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Abstract

From the literature research review of studies that involved the physicochemical
characterization of rock art paintings in Argentina and Chile, we evaluate the impact of this
analytic approach in our understanding of these visual and material practices in the southern
region of South America. We identify the techniques, protocols and sample preparation, the
information obtained, and archaeological questions addressed with these analyses.
Consequently, we propose the need for a microarchaeological approach. We stress the
materiality and particularities of the rock art practice, as an action performed over continuously
altered walls, which forms complex microstratigraphies. Moreover, we highlight the benefits
of obtaining comparable results with the use of paintings on different supports and contexts to
hold an Archaeology of Color that allows studying not only the meaning, but also understand
the exploitation, production, and consumption of color, being the painted rock art one form of
the final stage of a complex sequence related to color materials.

Keywords: Physicochemical characterization, Microstratigraphy, Archaeology of Color, Rock
Art, South America.

1. Introduction

Discussions around the validity of the style concept in Palaeolithic art studies led to the
emergence of a post-stylistic era in the early 1990s (Bahn and Lorblanchet, 1993). This time
expanded and displaced rock art studies focused mainly on images analyses to a greater interest
on the characterization of their location, their material composition, and dating, and contribute
to offering new interpretations of art based on its relations with socio-cultural and historical-
related processes, and their association with thems such as social identity, gender, and
shamanism, among others (Conkey and Hastorf, 1990; Bahn, 1994; Chippindale and Tacon,
1999; Withley, 1999; Sanz et al., 2009; McDonald and Veth, 2012; Sanz and Fiore, 2014). This
movement implied the introduction and application of new methodological techniques, parallel
to the technical advancement observed in other disciplines, such as mapping techniques and
Geographical Information System (GIS) (Wienhold and Robinson, 2017), digitalization of rock
art records (Brady et al., 2017), analysis of images with specific informatics programs
(Cerrillo-Cuenca and Sepulveda, 2015), and the implementation of systematic
physicochemical analyses, between others (Clottes et al., 1990; Rowe, 2001; Chalmin et al.,
2003; Reiche and Chalmin, 2014; Bonneau et al., 2012; Huntley and Freeman, 2016;
Sepulveda, 2016; Tomasini et al., 2016; Chalmin and Huntley, 2017;). Like what happened in
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other archaeology-related areas, the collection of new complementary data at different scales
broadened our understanding of the painted and engraved rock art representations. This
paradigmatic change was defined as the Third Science Revolution (Kristiansen, 2014), and led
researchers to not only re-think archaeological practice and the role of archaeology as a
discipline but also our interrogations and our relation to objects (Pollard and Bray, 2007; Olsen
et al., 2012; Martinon-Torres and Killick, 2015).

Both in Argentina and Chile, the physicochemical analysis and characterization of pigments in
the southern portion of South America, has gained relevance in the last decades (Sepulveda,
2011; Sepulveda et al., 2012; Carden et al., 2014; Tomasini et al., 2016). The publications
related to this topic have shown the richness of the available analytical approaches, including
microscopic ones, but also elemental, structural, molecular or crystallographic techniques. This
archaeological science or archaeometric movement, thus, rarely discusses the methodological
implication of the use of one technique over another, their advantages and/or limitations, the
sampling protocols, and the sample preparation, for example. It has also failed to discuss the
complexity in the interpretation of results so they could be socio-culturally significant, and not
only a chemical result (Boschin et al., 2002; Sepulveda, 2009, 2011 and 2016; Sepulveda and
Laval, 2010a; Gheco et al., 2013 and 2019; Tomasini et al., 2016).

Beyond these necessary precautions, as the result of a literature review, we evaluate the
research questions addressed by those interdisciplinary studies that have incorporated the use
of physicochemical characterization to the study of rock art paintings in Argentina and Chile.
More specifically, we identified the techniques used, the stratigraphic sample preparation, and
the obtained information concerning research questions, to evaluate how these elements have
broadened our view on rock art in the southern portion of the South American continent. Our
review delves into a discussion of the need for a microstratigraphic approach in the study of
rock art, and we reflect upon its importance for the development of an Archaeology of Color,
where the materiality of the visual images is paramount for their study and interpretation, as
well as for their comparison to other painted material objects or supports. We consider rock art
production as a way of consuming colors by past populations, impossible to understand if not
studied in its entirety, i.e. with results that allow discussing the collection of raw materials,
their preparation and application, and their use in different objects, supports, and contexts.

2. Rock art studies in Argentina and Chile

The first mentions of rock art in these regions, including arid environments to the north and the
Patagonian steppe landscapes to the far south, began by the end of the nineteenth century. These
visual manifestations include engraved and painted representations, but also geoglyphs
(Briones, 2006; Fiore y Hernandez Llosas, 2007; Sepulveda, 2005). Until the 1990s, most of
the research conducted emphasized rock art descriptions, interpretation of their meaning
through historical or ethnographic sources, their iconographical analysis, and stylistic
definition. This was done to propose relative chronologies to organize these visual
representations found in different regions and localities and to compare rock art figures with
motifs found on other supports and to understand their continuities and change through time
(Podesta, 1996 and 2003; Gallardo et al., 2006). Throughout years, the link between rock art
and their archaeological contexts not only integrated the art expressions with the activities
identified at those sites but also allowed interpreting the compositions and scenes in different
styles with socio-historical processes characteristic of each chronological period or phase
(Fiore and Hernandez Llosas, 2007; Fiore, 2012; Podesta and Strecker, 2014; Sepulveda et al.,



