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ABSTRACT

Despite being within one of the driest deserts on earth, the coast of southern
Peru and northern Chile has been inhabited by humans for over 10,000 years.
Within a limited range of habitats, local cultures were characterised by an
economy based on limited terrestrial and abundant marine resources. This
thesis intends to address the question as to how such an economy can be defined.
By examining the economic trajectory of coastal communities, this project will
attempt to establish the base from which the local economy was originally
derived and how it developed through time, looking particularly at the effects of
migration and trade together with the dynamics of a distinctive environment

and the cycles of El Nino weather patterns.

This research was based on a collection of archaeological material obtained from
a number of sites at Caleta Vitor located on the coast approximately 30km south
of Arica, Chile. This material was excavated from middens and includes food
remains (eg shell, bone, plant material) as well as cultural material (eg lithic
artefacts, textiles, ceramics, wooden implements). The analysis of this data was
directed toward an understanding of what constituted the earliest economy,
when this occurred and how the economy changed through time (the material
at Caleta Vitor ranges in age from the Early Archaic (>9000 cal BP) through to
the Colonial Period).

Findings indicate that although the original inhabitants of Caleta Vitor arrived
from the north and already had a well-developed economy based on marine
resources. There was little evidence of inland/highland contact during the
earlier phases of occupation. Cultural developments accord with those of the
sites immediately to the north and south — around Arica and the Azapa Valley
and south at Camarones and Pisagua. The termination of the early cultural
phase known as the Chinchorro saw the introduction of ceramics, simple textiles
and major changes to funerary practices during the Formative Period. Later
developments included the introduction of a material culture and agricultural

products from highland groups and local inland polities during the Late



Intermediate. Inka influence was noted during the Late Period. However,
despite significant cultural shifts, the economy at Caleta Vitor remained
focussed on marine resources. There were relatively few changes to the
techniques and technology that were employed to exploit a range of resources

that did not vary to any great degree.

Over time, an increasing range of products became available to those living at
Caleta Vitor. However, they chose to remain focussed on the sea and their

affinity with it remains.

Vi
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The Economy of Prehistoric Coastal
Northern Chile

Introduction:

Economy — a) the complex of human activities concerned with the
production, distribution, and consumption of goods and services.
(www.thefreedictionary.com) From the Greek word meaning household

management (www.dictionary.reference.com)

Despite being located along the edge of one of the driest deserts on earth, the
coast of northern Chile has been inhabited by humans for over 11,000 years.
Within a limited range of habitats, local cultures were characterised by an
economy based on limited terrestrial and abundant marine resources. This thesis
intends to address the question how such an economy can be defined and how it
functioned. By examining the economic trajectory of a particular coastal
community, this project will attempt to establish the base from which the local
economy was derived, how it developed through time with a focus on the
consequences of migration, integration and trade, and will also consider the

dynamics of the environment.

Coastlines are impacted by both isostatic and eustatic variation. Sea-levels are
constantly fluctuating, from a daily tidal range through to long-term variation
due to climatic or tectonic activity (Dincauze 2000: 228). Coastal landforms are
the product of long term erosional forces where wind and water impact on the
landforms — from rocky sub-strate to sand deposits. Sea-level, climate change
and tectonic activity affect the scale of impact. As sea-levels rise or fall, waves
impact on different parts of the coast, all of which are subject to varying degrees
of erosion; increased rainfall may contribute to increased erosion and fluvial
deposition may in turn may be altered by wave action; tectonic uplift will impact
on the shape of the coastline either as a gradual process or abrupt change. All

landforms are in a state of constant flux however those on the coast are at the

! The illustrations at the beginning of each section/chapter are from the notebook of Oswald Evans, Taltal,
Chile, 1904 — courtesy of the AMNH.


http://www.thefreedictionary.com/

junction of two diametrically opposed forces. Such a dichotomy would not only
have challenged those humans who first settled on the coast but must be
considered by archaeologists who choose to investigate pre-historic coastal
cultures. The current form of an archaeological site will differ significantly from
that of the habitation or processing site as it was formed. The subsequent change
through time must be considered when assessing what resources were available,
how they were exploited and the impact this had on the culture and economy of

its earlier inhabitants.

This thesis is primarily based on archaeological data obtained from sites at
Caleta Vitor which is located on the coast of northern Chile approximately 30km
south of Arica, the country’s northern-most city (see Figure 1). The data was
obtained from surface collections and material excavated from middens and
includes food remains (eg shell, bone, plant material) and cultural material (eg
lithics, textiles, ceramics, wooden implements). Caleta Vitor was known to
contain Colonial artefacts and the midden deposits were of sufficient depth to

suggest pre-ceramic settlement, from as early as the Archaic Period.

The analysis of these data was directed toward an understanding of what
constituted the basis of this site’s economy; when this occurred; how the economy
changed through time; and how their economy differed from other sites in the
region as well as those from further afield. The final discussion focuses on the
range of causal factors that may relate to both geographic and temporal

variation.

The aim of this investigation is to extricate the elements of this coastal economy
to better understand its development, variables, constants and regional

relationships.



Pisagua

Figure 1: Location of Caleta Vitor
Base map courtesy Instituto Geografico Militar, Chile




This thesis will contribute to a number of outstanding questions:

II.

III.

IV.

Other than some collections made in 1893 and superficial reconnaissance
(survey) in 1961 that noted the extent of archaeological material, Caleta
Vitor has not been the subject of a detailed archaeological investigation.
Well-known sites are located to the north (Arica) and south (Camarones)
and extensive archaeological investigations have been undertaken at these
locations. There is a geographic gap in the archaeological record of the
coast of northern Chile. Furthermore, Caleta Vitor has not been subjected
to the development that has all but destroyed the archaeological sites now
located beneath the city of Arica. Thus, Caleta Vitor may be able to
provide an insight into the conditions that once prevailed around Arica
prior to European settlement.

What was the significance of the impact of El Nifio events on pre-historic
coastal communities in this region and how did inhabitants cope with such
1mpacts?

When did the first people settle this region of South America and what
was the migratory pathway of those first inhabitants? The archaeological
deposits at Caleta Vitor are of sufficient depth that they may provide
evidence of early coastal occupation and further contribute to this debate.
While there are extensive middens along the entire coast of Chile that
offer access to 11,000 years of history, their faunal composition, structure,
and dynamics remain largely unstudied (Rivadeneira et al. 2009). How are
the middens at Caleta Vitor structured? What is their compostion? Do
they differ from those to the north (Arica) and the south (Camarones)?
Despite regular use of the terms, the definition of a ‘maritime’ or ‘coastal’
economy has not been clearly established. Was the development of such an
economy an adaptive mechanism of early, more generalised
hunter/foragers or was it developed elsewhere and introduced by the first

settlers?



It is imperative that work continues at Caleta Vitor as the archaeological
resources are under threat. Chile, being no different than most countries in the
world, is under pressure to provide for its population. The land at Caleta Vitor is
under pressure from three fronts. Firstly, there is demand for increased
agricultural land. The Armada de Chile controls the majority of the coastal area
of Caleta Vitor, however, some local residents are [unlawfully] encroaching on
Navy land as they expand their fields. Second, the Quebrada de Vitor contains
deposits of copper and other minerals and an expansion of existing mining
activities is a distinct possibility. Copper mining and processing have already
obliterated an area in the northern sector of Caleta Vitor and mineral
exploration has commenced immediately to the east of known archaeological

sites on the southern flank of the quebrada (canyon).

Furthermore, an increased threat to the area has resulted from the Navy
allowing public access and the beach is becoming increasingly popular with
campers and anglers. Apart from direct impact through traffic (foot and
vehicular), higher visitation rates have increased the looting of archaeological

sites and such activities were noted during the fieldwork season.

* % %

The thesis is structured in three parts:

Part One will provide a background to the region including:

a geographic and environmental overview and how that may have impacted on
the lives of those living within it;

an introduction to the history of archaeology within the region, together with a
review of more recent investigations and current research that relates to local
[coastal] economies;

a cultural chronology of the region based on previous research;



definition and description of a marine economy:;

description of a settlement model based on previous research.

Part Two will detail the archaeological fieldwork and analysis of material
collected from the site including:

fieldwork methodology;

a site description including details of each excavated trench;

sorting and recording methodology;

dating of selected material (radiocarbon);

description of resources known either to occur in the area today or that are
known to have existed in the past;

a synopsis of archaeological material retrieved.

Part Three will contain a discussion relating to the analysis and interpretation of
data generated from the fieldwork and:

discuss the settlement structure within the site;

develop a chronology of the site based on dates from a number of separate loci;
determine the extent and range of economic fluctuations;

consider whether economic variability was the result of direct human agency
(internal development or introduced technology), or adaptation to a changing
environment;

an updated settlement model and discuss its application in other settings.
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Chapter One

As everyone knows, it 1s impossible to form an accurate conception
of human history without a knowledge of the physical geography
of the world. (Bird 1943: 183)

Environmental Background

This chapter provides a description of the physical environment of the area
within which this investigation concentrates - coastal northern Chile
between 18° and 28°S. To understand how the economy of the prehistoric
occupants developed, it is necessary to provide some detail of the physical

setting within which these events took place.

* % %

The geography of Chile is quite extraordinary and unusual in form. It covers
several climatic zones due to its elongated, north-south alignment. The
country stretches for over 4000km, from 18°S, where it adjoins Peru, to 56°S
at the southern tip of Tierra del Fuego and the Cape Horn islands. Chile has
a surface area of 756,102 sqgkm (compared to the continent of South America
which covers an area of 17,840,000 sqkm). It is flanked to the west by the
Pacific Ocean and its eastern border follows the high peaks of the Andes. It
has an average width of less than 200km (see Figure 1.1). Despite being so
narrow, it rises abruptly from the sea to reach a maximum altitude of

almost 7000m within 150km of the coast (Grosjean et al. 2003).
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Figure 1.1: Continental South America showing major topography, political borders and main
cities. Chile is contained within the dashed box (apart from a small area of the far south).
From http://www.geographicguide.com/south-america.



This unique physiographical setting is the result of subduction of the Pacific
floor under the continent that has generated the emergence of the Andes
(Pankhurst and Hervé 2007: 1). Uplift and eastward migration of the
Andean volcanic arc have created one of the greatest topographic matrixes
in the world — from peaks above 7000m ASL to the offshore Peru-Chile
trench which is over 7600m BSL (Berger 1997: 545).

Montgomery et al. (2001) suggest that the morphology of the Andes is the
result of a combination of tectonics and climatic zonality, particularly
‘strong latitudinal precipitation gradients’. The central Andean region has a
far greater crustal thickness and mass than the north or south Andes, as
erosion has had far less impact than it has in the north, where rainfall is far
higher east and west of the range, and the south, where rainfall and
glaciation have contributed to greater erosion intensity. They conclude that
‘nonuniform erosion due to large-scale climate patterns is a first-order
control on the topographic evolution of the Andes’ (Montgomery et al. 2001:
579).

Physical Description

Northern Chile is characterised by five geomorphological zones:

Coastal Cordillera — with an average elevation of 1500m ASL and a western
flank formed by an almost continuous coastal cliff of 1000m ASL (average
height) and maximum relief of 2000m ASL;

Central Depression (Pampa) — generally dry with some sub-surface water,
ranging between 1400m and 3000m ASL, punctuated by deep quebradas
that run from the mountain to the sea;

Pre-cordillera — a series of ridges and valleys between 3000m and 4500m
ASL with some precipitation from weather patterns that cross the Main
Cordillera from the east;

Western (Main) Cordillera - overall highest elevations of the Andes with a

mean of 4000m ASL and some mountains reaching over 6000m ASL;



Altiplano and Puna (the highland valley between the Western and Eastern
Cordillera of the Andes) — generally above 4000m ASL, with only a

relatively small area within far northern Chile.

Coastal Cordillera
The Coastal Cordillera makes up the prominent forearc feature of northern
Chile in the form of a 1-2km high, 25-45 km wide range (Gonzalez et al.
2003). The cordillera generally consists of volcanic rocks of Jurassic age with
intrusions from the Cretaceous to Tertiary and smaller areas underlain by
Precambrian gneiss and Triassic to Jurassic-aged sedimentary rocks. Slopes
are often steep, covered with loose gravel and little soil or vegetation. This
range has not been subjected to glaciation as it was lower than the Last

Glacial Maximum (LGM) snow-line in the central Andes.

The prominent coastal cliffs along the cordillera are a topographic
expression of long-term uplift and extend over 1000 km between 18°S and
28°S (Cembrano et al. 2007). Cliffs range from steep to precipitous. There is
no coastal plain along the majority of the range. Occasional small bays or
coves are found along the shoreline, particularly where the quebradas incise
the range and the rivers reach the sea. Isolated beaches are located in some
areas while in others, narrow coastal plains are located along the base of the
cliffs or adjacent to river mouths. It is not possible to traverse the length of
the littoral on foot, an important factor when considering early exploration
along the coast. Away from the quebradas, there are a few coves and marine
terraces that are accessible from the landward side (via steep cliffs) while

others can only be accessed from the sea.

Late Pleistocene and early Holocene marine terraces at the feet of some of
the cliffs result from uplift pulses which are expressed in a staircase pattern
ranging from 3m up to 300-400m ASL on the Mejillones Peninsula, near
Antofagasta.
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Figure 1.2: Coastal Escarpment & Cordillera between Iquique and Pisagua, northern Chile.
Photo: C. Carter.

Figure 1.3: Coastal zone - south from Caleta Camarone.
Photo: C. Carter




Figures 1.2 and 1.3 are photographs which illustrate the coastal escarpment

and Coastal Cordillera of northern Chile

Central Depression
Inland, the topography is marked by the eastern boundary of the Coastal
Cordillera with the Central Depression, a basin filled in some areas with
more than 1000m of Tertiary-Quaternary alluvial fan, fluvial and lacustrine
deposits (Gonzalez et al. 2003). In this region, the Central Depression and
the western slopes of the Andes are underlain by a series of ignimbrite
sheets up to 1100m thick on the higher slopes to 300m on the coast near
Arica (Worner et al. 2002: 187). This deposit formed between 23 Mal and 19
Ma. The Central Depression ranges in elevation from 1200 to 2000m ASL
and from 70 to 85 km in width. In the northern sector, the Central
Depression consists of flat to rolling pedi-plain (pampa) that is cut by east-
west running quebradas up to 1700m deep that continue to the sea (see
Figure 1.4). The main quebradas south from the Peruvian border are: Lluta,

Azapa, Vitor, Camarones, Tana and Tiliviche.

Figure 1.4: - Central Depression, inland from Pisagua, view to east.
Photo: C. Carter
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These canyons are relatively deep (440-1700m) and have a stream bed along
their bases. However they are mostly smooth sided and unrilled. This relief
does not appear to have changed for some time and has been described as
being ‘erosionally paralysed’ due to the hyper-aridity of this area
(Oberlander 1997: 157).

The Lluta and Azapa valleys are the main trunks of a trellis drainage
system which extends into the Pre-Cordillera, whereas the Vitor, Tana,
Tiliviche and Camarones quebradas show sub-dendritic (branched) drainage
patterns. The formation of canyons in this area has been caused by
variations between sea level and the base levels of rivers in the Central
Depression downcutting to meet lowered sea levels, especially during glacial
maxima. Incision of these valleys would have commenced during local semi-
arid climatic periods when runoff from the Western Cordillera increased
(Garcia et al. 2011: 1058). Once rivers breached the Coastal Cordillera
(becoming exoreic (open)), precipitation was sufficient under arid/semiarid
conditions for canyon formation to occur. Garcia et al. (2011 1058) suggest
that incision rates in the area of the Lluta and Azapa canyons between 11 -
3 Ma varied between 100 and 120 m/My 2 (around 940 m in the Central
Depression) (see Figure 1.5). There was no incision in that area between 11
— 15 Ma (when there was aggradation) and the rate over the last 3 Ma has
been 25 +£17 m/My.

