and between the different sectors of
the South Central Andes, we distinguish several types of habitats. Each one is char-
acterized by a specific combination of ecological conditions (Fig. 3.1). Table 3.1
summarizes the different habitats with a qualitative index for biomass productivity
and predictability (stability) of the food and water resources for human populations.
We hypothesize that these two criteria were crucial when Archaic hunters and gath-
erers evaluated an area as a potential living space. We also expect that areas with low
to medium productivity or stability were the areas which were first affected by changes
in the environmental conditions, and where climatic changes had the largest impact.
Thus we hypothesize that, during the mid-Holocene arid intervals, the humans not
only in the puna salada, in the high valleys and quebradas but also in the intermediate
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Table 3.1. Different habitats in the Atacama Desert and qualitative indices for freshwater
availability, biomass production and resource stability.

Habitat Freshwater Biomass Predictability
Fertile marine coast Moderate Marine: very high High
Terrestrial: very low
Sterile marine coast Very low Marine: very high High
Terrestrial: very low
Valleys, quebradas, Low Very low Low
oases at intermediate
altitude
Valleys and quebradas Moderate Medium to high Medium
towards the Andes
Puna seca Moderate High High
Puna salada Moderate Medium Medium

areas would show the strongest impact of climate change in their cultural patterns,
whereas decreasing terrestrial resources in the coastal areas and the puna seca did not
reach the critically low levels to permanently threaten human societies.

3.1. Fertile marine coast

The coast of Peru and Chile has extremely rich and stable marine resources but
terrestrial flora and fauna are very scarce. The marine food resources include a
broad variety of mollusks, fish and marine mammals such as the sea lion. The
marine resources are, despite variability in El Nifio-Southern Oscillation (ENSO)
and the ocean currents, hardly affected to the extent observed in terrestrial eco-
systems, making marine resources a reliable, stable, and predictable food supply
(Schiappacasse and Niemeyer, 1984; Santoro, 1987).

Only a few rivers cut through the coastal range between Majes and Pisagua
(17-20°S) and convey freshwater from the mountains to the Pacific coast. Parti-
cularly favorable habitats are located around their estuaries, where the very
rich and stable marine resources are complemented with fresh water, land
mammals (camelids, rodents), birds, freshwater shrimp, fruits of trees (Prosopis
sp., Geoffrea c.), and roots of totora (Typha sp.). Totora fiber was likely a very
important material for construction, rope making, and cloth. The oases along
such rivers reach 5-10km inland (Fig. 3.1).

3.2. Sterile marine coast

Except the Rio Loa, there is no river cutting through the coastal range between
Pisagua and Chanaral (20-27°S). Thus, the Pacific coast in this area is disconnected
from the high Andean freshwater resources and is fully arid. The local freshwater
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supply is restricted to trapped moisture from the coastal fog or small brackish
groundwater wells in the interior (Nunez and Varela, 1967-68). The habitats along
the sterile coast are almost exclusively based on marine resources that are as
abundant and reliable as in the coastal areas further north (Fig. 3.1).

3.3. Valleys, quebradas (dry valleys), and oases at intermediate altitude

This area stretches from the coastal range to the foot zone of the high Andes and
ranges between 500 and 2500 m. In the Precordillera west of the Salar de Atacama —
Salar Punta Negra Graben (23-24°S), this zone reaches up to 3500 m (Fig. 3.1). The
habitat is characterized by extremely arid conditions in the rain shadow of the
Cordillera de los Andes. In the northern sector adjacent to the fertile coast, few
oases in the interior of the transversal valleys provide living space, whereas fully
arid endorheic basins and salt lakes (Salar) are found south of Quebrada Tiliviche
(20°S, Fig. 3.1). Most of these habitats are extremely arid today. The oases are
located along the few rivers from the high Andes (Arica valleys), around springs in
quebradas (e.g., Tana and Tiliviche, Aragon, Tarapaca, and El Médano), or
groundwater wells in Salars such as the Pampa del Tamarugal. These habitats are
well-defined ecological refuges with limited resources (food and water) surrounded
by extremely hostile conditions (True et al., 1970, 1971; Nufiez and Zlatar, 1980;
True and Gildersleeve, 1980). These habitats are fully based on scarce terrestrial
resources (few camelids, rodents, birds, freshwater crustaceans, fruits of trees,
Totora roots, etc.) and limited in their extent, which makes them highly vulnerable
to climate fluctuations. Resources were very scarce and hardly predictable.
However, some locations were important source areas with raw material (quartz
nodules, chalcedony) for lithic artifacts.

3.4. Valleys and quebradas toward the Andes

Habitats in this area are located in higher elevation valleys and quebradas (dry
valleys), between 2500 and 4000 m and connected with the high Cordillera (Fig. 3.1).
In contrast to the lower elevation valleys, these sites benefit from the freshwater
resources and higher precipitation rates of the high mountains. Besides many open
camp sites, some of the archaeological sites are located in caves or well-protected
rock shelters, on ridges, in deep valleys and near wetlands in confluence areas
of rivers.

The northern part of this area is located adjacent to the more humid Puna Seca of
southern Peru and northernmost Chile, and consists of deep valleys, steep and
gentle slopes. Precipitation rates are between 200 and 300 mmyr~'. A rather dense
vegetation of shrubs (matorral) provides good grazing areas for camelids (guanacos
and vicunas), rodents (e.g., Vizcacha sp., Ctenomis), and taruca (Hippocamelus sp.),
a small deer.
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Geoecological conditions become harsher in valleys and quebradas toward the
south, adjacent to the Puna Salada of northern Chile. Among the most important
focal points of human occupation is a series of salars in the foot zone of the high
Andes (Salar de Atacama, Salar Punta Negra) that receive fresh water from the
high Cordillera. Although local precipitation is below 100mmyr~' today, many
springs and groundwater wells provide favorable habitats with a rich flora and
fauna. These habitats were located near the puna (above 4000m) where many
different geoecological zones and altitudinal belts were readily accessible and best
conditions were given for a complementary use of different resources at different
times of the year. A transhumant pattern of resource use (e.g., Nunez, 1981) seems
obvious, and is in modern times as important as in the past. Although these habitats
are favorable in many respects, the overall relative scarcity of resources (partic-
ularly in the southern part) and the relatively high variability (and low predict-
ability) puts limits to the suitability of this area as a permanent living space for
Archaic hunters and gatherers.

3.5. High puna (puna seca and puna salada)

The high elevation grasslands of the western Andes and the high mountain plateau
(altiplano, above 4000 m) provide, as far as food and water are concerned, wide-
spread favorable habitats for human occupation. The best places are usually found
around the endorheic brackish lakes (some of them with freshwater) and salt lakes,
or near the many small freshwater springs with little ponds and wetland vegetation
(bogs and mires). Higher precipitation rates in the mountains (>200mmyr ')
provide enough moisture for disperse grass and herb vegetation (maximum cover
40-60%), and abundant animal life. In contrast to all the other habitats, the
resources on the puna are not restricted to some favorable sites (linear or point
sources), but are rather dispersed.

Following the gradients of rainfall and vegetation, the high elevation area of the
South Central Andes includes the more humid puna seca in the north and northeast
(southern Peru and Bolivia, NW Argentina and northernmost Chile), and the very
arid puna salada in the southern part of the Atacama Desert (Arroyo et al., 1988;
Santoro, 1989; Troll, 1958; Fig. 3.1). Within the puna seca, the areas of NW
Argentina and SE Bolivia show the highest rainfall rates and the best environmental
conditions regarding water and food resources. Thus we expect that these areas are
the most stable human habitats (relatively speaking) with relatively low suscepti-
bility to climatic changes, whereas the most vulnerable areas were those of the puna
salada in the highlands of Chile south of the Rio Loa.