2016; Troncoso et al., 2017 and 2018; Valenzuela and Montt, 2018). Gradually, the study of
rock art images incorporated into their results the analysis of other materials (lithics, bones,
ceramic, and architecture) for reconstructing their associated contexts and to interpret their
location and place in the landscape with other human landmarks, pathways, and settlements.
Leaving behind interpretations restricted to their cultic, magic-religious, or aesthetic
dimension, since the 1990s decade, rock art has been understood as cultural and visual evidence
of ancient human populations that inhabited the various regions of the Southern portion of the
continent.

Coinciding with the technical advancement reached in other disciplines (Brothwell and Pollard,
2001), as well as the theoretical shift of New Archaeology and its impact in South American
archaeology (LoOpez et al., 2012; Sepulveda, 2016), by the end of the 1970s, the first
physicochemical characterization of rock art paintings was conducted (Ifiiguez and Gradin,
1977). These studies would increase by the 1980s (Aschero, 1983-1985 and 1985; Barbosa and
Gradin, 1986-1987; Niemeyer, 1986) and more notoriously from the 1990s onwards (Hedges
et al., 1997; Hernandez Llosas et al., 1998; 1999; Belardi et al., 2000; Wainwright et al., 2000;
2002a; 2002b; Niemeyer and Leon, 2001; Boschin et al., 2002; 2011; Ledesma, 2005; Vasquez
et al., 2008; Yacobaccio et al., 2008; Sepulveda, 2009 and 2011; Vasquez et al. 2010; Nazar et
al., 2010; Sepulveda and Laval 2010b; Masaferro et al. 2012; Sepulveda et al., 2012; 2013a;
2013b; 2014; 2015a; 2015b; Tomasini et al., 2012a and 2016; Gheco et al., 2013; 2015; 2017
and 2019; Carden et al., 2014; Castelleti et al., 2015; De La Fuente and Nazar, 2016; Moya et
al., 2016; Tascon et al., 2016; Troncoso et al. 2017; Rousaki et al. 2017 and 2018; Brook et al.,
2018;). Even though the majority of these studies provide data on color variation, some of
them go in-depth on their chronology, providing the first direct dating of rock art paintings in
the various regions of the Southern portion of the Southern continent (Hedges et al., 1997;
Hernandez Llosas et al., 1998 and 1999; Castelleti et al., 2015; Goguitchaichvili et al., 2016;
Troncoso et al., 2017).

This new tendency in rock art studies in the southern portion of South America was, without
doubt, motivated and influenced by two significative publications of Carlos Aschero (1983-
1985 and 1988). He was the first to propose the production sequence concept for rock art
interpretation. He also presented a flowchart model with references to the archaeological
remains precisely related to each of the stages in this sequence. Inspired on Schiffer model flux
(1976) he suggested several phases including the obtention of raw material, the manufacture of
rock art, the uses or functional aspects and then the abandonment of the site. After the uses, he
considered the possibility of recycling or maintenance of painting images. After the first
occupation of the site, the cycle can start again since the first stage linked to the provisioning
of raw material. This Aschero model was specified with three operative chains described by
Fiore in 2007. She added to the operative chain of image production, the tool production used
for rock art engraving or painted, and an operative chain strictly related to painting production.
The painting production is particularly relevant as Fiore considers all steps since resource
procurement including manufacture, use, maintenance, eventual recycling and finally discard,
loss or abandonment and storage. She then enlarges painting conception not just limited to
images conception and representation, including the raw materials (pigment and binders) and
artifacts involved in their fabrication.

For this review, we only considered those publications on rock art paintings that included
physicochemical results on pigments, excluding those works concerned with their dating and
whose compositional analysis have been previously published (Goguitchaichvili et al., 2016,
Troncoso et al., 2017). A similar and previous synthesis was realized for Argentine by Lopez



and collaborators (2012), but they considered all works published in Argentinean and Latin
American congress proceedings, between 2005 and 2011, related to pigments analysis and not
only to rock art painting but also to ceramics and pigments from archaeological contexts. For
our purpose, in Table 1, we indicate authors, year, country, region and language of the
publication. We also precise the different analytical techniques used in the sample preparation
for stratigraphic analysis. In Table 2, we include specific information about the explicit results
related to the palette of color, the elemental and mineralogical identification for each color and
organic components when they were identified. Finally, we point out three aspects discussed
with the physicochemical results: dating or chronological implications for representational
styles defined in each region, the production, technology or “chaine opératoire” of rock art, and
the provenance question. In total, 46 articles were registered between 1977 and 2019 in
different regions from Argentina and Chile (Figure 1).