Kober et al. (2006: 85) calculated erosion volumes of the valleys in the

vicinity of Arica as follows:

Valley Drainage Area Volume Rate of Erosion
Rio Lluta 3500 km?2 360 km?3 13 m/My
Rio San Jose/Azapa | 1700 km?2 220 km? 17 m/My
Quebrada de Vitor 1620 km? 90 km3 7.4 m/My

Table 1.1: Erosion volumes from valleys near Arica.
Kober et al. (2006: 85)

2 m/My = metres per million years
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Apart from their larger drainage areas, the erosion for both the Lluta and
San Jose rivers was higher than the more southerly rivers due to the
sources of those rivers being on the slopes of the Western Andean
Cordillera, whereas the Quebrada de Vitor has its source on the Western

Escarpment.

Figure 1.5 - Lluta Valley, view to south, approximately 25 km from the coast.
Photo: C. Carter

South of 19°40’ S, as rainfall declines, and to the north of the Loa River, the
drainage systems do not reach the Pacific Ocean. In that region the
drainage systems from the western slope are endoreic (closed) and discharge
into inland basins such as the Pampa de Tamarugal and the Salar de
Atacama at a base level around 1000m ASL. (Kirk-Lawlor et al. 2013: 77;
Garcia et al. 2011: 1049; Santoro et al. 2005: 247).

Some quebradas were also shaped by volcanic erosion - very violent flows of
ash and rocks. The volcanoes in the Andes are andesitic, steep sided and
tend to occasionally explode. In such an eruption, these volcanoes can create

a pyroclastic flow of ash and rock mixed with super-heated gases, sometimes
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Figure 1.6: Quebrada Vitor - Evidence of pyroclastic flow
Photo: Paul Willis

moving at speeds in excess 500 km/h. This flow, being full of abrasive
material, cuts through the existing bedrock, enlarging or creating massive

canyons, often in a single event (Branney and Kokelaar 2002).

The evidence of such a flow is visible at Caleta Vitor, where the overlaying
ignimbrite (from the pyroclastic flow) ‘swept’ up the valley sides as it
coursed down the valley. Figure 1.6 is a photograph of the southern flank of
Quebrada de Vitor, a short distance from the modern shoreline. The darker
rock is a basalt intrusion that forms part of the coastal cordillera. The buff
coloured rock layer on the left side of the image is a remnant layer of
ignimbrite from a pyroclastic flow as it exited the valley and swept up the
slope against the harder basalt. This layer continues across the valley
although the majority of this stratum is covered by several metres of

alluvial sands.

Pre-cordillera
Immediately east of the Central Depression the Pre-cordillera rises rapidly

to reach altitudes between 3500 and 4500m ASL to form the foothills of the
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http://blogs.abc.net.au/.shared/image.html?/photos/uncategorized/2008/12/07/pic18.jpg

Western Cordillera. Annual rainfall increases from west to east across the
Pre-cordillera where the altitudinal range exceeds 2000m. Some valleys
within this region contain natural river terraces and benches suitable for
agriculture. Snow melt, rainfall and subterranean sources provide water for
irrigation. Figure 1.7 is a photograph of a typical pre-cordillera landscape

with a section of the Western Cordillera visible in the background.

Figure 1.7: Pre-Cordillera, view south from Zapahuira, 105 km east of Arica, ~3,500 m ASL.
Photo: C. Carter

Western Cordillera and Altiplano
The high section of the Western Cordillera is located approximately 120km
east of Arica, along Chile’s border with Bolivia. In this region, the range is
dominated by a continuous volcanic chain reaching up to 6893m ASL
(Cembrano et al. 2007). The western flanks of the range are very steep,
often rising over 3000m within a relatively short distance. Apart from
individual peaks, the eastern flanks are less severe and fall to the more
gently sloping Altiplano. Numerous lakes, both fresh and salt, are located to

the east of the main range. The snowline in this area is above 6000m ASL,
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highlighting the continued aridity of the region to a high altitude
(Montgomery et al. 2001: 580).

The southern range of the Andes Cordillera divides into an eastern and
western range at around 24° S. The area between the two ranges is a rolling
plateau generally over 4000m ASL. This area is known as the high Puna or
Altiplano.

Figure 1.8 is a photograph of Volcan Parinacota, one of several volcanoes in
the region. The green pasture-like vegetation in the foreground is known
locally as bofedales and consists of a range of hydrophytic plants. This
grass-like vegetation is found around springs and soaks above 3800m ASL
and is commonly utilised today as pasture for alpaca (Vicugna pacos) and
llama (Lama glama). At this altitude, it is also favoured by wild vicufa

(Vicugna vicugna).

As the eastern border of Chile follows the high peaks of the Western
Cordillera, the major portion of the Altiplano is located within Bolivia and
Peru. Lake Titicaca is located within the Altiplano between the western and
eastern Andean Cordillera. The distance between Lake Titicaca (southern

basin) and the coast at Arica is approximately 260km between.

The Humboldt Current

The Chilean continental margin is characterised by a narrow continental
shelf, steep offshore continental slope and a deep-sea trench (Marchant et
al. 2007: 291). In the north of Chile the continental shelf is very narrow,
rarely exceeding 5 km. The Humboldt Current System (HCS) (also known as
the Peru-Chile current) flows northward along the west coast of South
America. Its origins lie in the Antarctic Circum-polar Current which flows
clockwise around Antarctica. Various factors result in an upwelling of cold,
nutrient rich subsurface waters along much of the Chilean shoreline

(Marchant et al. 2007: 292). The impact of the upwelling on the marine biota
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is profound. From phytoplankton, through zoo-plankton, progressing to
sardines and anchovies, and on to higher trophic levels, this was an

incredibly rich bio-mass.

Due to its intensity and continuity, the HCS has produced an important and
productive region — more fish per unit area are harvested from this area
than anywhere else in the world (Montecino and Lange 2009). At its peak,
during the early to mid 20th century, the maximum anchovy yield was
estimated to be 100 tonnes per sqkm (Guillen 1992: 94). From a small
fraction of the world’s oceans, some decades ago the Peruvian and Chilean
fisheries produced 22% of the world’s total marine fish catch (Marcus et al.

1999).

The importance of the HCS cannot be overstated:

The HCS is a large marine ecosystem whose dynamics permeate
the social and economic sectors of the bordering countries. It is
subject to large fluctuations in climate, ecosystems, productivity
and fisheries on all time scales. For centuries, coastal
communities have developed around and depended (and still do)

heavily on its marine resources. (Montecino and Lange 2009: 76).

While this statement may specifically relate to the last few centuries, it can

be extrapolated deep into the prehistory of western South America.

Flora and Fauna

Given the aridity of this region, its range of vegetation is limited. While the
coastal strip receives virtually no rainfall, the camanchaca [fogl supports a
unique occurrence known as Jomas, an endemic and seasonal formation
characterised by the presence of shrubs, cacti and annuals (Sandweiss and
Richardson 2008: 95; Santoro et al. 2005b: 173). Tillandsia spp., also known

as ‘airplants’, are an important species within this formation and extend
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along many areas of the Atacama Desert that are within reach of the coastal
fogs (Crawford 2008: 57; Pinto et al. 2006;). Wild tomatoes (Solanum spp.)

are commonly found within Jomas stands (Peralta et al. 2008: 36).

Moving away from the coast and the reach of the fogs, absolute desert
prevails until around 2400m ASL (Latorre et al. 2005: 75). Vegetation at
this altitude is characterised by the appearance of columnar -cacti,
xerophytic shrubs, herbs and annual grasses with a greater diversity of
species appearing above 2800m ASL. High Andean steppe grassland is
found above 3900m ASL. The quebradas support a range of plants
dependent on the quality and depth of the groundwater and consistency of
surface water. Trees and plants such as tamarugal and algarrobo (Prosopis
spp.) are found along with molle (Schinus molle), reed (Tortora spp.) and a
range of shrubs and grasses (Santoro et al. 2005: 248). To the south of the
‘fertile coast’, the central depression contains a closed hydrographic system
which supports a broad expanse of forest (Prosopis spp.) over an area known

as the Pampa de Tamarugal.

Generally, animal life in South America is abundant, however this is not the
case in the coastal region of northern Chile. Terrestrial fauna is restricted
by the limited water sources and, apart from marine species, the variety of
birds and mammals is very low along the coast (Spotorno and Veloso 1990:
23). Species numbers increase with altitude and peak at the Puna Belt
(between 3000 — 4000m ASL) and are higher within the High Andean Belt
than on the coast. In the past, the Jomas formations seasonally attracted a
wide variety of animals and birds (e.g., camelids (Lama guanicoe), rodents
and native foxes (Desusicyon spp.) (Spotorno and Veloso 1990: 246). The
water and vegetation within the quebradas attracted rodents, camelids and
deer (Hippocamelus bisulcus), while the more stable and wider range of
vegetation of the Pre-Cordillera supported larger populations of game. The
following is an excerpt taken from a 1944 newspaper and was written by a

former resident of Taltal in the Atacama region, to the south of Arica:
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...A scanty seasonal growth of vegetation in the valley bottoms and
hill sides where the mists condensed may have helped, and the
small ground game must have fallen to their feeble bows and
snares. The guanacos may have been more plentiful — even in my
time they came down to the coast when the hill tops were thickly

covered with wild mint and grasses... (Hardey 1944)

The coastal strip supports a variety of marine mammals, reptiles and
avifauna including sea lions, ‘lava’ lizards, otters, pelicans, penguins,
boobies, cormorants, terns and gulls (pers. obs.). These animals are
attracted by the richness of the marine biota to such an extent that the seas
off northern Chile and southern Peru support one of the world’s richest
marine avifaunas (Olsen Bruhns 1994: 32) Whales also feed in the
Humboldt Current and are occasionally washed up on the beaches (C.
Santoro pers. comm.). Sea turtles, including loggerheads, green and olive
ridleys, are known in the area (Alfaro-Shigueto et al. 2004) and sea turtles

are sometimes seen off the Chinchorro Beach at Arica (pers. obs.).

Tectonics and Volcanism

Geologically, Chile remains very active and this creates instability along the
precipitous cliffs and mountainous coastline of northern Chile. The Chile-
Peru subduction zone is one of the highest hazard zones for earthquakes in
the world (Arango et al. 2011: 19). According to Allmendinger and Gonzalez
(2010: 93):

“This plate boundary periodically generates massive sub-duction
zone earthquakes which not only affect local communities but also
produce tsunamis that impact the entire Pacific Ocean rim. The
rupture zone for large and great earthquakes lies beneath the
coastal areas in northern Chile and southern Peru. ... The

earthquakes are the culminations of cycles in which elastic strains
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build up over a 100-150 year period as convergence continues but

the plate boundary is locked.”

Figure 1.8: Western Cordillera — Volcan Parinacota (6348 m ASL),view to north-east across Lago
Chungara. Photo: C. Carter

Figure 1.8 is a photograph of Volcan Parinacota (6348 m ASL, 18°10’S)
which is located on the border between Chile and Bolivia. This volcano has
an eruptive volume of 46 km?3 (Hora et al. 2007). It was formed between 163-
117 Ka 3 by andesitic lava, followed by the build-up of a rhyodacite dome
between 47-40 Ka. There was a major event between 20-10 ka which
resulted in a debris avalanche of 6 cubic kms, three times larger than that of
Mt St Helens in 1980. While it is a dormant volcano, it is potentially active

and an eruption occurred as recently as 3-2 Ka.

The coastline of northern Chile is located within a subduction zone with a

complex pattern of vertical deformation and uplift (Ortlieb et al. 1996: 819).

3 Ka = thousand years ago
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Studies to the north of Antofagasta (south of Arica) suggest that uplift from
about 330,000 years ago until the present has been about 240mm/1,000
years. Given that the coast of northern Chile has been occupied for at least
10,000 years, marine terraces along the coast may have risen 2.4m during

that period, or around 2m from the period of highest sea-levels.

In Chile, tsunamis have occurred in the historic and recent past, e.g., 1605,
1868 and 1877 (Douglas 1878; Frezier 1717; Sandweiss and Richardson
2008: 95), with a major tsunami event in the south of the country on 27
February 2010 (http://www.abc.net.au/mews/2010-02-27). Tsunamis are a
constant threat to the coastal cities of northern Chile. Today, Arica has
contingency plans and a warning system in place should an earthquake
trigger such a wave. There is good reason for this city to be cautious as on
26 November 1605 the ‘Sea being agitated by an Earthquake, suddenly
flooded and bore down the greatest part of it [Arical.” (Frezier 1717: 150).

In 1868, much of the town was again destroyed by a massive tsunami. In
1878, James Douglas visited Arica and described reports of the tsunami

resulting from that earthquake:

“The splendid custom-house and public buildings ... the
churches and the gardens ... all were overturned by an
earthquake and then swept away by a wave, which left parts
of the plain, once covered by iron and stone buildings, as level

as a ploughed field.

About five o’clock in the afternoon of August 13th 1868, an
earthquake occurred, which, after two or three gentle
vibrations, terminated in a shock which laid the town in ruins.
As, however, there were very few two-storied buildings, and
nearly all were adobe and roofed with mud, not many lives

were lost. Those buried were being exhumed when the sea was
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seen to recede and leave nearly a mile of bare coast. Soon a
huge wave slowly gurgled up; the water was in a boil, and
gradually rose till it reached its highest normal limit. The
wave then invaded the land and flowed on into the interior,
gathering force as it went carrying desolation in its track. The
water stood at the shore line thirty-six feet? perpendicular
above its highest tidemark, when the wave retreated with
terrific force. Twice it returned before the sea recovered its

equilibrium.” (Douglas 1878: 216-217)

Figure 1.9 - USS Wateree beached some distance from the shoreline following the tsunami at Arica in
1868.
Photo courtesy of the AMNH.

Douglas went on to describe the broader impact of the earthquake and
tsunami, stating that the parts of the town below the cliffs of £/ Moro were
not badly affected due to their elevation. The northern part of the town was

obliterated. Several ships were at anchor in the port and most were badly

436 feet = 10.97 metres
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damaged, ‘one was carried nearly two miles? inland’ (Douglas 1878: 219)
(see Figure 1.9 — the distance was actually more like 500m inland). Another
earthquake, again followed by a tsunami, occurred on 9 May, 1877, and
destroyed much of what had been rebuilt. These were not the first
earthquakes reported in the area and others are likely to have occurred well

into the past.

Fluctuating Sea Levels

Apart from uplift pulses, the prehistoric coastline has also changed as sea-
levels have fluctuated. During glacial periods sea-levels were much lower
than they are today. At the peak of the LGM between 22,000 and 19,000
years BP the sea-level was around 130m lower than today (Pope and Terrell
2008: 9). After 19,000 BP there was an abrupt rise of about 15m followed by
a more gradual rate over the next 5000 years. Sea-levels continued to rise at
a relatively rapid rate of about 15-16m per millenium except for the period
between 12,000-11,500 BP (corresponding to the Younger Dryas cooling
event) until about 8500 BP when they stabilised at their present levels
(Pope and Terrell 2008: 20). Isla (1989) suggests that sea levels in the
Southern Hemisphere were actually higher around 8500 BP than those of
today. Known as the ‘Holocene highstand’, it has been estimated that sea-

levels were up to 2m higher at times during that period (Blum et al. 2001).

