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This paper presents the findings arising from neutron activation analysis (NAA) 
of northern Chilean domestic ceramic samples from Caleta Vitor (n = 38) and 
clay samples (n = 15) from nearby valley, coast and highland contexts. This 
study presents the first NAA data set of ceramics spanning a temporal period of 
1500 years (c.2000 to c.476 BP) from the Vitor Valley as well as the first attempt 
to use NAA to characterize potential clay sources in the region. On the basis of 
this study, we argue that the majority of domestic ceramics from Caleta Vitor 
share compositional similarities with clay samples collected from nearby 
valleys, allowing us to infer that the Caleta Vitor populations primarily 
procured their clay for domestic ceramics from local sources throughout a 
1500-year period. Thus, despite the fact that there were inter-regional 
interactions during this period that included the influence of powerful Andean 
polities, it would appear that domestic ceramics continued to be produced 
locally, and by implication it can be argued that such interactions did not 
substantially affect this sphere of material culture. Further, the apparent 
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continuities in domestic ceramic production allow us to reflect on local 
decision-making processes throughout the cultural phases considered in this 
research.  
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INTRODUCTION  

The primary aim of this research was to analyse domestic ceramics from the Caleta 
Vitor Archaeological Complex using neutron activation analysis (NAA) in order to 
assess whether the origin of everyday cooking and storage vessels in this region of 
northern Chile remained locally produced (i.e., within the Vitor and nearby valleys) or 
whether they were items of exchange, such as occurred for decorated prestigious 
vessels and textiles (Bray et al. 2005; Barbra et al. 2015; Williams et al. submitted). 
Thus, this study sought to further understand the decisions made by local people in 
the Caleta Vitor region regarding the production of their domestic pottery over time. 
To investigate this aim, it was first necessary to establish whether or not distinct 
compositional groups could be determined for the ceramic data set. Further clay 
sources from nearby valleys, a coastal site and a highland area were sampled and 
analysed to provide comparative baseline data.  

REGIONAL BACKGROUND AND RELEVANT PRIOR RESEARCH  

The Caleta Vitor Archaeological Complex 

The Caleta Vitor Archaeological Complex is located 30 km south of Arica, within the 
Atacama Desert (see Figs 1 (a) and 1 (b)). The Atacama region of northern Chile and 
southern Peru is one of the world’s driest areas, with extremely harsh geo-ecological 
conditions and marginal resources (Grosjean et al. 2007; Jordan et al. 2014). Most of 
the Atacama region receives less than 1 mm of rain per annum (DGA 2007) and has 
minimal vegetation (Marquet et al. 1998, 2002; Ramirez de Bryson et al. 2001; 
Latorre et al. 2005; Petruzzelli 2012; Roberts et al. 2013). By exploiting marine 
resources along the coast and localized sources of fresh water (from Andean summer 
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rainfall), people were able to survive on the margins of this harsh landscape (Santoro 
et al. 2005; Roberts et al. 2013; Pestle et al. 2015; Standen et al. 2016).  

The Caleta Vitor Archaeological Complex is located at the mouth of the Vitor 
Valley (Bird 1943; Mujica et al. 1983; Roberts et al. 2013; Swift et al. 2015). The 
Vitor Valley is a steep-sided ravine that cuts into the flat desert above to a depth of 
400 m (Roberts et al. 2013). Caleta Vitor consists of a broad sandy beach bordered to 
the north and south by cliffs reaching 800 m above sea level (Roberts et al. 2013; 
Latorre et al. 2015). The complex spans a large chronological sequence, from c.8000 
BP to the Hispanic Period (from 476 BP) (Roberts et al. 2013; Latorre et al. 2015; 
Swift et al. 2015). The archaeology of the area includes ‘occupation sites, middens, 
mounds, human remains (including burials and mummy bundles) and various 
materials such as lithics, ceramics, textiles, fauna/flora remains, and woven matting’ 
(Roberts et al. 2013, 2361). 

 The ceramics, which are the subject of this paper, were excavated between 2008 
and 2010 by Chris Carter and a team of volunteers, and have subsequently been made 
available to the authors for investigation. The archaeological complex of Caleta Vitor 
includes seven sites/zones of which only three contained ceramics (CV2, CV4 and 
CV6) (Fig. 1 (b)). However, ceramics from CV2 were few in number and as such this 
research has focused on the assemblages from CV4 and CV6.  