3.-Literature review: Physicochemical characterization of rock art paintings from the
Southern portion of South America

The first study that included the physicochemical analysis of paintings was published in the
1970s on sites from Argentinean Patagonia (Ifiiguez and Gradin, 1977; Table 1). This number
increased to four in the 1980s, including the first study carried out in Chile on paintings from
El Médano in the town of Taltal, located on the coast of the Antofagasta region (Niemeyer,
1986). It was not until the first decade of 2000 that publications increased to thirteen (Tables 1
and 2). Finally, 23 studies were published in the last decade (2011-2019), i.e. 50% of the total
publications to this date (Tables 1 and 2). In sum, 33 studies have been performed in different
regions of Argentina: 21 in the northwest part of the country (almost 63,6%), fourteen in
Patagonia, and only two present results that included both regions (Wainwright et al., 2002a
and 20022b; Figure 1 and Table 1). From these numerous studies, only thirteen have been
carried out on rock art paintings in Chile (Figure 1): nine in different localities in the north, and
one each in the semi-arid north (Moya et al., 2016), Central Chile (Niemeyer and Leo6n, 2001)
and Patagonia (Sepulveda, 2009). This shows a clear concentration of studies in different
localities of the Atacama Desert (Figure 1; Table 1). Concerning the publication language, 29
have been in Spanish, 16 in English, and only one in French. More interestingly, 62,5% of these
English articles have been published in the last six years, i.e. 21,7% of the total studies centered
on the physicochemical characterization of pigments (Table 1). This shows a clear increase of
publications in English in the last years, a tendency observed, for example, in Chilean
archaeology in general (Gurruchaga and Salgado, 2017). Despite this internationalization
effort, there is a still low impact of Argentinean and Chilean studies on physicochemical rock
art analyses, mainly led by United States, Europe and Australia (Clottes et al., 1990; Rowe,
2001; Bonneau et al., 2012; Beck et al., 2013; Reiche and Chalmin, 2014; Chalmin and
Huntley, 2017; between others).

3.1.- Physicochemical techniques used

In terms of techniques, destructive chemical tests have only been performed on two occasions
(Belardi et al., 2000; Boschin et al., 2002; Table 1). Initial research was made towards the end
of the 1980s with the use of X-Ray Diffraction (XRD), a useful technique for the analysis of
crystalline solids (Ifiiguez and Gradin, 1977; Aschero, 1983-1985 and 1985; Rial and Barbosa,
1983-1985a and 1983-1985b). From the 1990s different techniques began to be combined for
material analysis, adding the use of Scanning Electron Microscope with Energy Dispersive X-
ray Spectroscopy (SEM-EDX), Infrared spectroscopy (FTIR) or X-Ray Diffraction (DRX) for



molecular characterization (Hedges et al, 1997; Wainwright et al. 2000, 2002a and 2002b;
Vasquez et al. 2008 and 2010), and less commonly X-Ray Fluorescence (XRF) for identifying
both major and minor elements in a sample (Belardi et al., 2000; Niemeyer and Ledn, 1986).
During these times, the use of SEM-EDX was carried out essentially to obtain an elemental
characterization of samples and was only replaced with the use of XRF in specific cases, as
both provide a similar elemental chemical information. In 1997, techniques for detecting
organic material were applied in Argentina to identify them and perform the first direct dating
of rock art in the country (Hedges et al., 1997).

The use of SEM-EDX for acquiring images was carried out for the first time at the beginning
of the 2000 decade (Boschin et al., 2002), probably due to the influence of the Fundacion Tarea
team and their previous experience with analyzing easel paintings from the colonial era (Seldes
et al., 1999 and 2002). This same team would then delve into the identification of organic
components used for the preparation of paintings through different chromatographic techniques
(GC-MS, pyrolysis GC-MS, HPLC; Boschin et al., 2002 and 2011; Véasquez et al., 2008;
Tomasini et al., 2012a and 2016). The use of Raman spectroscopy for molecular analysis
increased only in the last decade, since 2010. This is understandable considering the
development of the technique and its recent application to heritage and archaeological sectors
for being a non-destructive and non-invasive technique (Bellot-Gurlet et al., 2006; Casadio et
al., 2016; Lydzba and Madariaga, 2016). Also, to this date and in contrast to what has been
observed in other regions of the world (Huntley and Freeman, 2016; Mauran et al., 2019), the
application of non-destructive portable techniques has occurred in only three rock art studies.
One analysis was performed with a portable XRF on red colors in coastal and lowland sites
from the far North of Chile (Sepulveda et al., 2015a; Table 1). Two others concern Raman
portable analysis in the Patagonian region from South Argentina (Rousaki et al. 2017 and 2018;
Table 1).

Since the beginning of these physicochemical applications, the lack of portable equipment
determined the need for sample extractions for the different analyses and the necessity to define
specific protocols for these sampling (Boschin et al., 2002; Sepulveda, 2009; Tomasini et al.,
2016). Besides, until the 1990s the type of equipment available in Argentina and Chile
conditioned, in many cases, that painting samples extracted in the field were pulverized or
submitted to chemical treatments before analysis. Whilst these treatment protocols are useful
for the analysis of rocks and other mineral materials, they are currently inadequate for rock art
analysis, as they mix the characterization of the surface, the layers of paintings and the
occasional patinas (Sepulveda, 2016; Tomasini et al., 2016; Gheco et al., 2017 and 2019). This
is why we repeatedly encounter, for example, discussions on the identification of gypsum, to
which we commonly find two alternative interpretations: its relation to the preparation of the
rock surface before painting, or its intentional addition to the painting’s composition (Aschero,
1988; Hernandez Llosas et al., 1998; Nazar and De La Fuente 2010; Boschin et al., 2011; De
La Fuente and Nazar, 2016; Gheco et al., 2019). However, these studies rarely discussed the
election of the analytical techniques used, as well as sample preparation procedures, to evaluate
these aspects and their impact on the interpretations proposed.