In the puna seca, the list of hunted animals includes vicurias, small rodents (viz-
cacha, chinchilla, cholulos), birds (ostrich, suri, flamingos, partridge, geese, ducks),
and a wide range of plant products. The widespread grass cover (mainly Stipa sp.
and Festuca sp.) provides good grazing areas for animals, and the surprisingly large
wetlands (humedales, bofedales, vegas) are excellent habitats for camelids and birds
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(Aldenderfer, 1989; Santoro, 1989). The habitats in the puna salada are similar to
those of the puna seca. However, the favorable sites are more local, smaller in size,
and isolated from each other.

4. Mid-Holocene aridity: Hostile conditions and scarce resources around
5000 cal yr BP

Lake sediment and ice cores, pollen profiles, plant macrofossils preserved in rodent
middens, geomorphic features, and paleosol indicators provide consistent multi-
proxy evidence of a dramatic decrease in average, century-to-millennial scale effec-
tive moisture during mid-Holocene times (roughly between ca. 9000 and 4000 cal yr
BP). However, the issue of the mid-Holocene climate in this area has been subject to
debate (Betancourt et al., 2000; Grosjean, 2001 and discussion therein; Latorre
et al., 2002, 2003, 2007; Rech et al., 2002, 2003; Grosjean et al., 2003; Maldonado
et al., 2005). In our view, much of this debate arose because (1) vegetation macro-
fossils in rodent middens record discrete and (maybe) highly variable (sub)decade-
scale humid spells that are not (or poorly) recorded in lake sediments or ice cores;
these in turn reflect the smoothed average mid- to long-term climate evolution (for
discussion Grosjean et al., 2003) and (2) we interpret the higher groundwater tables
in valleys as local features driven by geomorphic processes (Grosjean, 2001) and not
as regional features driven by humid climates (Rech et al., 2002, 2003).

At multi-centennial to millennial scales, Mid-Holocene aridity was significantly
greater than today, and affected the entire geo-bio-hydrosphere. Model calculations
suggest that mid-Holocene annual precipitation rates in the Titicaca area were on
average 18% lower than today (Talbi et al., 1999). The amplitude and rate of change
at the beginning of the mid-Holocene was unique in the light of the preceding much
more humid early Holocene environmental conditions.

4.1. Lake sediment and ice core records

The small endorheic lakes on the altiplano respond very sensitively and
in a most direct way to even smallest changes in the effective moisture budget
(precipitation—evaporation). Thus chemical, mineralogical, and physical properties
of lake sediments and lake level changes provide information about climate change
in the past. Laguna Miscanti (23°45'S, 67°45W, 4000 m) and Laguna del Negro
Francisco (27°30'S, 69°14'W, 4125m) in northern Chile, Lake Titicaca in Bolivia,
and a transect of six small Bolivian lakes between 14°S and 20°S lakes are the best
studied sites regarding Holocene limnogeological changes in this part of the alti-
plano. All of the these sites show a consistent picture although the timing of the
onset and the end of the mid-Holocene drought varies to some extent from site to
site because of the time-space transgressive nature of climate change (Abbott et al.,
1997, 2003; Grosjean et al., 2001, 2003; Tapia et al., 2003 and references therein);
Laguna Miscanti is given as an example here.
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Laguna Miscanti (23°44'S, 67°46'W, 4140m) is a relatively large (15.5km?) 10-m
deep endorheic lake with brackish (6.4-6.9mScm™") alkaline (pH 8.0) water. The
catchment area is about 320 km?. Limited amounts of water seep through a lava
flow along the Quebrada Nacimiento Fault into Laguna Mifiques. Seismic data
and information about the depositional environment, mineralogical, and chemical
compositions of autigenic lake sediments provide detailed insight into the Holocene
paleolake history, and the respective climatic changes (Fig. 3.2, for detailed dis-
cussion: Grosjean et al., 2001, 2003). We use the '*C reservoir-corrected chronology
for regional lake level changes (Geyh et al., 1999). Seismic data show four main
reflectors that define three major lake sediment units (Valero-Garceés et al., 1996).

The lowermost seismic unit corresponds to the sediments of the late-glacial/early
Holocene paleolake transgression between ca. 12,000 and 8000 *C yr BP (between
14,000 and 9000 cal yr BP). This unit consists mainly of diatomaceous mud with
brackish to freshwater calcite. Gypsum concentrations are very low, and the sed-
imentary facies suggests pelagic conditions. These sediments correspond strati-
graphically to algal bioherms and shoreline carbonates of fossil beach deposits 25 m
above the current lake level. Similar paleolake features on the Bolivian altiplano are
known as the ‘Tauca’ and ‘Coipasa’ paleolake phases (Servant and Fontes, 1978;
Servant et al., 1995; Wirrmann and Mourguiart, 1995; Sylvestre et al., 1996, 1999;
Bradbury et al., 2001; Placzek et al., 2006). Model calculations suggest for this time
a significant increase in precipitation by a factor of 3 (annual rates of > 600 mm at
23°S compared to the modern ca. 200 mm, AP = 400 mm), a similar increase in
cloudiness and reduction of evaporation rates (Grosjean, 1994). Latorre et al.
(2007) found a similar factor of precipitation increase in elevations at 3000 m (from
40 to 120mm per year). These results compare with earlier estimates for Bolivia
(Hastenrath and Kutzbach, 1985; Kessler, 1991) where AP was estimated to ca.
200mm yr~'. Long-distance transported pollen from the east side of the Andes, the
spatial pattern of the paleolakes, the gradients of equilibrium line altitudes and the
geometry of glaciers in southern Bolivia and northern Chile, and the dominance of
summer flowering plants in rodent middens (Markgraf, 1989, 1993; Kessler, 1991;
Grosjean et al., 1995; Jenny and Kammer, 1996; Clapperton et al., 1997; Kull and
Grosjean, 1998, 2000; Kull, 1999; Betancourt et al., 2000; Kull et al., 2002; Latorre
et al., 2002, 2003, 2006, 2007; Maldonado et al., 2005) suggest that the increase in
effective moisture was mainly due to strengthened tropical summer precipitation
from the eastern side of the Andes. This in turn resulted in a strong rain shadow
effect and fully arid conditions in intermediate elevations (below ca. 3000 m) on the
western slope of the South Central Andes and on the Pacific coast during early
Holocene times.

The middle lacustrine seismic unit of Laguna Miscanti (Fig. 3.2) encompasses the
sediments deposited during the fully arid mid-Holocene period (between <9000
and ca. 4000 cal yr BP, Grosjean et al., 2001). The irregular and poorly stratified
reflectors suggest heterogeneous deposition in a fluctuating shallow water environ-
ment. Aragonite precipitation, high gypsum contents, hardpans, and evaporite
crusts suggest conditions of an ephemeral saline pan—saline lake with sub-aerial
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exposure of the sediments at times. The early Holocene lake sediments were ex-
posed to erosion and truncated in the littoral part of the lake, washed into the
central part of the basin or blown out. In light of the fact that levels of endorheic
lakes are among the best and most direct indicators for effective moisture budgets
of the past, the truncation of the sediments and the substantially lower lake level of
Miscanti is one of the strongest arguments showing mid-Holocene aridity at cen-
tennial and millennial scales in this part of the Andes. However, it is important to
note that the mid-Holocene sediments of Laguna Miscanti do record pronounced
climate variability at the multi-decadal to decadal or shorter scale because of the
inertia of the system. However, it is most likely and suggested by middens data
(Latorre et al., 2003, 2006) that interannual to subdecadal variability was also
high. The lake sediment data currently available are not able to provide such
information. A distinct humid spell is noted around 6000-5500 cal yr BP (Grosjean
et al., 2003).