CV4 covers a broad area to the east of the beach (Fig. 1 (b)). Two trenches were 
excavated at CV4 (CV4/1 and CV4/6) and ceramic material was excavated from both 
(Carter in progress). CV4/1 was excavated through a dense midden with 19 
stratigraphic units identified and ceramics were collected from all layers (Carter in 
progress). CV4/1 dates entirely to the Late Period (660–476 BP) (Carter in progress). 
CV4/6 contained no distinct stratigraphic layers, so 100 mm spits were employed 
(Carter in progress). A total of 10 spits were excavated, all of which contained 
ceramic material. CV4/6 has been radiocarbon-dated from the Formative (4000 BP) 
through to the Late Periods (Table 1) (Carter in progress).  

A total of three trenches were excavated for CV6 (CV6/1, CV6/2 and CV6/3) (Fig. 
1 (b)) (Carter in progress). Ceramics were collected from all trenches; however, this 
study has focused on analysing ceramics from CV6/1, as this trench provided the 
richest assemblage. CV6/1 was excavated to a depth of 1.2 m with 16 stratigraphic 
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units identified, with ceramics being found in all layers (Carter in progress). CV6/1 
spans the Late to the Hispanic Periods (Table 1) (Carter in progress).  

The ceramics excavated from CV4 and CV6 were primarily undecorated ceramics, 
probably used in domestic contexts (e.g., cooking and storage). Based on general 
paste characteristics (e.g., paste colour) of the sherds analysed, they were probably 
fired in an open firing system (e.g., a bonfire) (see Chatfield 2010). The sherds 
analysed in this study were primarily undiagnostic body fragments (Fig. 2); thus any 
definite assignation of vessel shape/size was unable to be determined.  

CERAMICS AND CULTURAL CHRONOLOGY 

While the samples analysed in this project are undecorated and probably used in 
domestic contexts, below we provide an outline of relevant ceramic styles and their 
relationship to sociocultural and political changes in order to contextualize later 
discussions in this paper.  

During the Archaic Period (10 000–4000 BP), the system of subsistence for 
prehistoric peoples in the Caleta Vitor region was primarily based on marine hunting 
and gathering, complemented by the exploitation of inland resources (Núñez and 
Santoro 2011; Roberts et al. 2013; Olguín et al. 2014; Salazar et al. 2015; Castro et 
al. 2016). At the end of the Archaic Period, irrigated agriculture in the oases and 
valleys of northern Chile began to emerge. However, during the Formative Period 
(4000–1500 BP), the influence of agriculture on diet may be locally varied, as was the 
case for Caleta Vitor, where a primary retention of coastal hunting and gathering 
appears to have been retained for much longer than other northern Chilean contexts 
(see Roberts et al. 2013; Garcia et al. 2014; Pestle et al. 2015). Other introduced 
items during the Formative Period include textiles, pottery and metal objects. The 
introduction of the latter-mentioned items reflects the existence of a complex network 
of inter-regional interactions at local and regional scales, including exchanges with 
the Lake Titicaca Basin, the central coast of Peru and the eastern side of the Andes 
(Rivera 1991, 2008; Rothhammer et al. 2009; Agu�ero and Uribe 2011; Uribe and 
Vidal 2012). Ceramics from the Formative/Neolithic Period are predominantly 
undecorated and very coarse, with smoothed surfaces, and are irregular in thickness 
(Rivera et al. 1974; Santoro 1981; Santos 2003). 
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The Middle Period (c.1500–1000 BP) has traditionally been associated with the 
spread of the Tiwanaku polities throughout much of the central Andes, and this time 
period has thus been thought to represent the first political integration of the northern 
Chilean area (although the nature of this integration has been debated—e.g., direct 
influences versus dynamic processes of interaction [see Torres-Rouff and Hubbe 
2013; Korpisaari et al. 2014; Goldstein 2015]). The Cabuza ceramic style is generally 
associated with this time period and has been interpreted to reflect a local 
manifestation of the Tiwanaku style (Rivera 1991; Uribe 1999; Augustyniak 2004; 
Torres-Rouff and Hubbe 2013; Korpisaari et al. 2014; Goldstein 2015). However, 
recent research by Korpisaari et al. (2014), which focused on refining the dates for the 
emergence of the Cabuza style, has indicated that it may more correctly reflect the 
timing of the collapse of the Tiwanaku polity. The Maitas–Chiribaya ceramic style is 
also associated with the Middle Period, and Uribe (1999) has suggested that this style 
was restricted to the area around Arica and reflects a local style. While the association 
of ceramic iconography with Tiwanaku influence is now subject to new 
interpretations (e.g., Korpisaari et al. 2014), there are other artefacts, such as textiles 
and snuffing paraphernalia, found in northern Chile—in particular, in San Pedro de 
Atacama—which provide a different perspective in relation to the interaction with the 
Tiwanaku polity (Uribe and Agu�ero 2004; Isbell and Knobloch 2006; Llagostera 
2006; Rivera 2008; Goldstein 2015; Valenzuela et al. 2015).  