3.2.- Synthesis of principal results
Despite the limitations mentioned, results obtained in more than 40 years of studies offer an

overview of the raw materials used and, in some cases, reveals the complexity of the applied
recipes for the production of the paintings. This is because of the identification not only of the



colorant material but also of the presence of extenders and/or organic materials as binding
agents (Boschin et al., 2002; Sepulveda et al., 2012).

For the red color generally, the use of iron oxides, mostly haematite, is identified as colorants
(Table 2), but haematite-based mixtures were also identified. In some cases, mixes were with
aluminosilicates, possibly clays, where the presence of iron oxides was not specified either
because they were indistinguishable or because they were naturally present (Sepulveda, 2009;
Table 2). The quantity and type of aluminosilicates, as well as iron oxides, had an impact on
the tone variability of red (light to dark red and brownish red; Wainwright et al., 2002a;
Yacobaccio et al., 2008; Nazar et al., 2010). Other authors defined mixtures elaborated with
iron oxides, clays and salt like oxalates or calcium carbonates (Aschero, 1983-1985; Hernandez
Llosas et al., 1999; Wainwright et al., 2002a; Nazar et al., 2010; Massaferro et al., 2012; Carden
et al., 2014; Gheco et al., 2015; De La Fuente y Nazar, 2016).

Yellow has been obtained through different colorants like goethite, although in several cases
the use of jarosite has been identified (Ifiguez and Gradin, 1977; Massaferro et al., 2012; Table
2). The limonite was identified by Raman spectroscopy at Patagonia (Boschin et al. 2002 and
2011; Vasquez et al. 2010). In other cases, there is evidence of different components, but none
that can explain clearly the color obtained (Hernandez Llosas et al., 1999; Wainwright et al.,
2002a).

White constitutes, without doubt, an unresolved topic of great complexity, because of the
difficulty to distinguish the painting’s composition from salts like gypsum (calcium sulfate
dihydrate; CaSO4.H20), calcium oxalates (CaC204), calcium carbonates (CaCQOgz), but also
titanium dioxide (TiO2) sometimes also presented and observed on the support (Rousaki et al.
2018; Table 2). Of course, this discussion depends on the technique used for the analysis. Thus,
for white color the use of aluminosilicates as clays, gypsum, calcium oxalates (whewellite or
wheddellite), quartz, and calcite have been identified (Herndndez Llosas et al., 1999;
Wainwright et al., 2002a; Nazar et al., 2010; Massaferro et al., 2012; Carden et al., 2014; Gheco
et al., 2015; De La Fuente y Nazar, 2016; Rousaki et al. 2018).

For black, like other regions in the world (Sepulveda et al., 2015b), the use of manganese oxide
with or without barium has been identified with elemental techniques, like SEM-EDX or XRF
(Sepulveda et al., 2012), and pyrolusite, manganite or cryptomelane have been determined
through molecular techniques like Raman spectroscopy; although, cryptomelane have only
been observed in Northern Chile (Sepulveda et al., 2015b). Pyrolusite has also been recognized
in sites from Patagonia (Wainwright et al., 2002a and 2002b). In the analysis of black pigment
samples, the repeated use of carbon (charcoal) in different moments of the regional
chronological sequences of the North and South of the southern portion of the South American
continent is surprising. In effect, the scarce availability, as well as the restricted access to
manganese sources in such regions could have impacted the use of charcoal; however, this
selection can also highlight a specific material and technological choices for this color.

Finally, green was commonly obtained through green earth (Wainwright et al., 2002a and
2002b; Boshin et al. 2011; Rousaki et al. 2018). Other studies identified the use of different
types of copper minerals, like atacamite or bandylite, determined at an elemental level as
copper sulfates, -oxides and —chlorides, identified only in different localities of the Atacama
desert and in the semi-arid North in Chile (Sepulveda et al., 2013 and 2014; Moya et al., 2016,
respectively).



Most of these colorant materials identified (haematite, goethite, jarosite, manganite,
cryptomelane, copper minerals between others) had a mineral origin. They can be obtained
from different types of sources as vein exposed or carved, in powder or rocky form with
different degrees of compaction. They can also be obtained from available rock fragments on
the surface.

Equivalent to other regions in the world, organic components have been scarcely analyzed
(Pepe et al., 1991) given the preservation issues (degradation, dissolution or others) associated
to the application of painting on the rock supports (chemical processes) and its consequential
exposure and interaction with the surrounding environment. Only five publications in
Argentina and Chile have found organic components, identified through different
chromatographic techniques, like GC-MS, pyrolysis GC-MS, HPLC (Boschin et al., 2002;
Vasquez et al., 2008; Yacobaccio et al., 2008- the two last works concerned samples from the
same site) or merely observed in the SEM-EDX, due to the impossibility of characterizing them
through this technique (Sepulveda, 2009 and 2011). The use of animal fat in red and black paint
mixtures is identified in rock art paintings from Patagonia and Northwest Argentina (Boschin
et al., 2002; Vésquez et al., 2008 and Yacobaccio et al., 2008, respectively). In Chile, we
observed through SEM-EDX dark amorphous stains without specific forms and wooden
structures characterized by the presence of carbon-based components. The wooden charcoal
can be identified with the combination of image and spectra obtained with the SEM-EDX
(Sepulveda, 2009). In paintings from the north and southern Chile, the presence of bone
fragments has also been observed as part of the paint mixture (Sepulveda, 2009 and 2011,
respectively), which could hypothetically imply their use as colorant material, as is shown in
ethnographies from the south of the continent (Manzi, 1991). However, its incorporation into
the mixture could be accidental, as bone instruments could be used for its preparation.