A sea-level rise in the order of 130m would have had a significant impact on
the morphology of the coastline. For example, Australia had a surface area
25% larger than present during the LGM and an exposed continent
(Sundaland) connected Borneo, Malaya, Java, Sumatra and Vietnam in Asia
and Beringia connected Asia and North America (Murray-Wallace, 2007:
3027). Bounded by high cliffs, northern Chile does not have such an
extensive continental shelf and often has deep water close to the current
shore line. A relatively broad shelf runs north of Arica into Peru, but to the

south there are lengthy stretches where the cliffs plunge directly into the

52 miles = 3.2 kilometres
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sea. The 100m bathymetric line appears only a short distance (<2 km) off-
shore along much of this area (see Chart 22205, Arica to Mejillones, 1994
edition, National Geospatial Intelligence Agency). In general, the
continental shelf off Chile begins to break around 200m off-shore. It appears
that during the late Pleistocene only a narrow coastal strip, if any at all,
would have existed between the current shoreline (cliffs) and the sea along

much of northern Chile.

Notwithstanding the presence of a narrow continental shelf, evidence of
Pleistocene occupation along the shoreline of this area would have been
mundated long ago. Sites located close to the shoreline would have been
subjected to wave action as sea levels rose and unless they were located in
sheltered areas (such as caves), the likelihood of locating evidence from

intact submarine sites is very low.

Climate

With such a broad latitudinal range and an extraordinary topography,
climatic variation within Chile is extreme. The north is characterised by the
Atacama Desert, known as the driest desert in the world. The coast-line of
the far south was formed by relatively recent glaciations that created fiords
and archipelagos consisting of thousands of islands as a result of post-glacial
sea level rise. Rainfall is measured in metres per annum in many coastal
areas of the south whereas much of the north (Atacama Desert) receives
little or no rainfall at all (Cruz Villalén 1988; Muifoz et al. 2007: 216:
Pankhurst and Hervé 2007: 1).

Based on the Koppen climate classification, Arica has a mild desert climate.
The following describes the typical [modern] weather for Arica over the
course of an average year. It is based on data collected at the Chacalluta
Airport between 2006 and 2012 (http://weatherspark.com/). This airport is
located 15 km north of Arica and less than 1 km from the coast.
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Figurel.10: Northern Chile - Distribution of the present-day mean annual
precipitation, main canyons (blue lines) and main water divide (dashed black and
white line). Contour lines are at intervals of 100 mm. (From Garcia et al. 2011)
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Over the course of a year, the temperature typically varies between 14°C to
26°C and is rarely below 12°C or above 27°C. The warm season lasts from
late December to early April with an average daily maximum above 24°C.
The hottest time of the year is in February, with an average maximum of
26°C and low of 21°C. The cold season lasts from mid-June to October with
an average daily maximum below 19°C. The coldest period of the year is

July, with an average low of 14°C and high of 17°C.

Recorded wind speeds varied from 0 to 7 metres per second (m/s) (calm to
moderate breeze). The highest average wind speed of 17 m/s (high wind)
occurs in early September, at which time the average daily maximum wind

speed is 6 m/s (moderate breeze).

The lowest average wind speed of 2 m/s (light breeze) occurs in early July
when the average daily maximum wind speed is 5 m/s (gentle breeze). The
most common wind direction is out of the south-west (30% of the time), from
the south (24% of the time), and from the east (10% of the time). The wind is
least often out of the north-west (4% of the time) and south-east (4% of the

time).

The median cloud cover ranges from 74% (partly cloudy) to 96% (overcast).
The clearer part of the year begins around mid-January. The cloudier part
of the year begins around mid-April. No records of precipitation were

available for the period 2006-2012.

Despite regular cloud cover, according to the World Meteorological
Organization Arica has the world's lowest average yearly precipitation
(0.8mm). No rainfall was recorded there between October 1903 and January
1918, this being the world’s longest recorded period without rain
(http://wmo.asu.edu) (see Figure 1.10).
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The hyper-aridity of the Atacama region is due to a combination of factors

including:

. The extreme rain-shadow effect of the Andes, which block the
movement of tropical/sub-tropical moisture-bearing winds from the
east;

o The restricted influence of winter storm tracking from the south
blocked due to the presence of the stable South Pacific Anti-cyclone;

o A temperature inversion at around 1000m ASL caused by the cold,
north-flowing Humboldt Current that limits inland penetration of
moisture-bearing winds from the Pacific (Contreras et al. 2010;
Latorre et al. 2007: 312; Ramirez de Bryson et al. 2001: 6; Berger
1997: 547).

Extremely arid conditions have prevailed in the Atacama Desert since the
late Eocene with the current hyper-aridity being attributed to an increased
up-welling of cold currents in the mid Miocene (Berger 1997: 547; Cembrano
et al. 2007: 236). The Drake Passage, in southern Chile, opened around 23
Ma and by 15 Ma the cold Humboldt Current was flowing northward along
the coast and northern Chile became hyper-arid (Woérner et al. 2002: 187). It

had been arid to semi-arid prior to that period.

In the central Atacama Desert the activities of a number of rodent species
have accumulated middens that contain evidence of both food and nesting
material. Plant remains and faecal pellets from such midden deposits have
been radiocarbon dated from as early as 45,000 BP and indicate a range of
climatic conditions over that period (Betancourt et al. 2000; Latorre et al.
2002). Low plant species richness from 40,000 to 22,000 BP suggests an arid
period, followed by an increase in summer rainfall between 16,200 and
10,500 BP. This increase led to an upward movement of steppe grasses by as
much as 1000m in altitude. A dramatic decrease in grass abundance after
10,500 BP and an increase in plant species richness in general suggests a

wetter period between 7100 and 3000 BP. While there is evidence to suggest
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climatic variability in the past, there are on-going controversies,
particularly whether the mid-Holocene climate was more humid than it is

today (see Grosjean et al. 2003; Pope and Terrell 2008; Smith et al. 2011).

In 2012, Gayo et al. published the results of an investigation of a site at
Quebrada Mani (21°S) a [currently] hyper-arid drainage basin in the
Atacama Desert. Based on plant macro-fossils and archaeological remains,
they suggest that in what is now a sterile environment, ‘riparian ecosystems
and farming ... groups flourished’ due to an increase in available surface
water (Gayo et al. 2012: 287). Twenty-six radiocarbon dates from well-
preserved plant and archaeological remains indicate that wetter periods
occurred there between 2500-2040, 1615-1350 and 1050-680 cal BP. Their
findings concur with similar results obtained from rodent middens from
higher altitude Andean sites (Latorre et al. 2002). Other records indicate
that these events were synchronous with pluvial stages at higher elevations
and coincident with rises or falls in sea surface temperature (SST) in the
tropical Pacific into and out of a La Nina-like mode, conducive to higher
rainfall in the central Andean highlands with consequent flood events in low
elevation watersheds. Gayo et al. (2012: 287) suggest that gradient changes
in the SST's of the tropical south Pacific have been the principle mechanism

for climate fluctuations in the central Andean region.

The ‘Walker Circulation’ is an important factor contributing to the climate
of the region. It is an airflow pattern that forms across the tropical [southl]
Pacific Ocean and is driven by east-west variations in SST (Contreras et al.
2010; Williams et al. 2008). This airflow is coupled to a westward circulation
of surface water which promotes an upwelling of nutrient rich cold water off
the coasts of Peru and Chile. Convective rainfall over northern and eastern
Australia results from a strong Walker Circulation. However, this pattern
results in the suppression of rain over coastal regions of Peru and Chile, and
vice-versa. The stability of the Walker Circulation is dependent on SST and

fluctuations in temperatures (known as the Southern Oscilllation Index or
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SOI) determine its strength. These fluctuations are known as the El Nifio-
Southern Oscillation (ENSO) and this has a major impact on the climate of

western South America.

A strong SOI is known as La Nina and is generally associated with heavy
rainfall over Australia and the altiplano of Chile and Peru but dry
conditions on the coast, a more ‘normal’ weather condition. £/ Niro, on the
other hand, following a weakened Walker Circulation, suppresses the
upwelling of cold waters of South America, creates drought in Australia and
wetter conditions in South America (particularly northern Peru) (Beresford-
Jones 2004: 39). Sea temperatures rise by as much as 10°C, killing
phytoplankton which disrupts the entire food chain. EI Niro occurs every
four to seven years and, in most cases, leads to a water temperature

increase of around 5°C (Urban 1994: 144).

The strongest K/ Nino of this century occurred during 1982-83 and the SST
in northern Chile was up to 7-10°C above normal temperatures (Urban
1994: 140). Recorded EI Nifio events in northern Chile have had a major
impact on coastal waters causing the collapse of local fisheries, mass die-off
of marine organisms, torrential rainfall and flooding (Williams et al. 2008:
247). Recovery from such events varies between species and eco-zones: the
inter-tidal zone can recover within two years, whereas the sub-tidal zone
can take up to five years as kelps only begin to recolonise after about two
years (Arntz and Tarazona 1990: 337). Not all species necessarily suffer
negatively from the impact of £/ Nifio events. During 1982-83, the Peruvian
scallop (Argopecten purpuratus) thrived and created a short-term boom
resource for local fishermen (Urban 1994: 140). Urban (1994) suggested that
the water temperature tolerance levels not only vary between species, but
will vary within the same species - those from Peru are more likely to
‘acclimatise’ and tolerate warmer waters as they are closer to the equator

and more used to £/ Nifio events than a Chilean cohort.
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Based on research in northern Peru over the past 30 years, results have
suggested that there were few or no £/ Nifo events from ~9000 to 5800 cal
BP; strong but infrequent £/ Nino events from 5800 until 3000 cal BP after
which the current cycle emerged (Sandweiss and Richardson 2008: 100).

El Nino events from the recent past highlight their impact on coastal
environments. The £7 Niro of 1982—83 recorded a flood discharge for the Rio
Piura (northern Peru) as 2473m3/sé, the 1998 peak reached 4300m3/s,
whereas the normal mean is 340m3/s (Wells and Noller 1999: 761). This
flood event was coupled with an increase in sea temperature of between 6-
8°C. The EI Nino of 1982-83 not only had a catastrophic impact on Peruvian
fisheries but its effects were felt across the Pacific and as far north as
Alaska (Olsen Bruhns 1994: 33; Urban 1994; see also Glynn 1990). While £/
Nino events do affect the coast of northern Chile and southern Peru, it has
been suggested that the impact is far less critical in northern Chile than it
is further north (Guillen 1992: 300). However, there have been periods in
the past where the impact of £/ Nino cycles varied significantly.

Ilo is located on the coast of southern Peru approximately 80km north of
Arica. Research in that area suggests that there have been past K/ Nino
events that have had a far greater impact than those of the recent past
(Keefer et al. 2003 41). Two serious events have been dated to between AD
1300-1400 and 1607-08. However, there are older deposits that indicated
events of similar, if not greater, severity. The Late Pleistocene to Holocene
record from three coastal, alluvial-fan sites near Ilo dated from 38,200 years
BP onwards, has been dominated by flood and debris-flow deposits with
features indicating generation by heavy rainfall in a currently arid
environment. £/ Nifio activity (as indicated by these flood events) appears to
have been high between 12,000 and 8400 years BP but during the mid-
Holocene (8400 to 5300 years BP) there were no large scale flood or debris-

6 m3/s = cubic metres per second
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flow deposits (Keefer et al. 2003: 69). However, flood events have occurred in

the recent past.

Severe flood events have occurred at Arica during the past decade or so.
Such events have caused loss of life and economic damage along much the
central Andean Coast. Records of more severe events in the past suggest
that living in these coastal regions would have been hazardous. Keefer et al.
(2003) suggest that a severe EI Nifio event was probably a major factor in
the demise of an indigenous coastal culture in the Ilo region around 8400
years BP. Older extreme events, possibly in conjunction with earthquakes,
would have had disastrous consequences for other prehistoric coastal

populations as well.

Beresford-Jones (2004: 40), however, suggests that archaeologists must be
cautious when attributing specific causes of high rainfall to evidence of
debris-flow deposits. Flood events may be triggered by significant rainfall
coming in from the east that was not at all associated with £7 Nifo — the so-
called invierno Boliviano (Bolivian winter — although it actually occurs in
the summer) in northern Chile. For instance, Putre is located 180 km east of
Arica in the Precordillera toward the head of the Lluta drainage system.
Current average rainfall between January and April here exceeds 200 mm
(combined four month average)?. Given the large catchment of this area,
considerable water flows can be expected each summer and flooding is not
uncommon. During his journey through southern Peru in the vicinity of
Tarapaca, Bollaert (1851) reported on the arid conditions as well as floods

stating that:

“In general there is barely sufficient water to irrigate the land
... but when thunderstorms with their heavy rains occur in the
Andes, great torrents or avenidas rush down the ravines,

bringing with them masses of rock, trees, huts, cattle, indeed

" http!//www.worldweatheronline.com/Putre-weather-averages/Tarapaca/CL.aspx
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all that may be in their way — leaving, after one of these
sudden and destructive floods, nothing but a bed of stones.”

(Bolleart 1851: 104)

I witnessed the results of flooding at Arica that occurred during the summer
of 2012. The normally dry channel of Rio San Jose cuts through the city to
terminate at the southern end of Chinchorro Beach. The discharge of silt
and sand was so great following the floods of 2012 that the coastline was
extended some 50m westward. Caleta Vitor also appeared to have

experienced similar flooding in 2012.

Some arid areas receive precipitation via fog and dew. Along the coast of the
Atacama Desert, fog often provides more precipitation than rainfall (Bullard
1997: 112). Dew is also common among stands of vegetation such as
Prosopis spp., where the warmer air temperature within the canopy and the
reduction of the ambient humidity causes it to form. The result is that
precipitation beneath the trees can be up to eight times that in the open
(Crawford 2008: 96). The fogs along the desert coast are known as gariia in
Peru and camanchaca in Chile. While the fogs provide some precipitation,
however slight, they also obscure the sun for days at a time. As such, the
winter air temperatures along the fog affected coast are often substantially

lower (~13°C) than in areas only a short distance away but above the fog

line (~24°C) (Crawford 2008: 56).

Hydrology

Today, the presence of surface water in the Atacama Desert is almost solely
due to events occurring outside the region. Convective air masses cross the
Main Cordillera bringing moist air across the Altiplano from the Amazon
Basin (Santoro et al. 2005a: 247). This phenomenon, the invierno Boliviano,
produces runoff and groundwater that generally flows from the western
slopes of the Andes toward the Pacific. Today, the invierno Boliviano often

results in floods in the lower reaches of the rivers. Some of the major
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thunderstorms coming from the east penetrate the Western Cordillera and

heavy rains fall on the western slopes.

In the north, rivers flow (intermittently) through narrow and deep
quebradas that incise the Coastal Cordillera to reach the Pacific. Five such
quebradas reach the ocean to punctuate the coastline from the Peruvian
border south to Pisagua - Lluta, Acha, Vitor, Camarones and Tana/Tiliviche.
From Pisagua no rivers flow into the sea until the River Loa, some 200km
further south. The sector north of Pisagua is known as the ‘fertile coast’ and
the strip between Pisagua and the Rio Loa is known as the ‘sterile coast’

(Santoro et al. 2005b: 173) (see Figure 1.10).