After the collapse of the Tiwanaku polity, northern Chile was the scene of several 
political and economic rearrangements that resulted in a period of regional 
development referred to as the Late Intermediate Period (1000–660 BP) (Table 1) 
(Rivera 1991, 2008). There are a number of local styles expressed in ceramics, textiles 
and rock art, for example, which devised and constituted a regional tradition known as 
the Arica Culture (see Rivera 1991, 2008; Uribe 1999; Horta and Agüero 2009). The 
San Miguel and Pocoma Gentilar pottery styles are widely distributed in enclaves 
along the Pacific littoral and coastal valleys and oases in northern Chile (Uribe 1999). 
It has been suggested that, although there was no longer any overarching polity in the 
south-central Andes, independent social groups in northern Chile maintained complex 
systems of inter-regional interaction (e.g., between local fishing and farming 
communities and between Andean groups) (Duffait 2012; Horta 2015; Pestle et al. 
2015). Decorated ceramics from this period have been described as being well-
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manufactured, with polished smooth surfaces and painted geometric iconography 
(Santos 2003). 

During the consolidation of the Inca State that corresponds to the Late Period (660–
476 BP), there were important civil works undertaken, including the construction and 
maintenance of roads that integrated a substantial territory from Ecuador to central 
Chile, on both sides of the Andes (see D’Altroy 2007; Santoro et al. 2010; Quilter 
2014). The Inca State established various levels of control over communities in 
northern Chile, which depended on the social and economic features of each group. In 
some areas, Inca presence was more defined than in others. For example, in the 
mountains and highlands near Arica (northern Chile), buildings have been identified 
with architectural and symbolic Inca royalty features that D’Altroy (1992) has 
interpreted as representing direct territorial control (e.g., in the areas of Zapahuira, 
Tarapacá Viejo and Catarpe) (Lynch 1977; Alden et al. 2006; Santoro et al. 2010; 
Uribe et al. 2012; Zori and Urbina 2014; Santoro and Uribe 2016). On the coast and 
low valleys, including Caleta Vitor, however, state presence is much less visible 
architecturally and reduced to the introduction of Inca stylistic artefacts (excluding 
cappacocha of Cerro Esmeralda in Iquique, due to the presence of a silver mine and 
sea-bird guano resources) (Santoro and Uribe 2016). Inca ceramics are characterized 
by fine pastes, high-quality finishes, and geometric and zoomorphic polychrome 
iconography (Santos 2003). NAA has been a useful tool to discern whether Inca-style 
ceramics were traded into areas or were locally manufactured copies, thus 
demonstrating the importance of analysing ceramics via multiple methods, as 
explored further below (see Bray et al. 2005; Williams et al. submitted). 

RELEVANT PRIOR RESEARCH/CASE STUDIES  

NAA is a sensitive technique useful for undertaking quantitative multi-elemental 
analysis of major, minor and trace elements present in ceramic and clay materials, and 
has been one of the preferred analytical techniques for addressing archaeological 
questions concerned with the procurement and use of raw materials and the trade or 
exchange of finished goods (Neff 1998; Vaughn and Neff 2000; Glascock and Neff 
2003). Compositional grouping of ceramics, based on NAA, allows archaeologists to 
investigate questions of local and non-local clay procurement, from which inferences 
about ceramic production and exchange systems can be made.  
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Sources of chemical or mineralogical variation in ceramic composition include the 
distribution of geological source materials, variability within geological resources, 
clay and temper procurement practices (such as the sourcing of raw materials from 
more than one location), technological alteration of materials during ceramic paste 
preparation, and the use-life and post-depositional alteration of the artefact (Glascock 
and Neff 2003; Stoltman 2006; Anderson et al. 2011). Matching clay sources and 
ceramic composition is more difficult than can be the case with other raw materials 
such as obsidian, because a clay source is not the result of a single depositional 
episode (Glascock and Neff 2003; Anderson et al. 2011). Clay deposits are therefore 
not as discrete as other raw materials and typically do not have a homogenous internal 
composition (Neff 2000). However, sourcing is possible if the chemical or 
mineralogical differences between natural sources are greater than they are within 
each source—this is known as the provenance postulate, as proposed by Weigand et 
al. (1977). 