3.3.- Archaeological questions addressed with physicochemical analysis

In terms of research interrogations, most of the studies have focused on characterizing the color
palette, i.e. assessing the identification of colorant materials and the possibility to interpret
variation of colors and the different tones observed. Studies concerned in general the red color,
as it is also the principal color used in Argentinean and Chilean rock art, and in many of the
analyzed sites it is the only color used (Table 2). That is why the available results become
relevant, as they demonstrate the variability of raw materials and mixtures produced.

Related to these results, another topic studied in these regions of South America has been
influenced by Aschero’s (1988) and Fiore’s (2007). Following Cresswell and Lemonnier,
Aschero understands the production, maintenance, and recycling of rock art in terms of a
sequence of stages. This first model was later improved by Fiore (2007) who developed a more
complex scheme including three operative chains that stem from the theory of technology and
refers both to the cognitive operations and practical hand-made operations carried out. Much
of the work realize afterward have followed this path by discussing the technologies utilized in
the production of paintings and the identification of recipes (‘YYacobaccio et al., 2008;
Sepulveda, 2009 and 2011; Boschin et al., 2011; De La Fuente y Nazar, 2016; Table 2).
Expanding the study on the production sequence of rock art, some authors included the analysis
of raw material sources to discuss the provenance of the main colorants or extenders with
naturally containing colorants (e.g. clays) (lfiiguez y Gradin, 1977; Aschero, 1983-1985;
Belardi et al., 2000; Wainwright et al., 2002b; Ledesma, 2005; Yacobaccio et al., 2008;
Boschin et al., 2011; Massaferro et al., 2012; Sepulveda et al., 2012, 2013a, 2013b, 2014a and
2015b; Table 2). The problem is that the majority used molecular or crystallographic



techniques as DRX or FT-IR instead traces elemental analysis as Neutron Activation Analysis
(NAA), Particle Induces X-Ray Emission (PIXE) or Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), for example, more adequate for this kind of problems as they are more
sensitive and can identify trace elements to finally discriminate between samples with similar
elementary and/or molecular composition (Popelka-Filcoff et al., 2008; Chalmin and Huntley,
2017; MacDonald et al., 2018).

Other investigations were oriented towards obtaining direct dating based on the results obtained
from the physicochemical characterization of paintings (Hedges et al., 1997; Hernandez Llosas
et al., 1998 and 1999; Castelleti et al., 2015; Goguitchaichvili et al., 2016; Troncoso et al.,
2017; Brook et al., 2018; Table 2). However, even without direct dating, several studies have
discussed the implications of results from their chemical analysis on the previously identified
art styles in various localities. In other words, they interpret the variability of pigments and
mixtures identified to go in-depth on the relative chronological sequences of the art (Aschero,
1983-1986; Gheco et al., 2013; Castelleti et al., 2015; Table 2).

Another topic discussed from physicochemical analysis concern the conservation of paintings,
and the recording of preservation states of sites and panels, which are a requisite for the correct
interpretation of analytical results (Tomasini et al., 2012a and 2016; Sepulveda, 2016; Rousaki
et al., 2018; Gheco et al., 2019). These observations can bring us chemical information later
identified by analytical techniques and can be related to the support characteristics, or the
presence of water runoffs, concretions or patinas or others, and not necessarily to the chemical
composition of rock art paintings. Another aspect discussed by some authors concerns the
implications for rock art interpretations of the chemical analysis employed, the methodologies
and protocols applied. They evaluate, for example, the consequences of the use of one
technique over others and discussed the implication of the results obtained following the
research questions raised. They also compared the advantages of elemental over
crystallographic techniques, the use of scanning electron microscopy over other analytical
techniques, the preparation of samples in resin for stratigraphic analysis, and its consequence
for specific archaeological questions (Tomasini et al., 2012a and 2016; Sepulveda, 2009 and
2016; Sepulveda and Laval, 2010b; Sepulveda and Wright, 2018; Gheco et al., 2017, 2019 and
2020).