Today, the majority of the region’s agriculture is dependent on subterranean
water. This groundwater is largely composed of ‘fossil’ reserves that receive
little or no recharge in today’s climate. Based on dates from ancient wood
from fluvial terraces in the Pampa de Tamarugal, located in the Central
Depression of the Atacama, Nester et al. (2007) suggest that wetter
conditions prevailed between 16,380 to 13,740 cal BP, which resulted in the
most important recharge events of the last 18,000 years, and that a lesser

recharge event occurred during the Holocene between 1070-700 cal BP.

Figure 1.11 is a photograph taken from the southern flank of Quebrada
Camarones where the river meets the sea. Figure 1.12 is photograph taken
from the headland between the port of Pisagua and Pisagua Viejo (Old
Pisagua) where the Quebrada de Tiliviche/Tana meets the sea. While the
landforms are very similar, the hydrology of these two quebradas is very
different. Vegetation at Pisagua Viejo is limited to a few stunted shrubs.
Quebrada Camarones contains a broad expanse of vegetation and at times a
lagoon forms along the rear of the beach (pers. obs.). The lack of water
reaching the coast does not necessarily indicate the amount of water
entering the system as the Quebradas Tana and Tiliviche both have the

remains of agricultural complexes less than 40km inland. Irrigated
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croplands remain in limited use, adjacent to the Panamerican Highway

where colonial haciendas still stand.

These haciendas were established during the nitrate booms of the 19tk
century to provide fodder for draft animals working the nitrate oficinas. 1
conducted an archaeological survey along the Quebrada de Tiliviche in 2000
and evidence for prehistoric agriculture and irrigation was found along
several kilometres of the quebrada some 20kms from the coast. This
evidence included irrigation channels, numerous grindstones associated
with artefact scatters and the remains of buildings. Nufiez (1975) excavated
a number of remains of semi-subterranean houses and middens on a terrace
at Tiliviche. This site was dated from the pre-ceramic through to the
ceramic period and contained numerous grindstones. The site was located
adjacent to potable water and while it was some distance inland, also

contained remains of fish and shellfish.

The lack of surface water at the mouth of the quebrada at Pisagua is likely
to be the result of the geology of the region. Water that is carried within the
quebrada from further inland does not penetrate the Coastal Cordillera.
Thus, Pisagua may be regarded as the northern boundary of the ‘sterile

coast’.

Groundwater resources in northern Chile flow westward from the Altiplano,
moving through rocks of low permeability, and are mainly confined to river
channels that accumulate in aquifers within the central depression (Mufioz
et al. 2007: 222). The variable chemical composition of the groundwater
from this area is such that its potability varies significantly (Mufioz et al.
2007: 227). Apart from increased salinity, boron, arsenic and cyanide are in
relatively high concentrations in some areas. Arsenic is released into the
water from volcanic rock and soils (Bundschuh et al. 2012: 15), and is

present in both water and soils in northern Chile in varying concentrations.
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Figure 1.11 Shoreline adjacent to Caleta Camarones — 19°11’S.
Photo: C. Carter

Figure 1.12: Pisagua Viejo 19°36’S, shoreline where the Tana/Tiliviche drainage meets the sea
Photo: C. Carter.
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Concentrations in the Lluta Valley vary from 0.03-0.28 mg/l in water and
32-40 mg/kg in soils and those in the Rio Camarones vary between 0.92-1.24
mg/l (water) and 100-300 mg/kg (soils).

The World Health Organization (WHO) does not recommend drinking water
where concentrations of arsenic within the water exceed 10 pg/l (Arriaza et
al. 2010: 1274). Prolonged exposure to low doses of arsenic, through
drinking water, can cause cancer of the skin, lungs, bladder or kidneys,
diabetes mellitus, neurological disorders, hypertension, hyperkeratosis and
cardio-vascular problems (Cornejo-Ponce et al. 2011: 1274). The results of
these afflictions are often fatal, or at least a reduced lifespan. Another

common symptom of arsenaisis are pre-term stillbirths.

Arsenic can also accumulate in the tissue and membranes of fish and
shellfish. This arsenic then transfers through the food chain wvia
consumption. In northern Chile, non-migratory fish and shellfish from
Camarones were found to have a higher concentration of arsenic than those
caught at Caleta Vitor (Cornejo-Ponce et al. 2012: 1281). Three fish species
from Camarones had arsenic concentrations higher than the WHO

acceptable limit of 1 mg/kg.

A number of samples of human bone from Caleta Vitor were tested for the
presence of arsenic. The samples ranged in age from the Archaic Period
(>3,000 years BP) through to the Late (Inka) Period around 600 years BP.
Out of twenty-one skeletal samples, seven contained concentrations of
arsenic indicative of chronic arsenic poisoning (>1 ppm), ranging from 1.064
ppm to 5.993 ppm with a mean of 2.376 =+1.702 ppm. Arsenic
concentrations of soil samples ranged from 10.159 ppm to 26.008 ppm with a
mean of 16.591 =6.005 ppm (Swift et al. 2015). It was suggested that the
poisoning was most likely due to the presence of arsenic in the drinking

water.
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Such a dynamic and extreme environment must have had a significant
impact on the developing lifeways of the inhabitants of this region. From the
basic necessities — food and water — through to the dynamism of its geology,
inhabitants of the coastal zone of northern Chile had to adapt their economy
and settlement patterns to allow for the perturbations of the environment.
Along the coast, the scarcity of water generally limited their settlements to
the quebradas, lomas fog-meadows and around local springs; their hunting
and foraging range was similarly limited as faunal and floral resources were

so restricted.

Tremors are regularly felt throughout the region and landslides are often
the result. Such seismic volatility is likely to have had an impact on the
inhabitants and their settlement patterns. Flash floods would have made
camping adjacent to watercourses hazardous. Tsunamis would have pushed
settlement back from the immediate shore-line. Landslides and rock-falls,
ranging from a few falling stones to massive slides with thousands of tons of
loose rock falling over hundreds of metres, should have made settlers wary

of camping beneath rocky cliffs.

These factors must have impacted on those living along the coastal strip
and, in turn, would have created a ‘memory of landscape’ that helped to
shape the on-going structure of a community. Prehistoric communities
living below cliffs on the coast would have been in constant fear of
earthquake, falling rocks and of inundation by tsunamis (Berenguer 2008:
91). Erupting volcanoes, earthquakes and tsunamis would have had
catastrophic consequences for some communities and certainly would have

an impact on any others living in the vicinity.
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The HCS also plays a significant role in this thesis — it is not only vital to
the food chain but has also had a major impact on the climate, both
important factors contributing to the success of any coastal settlement. With
the arrival of the first settlers, the economy that developed relied heavily on
marine resources that were supported by the nutrients carried by the
current. This thesis will concentrate on this economy and seek to clarify how
its trajectory, initially based on marine resources, was affected by cultural
and technological advances such as the introduction of agriculture and

domesticated animals.

While humans were able to adapt to a range of ecosystems, in areas of
extreme environmental conditions, such as northern Chile, we cannot move
away from the notion that the environment determined much of the
behaviour of those who settled within it. This is because ‘we [humans] are
part of a natural eco-system, whether we like it or not’ (Hodgson in
Beresford-Jones 2004: 5) and it can be argued that environment and culture

are ‘inextricably entwined’ (Sandweiss 1996: 127).

Steward (1955: 35) suggested that environments are permissive or
prohibitive, but not creative. There is a cultural interface between human
activity and the environment; where specific objectives are met through the
utilisation of knowledge, experience and technology. While the environment
may prevent the settlement of certain areas (such as those without water),
humans are not passive bystanders, they are creative. Reactions will differ
between individuals, groups and cultural foundations. A group may simply
abandon a site that is too dry or alternatively they may adapt, utilise
available resources and modify the human/environment balance in their
favour. A small group may not be able to adapt as efficiently as a larger,
more established group, so while a site may be abandoned at one time, it
may later be successfully settled as either technology, strategy or the

environment allows.
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The economy that developed through time along the coast of northern Chile
combined the residual ‘baggage’ of its first settlers with subsequent internal
developments and external cultural infusion along with adaptive responses
to local environmental conditions. It is hoped that this investigation will
determine how much of the original economy survived through time and

what change was manifest in the archaeological record.

40



Chapter Two

Writers are now generally agreed that the peopling of the New
World has been from Asia ... but at a very early period. (Bollaert,
1854: 137)

Settling South America

The antiquity of the settlement of the Pacific coast of South America is under
constant review. Toward the end of the 20th century several sites in southern
Peru were dated to the late Pleistocene and/or early Holocene. These include
Quebrada Tacahuay (Keefer et al. 1998), Quebrada Los Burros (Lavallée et
al. 2011) and Quebrada Jaguay (Sandweiss et al. 1998). Tiliviche 1, some 30
kms inland from Pisagua and about 130kms south of Arica has also returned
an early date (9679 BP) (Standen and Santoro 2004). While not located on the
coast, investigations at Quebrada de Mani (21°05’S), located in the Atacama
region of northern Chile some 200kms south of Arica, have returned dates
between ~11,900 and 12,700 cal BP (Santoro et al. 2011). Further south at
Quebrada Santa Julia (31°29’S), within the northern semi-arid zone of Chile,
a well stratified site has provided dates as early as 13,350-12,880 cal BP
(Jackson et al. 2007: 725). This site is also the only known Paleoindian site in
the region that has fluted projectile points clearly in association with extinct

megafauna.

Arica is thus flanked to the north and south by late Pleistocene sites and
further sites from that period are highly likely to be found along this section
of the coast. As such, there is a high potential for sites to provide
archaeological data that relate to continuous occupation within a limited area
over a period exceeding 10,000 years. This is particularly significant when

considering the appearance of the first settlers in southern Peru/northern
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Chile and the development of their economies. The study of such sites will
also contribute to the broader discussion relating to the arrival of the first
inhabitants of the New World and their migratory path once they had entered

South America.

Figures 2.3 and 2.4, at the end of this chapter, show the general locations of

sites mentioned in both North and South America.

For most of the 20th century, it was firmly believed that the first people to
enter America originated in Asia and were hunters specialising in big game.
They were armed with spears fitted with stone points that became known as
‘Clovis’ points (after the site in New Mexico where they were first found)
(Willey 1966; Dillehay 2000; Dixon 2001; Meltzer 1989, 2004, 2009;
Rothhammer and Dillehay 2009; Dickinson 2011; Bawaya 2013). The ‘Clovis
First’ hypothesis developed from early discoveries of an elongated lanceolate
point, fluted on each face and then hafted onto a spear shaft (Meltzer 2004:
548). ‘Clovis First’ suggested that the first migrants arrived in North America
around 13,500 cal BP, travelling over land via the Beringia land-bridge, most
likely through an ice-free central corridor between the Cordilleran and

Laurentide ice sheets of Canada that was open around that time.

During the 1960s, while there were claims of a pre-Clovis presence,
archaeologists “were starting to show signs of a deep-rooted scepticism about
accepting any such claims ...” (Meltzer 2004: 539). For several decades the
evidence for ‘Clovis First’ was so compelling that “few archaeologists even
contemplated an alternative” (Bawaya 2013: 42). For some time authors
argued that linguistic and physical anthropological evidence was far more
complex than the ‘Clovis First’ model, requiring far more time to explain the
observed levels of diversity in the Native American population today

(Dillehay 2001: 13). Genetic studies have also contributed to the argument
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and suggested that the first settlers crossed Beringia sometime after 16,500

years ago but well before the Clovis period (Goebel et al. 2008: 1497).

While there had been other claimants, for some time the oldest securely dated
site in the Americas was Monte Verde in the south of Chile (36°S) dated to
over14,500 cal BP (Dillehay 2000: 160; Dickinson 2011: 201 ) and possibly as
early as 19,000 cal BP (Dillehay et al. 2015). This site was a permanent
settlement and is located some 70km inland on the banks of the Chinchihuapi
Creek relatively close to the modern city of Puerto Montt. Dillehay presented
his findings in the late 1970s, but it was not until the late 1990s, after much
argument and criticism, that these dates were more broadly accepted
(Dillehay 2000: 2). By 2000 there was a ‘growing consensus that the first
settlers [in the Americas] arrived before the Clovis culture’ (Masson et al.

2000: 12).

Meltzer (2009: 133) stated that while there must be sites earlier than Monte
Verde, the “earliest sites of the first peoples [in the Americas] will be rare,
hard to find and may never be found”. However, the search continued and by
2012 Erlandson suggested that the Clovis-First hypothesis was “in full
retreat”. More recently, Dillehay et al (2015) stated ‘... that the old Clovis-
first model of human entry around 13,000 years ago no longer explains the

peopling of the New World ...".

In 2012 Dillehay et al. reported several Pleistocene dates from excavations at
Huaca Prieta, a well-known preceramic site in northern Peru. While this area
has large mound structures from a later period, the oldest dates came from
excavations well below the mound levels and include a date of 14,827 — 13,924
cal BP (2 sigma, deer bone, Beta310272). While this site is now located close
to the coast line, during the Pleistocene it was around 20 kms inland (Dillehay
et al. 2012a: 422). Remains associated with human occupation include
unifacially flaked stone tools, marine mollusc shells and bones of sea lion,

deer and bird.
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With the acceptance that the first settlers arrived in the Americas during the
Late Pleistocene, possibly around 16,000 BP (Bellwood 2013: 90) theories
relating to the early migratory pathways are now coalescing and this i1s of

particular significance to this thesis.

Asia is generally accepted as the origin of the first American settlers.
However in the late 19t century it was proposed that the first humans to
arrive in the Americas were a European population. While few supported the
theory at the time, more recently Bradley and Stanford (2004; 2012) have
argued that the first settlers skirted the ice-sheets extending out of western
Europe to cross the Atlantic during the LGM (between 23,000 and 19,000
years ago) and that a “Solutrean Palaeolithic maritime tradition ultimately
gave rise to Clovis technology” (Bradley and Stanford 2004: 473). While a few
archaeologists have suggested that Bradley and Stanford “make a plausible
case” (Bawaya 2013: 45), the majority do not believe that the evidence
supports their claim (Pitblado 2013: 355). Apart from more detailed evidence,
Meltzer (2004: 547) suggested that both the physical (Atlantic Ocean) and
temporal (>5000 years) separation between the Solutrean and Clovis cultures

was simply far too great.

As it stands now, few would argue against Asia being the source of the first
Americans. Genetic research has established that Native Americans have
five major mtDNA haplogroups (Fiedel 2000: 67; Straus et al. 2005: 522). All
of these groups are shared with Asian groups, including haplogroup X which
was used by Bradley and Stanford (2004) to suggest a genetic link between
North American and European populations. Haplogroup X2a has also been
identified in groups living in Central Asia (Straus et al. 2005, 522; Kashani
et al. 2012: 35). Kashani et al. (2012: 35) suggest that the relatively restricted
distribution of haplogroup X2a was because it entered North America via the

ice-free corridor and not along the coast. Another rarely studied haplogroup,
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D4h3a, 1s restricted to the Pacific coast of North and South America. This is

suggestive of at least two waves (and routes) of migration.

Using the Y-chromosome haplogroup Q, Regueiro et al. (2013: 345) suggested
that the results of their studies show a single major pre-Holocene migration
into the continent from Asia as a ‘trans-continental trek across Beringia then
southward to traverse the length of the Americas’. While results share some
common ground, genetic evidence from modern populations often provides
differing conclusions relating to the antiquity, timing and number of
migrations into the Americas (Meltzer 2004: 556). Figure 2.1 contains a map
of mtDNA distributions with timing based on estimated mutation rates (see
www.MITOMAP.org). The data used in that figure suggest several waves of
migration and also include an early entry of haplogroup X into the continent
with its only link back to central Europe. Research not included in this map
has identified haplogroup X in a central Asian population (see Kashani et al.