While NAA has been well-utilized to investigate differences and similarities in 
ceramic and clay compositions in other parts of the world (see Neff et al. 1988; 
Glascock 1992; Neff and Bove 1999; Glascock and Neff 2003; Vaughn and Neff 
2004), it has only recently been used to analyse ceramic and clay compositions in a 
northern Chilean context (Bray et al. 2005; Alden et al. 2006; Falabella et al. 2013; 
Uribe and Vidal 2015; Williams et al. submitted). The region of San Pedro de 
Atacama, in northern Chile (see Fig. 1 (a)) has been the focus of a number of recent 
ceramic and clay NAA studies (see Alden et al. 2006; Falabella et al. 2013, 2015; 
Uribe and Vidal 2015). A study conducted by Alden et al. (2006) analysed 157 
ceramic and clay samples using NAA from two Inca administrative centres located in 
San Pedro de Atacama—this research revealed that the ceramics associated with Inca 
provincial styles were made with locally sourced clay (Alden et al. 2006). Studies by 
Williams et al. (submitted) and Bray et al. (2005) also conclude that while some Inca-
style ceramics were being traded, local potters were manufacturing a proportion of 
Inca-style ceramics.  

Uribe and Vidal (2015) recently conducted NAA on Early Formative and Late 
Intermediate Period ceramics from the Tarapacá region (near Iquique). Uribe and 
Vidal’s (2015) results indicate minimal compositional variation, suggesting continuity 
in local-level production. This latter mentioned study illustrates that even during times 
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of heightened external political and socio-economic influence, ceramic production 
was both stable and local, which allowed them to conclude that ‘local populations 
were active agents and not merely passive recipients of external civilizing influences’ 
(Uribe and Vidal 2015, 31).  

In the highlands of Bolivia, north-west of our study area, Alconini (2013) and 
Villanueva (2015) undertook research that also illustrated the usefulness of elemental 
analyses for addressing small-scale, localized ceramic manufacturing processes (see 
also Szilágyi et al. 2012; Falabella et al. 2015; Toohey 2015). Our study contributes 
to this prior research in the wider region and provides new data regarding the 
composition of domestic ceramics and their relationship to potential local clay 
sources.  

The majority of previous NAA studies conducted in the south-central Andes have 
focused on ceramics from either specific time periods or styles, with the exception of 
the work conducted by Uribe and Vidal (2015). However, as a general point of 
difference, our research focuses on ceramic samples from a single site representing a 
temporal period of 1500 years, which allows us to investigate changes/continuities in 
clay procurement over time.  

As already noted, the ceramics used in this study are predominantly domestic 
(storage or cooking vessels). Decorated and prestigious vessels, often associated with 
burials, have been preferred for NAA analyses over ceramics associated with 
domestic contexts (see Bray et al. 2005). While these studies have contributed to our 
understanding of inter-regional interactions, the use of decorated and high-status 
vessels, in isolation, limits the ability of such studies to make generalized 
interpretations regarding the overall managerial network involved in the production, 
movement and consumption of pottery in the wider region. Thus the above case 
studies, as well as other recent projects (e.g., Falabella et al. 2013), illustrate the 
potential of NAA analysis of undecorated, domestic ceramics to contribute to a more 
holistic understanding of inter-regional interactions and local-scale ceramic 
production (see Fernández 2011; Szilágyi et al. 2012; Falabella et al. 2013). The 
current study thus aims to contribute to this growing body of research relating to local 
and social processes by investigating the compositional variation of domestic vessels 
from Caleta Vitor. 
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REGIONAL GEOLOGY AND GEOCHEMISTRY 

There has been little published about the region’s geological variability (Sernageomin 
2003; Baeza Bravo 2010). The current geomorphological characteristics of northern 
Chile are the product of the Andean tectonic cycle, taking place between the late 
Early Jurassic and the present day (Zori 2011). As seen in Figure 1 (c), the coast is 
characterized by Jurassic marine and continental volcanic sequences consisting of 
basaltic lavas and andesitic rhyolitic tuff interbedded with sandstone and limestone, 
while the valleys are characterized by Pliocene–Pleistocene conglomerates of 
sandstone, siltstone and claystone (see Fig. 1 (c)) (Zori 2011). While the geological 
descriptions are useful, there is a lack of any description of the region’s geochemistry. 
While attempting to determine all possible clay deposits used for ceramic production 
is impractical due to the variables involved (e.g., depletion of deposits over time), it is 
reasonable to expect that the clays found within broad geological or 
geomorphological units will have certain compositional characteristics in common 
(Steponaitis et al. 1996). Previous studies have shown, for example, that alluvial clays 
found within a single drainage basin tend to be similar to each other and different 
from the clays found in other drainages, which have cut through distinctive geological 
formations (see Steponaitis et al. 1996). As it was the goal of this study to determine 
compositional similarities/differences between domestic ceramics, it was pertinent to 
characterize the geochemical composition of the Vitor Valley (within which Caleta 
Vitor is located). In order to contextualize the Vitor Valley composition, it was also 
necessary to collect clay samples from neighbouring valleys—to determine if alluvial 
clays from drainage basins with similar geomorphological units share similar in 
chemical compositions. Clay samples from a nearby coastal site and slightly further 
afield in the highlands were also analysed to provide additional comparison. 