Dramatic drops in lake levels are also reported for Lago Winaymarka, the
southern sub-basin of Lake Titicaca in Bolivia. Using transfer-functions for
ostracod assemblages Mourguiart and Roux (1990), Mourguiart and Carbonel
(1994), and Mourguiart et al. (1998) provided quantitative evidence for extremely
low lake levels (15m lower than today) and high salinity (30 mgl™' compared to
modern ca. 1 mgl™") between 9000 and 4400 cal yr BP (8100 and 3900 '*C yr BP).
This included also a very dry event centered around 6200-6000 cal yr BP (5300 '#C
yr BP) and compares favorably with earlier sedimentological evidence for low mid-
Holocene lake levels in the southern basin of Titicaca (Wirrmann and De Oliveira,
1987). Pollen analysis shows that algae are almost missing in this section of the
lake sediment core (Ybert, 1992). Detailed seismic profiles suggest that the level
in the northern basin of Lake Titicaca dropped by as much as —85m during this
period of time (Seltzer et al., 1998; Tapia et al., 2003). Interestingly, lake sediment
cores from the tropical eastern side of the Bolivian Andes (Siberia Lake 18°S,
64°45'W, 2920 m, Sifeddine et al., 1998), and the only studied lake in the south-
ernmost altiplano (Laguna del Negro Francisco at 27°30'S, 69°14'W, 4125m,
Grosjean et al., 1997b), also provide convincing evidence of macro-regional mid-
Holocene aridity.

The upper lacustrine seismic unit in Laguna Miscanti (Fig. 3.2) extends from ca.
4000 cal yr BP to the present. The sediments consist of banded to laminated
diatomaceous calcitic mud rich in charophytes. Aragonite is again replaced by

Figure 3.2. View of Laguna Miscanti from Cerro Mifiques showing the location of the
seismic profile (Fig. 3.2b) and the site of the sediment core (Fig. 3.2¢). Figure 3.2b shows the
schematic seismic profile with the late-glacial/early Holocene, mid-Holocene and
late Holocene lake sediments (after Valero-Garcés et al., 1996). Figure 3.2c shows the
sedimentology and lithology of the sediment core, the major mineralogical components
(XRD), and SO, concentrations as an indicator of gypsum content and thus salinity. The
reconstruction of the salinity and lake level changes is based on limnogeological and pollen
data (Grosjean et al., 2001).
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magnesian calcite, and gypsum contents are low. This suggests increasing lake levels
and the formation of the modern brackish perennial 89 m deep lake. This is
consistent with the on-lap geometry of the upper seismic sediment unit, which was
deposited on top of the mid-Holocene sediments in the central part of the basin,
and on top of the truncated early Holocene sediments with the erosion surface in
the littoral part of the lake. The '*C reservoir-corrected chronology of the lake level
changes suggests that the swing from the saline mid-Holocene to the brackish late
Holocene lake took place in several steps back and forth between ca. 3600 and 3000
4C yr BP (between 4000 and 3200 cal yr BP). A broadly similar timing for in-
creasing lake levels was also found in Laguna del Negro Francisco (Grosjean et al.,
1997b), in Lake Titicaca (Wirrmann and De Oliveira, 1987; Martin et al., 1993;
Abbott et al., 1997; Binford et al., 1997; Mourguiart et al., 1997, 1998; Tapia et al.,
2003), in the eastern Cordillera (Abbott et al., 2003) and on the eastern slope of the
Bolivian Andes (lake Siberia 2900 m, Sifeddine et al., 1998) suggesting that this
marked increase in lake levels and humidity was a supra-regional climate signal that
started first in the northeast, extended progressively to the southwest, and termi-
nated the mid-Holocene aridity in the South Central Andes at large.

The history of humidity changes as drawn from lake sediment records is also well
reflected in the paleoclimatic archives of ice cores from tropical glaciers in the South
Central Andes (e.g., Thompson et al., 1995, 1998). In particular, the ice core from
Sajama (Thompson et al., 1998) shows high accumulation rates and low sulfate and
chloride concentrations, which is indicative of relatively humid climatic conditions
with large paleolakes and small atmospheric loads of evaporite minerals from the
altiplano lake basins. Accumulation rates decrease and ion concentrations increase
with the onset of mid-Holocene arid conditions suggesting that humidity decreased,
the paleolakes disappeared, and the former paleolake basins were exposed to
aeolian erosion. The mid-Holocene section of the ice core shows numerous ex-
traordinary peaks of dust and soluble ions, again suggesting highly variable climatic
conditions with extreme events at a generally very arid background climate. The
time window around 5000 cal yr BP shows a significant peak in dust and nitrate.
However, comparable peaks are found throughout the mid- and late Holocene
period. Thus the ice core of Sajama does not seem to provide information about a
significant change in climatic conditions around 5000 cal yr BP.

4.2. Vegetation records

The vegetation history as recorded in pollen profiles shows a picture of mid-
Holocene aridity in the western South Central Andes and the Chilean coast between
18°S and 35°S. The database has substantially increased in recent years.

The pollen profile of Laguna Seca (18°11'S, 69°15W, 4500m, Fig. 3.3) in
northernmost Chile shows the vegetation history of a high elevation site in the
tropical summer rainfall regime. Baied (1991) described three different pollen
zones. The chronology, however, is poor (two "“C dates). Gramineae are dominant
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Figure 3.3. Pollen profiles in the South Central Andes and adjacent areas showing the mid-
Holocene aridity. Modern vegetation patterns were established largely around 3200 cal yr
BP (3000 “C yr BP). The marked shift from humid to arid conditions is observed at the end
of the Pleistocene in areas with extratropical winter rainfall and around 9000 cal yr BP
(8000 '*C yr BP) in areas with tropical summer rainfall.

(>55%) in the late-glacial and early Holocene section (Zone 1) and long-distance
transported pollen (ca. 5%) from the subtropical montane and lowland forest
east of the Andes is relatively abundant. These features suggest moister conditions
than today with strengthened easterly airflow and tropical summer rainfall.
Long-distance pollen decreases in pollen Zone 2 (after ca. 9000 cal yr BP) suggest-
ing increasing aridity. This trend culminated in pollen Zone 3 (after ca. 8000 cal yr
BP) when the lake was replaced by peat land, and generally arid and warm
mid-Holocene conditions were established. This compares with the general lake
level history as described above. However, pollen from aquatic taxa and long-
distance arboreal pollen from the East suggest a spell of increased moisture ten-
tatively assigned to ca. 5800-5500 cal yr BP, which was also found in Laguna
Miscanti (Grosjean et al., 2003). The first human impact on the vegetation is
estimated to ca. 3500 cal yr BP (Baied, 1991), which is broadly synchronous with
the rise of the lake levels.

The vegetation history of a high elevation site in NW Argentina (El Aguilar,
23°05'S, 65°45'W, 4000 m, Markgraf, 1985) suggests that relatively moist conditions
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lasted until ca. 8300 cal yr BP (7500 "“C yr BP). Long-distance pollen from the east
side of the Andes disappeared at around this time. Dry mid-Holocene conditions
prevailed until ca. 4500 cal yr BP (4000 '*C yr BP) when modern conditions were
established.

The pollen profile at Tumbre (23°19'S, 67°47'W, 3880 m, Graf, 1992) east of the
Atacama basin covers the last 8300 cal yr BP (basal date 7500+80 '*C yr BP). The
chronology is relatively well-constrained with seven '*C dates. Graf (1992, pp. 36-106)
concluded from the high percentage of Gramineae pollen (70-85%) that more humid
conditions than today prevailed between 7400 and 2000 cal yr BP (between 6500 and
2000 '“C yr BP). This finding is based on pollen percentages and not on pollen
concentrations and disagrees with all the other available paleodata. However, based
on Graf’s data, we argue that the almost complete absence of wetland taxa (e.g.,
Cyperaceae) between 7200 and 4200 cal yr BP (6200 and ca. 3800 '*C yr BP) speaks
clearly for local dry mid-Holocene conditions instead, when the moisture supply for
the peat bog was limited, and the wetlands were much smaller or partly absent.

Pollen in the sediments of nearby Laguna Miscanti (23°44'S, 67°46'W, 4140 m)
provides a detailed high-resolution record of vegetation history covering the last
22,000 "C yr BP (Grosjean et al., 2001, analyst J. van Leeuwen). The mid-Holocene
aridity is clearly found in the pollen record as aquatic freshwater taxa (Myriophyllum
and Ranunculus-type) decreased gradually after ca. 9000 cal yr BP (ca. 8000 '*C yr
BP), and disappeared completely after ca. 8000 cal yr BP until 6900 cal yr BP,
suggesting that the lake desiccated. However, Cyperaceae pollen implies patches of
swamps in littoral areas and wetlands in the exposed bottom of the former lake.
Subsequently, Ruppia returned while Cyperacea disappeared. We think that a saline
shallow lake or wetlands was established (between ca. 6900 and 4000 cal yr BP) as it
was also found in the limnogeological data (Fig. 3.2). The gradual initial swing to the
modern aquatic vegetation is observed around or after 4000 cal yr BP.