2012; also Bellwood 2014: 88-89).

The ‘Clovis First’ theory suggested that the first people to arrive in the
Americas crossed from Siberia to Alaska across the Beringia land-bridge
(Mandryk et al. 2001; Meltzer 2004; Bawaya 2013). Toward the end of the
LGM as the climate warmed, the ice sheets that blocked entry into North
America began to retreat leaving an ice-free corridor that led to the east of

the Rocky Mountains. This occurred around 13,500 years ago.
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Figure2.1 Human mtDNA Migrations. Mutation rate = 2.2 — 2.9%/million years
Time estimates are years before present.
From MITOMAP, 2013.

Given the distance of Monte Verde from the far north of North America
(Alaska - the accepted entry point of the first settlers), how long did it take
these people to travel that distance (over 14,000kms)? There does not appear
to be a consensus on such a timeframe. One set of models has suggested that
the first colonisers could have moved through the continent very quickly
(Meltzer 2003: 222; see also Bellwood 2013). Such a model was based on the
claim that having megafauna as a major resource would have allowed hunters
to move through ecozones without having to learn much more about their
resource base or be hindered by new landscapes. Meltzer (2003) suggested
that this could (his emphasis) have occurred, however there is very little

archaeological evidence to support such a claim.

In 1967 Martin (in Gamble 1994: 209) argued that as soon as the first
explorers negotiated the northern regions, they entered a rich biome and

armed with Clovis points they quickly adapted to a big-game hunting culture.
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What followed was a rapid, ‘blitzkrieg’ expansion and the entire breadth of
North and South America was settled within 1000 years (albeit with a
relatively low population density). This may well have been a viable scenario
across the Great Plains, however to suggest that a similar hunting model was
able to persist over 14,000kms to southern Patagonia fails to take into account
the diverse range of environmental conditions, some of which required
significant economic modification through changing landscapes (rainforests,
montane, deserts, wetlands). Each biome would have to be separately
negotiated in order to make the journey. Meltzer (1993: 160) suggests that
the ‘blitzkrieg’ model fails to recognise a number of other issues including
“demographic and selective factors that may have constrained initial
colonisation, or to the question of how quickly foragers could have moved
across rich but unknown continents”. He suggests that the migration would
have taken several thousands of years at least. Considering that migrations
were likely to be latitudinal as well as longitudinal, with groups moving
inland as conditions allowed, it is likely that such a spread would have slowed
the pace of southward migration and extended the time necessary to reach

the extremes of the continent.

However, if people did enter the continent via the ice-free corridor, how did
they get to Monte Verde by 14,500 cal BP or even earlier? This was a period
when the ice-free corridor did not exist. The first settlers could not have
arrived overland unless they crossed the icefields. The only accessible route
available at that time (prior to 13,500 cal BP) would have been via the Pacific
coast, either on foot or by boat (Meltzer 2004; Meltzer 2013; Bellwood 20134).

Following the initial migration from Asia into the Americas, once groups had
moved beyond the arctic regions, the choice of route would have impacted on
the pace of migration. So how long did the first settlers take to colonise lands

from Alaska through to Patagonia? Which path did the majority follow?
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The Coastal Route

Theories relating to a coastal migratory path from north-east Asia into North
America have been considered for some time. In 1979 Fladmark suggested a
coastal route for some of the first settlers and also stated that “maritime

cultural adaptations may have been among the first to arrive south of

Canada” (Fladmark 1979: 55).

In 1991 Wright discussed the environmental conditions that faced the first
settlers and considered that the coastal route “seems unlikely” (Wright 1991:
118). Likewise, Dillehay and Meltzer (1991) suggested that the coastal
migration route was untestable and the North American coastline would have
been difficult to traverse. By 2001 Dillehay had changed his view to suggest
that there was a possibility that the first Americans came by sea following
the coastline and that the first settlers were “likely tied to the development
and spread of a maritime pathway” (Dillehay 2001: 16).

The discussion gathered momentum when research indicated that the
Laurentide and Cordilleran Ice-sheets blocked the interior route into North
America between 28,000 and 12,000 (uncal) BP (Meltzer 2009: 129).
Furthermore, once it became ice-free it would have been a rather hostile
environment for some time. Studies to determine resources within the
corridor revealed that those available to humans were “below the minimal
nutritional needs of a socially viable population between 18,000 and 13,000

BP” but increasingly abundant after 12,000 BP (Mandryk et al. 2001: 304).

In 2009 Meltzer stated that, given that the Laurentide and Cordilleran ice
sheets obstructed the interior route, early settlers of the Americas must have
entered before the LGM or travelled via the coastal route (Meltzer 2009: 129).
Once the first explorers/settlers managed to get around or over the North
American ice sheets, such conditions would not have impeded their movement

until they reached the high Andes or high latitudes of South America.
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In 2012, Misarti et al published their results from lake cores taken from
Sanak Island in the western Gulf of Alaska. Their investigations provided the
first radiocarbon dates from the continental shelf of the Northeast Pacific and
pollen data suggest an arid, terrestrial ecosystem by 16,300 cal BP and that
ice sheets would not have blocked movement along the southern coast.
Deglaciation of this area had occurred almost 2000 years earlier than

previously thought.

Erlandson et al. (2007) coined the term ‘the Kelp Highway’ to support a
hypothesis to tie the coastal migration theory with marine ecology to
understand better how the continents were first settled. They suggested that
the kelp forests provided very productive habitats with “high primary
productivity, magnified secondary productivity and ... a diverse array of
marine organisms” (Erlandson et al. 2007: 161). Kelp beds extend around the
northern Pacific from Alaska to Baja, California, with a break along the west
coast of Central America before they reappeared along the Andean coast of
South America, continuing to the far south to Tierra del Fuego. The Pacific
Coast would have provided an almost unobstructed, linear migration route
from the north to the far south. The break in the tropical zone would have
been supplemented by near-shore mangrove forests and coral reefs which in

themselves are very productive.

While the evidence of earliest settlement of the Americas is scarce, the
evidence for a coastal migration route is even harder to find. Given that
during the late Pleistocene the sea-levels were as much as 130m lower than
present, the coastline and coastal plain that would have provided the route of
the coastal migrants has been inundated. Camps of the early coastal explorers
and settlers are likely to have been close to the coast, in places providing some
shelter and close to water, such as around river mouths, estuaries and bays.
Most of these sites would now be on the submerged continental shelf.
Deglaciation of the more northern areas resulted in isostatic rebound which,

in some cases, resulted in sites remaining above sea-level. The arid coast of
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South America was glacier free and was not subject to such rebound.
However, some sections of the coast have been subjected to uplift where the

coast borders a subduction zone (see Chapter One).

Evidence of the earliest settlement is likely to be found in coastal areas that
have a narrow continental shelf or in refuge locations, once located near the
coast but now above the current sea-level (Sandweiss et al. 1998). While
maintaining contact with the sea, early settlers may have moved inland to
areas providing more shelter or closer to freshwater sources. Tsunamis may
have also made groups wary of living too close to the coastline. Exploratory
forays inland by the early hunter/gatherers would have left scant evidence of
their activities, although permanent settlements that moved inland as sea-

levels rose would have left more discernible traces.

While some geneticists subscribe to a single migration out of Asia (Meltzer
2004: 545; Regueiro et al. 2013: 345) Pitblado (2011: 351) suggested that there
is sufficient genetic, osteological, and archaeological evidence to support a
model of colonisation that involved at least two major migrations events. This
model suggested that the first inhabitants arrived via the Pacific Coast
around 16,000 years ago and utilised watercraft and followed the northern
Pacific coast of Alaska and North America. Following the coastal path, they
may have divided at the Isthmus of Tehuantepec (Mexico), one course
continuing south toward South America with another heading north along
the coast of the Gulf of Mexico. The southward push divided again at the
Isthmus of Panama to follow both the east and west coasts of South America.
The movement down the coast left the inland areas generally open for the
first groups that arrived via the ice-free corridor. Later arrivals, coming in
around 14,000 — 13,000 BP, developed the Clovis tool kit and settled much of
North and Central America by the end of the Pleistocene (see also Erlandson
2001; Mandryk 2001). Figure 2.2 contains a map of North and South America
showing possible migratory pathways and the extent of the ice-sheets while

the ice-free corridor was open.
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While much of the preceding argument has little direct impact on the
investigation presented in this thesis, it is imperative to understand its
nature in order that appropriate consideration may be given to the evidence
that relates to early (i.e. Pleistocene) settlement and its economic base. Even
evidence from Holocene coastal sites may be able to indicate the original

direction of settlement.

The earliest material within a site will indicate the nature of the founding
economy. Evidence of a marine economy at its base, with little or no
terrestrial or inland resources evident, would indicate that settlement arrived
via the coast. Alternatively, evidence of a terrestrial economy arriving on the
coast from inland/highland regions would tend to be made up of terrestrial
resources with weaponry and a tool kit designed for hunting terrestrial game
or collecting plant foods. Marine resources may have been present but are
likely to be mixed with those from the inland. If a coastal settlement moved
inland as sea levels rose or arrived from other coastal locales, the economy of
that settlement is likely to be marine based. Settlers who had their origins
inland would have as its base a terrestrial economy or at least a mix of marine
and terrestrial if its origins were more locally based. It is the ‘mix’ of such an
economy that is of importance here, particularly its variability and the causal

factors relating to change.
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Figure 2.2 — Map showing migratory routes from Beringia into the Americas. Red line denotes coastal path, green line denotes
route through the ice-free corridor. The dashed white line shows approximate extent of ice sheets around 14,000-13,000 cal BP.

52



Settling the Coast

The first explorers moving across Beringia did not enter a foreign
environment. They entered a land that may have been somewhat alien in
character, but not essentially so. The two ends of Beringia — Chokotka (in
Asia) and Alaska (in North America) would have been very similar, in terms

of both environment and resources.

In all probability an established economy would have been adaptable, at least
in part, to allow adjustments as dictated by the changing environment.
Erlandson (2001: 288) suggested that “humans are the ultimate generalists
and opportunists who thrived in the widest range of earthly environments”.
As such, the need for economic adaptation, as long as environmental change
was gradual, would not have presented an insurmountable barrier to
exploration. Movement inland, apart from the physical barriers, would have
presented a different array of resources, many of which would have been

foreign to explorers.

Movement through a continuous landscape type, with change in familiar
physical features more apparent than resource variability, would not present
a significant barrier to migration. As mentioned, Erlandson et al. (2007) put
forward such an argument with the ‘Kelp Highway' hypothesis which
suggested that coastal groups relying on a marine economy were likely to
move along the coast more rapidly than their inland counterparts. Small
groups could explore coastlines by boat and cover great distances within a few
generations as resources further afield were identified as being familiar and
easily exploited. Coastal resources generally show less variation than do
terrestrial resources and adaptation along coastlines would be far less
arduous than moving inland (which also required a move to higher altitudes

along the west coast of both North and South America).

Given that the coastal migration theory now has some currency, its potential

economic base should be considered. The first settlers of the New World were
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hunter gatherers. Moving along the coastal plain and/or through its waters
by boat, exploration groups would have been living in areas where maritime
resources could have been exploited and were likely the base for their

economy.

The coastline of western North America contains a rich biomass including
shellfish, fish and marine mammals. The coastal plain, particularly in
northern North America is studded with rivers and fish that were particularly
abundant during the salmon runs. The temperate forests would have also
provided a range of plant and animals resources. Changes to the marine
resource base as groups explored/migrated southward would have had little
latitudinal variation, at least for some distance, and would have been gradual
in most instances. Economic adaptation to new environments would not have
been necessary along much of this area. Early explorers could have followed
rivers inland although the Rocky Mountain chain would have formed a
formidable barrier in physical terms as well as having a different resource
base as altitude increased. Once the mountain regions had been penetrated,
changing environments would have again required appropriate adaptive

responses prior to any continued migratory efforts.

If the early explorers followed the coastline south, adaptations would have
been far less restrictive. Coastal species may have changed over distance but
the means by which they were hunted or collected would have been similar.
Likewise, environmental change following the coast is generally far more
gradual than that encountered when following a path inland (east) where

altitudinal variation results in far more abrupt change.

Clovis points appear to have moved across North America in less than 1000
years — a rate of 10-20 kms per year (Meltzer 2009: 213). At first glance this
suggests that rapid migration did occur However, if people had already

settled within the landscape (as most evidence suggests), the spread of the
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Clovis point technology (but not necessarily the people themselves) could have

been rapid without the need for ‘landscape learning’.

The argument supporting slower migration rates suggested that while people
could have moved through the continents quite quickly, there was no reason
to do so. The first settlers of the New World arrived in a continent that was
devoid of people. Humans having to adapt to new landscapes depend on
learning times that vary between habitats (Steele and Rockman 2003: 131).
It has been suggested that anyone arriving with a limited environmental
knowledge was better suited to hunting animals, whereby shortages in food
would result in relocation — “high residential and logistic mobility and high
range mobility” (Steele and Rockman 2003: 142). Steele and Rockman argue
that the first entry into North America required moving through an area
during a period of low value on the index of effective temperature. Modern
hunter/gatherers in high latitude environments tend not to rely on plant foods
— they hunt and fish. This model appears to work well with a hunter model
but places less emphasis on the ‘gatherer/forager’ segment of such an
economic system. However, even in the late Pleistocene, the Americas were
not entirely subjected to areas with a low effective temperature.
Hunting/fishing would not have been solely restricted to large game. The
importance of plant foods or smaller animals (reptiles, rodents, shellfish,

birds) in such an economy must also be considered.

Consider the path south along the North American coast, once a way around
the ice field had been negotiated (no mean feat in itself) the path southward
was not only open but also contained a rich marine biomass. The kelp beds of
North and South America would have provided the resources required by the
early explorers/settlers. Some landscapes would have been more conducive to
settlement than others. Sheltered bays and river mouths with adjacent
coastal plains and/or forests would have provided ideal conditions for

settlement. Southward exploration - on foot in clear areas and by boat along
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the more rugged sections of the coastline - could have been rapid if these

groups had the need or desire to do so.

It is likely that the early settlers of the New World followed both coastal and
inland routes with varying rates of advance. Given that there was far less
demand for adaptive strategies along the coast, such a group of explorers
could have moved more rapidly, in a linear fashion, and it was from these core
groups, following the west coast of the continent, that the first people arrived
in South America. Furthermore, people that had crossed the Rocky
Mountains in the north were likely to have spread throughout a broad
landscape, thus slowing their movements southward. If their route inland
commenced further south, moving east from the west coast of Central
America they would have encountered the deserts of northern Mexico, then
the highland plateaux before having to contend with the dense jungles
between the Tehuantepec and Panama Isthmuses. When they had entered
South America, more formidable physical barriers existed for those exploring
the inland. Progress through the Andean Cordillera or jungle regions of
Amazonia would have resulted in far slower progress than if they followed

the coastlines.

The evidence to support these claims is difficult to find. As mentioned, rising
sea-levels at the end of the Pleistocene would have flooded early sites located
on the coastal plain. However, evidence of prehistoric coastal occupation is
almost continuous along the west coast of the South America. Wherever there
are locations suitable for habitation, sites containing evidence of human
settlement abound. The Peruvian coastal plain contains some of the richest
archaeological areas in the world (eg Chan Chan, Sipan, Paloma, Moche
Valley, Paracas, Lima). While these sites are generally dated to the Holocene,
they evolved from a base that was considerably older — and closer to a coast
that is no longer accessible. Some have argued that these sites are those of a
developed culture that was based on an agricultural economy (see Lanning

1967; Moseley 1975). In 1975 Moseley suggested that the development of
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complex Peruvian centres was predicated on an economy based on maritime
resources, although support for his theory was not widely accepted (see

Osborn 1977; Wilson 1981; Scott Raymond 1981; Yesner 1980).