MATERIALS AND METHODS 

Ceramic and clay selection and preparation  

The ceramic samples (n = 38) used for this study were excavated from CV4/1 (n = 8), 
CV4/6 (n = 26) and CV6/1 (n = 4). These trenches (in addition to reasons already 
outlined) were selected as they provided the most chronologically secure contexts, 
given that they had been more extensively dated. As an aim of this study is to 
investigate changes/continuities in clay procurement over time ceramics from the 
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Formative (n = 7), Middle Horizon (n = 5), Late Intermediate (n = 9) and Late (n = 
17) Periods were sampled. More samples were selected from the Late Period (in 
comparison to other periods), as it represents a time of heightened external political 
and socio-economic pressures, a result of the consolidation of the Inca State.  

Minimal sample preparation is required for NAA (Glascock et al. 2004). For this 
study, ceramics were prepared at Flinders University (South Australia) for NAA by 
removing slips and old exposed surfaces with a tungsten carbide high-speed burr. The 
cleaned samples were crushed and homogenized into a fine powder by hand, in a 
Brazilian agate mortar and pestle. Approximately 50 mg was sampled for each of the 
short and long irradiations. The combination of the two irradiation protocols allows 
for the measurement of up to 40 elements from each sample. Additionally, standard 
reference material SRM 1633b Coal Fly Ash, SRM 688 Basalt rock and the widely 
used Ohio red clay were irradiated with the samples to allow for inter-laboratory 
comparisons.  

As previously noted, determining all possible original clay sources is probably 
unachievable given all of the variables involved (e.g., unknown numerous locations 
and changes to the landscape, as well as clay mixing). However, given the aims of this 
study, it was pertinent to sample and analyse clay sources from nearby valley, coast 
and highland contexts in order to provide baseline geochemical data to consider in the 
assessment of potential clay procurement sites.  

The clay samples were collected during fieldwork in 2013, with the aid of a local 
professional potter, Miguel Moreno. The clay samples from the valleys nearest to the 
Caleta Vitor Archaeological Complex were collected from stream beds and the 
samples collected from the highlands were collected from deposits made visible as a 
result of road cuts. The clay samples collected for this study are intended to provide 
comparative geochemical data only. Given the aims of the project, the majority of 
samples were collected from the Vitor Valley, which leads directly into the Caleta 
Vitor Archaeological Complex. Additional clay samples were collected from the 
Azapa and Lluta Valleys, the Zapahuira in the Arica highlands (~3400 masl) and the 
coastal site of Playa Miller, near the city of Arica (for site descriptions, see Bird 1943; 
Santoro 1995). A total of 15 clay samples were collected for this analysis, including 
samples from: Vitor Valley (n = 8), Azapa Valley (n = 3), Lluta Valley (n = 1), Playa 
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Miller (Arica in Fig. 1 (c)) (n = 1) and Zapahuira in the Arica highlands (n = 2) (Fig. 1 
(c)).  

The 15 clay samples were sieved to remove organic matter and large inclusions. 
Deionized water was then added to each sample until the mixture was combined and 
could be formed into small bricks. These bricks were left in a temperature-controlled 
room for at least 2 days to dry. When the samples were dried, they were fired in a 
furnace at maximum temperature of 750°C for 1 h. Samples were left to cool before 
being crushed into a fine powder and weighed. Sample preparation, irradiation, decay 
and counting measurements followed standard procedures at the NAA facility at the 
Australian Nuclear Science and Technology Organisation (ANSTO), Australia 
(Bennett 2008; Bennett et al. 2012).  