In synthesis, since the 1970s in both Argentina and Chile, there has been a development of rock
art studies through the physicochemical characterization of paintings, mainly focusing on
identifying colorants to understand rock art technology with stylistic and chronological
implications. Less commonly these studies have focused on conservation issues, the
methodological consequences of choosing one technique over other or the effect of sample
preparation types in the analysis of rock art. The formation of interdisciplinary teams, as well
as international collaborations, have been fundamental in defining which techniques are used
(Hedges et al., 1997; Boschin et al., 2002 and 2011; Sepulveda y Laval, 2010a and 2010b;
Sepulvedaet al., 2012, 2013a and 2013b; Masaferro et al., 2012; Castelleti et al., 2015; Tascon
et al., 2016; Brook et al., 2018). Nonetheless, there is little continuity in this study field,
appearing mostly as sporadic and opportunistic collaborations, which demonstrate the lack of
long-term research programs that integrate archaeometric techniques to the study of rock art.
Thus, it is evident that results obtained and the use of techniques in each case study has been
subject to equipment availability, and financial resources. Despite these advances, very few
studies have considered and reflected upon the nature and particularities of rock art paintings.
Materially speaking, these paintings are a mixture of different components mixed and applied
over a fragile rock surface and submitted to constant environmental agents (Boschin et al.,



2011; Sepulveda and Wright, 2018; Gheco et al., 2020). The human occupational history of the
site contributes to forming complex microstratigraphies on rock art panels (Nazar et al., 2010;
Tomasini etal., 2016; Chalmin etal., 2017; Gheco et al., 2017 and 2019). This is why we agree
with the need for a microarchaeological approach to the study of the materiality of rock art
paintings, which keeps in scope the specificities of these practices, but also secures results that
can be compared with other material objects and support painted (Sepulveda et al., 2014a and
2014b). From our perspective, with the study of the materiality of color, we will be able to
understand and compare exploitation, production, and consumption of material colored
(Sepulveda et al., 2019). In this perspective, rock art paintings are considered one of the forms
of color consumption.

4.- Microarchaeology for rock art studies.

The preparation of paints implies the combination of the colorant material with other
components, extenders and/or binding agents, that enable or facilitate its adhesion or increase
its amount (Petit and Valot, 1991; Sepulveda and Wright, 2018). Some pigments could be
heated to modify their properties (Pomies et al., 1999; De La Fuente and Nazar 2016). The
identification and characterization of the painting components can be obtained through
elemental, molecular and crystallographic analysis, used single or combined according to the
component to be analyzed and the research question (Chalmin et al., 2003; Vasquez et al. 2008;
Yacobaccio et al., 2008; Boschin et al., 2011; Huntley et al., 2011; Bonneau et al. 2012;
Sepulveda, 2016; Chalmin and Huntley, 2017; Sepulveda and Wright, 2018; Gheco et al.,
2020). Then, before choosing a protocol for analysis it is inevitable to first understand the
nature of the rock art paintings, i.e. as a combination of different components, but also the fact
of its application over the rock support, with which a chemical as well as mechanical
(considering the pores or voids of the rocks) interaction is formed (Nazar et al., 2010; Tomasini
et al., 2016). Once applied and exposed to changing environmental conditions, the preparation
can be altered or superficial patinas can form over the painting and block its visibility (Nazar
et al., 2010; Chalmin et al., 2017). Moreover, there may be retouching of the original painting
or simply the intentional addition of new superimposed motifs, which mask the original
representations (Chalmin et al., 2017; Gheco et al., 2019). The use of the Harris Matrix to
illustrate painting sequences with the examination of superimpositions has become
increasingly common (Chippindale and Tacon, 1993; Gheco et al, 2017; Dudognon and
Sepulveda 2018; Carden and Miotti 2020). The human occupation of rock art sites can also
modify their visibility and contribute to generate a more complex stratigraphy (Gheco et al.,
2017 and 2019). For this reason, a microarchaeological approach proves necessary. The
analysis of microstratigraphy and its micro-excavation, also known as the “nano-approach”
(Watchman and Hatte,1996), is almost inevitable if we seek to characterize the painting’s
composition and show stratigraphic sequences (Watchman et al., 2000; Chalmin et al., 2003;
Tascon et al., 2016; Bonneau et al., 2017; Gheco et al., 2017 and 2019).

The term microarchaeology can have two definitions. First, it commonly refers to the use of a
microscopic recording of material studied through instruments like microscopes,
spectrometers, among others, in contrast to the macroscopic approach related to the
stratigraphy of a deposit, buildings, floors and artifact assemblages (Weiner, 2010). The second
definition considers microarchaeology as a theoretical framework, “a tool-box of concepts and
theory, developed to deal with the relationship between social practice and materialities”
(Cornell and Fahlander, 2007:7), which provides answers to a problem from a small scale, i.e.
the study of unique but repetitive practices, that finally can contribute to understanding the



general context or structure. In this occasion, we understand the concept of microarchaeology
to refer to “a range of techniques [that] are expanding the scope of research into the
archaeological past and pushing a wide range of collaborations between archaeologists and
specialists” (Chazan, 2018:23); although this author limits its definition to mineralogy, genetics
and biochemistry. On this occasion, we will understand the microarchaeology in its merely
methodological scope i.e like the application of techniques commonly used in other areas of
the sciences to obtain data on a small scale to solve archaeological problems. Expanding on
this definition, we recognize the need to excavate and analyze the microscopic component of
archaeological artifacts and deposits -and, therefore, the invisible to the naked eye-, to
complement data obtained at the macroscopic level. However, by invisible here we do not only
mean the chemical dimension, whether this information is atomic, elemental or molecular, but
also the possibility of dealing with the immaterial, that is, the knowledge and gestures involved
in the production of the material analyzed, in our case rock art paintings (Aschero 1988; Fiore
2007; Sepulveda, 2009 and 2011)*.