As mentioned, Huaca Prieta 1s located close to the coast of northern Peru.
This site contains monumental architecture (mounds) dating from the Late
Preceramic period (~5500 and 4200 cal yr BP) (Dillehay at al. 2012a: 418).
However, more recent investigations suggest that settlement occurred much
earlier, over 14,000 cal BP, well before the mounds were constructed (Dillehay

et al 2012 a&b).

As sea-levels stabilised during the early Holocene, the economies that
developed at such sites, may have been stable and secure enough to allow
technological developments beyond those of the hunter/gatherer. More
recently there has been an emphasis on the significance of marine resources,
from the perspective that such resources were sufficient to support sedentary
populations of some size that could easily adopt such innovations as
agriculture, ceramics and metallurgy (Quilter and Stocker 1983; Erlandson
2001; Harvey Koutts et al. 2011). Moseley’s 1975 theory may be valid after
all.

While Chile does not have monumental sites such as Chan Chan, Sipan, Caral
or Pachacamac, the archaeology of its coast is also very rich, with sites
ranging from the Late Period (Inka) through to the early Archaic (Early
Holocene and Late Pleistocene). As mentioned, Quebrada Tacuay and
Quebrada Jaguay (in southern Peru) have both produced dates in excess of
11,000 cal BP. Further south, other sites have produced dates in excess of
7000 cal BP (eg Camarones, Huelequen, Las Conchas, Quebrada Santa Julia).

Given that the current sea level was reached some 6000 years ago, earlier
sites located directly adjacent to the coast would have been flooded. In some

cases, early sites may have been located some distance inland perhaps for
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reasons of shelter or to be close to permanent water sources. Such sites,
particularly in areas with a narrow coastal shelf, may be the only ones that

will provide direct evidence for Pleistocene settlement.

Finding such sites may be considered a gamble. However, sites contemporary
with the arrival of sea level at its current height may be able to provide an
indication of the dynamism of the early occupants and their patterns of

mobility.
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Figure 2.3: Map of North America showing general location of sites mentioned in this chapter

59



Key:

1 Chan Chan, Sipan, Huaca Prieta,
Moche Valley

2 Lima, Pachacamac, Caral

3 Paracas

Quebrada Jaguay, Q. Tacahuay,

Q. Los Burros

Arica, Caleta Vitor

Camarones, Tiliviche,Pisagua

Quebrada de Mani

Las Conachas, Taltal, Huelequen

Quebrada Santa Julia

10 Monte Verde

11 Pedra Furada

H

O 00 NGO WU

Figure 2.4: Map of South America showing general location of sites mentioned in this chapter
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Chapter Three

The mounds and their contents ... as disclosed by the mattock and
spade, serve to reflect light more particular upon their customs, and
the conditions of the arts amongst the nations who built them. They
are the principal depositories of ancient art, and hide from the
profane gaze of invading races the altars of the ancient people.

(M. Squier in Hutchinson1874: 11).

Archaeological Background

This chapter provides a general context and background for the archaeology
of northern Chile in general and Arica/Caleta Vitor in particular. It begins
with an overview of the history of archaeological research in the region and

followed by a summary of more recent investigations.

Interest in the prehistory of northern Chile began shortly after the arrival of
Spanish colonists. Several of these foreign settlers reported on the indigenous
people, querying their origins and describing their habits, customs, living
conditions, but generally compared them with their own (eg Vivar 1979

[1558]; Vasquez de Espinoza 1948 [1628]; Frezier 1717).

As far as archaeology is concerned, early (pre-20th century) interest in this
area often centred on the collection of exotica and antiquities, including
mummified corpses. Many museums throughout the world have
archaeological specimens, including mummies, collected from northern Chile.

They include the American Museum of Natural History (AMNH), the Peabody
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Museum (Harvard University, Massachusetts), the Smithsonian Institution
(Washington D.C.), the British Museum (London), Pitt Rivers Museum
(Oxford), the Cambridge University Museum of Archaeology and
Anthropology, the Macleay Museum (University of Sydney), the Swedish
Museum of Ethnography (Goteborg) and the National Museum of Ireland
(Dublin).

Charles Mead, a former director of the anthropological collection of the
AMNH, was one of the first to synthesise the results of early investigations
around Arica (Mead 1946). While it was never published, the following is
largely based on the theme set by that report (Mead’s report is currently held
by the AMNH).

The Peabody Museum, Cambridge, Massachusetts, contains a collection of
material collected from Arica in 1836 following John Blake’s excavation of a
cemetery located about two kilometres to the south of the town (Mead 1946:
11). Blake described the graves as “all circular and vary in size from three to
five feet in diameter, and from four to five feet in depth. Some of them are
walled with water-worn stones, laid up loosely, and all have linings of coarse
flag mats. ...”. He stated that all the bodies were in a sitting position, knees
drawn up with their arms crossed over their chests. He also noted that many
of the crania were deformed, and were both “rounded (brachycephalic) and
elongated (dolichocephalic)” in shape. Mead concluded that ... we can safely

refer Mr Blake’s collection to the Incal period.”

dJ. J. de Tschudi spent five years in Peru in early 19th century. During 1844
he spoke before the Ethnological Society of London and outlined his
observations of the “Ancient Peruvians” (de Tschudi 1848: 79). This
presentation concentrated on cemeteries and tombs with detailed

descriptions of mummies. While he speaking about Peru in general, one

! The spelling ‘Inka’ is preferred by the author, however ‘Inca’ is used when quoting or discussing the
work of others.
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particular comment is worthy of repeating - he stated that “Captain Banckley

... could obtain any quantity of mummies at Arica”.

The collection of antiquities for museums was often a task of the 18th and 19tk
century expeditions, but there were others who took opportunities to
purchase or simply collect relics and/or mummies for their own personal gain.

Captain George Duniam was one such character.

As a ship’s captain, Duniam sailed along the west coast of South America in
the 1830s and visited Arica (then part of Peru) where he obtained a mummy.
On his return to Britain in 1839 he was able to sell it to the Royal Irish
Academy in Dublin (Wilde 1839). The mummy was purchased on behalf of the
Academy by Sir William Wilde, a surgeon who was an active antiquarian (and
father of Oscar Wilde). Wilde published descriptions of the mummy in the
Proceedings of the Royal Irish Academy in 1839 after he had ‘unwrapped’ it
at a public presentation. The mummy is now held by the National Museum of

Ireland.

In the early 1840s Captain Duniam sailed to Australia and he later became
involved in a scheme to import alpaca from Arica. A team of investors
financed this enterprise and in 1851 a ship was chartered to sail from Sydney
to Arica where alpaca would be purchased (Sydney Morning Herald 6
January 1851). The scheme failed as the government of the day in Peru had
foreseen the value of alpaca to their country and introduced laws to prohibit

their export.

Duniam, being unable to execute his duties, appears to have abandoned the
original plan and developed one of his own. He personally excavated two
mummies and their accompanying grave goods at Chacalluta (a few
kilometres to the north of Arica) and returned to Australia with them in 1853.
Following his arrival, Duniam placed the mummies on display and collected

a fee from members of the public to enable them to see these ‘wondrous’
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figures and artefacts (Sydney Morning Herald 3 November 1851). He then
tried to sell the mummies to the Australian Museum. He failed in this and
the mummies were later seized by a pawnbroker to secure an unpaid debt. A
Peruvian’ mummy now held by the Macleay Museum (University of Sydney)

1s likely to be one of those brought to Australia by Duniam.

In 1868 Arica suffered the effects of an earthquake and subsequent tsunami.
A visitor to the area who witnessed the results of the destruction commented
on the prehistoric remains, including mummies that were exposed by the
force of the tsunami. The AMNH, New York, has material donated by J.V.
Cooper who collected archaeological material at Arica following the tsunami
in 1868. The collection includes a textile bag, a number of ‘squid’ eyes and a
beaded necklace, along with photographs of stranded vessels and the impact
of the wave. A witness to the disaster in 1868 described ancient mummies

thrown up at the foot of E1 Morro:

“Many have refused to credit the story of mummies thrown up
from the earth. It is, however, entirely true. Near the foot of the
"morro" the mummies were seen in great numbers - some thrown
completely out of the ground, and sitting upright; while some
were partially, and others were wholly underground. No one had
ever heard of there being any- thing of the kind in Arica, and the
supposition is that they were buried there in the time of the
Incas, and had been preserved by some process known to that
people. We carried one on board our ship [USS Watereel and
boxed it up, afterwards sending it to the United States.” (Sturdy
1872)

The fate of the mummy loaded on the Wateree is unknown as remains of the
ship are still located some distance from the sea near Arica. The cargo

obviously did not travel to the USA on that vessel.
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Hutchinson (1874), Consul of the United Kingdom in Peru, visited Arica in
1871 and was told by the British Vice-Consul of the impact that the 1868
earthquake and tsunami had had on ancient mummies. He acquired several
archaeological relics excavated in the Arica region. “At all events, many
bodies have been found here; and they are constantly being exhumed through
the search of treasures all through the Arica country to Tacna” (Hutchinson

1874:313).

Later, more focussed collections were made by specialists who were either
commissioned by museums or were collecting artefacts with the idea of on-
selling to individual collectors or public institutions. Between 1893 and 1903
Adolpho Bandelier travelled through Peru and Bolivia collecting relics for the
AMNH (Mead 1946: 13). In July 1894 he was sailing from Trujillo to Mollende
[Peru] when weather forced the vessel to continue on south to Arica. While he
was waiting for the weather to abate Bandelier made the most of his time
and,

“.. made arrangements for visiting a site near this town, where a

great many bodies have been exhumed a short time ago. That site

1s known under the name of La Lisera, also as El Gentilaque; and

lies 1% miles south of here [Arical, on the sea-shore. We found the

graves completely disturbed, dug up, but to our surprise the

handsomest textile fabrics, entire garments etc. were still scattered

over the surface. The diggers had paid no attention to such valuable

remains, and had left them, taking with them only the bodies and

whatever objects of silver, copper, and other material that struck

their fancy...” (Bandelier 1894)

He later made arrangements with a ‘trustworthy individual’ to go and collect
more antiquities from place known as Vitor, located on the shore ‘about nine
miles’ south of Arica. Bandelier’s schedule only allowed him one day at Vitor
but he was able to collect sufficient material to dispatch four crates to the

AMNH containing, inter alia, four mummies, one with a feather head-dress,
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a ‘splendid flint knife’, pieces of cloth, fishing implements, needles, pottery
and wooden implements. Amongst the paraphernalia shipped with the
mummies, Bandelier thought it important to mention one particular piece,
that being ‘a letter being found in the lap of the corpse’ . He thought that it
deserved ‘SPECIAL ATTENTION FOR PRESERVATION’ (his emphasis).
The letter found with the mummy was a ‘Proclamation of Indulgences’, signed
by the Licentiate Pedro de Valarde and dated 1578 [in Spain]. A complete
translation has not been undertaken at this time. Several other European
articles were found in association with these mummies including a brass

thimble, needles and glass beads.

During 1916-17 a Swedish expedition undertaking a biological survey of the
Chilean Pacific region, stopped in at Arica. Carl Skottsberg, a Swedish
biologist and explorer, mentioned in his report that “having obtained
permission to make a few excavations and to collect for Swedish museums he
proceeded” (Skottsberg 1924: 27). After he made his report the remains,
including a Chinchorro mummy, were deposited and then forgotten in the
Swedish Museum of Ethnography (Géteborg). They were not rediscovered
until late in the 20th century (Gustafsson 2001).

The situation regarding the collection of human remains along this section of
the coast is well summed up by the comments of Oswald Evans made when

he visited the north coast of Chile in 1906:

“Nothing struck me more forcibly on my arrival than the number of
opened graves; for miles along the coast bleached and crumbling
fragments of human bones ‘knaved out of their graves ‘ bear witness
to the ignorant curiosity or avarice which has ransacked these poor

resting places of the despised ‘infidels’.” (Evans 1906).

While collecting continued, by the turn of the century archaeology became a

more serious, academic pursuit in this region. Max Uhle was one of the first
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to seriously study the early cultures of the region and make some attempt to
understand their development. He was later given the distinction of being one
of the first archaeologists to recognise that there were important cultures

within the Andean region that were far older than the Inka (Katz 2000: 87).

Using the term ‘Aborigenes de Arica’, Uhle discovered mummies buried in an
extended position quite close to the city centre and several others near a beach
to the north (Arriaza 1995: 5; see also Uhle 1974[1919]). Uhle described these

mummies as:

“...buried in a fully extended dorsal position. The viscera and brain
had been removed, and their sites filled with packing material. The
removal of the internal organs was effected through an incision on
the right side of the body which was then sewn up. Within the body
wooden sticks had been introduced ... These mummies were painted
red and generally provided with a mask of barro?, on which the
features were indicated. The limbs were usually separately
wrapped and the arms extended along the side of the body. Many of
the mummies were sewn in skins and some had artificial wigs.”

(Uhle [1919] from Dawson 1928: 134)

Uhle classified the mummies into three categories:
Type 1: Simple: naturally dried with no deliberate alteration;
Type 2: Complicated: including evisceration, defleshing limbs and
artificial restoration of body form with variations including paint,
masks and wigs;
Type 3: Clay-covered — bodies are simply covered in a mud coating, few

are eviscerated (Aufderheide 1993: 189).

These burials were later to become known as the ‘Chinchorro’ mummies (the

cultural label taken from Chinchorro Beach where early examples were

2 Barro — clay or mud.
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found). The earliest evidence of artificial mummification has been
radiocarbon dated and found to be over 7000 years old® making them the
oldest artificial mummies in the world (Arriaza 1995a, 1995b; Santoro et al.

2005).

By the 1920s, Uhle and others, including Augusto Capdevilla, had established
that the prehistoric inhabitants of the coast around Arica had ‘existed there
since ancient times’ (Mead 1946: 5). Uhle excavated other sites in southern
Peru and northern Chile and he established a chronology covering seven
periods:

1. Primeval period. Few stone implements of paleolithic type.

2. Aboriginal race.  First centuries of our era.

3. Period contemporaneous with the ruins of Chavin. 400 - 600 AD
4. Period of Tiahuanaco 600 - 900 AD
5. Indigenous Atacama period 900 - 1,100 AD
6. Chincha — Atacama period 1100-1350 AD
7. Inca period 1350-1540 AD

When Skottsberg visited Arica in 1917 he excavated a number of tombs in an
‘Old Necropolis’ at Arica and collected about 250 artefacts for the Museum of
Ethnography at Géteburg (Gustafsson 2001). He excavated at least six tombs
and concluded that the graves ranged in age from Uhle’s second period to the
later Atacaman and Inca periods (Mead 1946: 20). Amongst the material
returned to Sweden were ‘twin’ mummies that had been found earlier but left
in situ as they had been damaged. The twin mummies were later classified
as belonging to the Chinchorro culture. Other mummies were contained
within stone-lined tombs and wrapped in textiles. Skottsberg provided a
description of each tomb excavated and made comments regarding the
artefacts located therein (Mead 1946: 20-22). Worthy of note was that

Skottsberg commented:

3 camelid fur wrapping the mummy ‘Moro |, T7C1’ has been dated to 7231-6226 cal BP (I-13653).
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‘...Some of them are very like those used by the aborigines of Arica.
It 1s easy to understand that the same implements must have been
taken up and probably perfected by later invading tribes, as life on
the coast cannot be sustained without an intense use of marine
resources. ... fish, sea urchin and crab-spears are found in all but
paleolithic graves. Today they are used to procure sea food exactly
as they were many centuries ago, and their form does not appear to

have changed at all. (from Mead 1946: 22).