Neutron activation analysis  

The high precision, accuracy and sensitivity of NAA, as well as the technique’s 
ability to analyse small samples, were the primary reasons for selecting this method 
over other types of bulk chemical analyses (Glascock and Neff 2003). Minimizing the 
impact of destructive analysis is particularly important, as the ceramic material is also 
required for other analyses as part of a larger research project, of which NAA is one 
aspect (other analyses undertaken as part of the broader project include thin-section 
petrography, X-ray diffraction and scanning electron microscopy—indeed, it is 
expected that the integration of these methods will result in an even more refined 
understanding—and traditional ceramic recording also took place as part of the 
project, although we would note that we did not set out to improve the typological 
framework in this region, which has already been well developed by Uribe and others 
[see Uribe 1999; Uribe 2009; Uribe et al. 2007]). Thus, only a small portion, less than 
1 g, from each sherd was crushed during preparation for NAA (of this, only 100 mg 
was irradiated—the remaining powdered samples have been kept as a reference 
material for potential further analysis). The samples were irradiated in the 20 MW 
OPAL research reactor operated by ANSTO at Lucas Heights, Australia. NAA was 
performed using the k0 method of standardization (k0 -NAA), following established 
protocols for archaeological samples at ANSTO (see Montoya et al. 2003; Bennett 
2008; Bennett et al. 2012; Popelka-Filcoff et al. 2012). In addition, as already noted, 
the use of standards was also included to allow for potential future inter-laboratory 
comparisons.  
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Statistical analyses were subsequently carried out using the GAUSS MURRAP 
routine (MURR Archaeometry Laboratory 2014), as has been employed in previous 
NAA studies of archaeological materials (Popelka-Filcoff et al. 2012). Of the 
elements reported, 28 were used in the final analyses of the domestic ceramic data set. 
Some elements were not used in the analysis because their concentration was either 
incomplete across the entire data set or below the limit of detection. Na and Cl were 
also excluded from the analyses, as these elements may be present due to the 
inclusion of salt within the ceramic paste, which may occur if seawater was used 
during the paste preparation or as a result of post-depositional contamination. Br was 
also removed due to its association with post-depositional contamination and because 
of its limited interpretative value in provenance studies (see Trindade et al. 2011). 
The elements removed from the ceramic data set were also removed from the clay 
data set to allow for comparison.  

Principal component analysis (PCA), one of several commonly used pattern 
recognition techniques typically applied to archaeological geochemical data 
(Glascock 1992; Neff 2000), was used in this project to analyse the NAA results. The 
primary aim of PCA is to identify any potential compositional groups within the 
ceramic database. Such compositional groups may be inferred to represent distinct 
clay deposits. If compositional groups exist within the ceramic data set, this may 
reflect access to numerous clay deposits, exchange or changes to the production of 
domestic ceramics.  

In northern Chile, high levels of arsenic have been recorded in skeletal remains (see 
Swift et al. 2015), drinking water (Steinmaus et al. 2013) and the natural 
environment. As such, this element was selected for specific analysis in this study to 
determine if compositional groups could be identified that may reflect natural 
variation in the landscape. In addition to arsenic, rare earth elements (REE), such as 
samarium, were used to analyse the ceramic and clay data sets. REE have been 
selected for analysis in previous similar studies due to their potential for identifying 
compositional groups (Anderson et al. 2011; Popelka-Filcoff et al. 2011) and their 
association with localized bedrock erosion (Baeza Bravo 2010).  

RESULTS  

Ceramic analysis 
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Statistical analyses were subsequently carried out on base-10 logarithms of 
concentrations on 28 elements. The use of log concentrations rather than raw data 
compensates for differences in magnitude between major elements, such as iron and 
trace elements (e.g., REEs). The results from the PCA for the ceramic data set showed 
high variability for the following elements: Sb, Cr, Mg, Co, As, Hf, Ti and Fe (Fig. 3 
(a)). The PCA was able to account for 90% of the total ceramic data set variability in 
the first eight PCAs. Figure 3 (b) presents a bivariate plot of Sm and As 
concentrations for the domestic ceramics. The ceramics are represented in their 
associated time periods with 90% confidence ellipses. 

Clay sources  

Clay samples were selected to provide geochemical baseline data (from nearby valley, 
coast and highland contexts) to aid in contextualizing the ceramic chemical data. The 
results from the PCA for the clay data set showed high variability for the following 
elements: As, Cs, Mn, Co, Na, Ca, Sr and Zn (Fig. 4 (a)). The PCA was able to 
account for 95% of the total ceramic data set variability in the first six PCAs. Figure 4 
(b) presents a bivariate plot of Sm and As concentrations of the clay samples. The 
ellipse for the Vitor Valley samples represents 90% confidence; thus the presence of 
all three Azapa Valley clay samples within this ellipse indicates compositional 
similarities. 

Clay sources and ceramics 

The results of the domestic ceramic and clay data sets are presented in Figure 5. The 
Vitor Valley ellipse (90% confidence interval of group membership) encompasses 28 
out of 38 ceramic samples (see Fig. 5), illustrating significant compositional 
similarities. A total of 10 ceramic samples fell outside the Vitor Valley clay ellipse 
but are still clearly differentiated from the Lluta, Playa Miller and Zapahuira samples, 
suggesting minor compositional variation within the ceramic data set.  