Interestingly, the percentages of terrestrial pollen (relative abundance of the dif-
ferent pollen groups) in the lake sediments do not show the mid-Holocene aridity.
Terrestrial pollen percentages show for some groups (e.g., Adesmia-type) the humid
early and late Holocene; most other groups show no significant difference com-
pared to the mid-Holocene. It is suggested that the overall species composition did
not change much, which is consistent and expected under a persistent summer
rainfall regime throughout the Holocene (e.g., Betancourt et al., 2000). However,
the pollen concentration and the pollen flux rate (which we use as a proxy indicator
of vegetation density and thus biomass productivity) show for most groups sig-
nificantly reduced values during the mid-Holocene compared with the early and late
Holocene (Grosjean et al., 2003). Pollen concentrations thus suggest overall reduced
mid-Holocene vegetation cover (and biomass productivity), while the species com-
position remained largely the same. This would be indicative of more arid con-
ditions relative to the present days. Rodent midden records (e.g., Betancourt et al.,
2000; Latorre et al., 2002) provide vegetation information comparable to ‘species
compositions’ and ‘pollen percentages’ (in the ‘pollen language’) but do not inform
about midden production rates, rodent population density, and vegetation density



South Central Andes 69

(biomass productivity) as revealed by ‘pollen concentration’ and ‘pollen flux’. It is,
therefore, not surprising that the midden data show a picture comparable to that of
the pollen percentages. Thus no indication for a marked dry period during the mid-
Holocene is expected. But if the number of midden samples per unit time (pro-
duction rate of middens) is regarded as a proxy of rodent population density, which
in turn is a function of food availability, biomass productivity, and ultimately
humidity (Lima et al., 2002), the midden data set (Latorre et al., 2002, 2003, 2007)
shows indeed a marked mid-Holocene decline (Nudez et al., 2002).

Very interesting is the study of pollen in rodent middens along an altitudinal tran-
sect at Quabrada del Chaco (25.5°S) between 2670 and 3500 m elevation (Maldonado
et al., 2005) showing that the timing of humid phases is very different in the upper
elevation zone (summer precipitation regime) and the lower zone (winter precipitation
regime). While the pluvial in the winter precipitation regime lasted until ca. 14,000 cal
yr BP, late-glacial humid conditions related to summer precipitation prevailed ex-
clusively in the upper elevation zone (14,000-11,000 cal yr BP). The Holocene record
is very scarce at Quebrada del Chaco (Maldonado et al., 2005) suggesting overall very
low primary production and, consequently, very low midden production.

Further south in the winter rainfall areas of the north-central Chilean coast
31-32°S, Cyperaceae, aquatic taxa, and arboreal pollen suggest humid conditions
during late-glacial times. Aquatic taxa and arboreal pollen disappeared almost
completely during the arid period between ca. 11,200-9900 and 3200 cal yr BP
(10,000 and ca. 3000 "*C yr BP). In some places, Cyperaceae pollen suggest that
humidity returned slowly after ca. 4500 cal yr BP (4000 '*C yr BP, Villagran and
Varela, 1990; Villa-Martinez and Villagran, 1997, Maldonado and Villagran, 2002;
Maldonado and Villagran, 2006). Aquatic taxa returned by ca. 3200 cal yr BP (3000
4C yr BP), and re-colonization by forest taxa is observed after ca. 2000 cal yr BP.
The period with scarce vegetation falls well into the time of coastal dune mobi-
lization observed between 5800 and 4200 cal yr BP (5000 and 3800 '*C yr BP,
Villa-Martinez and Villagran, 1997). Modern vegetation patterns were established
broadly after ca. 4000 cal yr BP (around 3700 '*C yr BP) at Quereo 31°55'S,
Quintero 32°47'S, Quintero Il 32°47'S, and Santa Julia 32°49’'S (Villagran and
Varela, 1990; Villa-Martinez and Villagran, 1997).

Particular and very powerful paleobotanic archives thus are the plant macrofos-
sils preserved in rodent middens (Latorre et al., 2002, 2003, 2006, 2007). While the
late-glacial early Holocene pluvial is consistently found in all the sites, the onset of
Holocene aridity differs at the various sites, with a general trend toward progres-
sively earlier desiccation to the south (Latorre et al., 2006). The mid-Holocene
records show large variability that is not recorded in the lake sediment archives.

4.3. Geomorphic and paleosol records

Although the records of geomorphic processes and paleosol formation are often
discontinuous and heterogencous, they add important information about
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paleoclimatic conditions. Geomorphological records, particularly alluvial deposits,
may also register short-lived climatic events of a few hours or days of duration,
whereas vegetation and lake systems usually integrate seasons, years, or decades of
paleoclimatic information.

Alluvial deposits in the Puripica valley of northern Chile (22°50'S, 68°04'W,
3250 m, Grosjean et al., 1997a) provide insight into mid-Holocene storm activity and
climate variability. Deposits of more than 30 individual debris flows were identified
between ca. 7200 and 3300 cal yr BP (between 6200 and 3100 '“C yr BP). The
individual deposits are interpreted as the result of low-frequency heavy storms during
a hyperarid background climate with poor vegetation erosion control. The heaviest
storms seem to have occurred every 500-1500 years, i.e., around 5900 cal yr BP (5080
14C yr BP), a short time before 43004000 cal yr BP (3790 '*C yr BP), and at ca. 3500
cal yr BP (3300 '*C yr BP), while moderate storms are registered every 100-200 years.

These mid-Holocene storms were of regional significance. In the Salar de
Atacama, southwest of Puripica, these events are recorded in sediment profiles as
fine-grained flood deposits embedded in aeolian sand. The earliest documented
flood occurred at ca. 6400 cal yr BP (5605 + 65 '*C yr BP), close to the beginning of
the Puripica stratigraphy (Grosjean and Nunez, 1994). Such episodic floods may
also explain mid-Holocene groundwater recharge in the low-elevation areas of the
Atacama Desert (Aravena, 1995), which is difficult to interpret in the light of
hyperarid climate at that time. Siliciclastic inwash in the mid-Holocene sediments of
Laguna Miscanti (Valero-Garcés et al., 1996) provides further evidence of regional
storm activity. We also interpret the sandy matrix in the lower section of the
Tumbre pollen profile (23°30’S, 3880 m, Graf, 1992) as the result of a geomorpho-
logically unstable valley floor and alluvial activity ending around 4300 cal yr BP
(3800 '*C yr BP). Afterwards, peat started to dominate the Tumbre profile, sug-
gesting that the alluvial activity decreased and stable groundwater-fed wetlands
were established. The repeated short-term cycles of flooding and desiccation in the
mid-Holocene sediments of Laguna del Negro Francisco (27°S) between ca. 7000
and 3900 cal yr BP (6000 and 3600 '*C yr BP, Grosjean et al., 1997b) suggest
a similar highly variable climate in the southwest of the puna salada. However, a
causal link with the storms at Puripica and with the ENSO-phenomenon in general
remains, in our view, inconclusive and speculative. Strong alluvial activity, scarce
vegetation cover, and a hiatus in soil formation were also observed in the coastal
range and the Andes of Central Chile 27-33°S between 5800 and 4000 cal yr BP
(5100 and 3700 4c yr BP, Veit, 1995, 1996), and on the coast of southern Peru
(Fontugne et al., 1999). Lowest lake levels in this area date to the time between 9500
and 5700 cal yr BP modern levels were reached 3200 cal yr BP (Jenny et al., 2002).
Also in the Puna Seca of southern Peru (17°S, 3450 m), the sediment stratigraphy
shows evidence of successive alluvial deposition between ca. 7800 and 6000 cal yr
BP (7000 and 5200 '*C yr BP, Aldenderfer, 1993).