Methodologically, microarchaeological analysis entails the preparation of samples in resin to
observe the stratigraphy of samples extracted from the field, which makes it invasive but not
destructive, as samples can be stored and analyzed again (Plesters, 1956; Tsang and
Cunningham, 1991; Wachiowak, 2004; Marte et al., 2011 and 2013; Sepulveda et al. 2015c;
Gheco et al., 2017). Once prepared according to the equipment’s requirements, these samples
can be analyzed through a combination of different techniques for the identification and
characterization of their components, which have well-established and developed procedures
in the study of rock art paintings abroad (Chalmin et al., 2003; Bonneau et al., 2012 and 2016,
for example). Surprisingly, in Argentina and Chile, very few studies have considered the
microstratigraphic analysis of their samples to at least differentiate the composition of the rock
surface, pigment layer(s) and superimposed patinas (Boschin et al., 2002 y 2011; Sepulveda,
2009, Sepulveda and Laval, 2010, Sepulveda et al., 2012, 2013a, 2013b, Tomasini, 2012a y
2016; Tascon et al., 2016; Gheco et al., 2017, 2019 and 2020). On the contrary, many studies
have used crushed samples for their analyses, so their results refer to the group of components
present in all the sample’s strata. Therefore, it is difficult to discern the components of the paint
used on rock surfaces and patinas, for example, leading to an incorrect interpretation of the
results.

The observation and characterization of the different layers present in a sample painting are
useful for specifying the components strictly related to the deterioration of a painting (Tomasini
et al., 2012a and 2016; Bonneau et al., 2017; Chalmin et al., 2017). Besides, it contributes
towards determining the relative sequence of art performance over a panel or in a site (Vignaud
et al., 2006; Chalmin et al., 2017; Gheco et al. 2019), establishing associations of strata with
the occupation stratigraphy of the archaeological context (Gheco et al., 2019), and identifying
layers with material for dating (Watcham and Hatte, 1996; Watchman et al., 2000; Bonneau et
al., 2017).

The limitation observed in most of the studies where stratigraphic analysis of samples has been
considered is that in general, they have only regarded the observation of layers and their
chemical composition. These studies omit in general the description and morphological
characterization of the layer contents, as well as the quantification, measurement, and
distribution of its components or grains present in each one (Marte et al. 2011 and 2013; to
illustrate our purpose see Chalmin et al., 2003; Vignaud et al., 2006; Sepulveda, 2016; Gheco

1 Other versions of these insights could involve symbolic or ritual topics related with nature.



et al. 2020, as they describe precisely what we want to sustain here). As a consequence,
chemical characterization of the different layers, the eventual quantification of their
composition, and the mixtures identified are interpreted as the result of different mixtures, or
different paint pots, in other words, the elemental and molecular differences correspond to
different recipes (Chalmin et al., 2003; Vignaud et al., 2006; Bonneau et al., 2016).

The stratigraphic reading of a sample, its chemical analysis and the observation of its
composition, in terms of the identification of different grains, their sizes, morphology, and
distribution, can determine technological aspects of the preparation of the painting, such as the
degree of grinding of the components and its relation to the color or tone obtained, the
intentional elaboration of certain mixtures, the thickness of the layers, and the variation of
colors or tones that are the product of the superposition of layers of different thickness, among
others (Marte et al., 2011; Sepulveda, 2016; Gheco et al. 2020). In conjunction with chemical
information at an elemental level, this can shed light on raw material sources (Chalmin et al.,
2017), as well as on possible alteration processes (Tascon et al., 2016; Tomasini et al., 2016;
Chalmin et al., 2017; Gheco et al., 2017 and 2019). Even more, these results enable the
comparison of rock art painting production with the colors observed in other material objects
or support painted, intending to contrast not only their presence, but also their processing,
production and consumption (Aschero, 1988; Fiore, 2007; Sepulveda, 2011 and 2016;
Sepulveda and Wright, 2018), and the intangible aspects related to these three stages. This is
how in two case studies in the Atacama Desert in Northern Chile, we used the same analysis
protocols applied on rock art paintings to other material objects painted.

4.1.- Two cases of microarchaeological approach to color study from the Atacama Desert

The first case led us to focus on archaic black paints (ca. 7000-3700 years BP) and allowed us
to compare contemporary rock art production above 3.0000 m.a.s.I associated to hunter-
gatherers from the highland, and funeral offering and paints used inside and on the coating of
Chinchorro mummies, a cultural tradition of hunter-gatherers and fishers from the coast of the
northernmost Chilean region (Sepulveda et al., 2013b, 2014b and 2015b, 2015c¢). In synthesis,
we identified the use of similar manganese minerals, such as pyrolusite, cryptomelane, and
manganite. We also compared these results to the characterization of a raw material source
located over 5000 m.a.s.l. in the region (Sepulveda et al., 2014b and 2015b). Even if we
identified the same mineral pigments, we also recognize differences indicating specific
technological choices (as indicated by Sillar and Tite, 2000). For example, through a
microarchaeological study of the coating of mummified bodies, we found the presence of
complex stratigraphy’s, providing evidence of the repainting of bodies (Sepulveda et al.,
2015c). We do not observe the same recipes nor repaint technique in highland rock art. Apart
from the color symbolism, we proved in Chinchorro mummies the existence of care and
revitalization practices in the funerary rite from this archaic coastal tradition. Also, we
discussed the supply and interaction mechanisms between archaic highland hunter-gatherers
and coastal hunter-fisher and gatherers populations, which provides evidence of the value of
black pigment in these societies and its importance for establishing social relations (Sepulveda
etal., 2013b and 2015b).