With regard to textiles, Skottsberg stated that they show ‘unmistakable signs’

of patterns from the mountains and highlands of Bolivia.

Latcham commenced investigations in the Atacama region in the 1920s
(Arriaza 1995: 10). Not only did he increase the number of known localities of
Chinchorro mummies but he also realised the potential for cultural material
found along the coastline to provide evidence relating to the diet of the

original inhabitants and how marine fauna changed through time.

In 1941, under the auspices of the Institute of Andean Research, Junius Bird,
assisted by Grete Mostny, excavated a number of sites in northern Chile,
including adjacent to Arica (La Lisera, Los Gentiles and Quiani), Pisagua
(Punta Pichalo) and Taltal, further to the south (Bird 1943). These were
extensive excavations, concentrating on midden material, as at Quiani where
“... about fifty cubic metres of refuse was passed through the sifter. This
probably yielded a true sample of what the midden contains although to

secure a really representative collection, about twice that quantity should be

removed” (Bird 1943: 233).

By today’s standards, Bird’s excavation and retrieval methods were rather
coarse. He used a % inch ‘screen sifter’ to sieve the excavated material, which
he referred to as ‘refuse’ (Bird 1943: 181), presumably targeting larger, intact

artefacts (eg ceramics, implements and textiles, along with human remains).
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Figure 3.1 is a photograph of Bird’s trench at Punta Pichalo. While it shows
the depth of the trench, it does not show its breadth and does not convey the

full extent of his excavation. The trench remains open today (pers. obs.).

While Bird recorded the stratigraphy in some detail, he made no attempt to
collect the smaller faunal specimens and made only a few comments
regarding the larger faunal and floral items that he did retrieve. In fact, his
plans were curtailed somewhat when ‘it became apparent that sampling the
ancient middens yielded only a meagre amount of study material’ (Bird 1943:
179; my emphasis). The remains of his excavation at Pisagua indicate that
the site contained a huge amount of ‘study material’, but as the focus of his
study appeared to be more on the artefacts, much of the material that could
have provided a detailed insight into the nature of their economy was

generally ignored.

Figure 3.1 — Trench excavated by Junius Bird in 1941 — Punta Pichalo. Grete Mostny at left
Photo from Bird’s diary and notes Vol. Il. Courtesy AMNH.
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Despite such criticism, Bird made a significant contribution to the early
archaeology of this region. He concluded that the early inhabitants relied
heavily on marine resources and that, based on fishing technology, there were
two distinct periods: the First Pre-Pottery Phase (characterised by the
presence of shell fish-hooks) and the Second Pre-Pottery Phase (cactus fish-
hooks) (see Figures 3.2 & 3.3). Radiocarbon dating was not available to Bird
during his investigation, but Mostny later revisited Quiani and dated two
hearths. She was able to establish that people were living at that site from at

least 6000 BP (Arriaza 1995a: 10).

Later studies divided the early (hunter/gatherer) cultural phases of northern
Chile into three stages termed - Early, Middle, and Late Archaic (Rivera 1991:
12). They spanned a period from 10,000 through to 4000 BP. The earliest
known burials in the near region come from Acha, a series of sites located 5.4
kms inland from the coast near Arica. Acha 2 is a habitation site consisting
of the remains of a group of huts and is dated to the early Holocene (10,000~
9500 BP) (Standen and Santoro 2004). Burials located at Acha 3 (a site linked
geographically with Acha 2) have been dated to 7580-6700 cal BP (Body 1,
7500-6700 cal BP, Beta-40957, human muscle; Body 3, 7580-7200 cal BP,
Beta-88041, human muscle) (Standen and Santoro 2004: 92). The burials at
Acha 3 were not artificially mummified but the remains were intentionally
laid out, generally extended (supine), in elaborate funerary bundles, with
bodies wrapped in sea lion and camelid skins. They are indicative of a move
away from naturally preserved bodies and simple burials toward a more

sophisticated treatment of the dead

Evidence suggests that around 7000 BP, the Chinchorro began to mummify

their dead in a ‘sophisticated and evocative manner’ (Arriaza et al. 2008: 45).
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Figure 3.2 - Selection of shell hooks from Bird Collection. Courtesy of ANMH

1! 4!_*5'

Figure 3.3 — Cactus hook —
Bird Collection. Courtesy of ANMH.

The mummification processes ranged from the complex (Black and Red
mummies) to the simpler mud-coated mummies. The Black mummies are the
oldest that were artificially mummified (from around 7000 BP) yet are the
most complex (Arriaza 1995b). Studies indicate that while artificial
mummification was not universal, it appears that all infant burials were

subjected to complex treatment (Arriaza et al. 2005: 670).
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Black mummies, as their name suggests, were coated in black (manganese)
paste. The bodies were disarticulated, their organs removed and the cavities
stuffed with grass, ash and clay (Aufderheide 1993; Arriaza 1995b; Llagostera
2003). Their heads were removed and brains taken out after breaking open
the cranium. The cranial cavity was filled with ash and/or vegetal material
and bound back together with twine before being coasted with mud. A ‘wig’
was placed on the head and, in some cases, a mud mask placed over the facial
area. The disarticulated bodies were later re-assembled using thin wooden
poles to reinforce the limbs and vertebral column. The wooden poles were left
protruding from the neck and the head secured by placing the poles into the
foramen magnum. Sexual organs were sometimes modelled in clay. The
original human skin was replaced, where possible, and on some occasions
animal skins were utilised to patch the body. The mummy was finally coated

with manganese paste. Figure 3.4 is a photograph of a Black mummy.

Figure 3.4 — Black Mummy Figure 3.5 - Red Mummy
Museo San Miguel de Azapa, Arica, Museo San Miguel de Azapa, Arica
Photo: C. Carter Photo: C. Carter
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The Red mummies were coated in a red ochre paste (Arriaza 1995: 45-46).
They date from about 5000 BP and were less complex than the black. Red
mummies were not disarticulated as were the black mummies and their limbs
were left intact. Wooden reinforcing sticks were introduced under the skin in
one piece whereas black mummies had each limb individually reinforced with
sticks prior to being reassembled and coated with mud. In both types, the
body cavities were filled with ash, hair, feathers and/or grass. One variation
of the Red style is that of a ‘bandage’ wrapped mummy (Arriaza 1995b: 46).
Figure 3.5 provides an example of a Red mummy. Another version included

wrapping the body with a feather ‘cloak’ — bird skin.

The simplest mummies were mud-coated. Some were eviscerated and dried
(naturally or via the use of fire) before being coated with a layer of mud to

which a binder of blood (human and/or animal) had been added.

Chinchorro cultural practices, as defined by the evidence of their marine
economy and toolkit, can be traced back to over 9000 years ago and continued
to develop over a period of at least 5500 years (see Figure 3.10) (Arriaza
1995b: 52). The practice of artificial mummification lasted for over 3500 years
— from around 7000 BP until a decline from about 3500 BP (Arriaza et al.
2008: 56). There are no antecedents for such complex and unique
mummification techniques so this practice is likely to have developed locally,

most likely in the Arica-Camarones area.

The Chinchorro culture has been defined as that of a preceramic, pre-
metallurgical, fishing society based along the Pacific coast of northern Chile
and southern Peru (Arriaza 1995a: 15). This culture has attracted a great
deal of research since the beginning of the 20th century and continues to do so
(see Rothhammer 1990; Rivera 1991, 2008; Aufderheide et al. 1993; Arriaza
1995a,
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1995b, 2005; Standen 1997, 2003; Standen and Arriaza 2000; Arriaza and
Standen 2002; Standen and Santoro 2004; Arriaza et al. 2008; Arriaza et al.
2010; Standen et al. 2014). Apart from studying the mummies themselves,

research has spread to investigate their origins, economy and general lifestyle

(see Arriaza et al. 2008).

Early theories believed that the Chinchorro were mobile groups of
hunter/gatherers. It is suggested now that there were sedentary populations
occupying select coastal locales with a maritime based economy (Arriaza
1995b: 52; Arriaza et al. 2001: 31; Arriaza et al. 2008: 47; Santoro et al. 2005).
It was also once suggested that the Chinchorro originally came from the
[eastern] tropical lowlands via the Andean highlands (Rothhammer 1990: 45;
Rivera 1991: Arriaza 1995a, 1995b). While some may have come from the
highlands, recent research proposes that the initial migration followed a

coastal route from the north (Santoro et al. 2005).

The Chinchorro subsisted on a diet harvested mainly from the sea and
supplemented by the hunting of terrestrial game. The archaeological evidence
of their subsistence patterns can be seen in the large shell middens that
accumulated along the coast around Arica including Quiani and Playa
Chinchorro-Las Machas and further south at Caleta Vitor, Pisagua Viejo and
Quebrada de Camarones (Arriaza et al. 2008: 47). These remains reveal a diet
of shellfish, fish, marine mammals and wild camelids. Today guanaco are
generally found above 2500m ASL and vicuna rarely venture below 4000m
ASL. Historical records indicate that guanaco used to graze at lower altitudes
and even made their way along the valleys to the coastal areas during the
summer (Hardey 1944). As mentioned in Chapter One, guanaco also grazed
on areas of Jomas vegetion in coastal areas. At Quebrada Las Conchas, a
coastal site near Antofagasta, northern Chile, camelids were hunted as early
as 9500 radiocarbon years ago (Llagostera 1979). However Bird (1943) found
very little camelid bone (three fragments) in his excavations at the Pre-

ceramic site at Playa Miller (Arica).
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Figure 3.6: Examples of Chinchorro (Archaic Period) harpoons and atlatl (spear throwers)

a Harpoon and atlatl

b & c- Harpoon and detachable points (~1000 mm long)
d- Detachable harpoon heads (~*250mm long)

e- Atlatl with thumb holder (~460mm long)

From Arriaza, 1995a: 89
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Figure 3.7: Examples of Chinchorro (Archaic Period) fishing gear

a- Shell fishhook manufacturing steps

b- Stone file to polish shell hooks
c- Two cactus thorn hooks
d- Composite hook

e- Two hooks with stone sinker/lures

f-  Cord with stone sinker
g- Bone hook

h- Bone hook

From Arriaza, 1995a: 45




Dillehay (2000: 155) stated that the Chinchorro were the ‘first true maritime
economy’ [in South Americal. By 7000 BP they had developed a tool-kit
specifically developed to exploit marine resources. Their lithic technology
included bifacially flaked lanceolate points which were often fitted to
harpoons with detachable heads (see Figure 3.6). These harpoons were used
for hunting sea-lions and large birds (such as pelicans) and were used in
association with an atlat/ (spear thrower) (Arriaza 1995a: 88). Harpoons were
sometimes fitted with bone barbs. Spear throwers had bone, tooth or wooden
‘hooks’ attached (bound with string or sinew) that fitted into the end of a spear
(Uhle 1909: 626). Fishing gear included cotton line and one-piece hooks made
of cactus spine, shell or bone, as well as composite hooks (Arriaza 1995a;
Santoro et al 2005a: 251). They used sinkers and/or shanks shaped from
basalt. Another commonly found implement, known as a chope, was used by
the Chinchorro to prise shellfish from the rocks. Chopes were made of bone,
generally sea lion rib, about 200-250mm long, with a ground leading edge and
a handle formed with bound twine (see Figure 7.9 for an example). Figure 3.7

depicts a range of fishing gear excavated from Chinchorro sites.

The resources required to manufacture the Chinchorro tool kit were all
available locally. Timber for harpoons and spears; siliceous stone (primarily
chert) that outcrops along the sides of the quebradas for lithic inserts ; wild
cotton from a native species growing in the quebrada for twine; local reeds
for mats and basketry; coastal basalt for sinkers and lures; and cactus spines,
shells and bone for hooks. Apart from the desire to make contact with other
communities, there was no practical requirement for trade in such raw

materials from further afield.

Other than their tool kits, Chinchorro material culture was limited and
simple. They produced little in the way of art apart from their sophisticated
and elaborate mummies. The few grave goods included harpoons, atalatlis,
fishing gear (hooks, sinkers and lines), beads and brushes (Arriaza et al.:

2008: 50). Their textiles were simply twined vegetable fibre mats.
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Interestingly, as mummification practices changed through time, the reed

mats that covered them remained a fundamental feature with little variation.

The Chinchorro culture declined during the Formative Period (from around
3500 BP) and by 3000 BP evidence of the Altiplanic or Andean tradition, from
the Lake Titicaca region, appeared in the coastal valleys of northern Chile
(Rivera 1991: 10; Aufderheide 2003: 147). This period may provide the context

in which genetic material from the east entered the coastal population.

After 3500 BP, the mummification practices of the Chinchorro were gradually
replaced, and the deceased were interred in a flexed (or semi-flexed) position,
either seated or laid on their sides. The ‘Quiani’ style burials, from this period,
were semi-flexed and laid on their right sides (Aufderheide 2003: 141). The
abrupt change in funerary practices around 3500 BP marked the end of the
Chinchorro phase. Ceramics became more common around this time and the
simple agriculture practiced by the hunter/gatherer Chinchorro graduated to

more intensive crop management and trade.

It i1s likely that plant domestication in South America began in the Andes
during the early to mid-Holocene. Squash (Curcubita spp.) and gourds
(Lagenaria spp.) were some of the first cultivars in South America (Dillehay
et al. 2007: 1892). The Late Archaic Period (also known as the Cotton
Preceramic) was a dynamic period of cultural change that witnessed the
emergence of complex societies in Peru and northern Chile (along with much
of South America) (Shady Solis 2001: 723). Located to the north of Lima on
the central coast of Peru, Caral is one of the oldest known urban sites in South
America. The centre arose between 4000 and 3600 BP with monumental
architecture and irrigation agriculture. Domesticated plants recovered from
that site include squash, beans, Jucuma (Lucuma obovata), guava (Psidium
guajava), pacay (Inga feuillei), sweet potato ([pomoea batatas) and cotton

(Gossipium barbadense) (Shady Solis 2001: 725).
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Potatoes, maize, squash, beans, manioc, cotton, and chilli are often considered
as the primary ‘founder crops’ of the Andes (Dillehay et al. 2007: 1890). The
cultivation of plant resources (squash) began as early as 9000 BP in Nanchoc
Valley, northern Peru. Other dated plant remains from these sites include
peanut (Arachis spp.) 7840 BP, quinoa (Chenapodium spp.) between 7500 and
8000 BP and cotton from 5490 BP (see also Piperno and Dillehay 2008).
Following the development of irrigation in the dry coastal areas, there was an
increase in crop richness during the period 4500 — 3500 BP, with the number
of cultivated plant species increasing to range from nine to fifteen along the

Peruvian coast.

Between 5000 and 4000 BP, the economy of the coastal hunting and gathering
groups in northern Chile began to change following the introduction of crops
such as manioc (Manihot esculenta), sweet potatoes and achira (Canna
edulis). There was also an increase in local production of cotton, squash and
chilli. These crops are typical indicators of this period along the Pacific coast,
and were probably introduced from the coast of northern Peru and southern
Ecuador where they had been domesticated much earlier (Dillehay et al.

2007; Perry et al. 2006; Piperno and Dillehay 2008).