A typical feature of mid-Holocene geomorphological activity is the infilling of
steep valleys with fine-grained siliciclastic and organic (peat, diatoms) sediments.
Such sediments are observed in the Salar de Atacama area (Grosjean et al., 1997a;
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Rech et al., 2002, 2003) and in many other steep valleys as far north as Peru (Rech
et al., 2002). Indeed, the widespread occurrence of these features suggests rather a
regional climatic than a local tectonic forcing. The paleoclimatic interpretation,
however, remains controversial. Whereas these deposits are mostly interpreted as a
result of sediment accumulation in an overall low-energy hydrological environment
with very limited surface runoff (less than today), limited river incision and thus
high local aquifers but generally arid climatic conditions (humid climates would
lead to surface runoff and river incision; Grosjean, 2001, P. Baker, C. Rigsby,
R. Aravena, B. Warner, personal communications, 2001), and are indicative of dry
climates elsewhere (e.g., in Southern Africa; I. Stengel, personal communication,
2003), Rech et al. (2002) interpret these features as a result of generally more humid
climatic conditions.

In the South Central Andes, glaciers and permafrost bodies play a vital role with
regard to steady freshwater supply for human consumption (e.g., Ribstein et al.,
1995; Schrott, 1998). Except for the still controversial glacier advance prior to 5100
cal yr BP in Argentina 33°S (Garleff and Stingl, 1994), glaciers in Bolivia, Peru, and
NW Argentina were generally at minimum extents between the late-glacial degla-
ciation and neoglacial advances younger than ca. 3800 cal yr BP (< 3500 “C yr BP,
Seltzer, 1990; Clapperton, 1993, 1994; Abbott et al., 1997; Grosjean et al., 1998).

Evidence of pronounced arid mid-Holocene conditions is also provided by ter-
rigenous sediments in marine sediments off the Central Chilean coast 33°S (Lamy
et al., 1999, Fig. 3.4). The overall low sedimentation rate throughout the early and
mid-Holocene until 4160 cal yr BP suggests low river discharge rates. Clay min-
eralogical data show that the major river sediment sources and places of erosion
were in the high Andes, whereas the coastal range remained inactive with regard to
erosion. Lamy et al. (1999) also conclude for the coastal range that physical
weathering was more important than chemical weathering, which is indicative of
hyperarid early and mid-Holocene climatic conditions in the lower elevation areas
and thus highly consistent with the findings by Maldonado et al. (2005).

Dune mobilization is a good long-term indicator for arid conditions with scarce
vegetation cover. On the coast of Central Chile 32°S, dune mobilization is observed
between 5800 and 4200 cal yr BP (5000 and 3800 '*C yr BP, Villa-Martinez and
Villagran, 1997). Also in the tropical lowlands of the Chaco Boreal (Paraguay,
Geyh et al., 1996, Fig. 3.4), TL dates of dune sands range between 7700 and
2900 TL yr BP, indicating widespread eolian processes during mid-Holocene times.
The '*C dates on fossil soils suggest that these dunes were stabilized after 3200 cal
yr BP, right around the time when lake levels in the South Central Andes started to
increase, and modern vegetation patterns were established.

Also the lack of pedogenesis on geomorphologically stable surfaces in the Salar
de Atacama (e.g., at Tambillo) is a strong indicator for persistent arid conditions
since ca. 9000 cal yr BP. In the more humid eastern Cordillera of the Atacama
Desert 22°S (Cordillera Santa Victoria, 4500 masl), Zipprich et al. (1999) observed
a mid-Holocene hiatus in soil formation (Eutric Regosol) between 9000 and
4100 cal yr BP.
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Figure 3.4. Map showing the locations with mid-Holocene geomorphological and paleosol
information. In marine sediments off the Chilean coast, mid-Holocene aridity is expressed
as reduced terrigenous sediment input and high Illite crystallinity. In the Chaco Boreal of
Paraguay, dune mobilization is observed during the mid-Holocene until about 3200 cal yr
BP (3000 '*C yr BP) when the dunes were stabilized by soil formation and vegetation.

In summary, a broad range of paleolimnological, vegetation, geomorphological,
and pedological information draws a consistent picture of persisting very dry
climatic and harsh environmental conditions during the mid-Holocene. Such con-
ditions are observed in the entire area of the South Central Andes at large, from the
Pacific coast in the west to the high Cordillera of the Andes in the east, and from
the tropical summer rainfall in the north to the extratropical winter rainfall areas in
the south.

5. Archaic settlement patterns and paleoenvironmental variability

The currently available data on mid-Holocene water, floral and faunal resources
show a picture of relatively very hostile environmental conditions for human
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societies based on pre-agricultural/pre-irrigation subsistence economies at around
5000 cal yr BP. The puna, a favorable living space during the early Holocene,
experienced a severe persisting multi-millennia drought. The few lakes desiccated,
vegetation suffered from a quantitative decrease, and glaciers reached minimum
extents or disappeared. Such harsh climatic conditions resulted in a pronounced
concentration of life around small very specific places, named ‘ecological refuges’
(Grosjean et al., 2005b), where resources were still available due to groundwater
and spring discharge from regional and/or fossil Early Holocene aquifers. We
hypothesize that the food and water resources were critically scarce in the Puna of
the Atacama Desert in northern Chile (south of the Rio Loa, 22°S and near the
modern Arid Diagonal), whereas conditions further north in southern Bolivia,
northernmost Chile, southernmost Peru, and northwestern Argentina were still rich
enough to sustain a low-density, possibly highly mobile hunting and gathering
population.

The fully arid conditions on the puna salada also affected to some extent the
habitats in the intermediate zone and the longitudinal valleys because river dis-
charge from the high Andes was reduced. Relatively stable conditions persisted in
the coastal habitats where marine food resources were stable and abundant, and
terrestrial food and atmospheric water supply are subordinate. Along the marine
coast, the most drastic change in the habitat was most likely the rapid global rise of
the sea level during the early Holocene until ca. 6000 cal yr BP when modern levels
were reached (Fairbanks, 1989). A regional sea level curve is not available so far.
However, the sea level rise on the order of 60—80m during the early Holocene
implies that all the archaeological sites previously located next to the beach were
progressively submerged until 6000 cal yr BP and disappeared. Thus caution is
needed when early and mid-Holocene coastal settlement patterns are compared.

Here, we evaluate 106 archaeological sites (with about 300 '*C dates, Table 3.2;
database state, 1999) in the South Central Andes in the different habitats in order to
identify settlement patterns, and to relate continuous or interrupted human occu-
pation in time to changing environments between ca. 9000 and 4500 cal yr BP (8000
and 4000 '*C yr BP).

5.1. Occupation of the fertile marine coast

The 34 '*C dated Archaic sites (21 in southern Peru, 13 in northern Chile) in the
habitat of the fertile marine coast cover the sequence between 13,000 and 3200 cal
yr BP (11,000 and 3000 '*C yr BP; Figs. 3.5-3.8, Table 3.2). The initial latest late-
glacial human occupation took place during a time when the humid environments
in the highlands and high river discharge provided this part of the coast with fresh
water. This created exceptional habitats near estuaries where complementary ma-
rine and freshwater resources were available (Nunez and Varela, 1967-68).

The first people were highly specialized on marine resources including net-fishing
practice and recollection of wedge clams (Mesodesma donacium) as found in
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Early Holocene Occupation 11,000 - 8000 '“C yr BP
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Figure 3.5. Map showing the locations of archaecological sites with early Holocene human
occupation between 11,000 and 8000 '*C yr BP. The black lines delineate the different
habitats (Fig. 3.1).

Quebrada Jaguay (Sandweiss et al., 1998), hunting of seabirds (Quebrada
Tacahuay, Keefer et al., 1998) and marine mammals. The earliest coastal sites
also yielded lithic artifacts made from obsidian, which crops out 130 km inland at
an altitude of 2850 m (Keefer et al., 1998; Sandweiss et al., 1998).