DISCUSSION 

Likely clay procurement sites 

The Azapa Valley clay samples all fall within the Vitor Valley ellipse, suggesting 
strong compositional similarities between clays in these valleys (Figs 4 (b) and 5). 
Likewise, 28 out of 38 of the ceramic samples fall within the Vitor/Azapa Valley 
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ellipse (Fig. 5). The ceramics outside the Vitor/Azapa Valley ellipse may reflect the 
natural variation in local clay deposits, a clay deposit that was not sampled or mixing 
of clays. Further sampling and investigation is thus warranted. Although 10 ceramic 
samples fell just outside the ellipse, those samples are still clearly differentiated from 
the other clay samples from further afield (Lluta Valley, Playa Miller and Zapahuira).  

It is widely recognized that ceramic materials are often heterogeneous, since 
pottery manufacture involves many stages that generally alter the original raw 
materials (Shepard 1956; Rye 1981; Rice 2005). Due to these processes, there is often 
little chance of finding a perfect match between a specific clay’s chemical profile and 
ceramic samples from vessels manufactured using that same clay (Arnold et al. 1991, 
2000). Despite this, in this study we have sufficient data to suggest that the primary 
location for the procurement of raw clays used in the manufacture of domestic 
ceramics from Caleta Vitor was probably the Vitor Valley and/or the nearby Azapa 
Valley. However, unless the quality of clay raw material in the Azapa Valley is 
significantly better it seems more likely that the ceramics if made in the Caleta Vitor 
area (coastal/valley) would have been made from clay sourced from the Vitor Valley.  

Ceramic production over time 

When the ceramics are grouped within their associated time periods (see Fig. 3 (b)), 
there are no discrete compositional groupings, suggesting no correlation between time 
periods and clay sources (although additional sampling per period could refine this 
modelling). Thus, the use of local clays from the Vitor/Azapa Valleys appears to 
remain consistent over a 1500-year time period.  

The 1500-year period under discussion encompassed the rise, consolidation and 
collapse of two large Andean states—Tiwanaku and Inca—as well as other inter-
regional interactions. A hypothesis that was considered at the outset of this 
investigation was that the production of domestic ceramics associated with the 
Formative and possibly the Late Intermediate Periods would probably have similar 
elemental compositions, as such vessels from these time periods are generally 
considered to have been manufactured locally (Fernández 2011). In contrast, it was 
hypothesized that the ceramics associated with the Middle and Late Periods, 
(corresponding with Tiwanaku/Inca expansion) could have greater elemental 
variation, reflecting an increase in political and socio-economic interaction that 
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included the trade/exchange of ceramic vessels (see Williams et al. submitted). The 
ceramic samples presented in Figures 3 (a) and 3 (b) are coordinated according to 
their temporal period with which they have been associated (see Table 1). However, 
the results indicate that the compositional variation within specific time periods (e.g., 
Late Intermediate and Late Periods etc.) is greater than between time periods. 
Therefore, we would argue that no correlation between time periods and composition 
could be established on the basis of this study (Fig. 3 (b)).  

As noted above, the lack of association between compositional groups and time 
periods (see Fig. 3 (b)) instead suggests that the same local clay sources were 
probably being utilized continuously over the past 1500 years–thus allowing us to 
infer that the production of domestic ceramics remained local. Moreover, this 
supports the inference that even in times of heightened external political and socio-
economic influence, ceramic manufacturing at Caleta Vitor was both stable and local. 
Previous stable isotope research conducted on human remains from the Caleta Vitor 
complex by Roberts et al. (2013) similarly highlights continuities in the region, albeit 
in relation to subsistence practices throughout the Formative to Late Periods. This 
narrative of the existence of some stable and continuous cultural traditions in northern 
Chile, even during periods of heightened external influence, is thus being borne out 
from a range of investigations (Roberts et al. 2013; Salazar et al. 2015; Uribe and 
Vidal 2015; Andrade et al. 2016).  