After 3500 BP the Formative Period was associated with the arrival of
ceramics, metal-working and woollen textiles, creating one of the most
dynamic phases in the prehistory of northern Chile. During the Alto Ramirez
phase (3500-1500 BP), the first migrants from the highlands introduced
agriculture and pastoralism to the coastal valleys, with a geographic spread
in northern Chile from the Azapa Valley in the north to Caleta Huelen in the
south, as well as inland to San Pedro de Atacama (Rivera 1991: 21).
Populations increased, food surpluses were produced and villages appeared.
Material culture included metal ornaments, including silver and gold, metal
and wooden spoons, spatulae, wooden boxes, bone tubes and trays for use with
hallucinogenic materials, pottery, sophisticated basketry and textiles. Rituals

involved human sacrifice with burials associated with constructed mounds.
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Agriculture included new crops such as maize and beans (Santoro et al. 2005:

181).

During the Alto Ramirez phase the coastal and inland zones have been
regarded as a continuum with a complex system of redistribution (Rivera
2008: 964). Non-metric dental traits have been used to determine biological
distances between regional populations, but the results indicate little genetic
variation between the coastal Archaic period and later populations (Sutter
2000: 62). The people of the Alto Ramirez phase were probably direct
descendants of the Chinchorro, who adopted new ideas and technology that
originated in the highlands. Grave goods included newly introduced items
such as ceramics and woollen items, along with Chinchorro artefacts
including harpoons, hooks, chopes and mesh (cotton) nets. Stable isotope
analysis (nitrogen and oxygen) of skeletal remains suggest that the economy
during the Alto Ramirez phase was a continuation of the earlier, marine-
based regime, with a diet supplemented by agricultural produce (Aufderheide

2003; Roberts et al. 2014).

During the Late Formative (ca 2500-1500 BP), the Alto Ramirez Phase was
also associated with the construction of mounds, tdmulos, made up of
alternating layers of reeds, grass and soil (Mufioz 1980: 60; Wise et al. 1994:
213; Rivera 2008: 965; Nufiez and Santoro 2011). Burials were often placed
within or outside the mounds but clearly associated with them. One such
mound, within a complex known as AZ-70, was located some 15 km inland on
a terrace of the Rio Jose, which flows through modern day Arica (Mufioz
1980). Samples from burials within the AZ-70 mounds provided a mean age
of 2500 BP (Rothammer and Santoro 2001: 61). Several burials within the

tumulo were marked by timber posts.

Tumulos have also been reported from 44 cemetery complexes found during a
settlement survey around Moquegua in south Peru (~160 km north of Arica),

and attributed to the Huaracane Tradition (2335 - 1510 cal BP) (Goldstein
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2000: 348). They were constructed with alternating layers of sand, stones and
vegetal matter, and were between 2 and 7m in diameter and up to 3m in
height, in clusters, adjacent to terrace habitation sites. No ceramics were
located within these mounds. A number of C14 samples from Moquegua

tumulos have been dated between 2335 and 2130 cal BP.

One particular style of burial from the coast of Arica is referred to as the
‘Quiani’ style, which includes flexed burials in single graves within
cemeteries that often had individual grave markers (Wise et al. 1994: 213; see

also Bird 1943; Daulesberg 1974).

In 1941, Bird carried out a series of excavations at Punta Pichalo, near
Pisagua, to the south of Caleta Vitor (Bird 1941; 1943: 253-278). Apart from
investigating a deep midden deposit, he excavated a total of 39 burials from
a cemetery to the south of the main midden. All of the bodies were interred in
a flexed position, either upright or lying on reed matting (Fig. 3.8). All were
buried associated with woven reed baskets and, in the case of infants, were
buried within them. Each body was placed unwrapped on a reed mat, and
‘square, sleeveless shirts’ commonly adorned the corpse. Only one grave
contained pottery. Of the 39 burials, 17 were marked with an upright timber
post. The posts do not appear to have been installed in an obvious pattern or
alignment (based on Bird’s sketch plan - Fig. 3.9). Several other posts were
found lying horizontally within the excavation. Bird (1943: 275) commented
that the use of posts to mark burials had not been reported previously in
northern Chile. Based on grave goods and funerary style, these burials date

from the Late Formative Period.

Burial mounds ceased to be constructed in northern Chile during the Cabuza
Phase (1700-1300 BP) which is identified by a ceramic style which includes a
black-on-red ware with geometric designs (Rivera 1991: 29). This period
reveals the early influence from Tiwanaku, with some changes to mortuary

practices. Interments continued to be flexed and wrapped in textile bundles,
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wearing woollen shirts. Braided hair was replaced by woven cotton or wool
turbans, and beautifully woven woollen caps with four points (Rivera 1991:
29; see Munioz 1980: 92 for a drawing of a cap from AZ70, Azapa Valley).
Textiles become more advanced in technique and decoration, and the range
of grave goods expanded to include wooden objects (keros, boxes, trays,

spoons), metal and leather goods.

Villages from this phase contained storage facilities such as storehouses and
silos, suggestive of an economy that was able to produce a surplus and

supported through trade.

Tiwanaku influence can also be seen in sites from the Maitas phase which
existed in both the northern valleys and around San Pedro de Atacama
(Rivera 1991-30). Some archaeologists see the Tiwanaku colonisation process
as planned (eg Dauhlsberg and Berenguer in Rivera 1991) while others
suggest that interaction between Tiwanaku people and coastal populations
was complex and highly variable (Knudson 2008: 3). In some instances (eg
the Moquegua Valley, to the north of Arica), there is evidence of immigration
from the Lake Titicaca basin (the Tiwanaku heartland) while in others (eg
San Pedro de Atacama, to the south of Arica) it appears that the local
population adopted Tiwanaku material culture to strengthen economic and

ritual ties.
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Figure 3.8: Staked burials, Punta Pichalo
Courtesy AMNH
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Figure 3.9: Plan of burials at Punta Pichalo. Drawn by Junius Bird, Nov. 1941.
Field notes courtesy of AMNH
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Sutter (2000) looked at dental traits from a number of skeletons from
Moquegua and the Azapa Valley. He found that the Moquegua population had
genetic traits similar to those of Altiplanic groups, whereas the Azapa
population appears to have descended from a Chinchorro population that had
settled inland. Blom et al. (1998) studied craniometric deformation in a
highland Tiwanaku population and another from Moquegua. Their results
indicated that a section of the Moquegua Valley population displayed similar
traits to crania from the highlands, but also that some maintained a local

tradition of deformation.

Burial practices during the Tiwanaku period were characterised by the
presence of hallucinogenic snuff paraphernalia, including trays and tubes,
together with metal goods, weapons, and iconographic representations on
ceramics and textiles (Torres-Rouff 2008: 330). Tiwanaku influence may have
resulted either through direct colonisation by Tiwanaku peoples from the
highlands, or via the adoption of Tiwanaku material culture alone by resident
local populations. The burials from cemeteries in Moquegua suggest a direct
link with Titicaca populations (via aDNA), whereas human remains from San
Pedro de Atacama, in inland northern Chile, suggest that the local population

adopted Tiwanaku methods and materials without significant immigration

(Knudson 2008: 17).

In 2004, I was involved in a site survey along the coastal terrace between the
outskirts of Arica and Chacalluta, a locality five kilometres to the north of
Arica at the mouth of the Rio Lluta. Tombs were located on a river terrace
where it met the coastal plain, on the southern flank of the Rio Lluta, but
were badly disturbed and looted. The terrace consisted of a fluvial deposit of
sand and gravel, naturally cemented to form a hard, stable strata. Several
bell-shaped tombs were excavated directly into this deposit. Almost all of
their contents had been removed, leaving only a few sherds, fragments of bone
(including human bone), cordage and textiles. These tombs have since been

destroyed through industrial quarrying.
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Gallinazo Norte i1s an expansive site adjacent to, and to the west of
Chacalluta. The 2004 survey located a broad settlement zone containing
tombs and silos on the terrace immediately to the north of the Rio Lluta.
Surface artefacts included fragments of ceramics and textiles, along with

human bone and food remains (bone and shell).

Two tombs were examined in 2004 and 2005. They were constructed below
ground level and both contained human remains along with textiles, ceramic
fragments, cordage, basketry and maize cobs. Tomb construction required the
excavation of a bell-shaped pit approximately 1.2 m deep, 800 mm in diameter
at the base and 550mm at the opening, with a river cobble pavement on the
circular floor. Ovoid cobbles were placed upright around the perimeter of the
floor, and this course of standing stones was then topped with nine horizontal
courses of smaller cobbles to a level just below the ground surface. The courses
were corbelled toward the top of the chamber to form the ‘neck’ of the tomb.
The final course of stones consisted of larger cobbles laid flat to form the
entrance (circling the mouth of the tomb). Several other stone lined chambers
were noted in this area, but they were cylindrical rather than bell-shaped,

approximately 1400mm in diameter, and contained no evidence of burials.

Although disarticulated, the human remains located within the tombs
indicated that the bodies were flexed, in a seated position and wrapped in
textiles. Both tombs and the mummies had been badly disturbed. One tomb
was more closely examined. The skeletal material from the upper portion of
the mummy had become disarticulated, and had collapsed around the pelvic
girdle. The feet remained directly below the pelvis, the right foot still in a
leather sandal, the left disarticulated. The nail on the first phalanx on the
right foot had been pedicured to form a rounded tip with no signs of wear.
Plaited hair was located within the tomb, but appears to have been in two
sections, that is, it had been extended with the addition of plaits, possibly
with hair sourced from another person. A human mandible was located on the

floor of the tomb, and a cranium was located in a shallow pit adjacent to the
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tomb opening. Both the mandible and the cranium articulated and had
corresponding tooth wear. The cranium had signs of cranial deformation.
Grave goods included a woven cane basket (~250mm diameter) containing
maize seeds and cobs and a chuspa, a woven textile bag also containing maize

cobs.

A sample of bone taken from this cranium was dated to 635 +£30 BP (human
tooth, SFANU27638). Stable isotope levels suggest a terrestrial diet (-16.83
+0.544 §13C). The date indicates that the burial occurred during the Late

Intermediate Period.

No other material has been dated from the sites investigated in 2004 but the
visible evidence suggests that the area had been occupied for some length of
time and that it was an active agricultural site. The survey concentrated on
archaeological evidence visible on the ground surface and at least six silos
(colcas) were located along with at least five tombs. Apart from remains on
the ground surface, maize cobs were found in both tombs and silos and

suggest that agriculture was an important component of the local economy.

People in the Arica region, in particular, and northern Chile, in general, used
to practice cranial deformation (Munizaga 1980; Soto-Heim 1986). The
earliest cranial deformation noted comes from the Chinchorro culture dating
to the late the Archaic. A recent study by Manriquez et al. (2006) shows that
the frequency of cranial deformation increased through time. There were also
variations in the methods and apparatuses applied that resulted in
‘deviations’ from the simpler methods. During the Late Intermediate Period
(900-600 BP) more than 90% of the population had deformed crania while in
the Archaic period only a minor proportion (less than 30%) received the

treatment (Manriquez et al. 20086).

A period of prolonged drought in the Late Intermediate Period has been

suggested as the reason for the fall of Tiwanaku influence (Rivera 1991: 34).
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As a result, regional centres developed during this period along with fortified
settlements known as pukara, that were perhaps built as defence against
populations moving out of the Lake Titicaca region (Rivera 2008: 970).
Economic activity was such that goods from a range of ecozones — including
tropical forests, the highlands and the Pacific Coast — are found in the these
sites. Pukara were centred within agricultural complexes, but the art and
craft specialisation associated with them became highly distinctive and

stylised (Rivera 2008: 971).

Specific Late Intermediate ceramic styles from the Arica region include San
Miguel (c. 1000 BP) and Gentilar (c. 650 BP), followed by Pocoma, which
extended as far south as Pisagua and Taltal. The complexity of the region is
revealed by circumstances in which some groups who show similarities in
ceramics, textiles and burial practices are genetically distinct, whereas other
groups who are genetically similar display different cultural traditions

(Sutter 2000: 64).

The valleys of northern Chile were eventually brought into the realm of the
Inka state system (Rivera 2008: 973; Covey 2000: 119). Villages and
administrative centres were incorporated into networks centred in the
Andean highlands. The Inka eventually took control of the economic resources
of the coastal region, including not only maize production but also the flows
of guano and fish into the highlands (Covey 2000: 133). There are no
monumental Inka structures in the Arica region, but the Inka presence can
be detected in the archaeological record through the presence of Inka-style

ceramic plates and aryballos.

Initially radiating out of Cusco, the Inka maintained a system of roads and
tambos (storehouses and administrative centres) that allowed the
distribution of coastal goods to the highlands, as well as important highland

products (e.g., coca) to coastal centres (Carter and Santoro 2002). Inka
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agricultural centres in the highlands were also dependent on links to the

coast, where guano was harvested as fertilizer (Covey 2000: 126).

While there may have been some direct Inka influence in coastal regions, it
appears that the local elite were allowed to maintain a degree of autonomy.
As with Tiwanaku, the Inka administration operated within a system using
varying degrees of influence and control over coastal populations. In 1653,
Cobo, a Spanish chronicler, stated that the Inka were adamant that ethnic
groups within their region of control should display their ethnicity and

maintain traditional dress and hairstyles (Sutter 2000: 43).

As mentioned, Inka influence on the populations of coastal northern Chile did
not include architecture. The Inka built substantial structures in coastal Peru
(e.g., Pachacamac, Tucume, Tambo Colorado). However, monumental
architecture at these and other coastal sites preceded the Inka by several
thousand years. The Inka either modified existing buildings or constructed
new ones adjacent to or independent of existing centres. This did not occur in

the region of Arica.

Colonial influence in northern Chile began with the arrival of the Spanish in
the mid-16th century. The decline of Inka domination during the first half of
16th century was clearly evident, particularly following the fall of Cusco in
1536. However, the presence of local cultural material that reflected Spanish
influence, such as the artefacts found at Caleta Vitor by Bandelier in 1894,
indicates that the indigenous inhabitants maintained at least some of their

cultural traditions for some decades after the arrival of the Spanish.
Table 3.1 details a general chronology for the cultural phases of coastal

northern Chile. It is assumed to apply also to Caleta Vitor, the locus of this

investigation.
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Time period Period Phases
(cal. BP)
13,000-7500 Early Archaic Acha, early Chinchorro
7500-6000 Middle Archaic Chinchorro
6000—-4000 Late Archaic Late Chinchorro
4000-1500 Formative Azapa phase (4000-2500 BP)
Alto Ramirez (2500-1500 BP)
1500-900 Middle Horizon (Tiwanaku | Cabuza
expansion) Maitas Chiribaya
900-600 Late Intermediate San Miguel, Gentilar
600-500 Late (Inka Empire)

Table 3.1 — Chronological periods relating to Northern Chile (from Santoro 2011)
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CALETA VITOR

Camarones

2
Arica ,--' .

b

No. | Site No. | Site

1 Gallinazo Norte 8 Azapa Valley sites

2 Ponderosa 9 Quebrada Chaca

3 Colcas 10 Caleta de Camarones
4 Lluta 13 11 Pisagua Viejo

5 Molle Pampa 12 Punta Pichalo

6 Arica sites 13 Tiliviche

7 Acha sites 14 Hacienda de Tiliviche

Figure 3.10: Map showing locations of sites in Northern Chile
Base map courtesy of Instituto Geografico Militar, Chile.
Modified by C. Carter



92



Chapter Four

“Man 1in the first stage of his existence took much of his food from
the water ... If on certain stretches of land intersected by rivers,
dotted by lakes or bordering on the seas, shell-fish, cetaceans and
fish were found to the exclusion of land