The Archaic settlement sequence is generally continuous. At the site-scale, how-
ever, a hiatus is observed in the south Peruvian sites between ca. 7800 and 5700 cal
yr BP (7000 and 5000 '*C yr BP, Quebradas Jaguay and Tacahuay, Ring Site,
Puyenca, Figs. 3.5 and 3.8). Human occupation was restricted to ephemeral stream
sites and a link with decreasing humidity in the adjacent highlands between 8000
and 3600 cal yr BP has been suggested by Sandweiss (2003). Near Arica, the sites of
the Chincorro Culture (after ca. 9000 cal yr BP, Figs. 3.6 and 3.8) show consid-
erable cultural innovations compared with the pre-Chinchorro (early) sites. Exam-
ples are the development of sophisticated procedures for human mummification,
technological innovations as demonstrated in the use of harpoons, different kinds
of fishhooks made of Choromytilus shell and bone, or the complementary use of
terrestrial food resources such as camelids. This shows that major cultural changes
began around 9000 cal yr BP. Also the number of coastal sites and most likely the
population density increased (Fig. 3.7). However, we point to the fact that the
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Middle Holocene Occupation 8000 - 4500 "“C yr BP
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Figure 3.6. Map showing the locations of archaeological sites with mid-Holocene human
occupation between 8000 and 4500 '*C yr BP. The black lines delineate the different hab-
itats (Fig. 3.1).

known early sites are all found on high terraces or in estuaries (Nufiez and
Moragas, 1983; Nufiez and Zlatar, 1977, 1980; Mufoz et al., 1993) that were some
kilometers away from the early Holocene coastline. In contrast to possibly many
other unknown sites located immediately next to the previous coastline, these sites
were not affected by the rising sea level prior to ca. 7000 cal yr BP. Thus, we
hypothesize that the increase in the number of permanent sites after that time might
also be an ‘artifact’ due to the stabilization of the sea level and the coast line around
that time. The same observation is also made in the coastal area further to the south
(sterile coast).

The coastal sites were extended open campsites with large shell middens, whereas
the sites inside the quebradas were smaller. It is suggested that the latter ones were
used sporadically, maybe as transitory logistic camps related to the rock outcrops
with raw material for lithic artifacts, to collect reed fiber, or to gather terrestrial
plants and hunt animals. Aragon and Tiliviche are two representatives of that type
of site (Nufez and Zlatar, 1977).

The beginning of artificial mummification of the Chinchorro Culture (Guillén, 1992,
1997; Arriaza, 1994; Standen, 1997), and the diversification/intensification of resource
exploitation suggests significantly increasing socio-cultural complexity on the coast
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Late Holocene Occupation 4500 - 3300 'C yr BP
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Figure 3.7. Map showing the locations of archacological sites with late Holocene human
occupation between 4500 and 3000 '“C yr BP. The black lines delineate the different hab-
itats (Fig. 3.1).

with the onset of mid-Holocene conditions. Such changes took place between ca. 9000
and 8000 cal yr BP and lasted throughout the Archaic period. There is no significant
cultural or environmental change around 5000 cal yr BP (4300 '“C yr BP). Inter-
estingly, the technology and artificial mummification of the Chinchorro culture did
not change much during several millennia, which suggests a rather closed, traditional,
and conservative society, and is maybe even a mechanism for cohesion and socio-
cultural defense (Arriaza, 1995; Santoro, 1999). The Chinchorro culture disintegrated
after 4000 cal yr BP when new types of burials gradually replaced mummification.
Individualism (e.g., hair dress) became more important, the society more structured
and new technologies with wooden tools and cotton fabric emerged. However, the
marine subsistence economy and the settlement pattern on the coast remained pretty
constant during the time of such transformation.

5.2. Occupation of the sterile marine coast
Las Conchas (23°33'S) is the only known and '*C dated Early Holocene site along the

sterile marine coast south of 22°S (Figs. 3.5 and 3.8; Table 3.2). Like the early sites
further north, Las Conchas was always located several kilometers away from the
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Figure 3.8. Radiocarbon chronostratigraphy of archacological sites in the habitat of the
fertile and the sterile coast. The sites are listed from north (top) to the south (bottom).

coast, and thus not affected by Holocene sea level changes. The cultural complex of
this site known as the Huentelauquen Pattern (Llagostera, 1977, 1979) was based on
a wide variety of marine resources (mammals, fish, and mollusks) and complemen-
tary birds and camelids. Techniques included net fishing (for Sciaenidae and
Serranidae), harpoons, and collecting of mollusks (Concholepas and Fissurella). In-
terestingly, the variety of fish in this early site includes species of the Panamic Pro-
vince that are indicative of warm water conditions along the northern Chile coast at
that time (Llagostera, 1979). People seem to have lived permanently on the coast. The
distinctive cultural features are geometric sandstone artifacts that are also known
from areas south of Antofagasta and in Central Chile (Llagostera, 1979).

There seems to be an occupational hiatus between ca. 9000 and 6000 '“C yr BP
(Fig. 3.8), when a second phase of human habitation began. However, we point again
to the problem of sea level rise during the early Holocene, which might have sub-
merged many of the early coastal sites, and the fact that archaeological survey is
incomplete in this area. It also remains unclear whether or not the end of Las Conchas
is triggered by desiccation of the local springs at the end of the early Holocene.

Coinciding with the stabilization of sea level, the sterile coast was re-colonized
by open campsites between 6700 and 3200 cal yr BP (6000 and 3000 '*C yr BP;
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Figs. 3.6-3.8). Although the hunting—fishing—gathering practices remained the same,
the introduction of a variety of new harpoon types suggests cultural changes. Inter-
estingly, the warm water fish species disappeared and were replaced by cold-water
species (such as Choromytilus) by 6000 cal yr BP, whereas Trachurus (a warm-water
fish) was absent until 4500 cal yr BP and increased afterwards (Llagostera, 1979).

Some elements of the Chinchorro culture (such as artificial mummification and
technology) were introduced as far south as Antofagasta (23°S) from ca. 4500 cal yr
BP (4000 *C yr BP). The presence of obsidian fragments and feathers of Andean
parrots in a site at the Rio Loa estuary on the one hand, and marine fish remains in
sites of the middle course of the Rio Loa (Druss, 1977) and marine shells in sites of
the western Andean slope (Tulan 52, Nuifiez and Santoro, 1988) on the other show
that the cultural exchange between the coast and the high puna was already in-
tensified around 5500 cal yr BP (4780 '*C yr BP; Nuiiez et al., 1974). This falls well
into the period of greatest environmental stress in the adjacent highlands. We see
this as evidence of high regional mobility between the coast and the highlands and
as evidence of intense exchange between peoples living in adjacent habitats largely
around 5000 cal yr BP, the time window considered in the context of this chapter.
However, this interpretation remains somewhat speculative because the database
and the archaeological survey in this habitat are still far from complete.

5.3. Occupation of valleys, quebradas, and oases at intermediate altitude

The archaeological sites in the intermediate valleys are usually open campsites and
show features of a mixed subsistence economy based on marine and terrestrial
resources. The chronosequence spans between 12,000 and 4200 cal yr BP (10,000
and 3800 '“C yr BP) without a significant hiatus (Fig. 3.9; Table 3.2). The early sites
of Tiliviche and Aragon show strong bonds to the coast. The small size and the

4CyrBP
12,000 10,000 8000 6000 4000 2000
Conanoxa A R
Tiliviche 1 > > © ¢ L 2
Aragon < <
Tarapaca - * e > o wooe

13,830 11,400 9000 6850 4500 1950
cal yr BP

Figure 3.9. Radiocarbon chronostratigraphy of archaeological sites in the habitat of the
intermediate valleys. The sites are listed from north (top) to the south (bottom).
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low-density of the sites also suggest that they were rather complementary transitory
camps than semi-permanent settlements observed at the coast. All of the known
campsites/workshops (Figs. 3.5-3.7) are located in areas where local vegetation and
water resources, reed fiber, wood, and in some cases lithic raw material were avail-
able. However, macrofossils of marine fauna and the technology of the tools sug-
gest strong cultural bonds to the coast and the need for complementary food
supplies (Niemeyer and Schiappacasse, 1963; Schiappacasse and Niemeyer, 1969;
True et al., 1970, 1971; Nunez and Moragas, 1977-78; Nunez and Zlatar, 1977,
1980; Nunez et al., 1979-81, 1994; Standen and Nufez, 1984).