Clay sources  

There has been little published about the region’s geological and geochemical 
variability (Sernageomin 2003; Baeza Bravo 2010). As such, it was necessary to 
collect local clay samples in order to provide baseline geochemical data to assess 
potential clay procurement sources. The results of this study indicate that the 
elemental composition of the Vitor and Azapa Valley clay samples are similar, while 
there appears to be considerable variation between the samples from Playa Miller 
(coast), Lluta Valley and Zapahuira in the highlands of Arica (see Fig. 4 (b)). The 
Vitor/Azapa similarity is probably a reflection of the shared geological history of the 
valleys, with the clay deposits probably forming as a result of sediments transported 
down the valleys from the western slopes of the Andes mountain range during 
summer rainfall (Santoro et al. 2005). Such compositional similarities between the 
alluvial clay deposits of the Vitor and Azapa Valleys suggest that the underlying 
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geomorphology of each valley is also similar. There is considerable compositional 
variation between clay samples collected from relatively more distant valley and 
highland contexts as well as a coastal context, which highlights the variability 
between the geological histories of these landforms.  

CONCLUSIONS 

While acknowledging that this is a preliminary study, we feel that the results reflect 
the potential of NAA analysis conducted on domestic ceramics to contribute to 
current debates surrounding change/continuity in ceramic production during times of 
heightened external influences in northern Chile. Indeed, our results indicate that 
compositional similarities were identified for the domestic ceramics that we sampled 
in this study, which cover a 1500-year period. Further, our data suggest that the 
primary location for the procurement of clays for the production of domestic ceramics 
excavated from Caleta Vitor was probably the surrounding Vitor and Azapa Valleys. 
Thus, the nature of clay procurement over the 1500-year time period appears to 
remain local despite increasing external influences that occurred after the Formative 
Period arising from the Tiwanaku and Inca polities. As such, it can be argued that 
inter-regional interactions did not substantially affect this sphere of material culture. 

The results, as outlined above, reflect recent similar studies (e.g., Uribe and Vidal 
2015) that also argue for continuity of local-level production of ceramics despite 
changing external political influences. Thus, future avenues for research should 
continue to consider why some aspects of ceramic production/consumption remain 
stable while other material culture changes significantly (e.g., iconography on 
decorated ceramics, textiles and rock art) (Romero 2002; Santoro et al. 2004; Uribe 
and Agüero 2004). Indeed, we can question whether, for example, continuities in the 
production of domestic ceramics represent a form of social/cultural refuge or even 
resistance to change in the face of powerful external influences. Further, as Uribe and 
Vidal (2015, 31) concluded in their study, we should not disregard the fact that local 
populations could be active agents who did not passively accept external influences. 
Or perhaps such stability relates to community perceptions that emphasize the lack of 
necessity for change in the production of utilitarian items, or even whether the lack of 
change simply relates to the fact that domestic pottery was not considered to be an 
exchangeable commodity. More research into the above-mentioned possibilities, from 
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a variety of perspectives, may allow greater insights into the continuities proposed in 
this paper. 
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Table 1  

Northern Chilean cultural periods relevant to this study 
Age (years 
BP) 

Period Cultural phase 

c.4000–1500 Formative Period 
(Neolithic) 

Early Formative Final Phase of Chinchorro Culture 
(4000–3600) 

   Azapa (3600–2500) 
    
  Late Formative     

(2500–1500) 
Alto Ramirez 

    
c.1500–900 Middle Horizon  Tiwanaku polities expansion  
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   Cabuza 
    
c.1000–660 Late Intermediate  Maitas–Chiribaya (850–650) 
   San Miguel 
   Pocoma Gentilar 
c.660–476 Late Period  Inca Empire 
c.476 Hispanic Period   
 

 

 
Figure 1 
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(a) A map of the south-central Andes, illustrating some of the major archaeological 
sites and areas discussed in this paper. (b) A map of the Caleta Vitor Archaeological 
Complex, illustrating the location of the sites. (c) A geological map of northern Chile, 
including the location of the clay deposits sampled as part of this study (adapted from 
Sernageomin 2003; scale 1:1 000 000).  

 

 

 

 

 

 
Figure 2  

Examples of the domestic ceramics used in this analysis.  
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Figure 3  

(a) A biplot of the first two principal components for the ceramic data set, which 
describes 51.8% of the cumulative variation in the data set. (b) A bivariate log–log 
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plot of the samarium (Sm) and arsenic (As) concentrations for the ceramic data set. 
The confidence ellipse for the ceramic temporal groupings is 90%.  
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Figure 4  

(a) A biplot of the first two principal component scores for the clay data set, which 
describes 72.9% of the cumulative variation in the data set. (b) A bivariate log–log 
plot of the samarium (Sm) and arsenic (As) concentrations for the clay data set. The 
confidence ellipse for the Vitor samples is 90%.  
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Figure 5  

A bivariate log–log plot of the samarium (Sm) and arsenic (As) concentrations for the 
domestic ceramics (in their temporal periods) and the clay samples. The Vitor Valley 
ellipse represents a 90% confidence interval of group membership. 
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