The (non-seasonal?) mobility pattern of the early occupants of these sites
(Fig. 3.5) continues without major change until ca. 4500 cal yr BP (4000 '*C yr BP),
whereas major changes in the resource use are suggested. For instance, the early
occupation at Aragon (pre-8600 "C yr BP, 30 km away from the coast) shows that
mostly terrestrial resources were exploited (small land mammals and Prosopis). It is
suggested that local food and river water were sufficient to sustain a (low-density?)
highly mobile population, whereas the late occupation of the site after 5000 cal yr
BP (4400 '"C yr BP) relied strongly on marine food components. Reduced mid-
Holocene river runoff from the Andes might have produced harsh conditions in
these microenvironments. Other than at Aragon, the sites in Quebrada Tiliviche
showed always a mixed marine-terrestrial subsistence economy throughout
the early and middle Holocene (including camelids, Nufiez, 1983a,b; Nunez and
Moragas, 1977-78), and thus the changes were less pronounced. However, local
terrestrial resources became more important after 4200 cal yr BP, (3800 '“C yr BP),
which coincides largely with the onset of modern more humid conditions in the high
Andes, and supports the hypothesis about the importance of Andean water supply
to the intermediate and coastal parts of the valleys.

Most sites at intermediate elevation are found in valleys north of the Rio
Loa, adjacent to the ‘fertile’ coast, along the waterways between the Andes and the
coast. However, there are sites and lithic workshops adjacent to the ‘sterile’ coast
ca. 40 km inland of the coast between Antofagasta and Taltal. The chronostrati-
graphy and paleoenvironmental context of these sites, however, is not yet known.

With regard to the mid-Holocene climate and cultural changes we emphasize the
high mobility of the people (low-density population, and small transitory camps),
the concentration of human activities in river oases and ecological refuges (such as
Aragodn, Tiliviche, and Tarapaca), and the coastal sites as a buffer zone with stable
food resources and where the main camps were located. We interpret this as adap-
tive strategies to an environment with generally very low biomass productivity and
relatively high resource variability (Table 3.1).

5.4. Occupation of valleys and quebradas toward the Andes

This habitat connects the coast with the Andes and shows also scarce precipitation,
vegetation, and animal resources, but it is closer to the puna where the water
resources are located.
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Figure 3.10. Radiocarbon chronostratigraphy of archaeological sites in the habitat of the
high valleys. The sites are listed from north (top) to the south (bottom).

Asana, the most important site in southern Peru, was used continuously between
11,000 and 4000 cal yr BP (9800 and 3600 “C yr BP; Figs. 3.5 and 3.10, Table 3.2,
Aldenderfer, 1993, 1999), whereas other less-well-documented sites suggest discon-
tinuous habitation (Fig. 3.10; Table 3.2, Ravines, 1967, 1972). However, the Early
Archaic occupation of Asana shows strong bonds to the lower elevation belts and
the coast as suggested by the presence of lithic artifacts from outcrops at lower
elevation and a settlement pattern with circular ‘houses’ of 2-3 m in diameter sim-
ilar to what is found at coastal sites (¢.g., Acha 3). At the same time, lithic materials
document some links to the puna (Aldenderfer, 1993). Materials from the puna
became increasingly important after ca. 10,000 cal yr BP (8800 '*C yr BP) and
especially between 8600 and 6900 cal yr BP (7800 and 6000 '*C yr BP; Middle
Archaic Period), which is thought to reflect a fundamental orientation of the mo-
bility pattern toward the puna. The first architecture with circular constructions
made of posts, brush-walls, and consolidated floors at wind-protected sites are
dated ca. 7700 cal yr BP (6850 '*C yr BP, Aldenderfer, 1988).

Aldenderfer (1993) observed a collapse in the overall number and density of
artifacts (particularly the puna elements) particularly between 6700 and 5700 cal yr
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BP (6000 and 5000 "“C yr BP), which coincided with the desiccation of the local
wetlands (bofedal) and likely with a substantial decrease in local food and water
resources. Asana is thought to have been almost abandoned as it become a tem-
porary camp site within the logistic radius of a (semi)permanent base located in the
adjacent dry puna, possibly the Quelcatani site (Aldenderfer, 1989). However, no
puna material has been found at Asana between 6700 and 5700 cal yr BP (6000 and
5000 '"*C yr BP). The major cultural change during that time is observed in the
architecture, which suggests a trend toward a sporadic use of the site during short
periods of time (Aldenderfer, 1993).

Intense reactivation of the site and re-establishment of strong links to the puna
are observed around 5000 cal yr BP (4400 '*C yr BP; Late Archaic). At that time,
the most likely seasonal transhumant mobility pattern across various altitudinal
belts and geoecological zones included pasturage of domesticated animals. Also
seed processing, new oval forms, and functions of domestic architecture, ceremonial
structures, and stone fences for animals suggest major cultural changes after 5000
cal yr BP (Aldenderfer, 1993).

Further to the south in northern Chile, the archaeological record of the high
valleys includes six sites covering the Archaic Period between 10,900 and 2500 cal yr
BP (9600 and 2400 '*C yr BP; Figs. 3.5-3.7, Table 3.2). The Early Archaic sites show
a highly diverse lithic industry. Faunal remains include camelids and rodents. Few
marine gastropod shells (Choromytilus, likely of ceremonial character) suggest in-
teraction with the coastal habitats. However, the sites are much smaller compared to
Asana in Peru, and located in rock shelters and caves. Interestingly, the Middle
Archaic Period starts with a 2000-year period of low human activity or even with an
occupational hiatus between 9000 and 7000 cal yr BP (Fig. 3.10), which coincided
with the severe regional mid-Holocene drought as recorded in nearby Laguna Seca in
the Puna of Arica (Baied, 1991). Whereas Aldenderfer (1988) considers mainly the
incomplete archaeological survey as a possible explanation, Santoro (1987, 1989)
favored environmental stress, which may also have resulted in a stronger orientation
toward the puna or the coastal sites. This might help to explain the observed increase
in coastal sites, although the early Holocene sea level fluctuations remain a problem
when population density on the coast is interpreted. Resolving this controversy
requires a more complete archaeological survey and database.

Human occupation of the high valleys in northern Chile recovered after 6300 cal
yr BP (5500 '*C yr B.P; Fig. 3.10). People used a broad variety of materials and
tools. Although the introduction of some tuber crops such as wullucu or papalisa
(Ullucus sp.) and isario (Tropaelum) is documented, the subsistence economy re-
mained mainly based on camelids and rodents (Santoro and Nunez, 1987; Nunez
and Santoro, 1988; Santoro, 1989). Other important cultural elements include rock
painting. The already previously established seasonal transhumant pattern of re-
source use in different geoecological zones between the coast and the high puna
remained the key-strategy for the subsistence economy.

Further to the south in the Puna de Atacama, the habitat of the high valleys is
documented by 43 Archaic sites (Figs. 3.5-3.7) covering the period between 13,000
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and 3200 cal yr BP (11,000 and 3000 '*C yr BP; Fig. 3.10, Table 3.2). The most
important archaeological areas south of the Rio Loa are the Quebrada de Tulan,
the Quebrada de San Lorenzo, Quebrada Puripica, and Tuina (Nufez et al., 2002).
All of them connect the habitat of the puna (>4000 m) with the habitat in the low
elevation basins of the Salar de Atacama (2500 m), the Salar Punta Negra (Lynch,
1986; Lynch and Stevenson, 1992), or with the Rio Loa valley and further con-
nections to the Pacific coast. The Early Archaic sites (Fig. 3.5) are all located in
rock shelters and caves. Lithic artifacts (typical triangular points) made of exotic
basalt and obsidian suggest intense transhumance with a strong orientation toward
the puna that was readily accessible at a short distance. Many of the caves show a
well-developed stratigraphy of Early Archaic archaeological deposits, and show
multiple uses of these sites over a long period of time by highly mobile but likely
small groups of people.

The surprisingly dense record of early sites experiences a dramatic decline with
the onset of arid mid-Holocene conditions around 9000 cal yr BP (8000 “C yr BP;
Fig. 3.10, Nufez et al., 2001, 2002). Due to the constant sedimentation of sterile
geologic material from the ceiling, the caves of Tuina-4 and San Lorenzo are per-
haps the best sites to document the mid-Holocene occupational hiatus (known as
‘Silencio Arqueologico’, Nunez and Grosjean, 1994) between 9000 and <5700 cal yr
BP (8000 and <5000 '*C yr BP; Fig. 3.10, Table 3.2). The mid-Holocene sediments
in some of the caves are totally devoid of archaeological remains, clearly separating
the Early Holocene/Early Archaic archaeological strata rich in plant macrofossils,
charcoal, mammal, and bird bones from the post-Archaic archaeological strata
(supplement material in Nufiez et al., 2002). This occupational hiatus coincides with
the extremely arid mid-Holocene environmental conditions in the Salt Puna, when
lake levels reached lowest stands, river discharge decreased substantially, and water
resources became critically scarce. Compared with the more stable and continu-
ously occupied high valleys further north (such as Chulqui in the Rio Loa basin,
Aldunate et al., 1981; Sinclaire, 1985), the valleys in the Atacama basin were always
relatively poor in resources, and thus responded most sensitively to climate changes.
Therefore, we think that the environmental conditions in this sector dropped below
critical levels for hunting and gathering societies, as they were present during the
early Holocene. This resulted in a clear hiatus in this specific area, whereas a
comparable decline in water resources led to a decrease in population density, but
not necessarily to a visible hiatus north of the Rio Loa. This feature is typical for
areas with marginal and critically scarce resources, and will repeat itself in the Salt
Puna (puna salada), the most marginal and arid part of the puna (see Section 5.5.).

The mid-Holocene fully arid conditions resulted in some cases in the formation of
‘ecological refuges’, small atypical oases, where water was still available, resources
were concentrated, and where people found the living space for discrete habitation.
Such an example is documented in Quebrada Puripica (Grosjean et al., 1997a,
Nufez et al., 2001). Twenty fireplaces that are physically separated by individual
debris flows on the alluvial fan record in detail the stepwise cultural transformation
of a hunting/gathering Early Archaic society into a very complex Late Archaic
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society, and thus fill the ‘gap of evidence’ of the regional ‘Silencio Arqueologico’.
The early hunting tradition prior to 7000 cal yr BP (6200 "*C yr BP) changed by
6700 cal yr BP (5900 '*C yr BP) into a cultural system with large campsites, intense
exploitation of wild camelids, and an innovative lithic industry with microliths and
perforators, some of them made of exotic raw material. This process culminated in
the Late Archaic classic site of Puripica-1 (5500 cal yr BP, 4800 '*C yr BP) that
showed parallel hunting and domestication of camelids, the use of local lithic ma-
terials, and the development of structured semi-sedentary settlements and natural-
istic rock art (Nunez, 1981; Hesse, 1982; Grosjean and Nufez, 1994; Grosjean et al.,
1997a; Nufiez et al., 2001). Although human occupation at Puripica continued
through the agricultural period (after ca. 3500 cal yr BP), the site lost the unique
importance as an ‘ecological refuge’ after ca. 4200 cal yr BP (3800 '*C yr BP), when
modern (i.e., better) conditions were established, lake levels rose again, and wide-
spread re-occupation of the area is observed (Tilocalar Phase beginning 3500 cal yr
BP, Nunez et al., 1996).

5.5. Occupation of the high puna

The numerous sites in the habitat of the high puna reflect in general what has been
observed in the sites of the high valleys in adjacent areas to the west. This is
not surprising because the puna and the high valleys were always complementary
ecosystems within the same economic unit. Early Archaic (<12,000 cal yr BP,
10,000 '*C yr BP) human occupation in the puna seca is documented in three sites,
Quelcatani in southern Peru, and Las Cuevas and Hakenasa in northernmost Chile
(Fig. 3.11, Aldenderfer, 1989; Santoro, 1989). Interestingly, the known sites are all
located in caves, which is very different from the numerous open campsites in the
puna salada further south. The sites in the puna seca were repeatedly used during
short intervals. As expected, there is no clear evidence of a mid-Holocene hiatus,
although the density of artifacts and likely also human activity decreased signif-
icantly between ca. 9000 and 6700 cal yr BP (8000 and 6000 '*C yr BP; Table 3.2).
The mid-Holocene sites do not show any evidence of coastal artifacts, suggesting
that the mobility pattern was restricted to the puna and the adjacent valleys, pos-
sibly with (or maybe due to) domesticated camelids (Nufiez, 1981; Aldenderfer,
1993).

In contrast to the sites in the puna seca with rather continuous occupation, the
sites in hydrologically sensitive areas of the Puna Salada of northern Chile show a
distinct hiatus (Silencio Arqueologico) between ca. 9000 and 4500 cal yr BP (8000
and 4000 "“C yr BP), which coincided with the hyperarid mid-Holocene conditions.
The Early Archaic sites in the puna salada prior to 9000 cal yr BP (8000 '“C yr BP)
are small open campsites with abundant local lithic material (basalt, obsidian),
typical triangular artifacts. The sites are usually strictly related to the fossil shore-
lines of the late-glacial/early Holocene paleolakes. The few 'C dated sites (Salar
Aguas Calientes I, Salar Tuyajto, Salar San Martin, Fig. 3.5; Table 3.2, Nunez
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Figure 3.11. Radiocarbon chronostratigraphy of archaeological sites in the habitat of the
puna seca and puna salada. The sites are listed from north (top) to the south (bottom).

et al., 2001, 2002) and the numerous sites with diagnostic triangular artifacts sug-
gest that human occupation was widespread between 12,000 and 9000 cal yr BP
(10,000 and 8000 '*C yr BP), whereas there is no evidence of human occupation in
the puna salada during the mid-Holocene between 9000 and 6200 cal yr BP (8000
and 5500 '“C yr BP; Fig. 3.6). However, as a result of changing climate and geo-
morphological processes, alternative habitats with very favorable conditions were
created in flat bottoms of desiccated lakes or in steep valleys where wetlands were
formed (Grosjean et al., 2005b). In light of the well-documented paleoenviron-
mental scenario, we interpret this occupational re-organization (i.e. not always a
hiatus) as a clear signal of extremely harsh environmental conditions. Interestingly,
14C dated open camp sites document reoccupation of the lakesides at the time when
regional lake levels started to increase, and modern (i.e., more humid than before)
conditions were established after 4000 cal yr BP (3600 '*C yr BP). The two "*C
dated sites showing Late Archaic reoccupation of lake shorelines are Salar Ollagiie
and Salar Capur (Fig. 3.7).

Our climate—culture model for the Puna Seca and Puna Salada in Peru and Chile
also applies successfully to NW Argentina (Fig. 3.11, Table 3.2). As expected, the
environments in the more arid and marginal part of the NW Argentinean Puna
were seriously affected by the mid-Holocene drought. Particularly the time between
9000 and 7000 cal yr BP (8100 and 6100 '*C yr BP) was very arid (Kulemeyer et al.,
1999), and resources dropped below a critical level for hunting and gathering so-
cieties. This resulted in a mid-Holocene occupational hiatus in the Archaic sites of
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Inca Cueva-4, Leon Huasi, Yavi and Huachichocana, all located above 3000 m in the
Argentinean Dry Puna. The sites of Cueva Salamanca-1 and Quebrada Seca-3
(Aschero, 1994; Rodriguez, 1999; Nuiez et al., 2001) show continuous occupation.
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