The second case study was related to characterize and understand the production and
consumption of blue and green paintings on the rock art of late prehispanic times in the
Antofagasta region (Sepulveda and Laval, 2010b; Sepulveda et al., 2013a and 2014a). The
preliminary observation through microscopy showed, in the rock art from Incahuasi Inca site,
located in the highlands, the superimposition of layers, as well as its composition in terms of



the type of grains, its distribution, and size. These results indicated that blue and green layers
were prepared differently to red layers, which were applied in thinner layers. Their elemental
characterization through SEM-EDX allowed identifying the morphology and size of grains, as
well as provide evidence for the first time of paintings using copper oxides, sulfates and
chlorides as a base (Sepulveda and Laval, 2010b). These components were then identified as
atacamite and bandylite through Raman spectroscopy, and results were contrasted with
findings on dust and green concretions from an important pre-Inca cemetery in the region
(Sepulveda et al., 2013a). Together, these analyses allowed, in synthesis, inserting copper-
based pigment production into a broader context related to the exploitation of these materials
for metallurgical and lapidary uses, which were significant technologies in the Atacama Desert
since before the start of our era until the 16™ Century. To go in-depth on these aspects and
evaluate the variability of colorant raw materials used, we broadened our study towards the
analysis of other painted surfaces in the neighboring Tarapaca region towards the north,
focused on another type of mineral (antlerite) (Sepulveda et al., 2014a). Through our results,
we discuss the implications of regional production in terms of chronology and its importance
in the creation of bonds between different entities in the late pre-Inca and Inca times (12"-16%
Century). Raw materials and the knowledge of production-related to pigment technology
obtained through copper minerals were greatly appreciated by the Inca at the time of their
expansion in the region, and later by the Spanish Colony (Tomasini et al., 2012b).

Both examples provided evidence on different base preparations for the same raw material
colorants. Moreover, they contributed to understanding the intangible knowledge related to the
provisioning and production of certain paint mixtures, but also with the value of certain
materials and know-how related to the production in two different moments of the pre-Hispanic
sequence in the Atacama Desert. Its value was such that in certain cases it allowed articulating
different social entities through the exchange of raw materials or paints among different
localities in this wide desert region. The black pigment was obtained from specific sources
present above 4.500 m.a.s.l. and demonstrate that two different traditions: hunter-gatherers
from the highland and hunter-gatherers and fishers from the coast developed different forms of
consumptions and necessarily had to establish certain relationship mechanisms for its
exchange. The blue and green pigment productions were greatly appreciated by the Inca in
their expansion to the North of Chile. Later, the circulation of copper pigments through
important trade routes from the 17" Century, shows that the knowledge associated with their
exploitation and the technology developed in the Atacama Desert was preserved to paint
religious cult objects of the Spanish Colonial period (Tomasini et al., 2012b).

Consequently, a microarchaeological study of these different practices enables the comparison
of different forms of consumption on rock art painting but also on other supports and contexts,
that functioned, without doubt, in an articulated way. Therefore, it is necessary to consider all
steps of pigment production and uses since its first stages of exploitation and the raw material
extraction to different forms of application and presence in different archaeological contexts.
Finally, in these distinct steps other types of knowledge were involved, add to the value and
significance of the colors, that can be understood from the study of its materiality.

5. An Archaeology of Color for rock art studies
The Archaeology of Art proposed in the last decades (Sanz et al., 2009; Jone and Cochrane,

2018), and the impact of the Third Revolution, and in specific with the effect of material
sciences in these visual practices, without any doubts has broadened our view, but also the



understanding of rock art studies, overcoming mere descriptive approaches (Bahn, 1994,
MacDonald and Veth, 2012). This commonly observed tendency in Europe, United States,
South Africa, and Australia, has equally influenced studies carried out in the Southern portion
of South America. However, in our continent, we recognize some limitations in the availability
of equipment, specialized laboratories, lack of funding, but also in academic training that allow
assessing rock art through recent analytical and archaeometrical approaches (see also Lopez et
al., 2012). One illustration of that last aspect refers to that many studies have used crushed
samples for their analyses and lost information about the history of the formation of images
painted on rock surfaces. Consequently, it is difficult to discern the components of the paint
used on rock surfaces and patinas, for example, leading to an incorrect interpretation of the
results. That’s why the excess in optimism and trust in the value of these techniques from hard
sciences for answering archaeological questions is for example played down by Sgrensen
(2017). This author reminds us that more important than accumulating quantitative data is to
set good research questions that can be further addressed from different points of view. In other
words, we must not forget to reflect upon the way archaeologists set their research questions
(see also Martinon-Torres and Killick 2015).

In this sense, it is necessary to highlight our research questions related in general, for example,
on human-environment, human-human, or human-object interactions, and then reflect upon the
relevance of a microarchaeological approach for their study. The characterization and the
accumulation of chemical results by themselves simply provide more data on a figure, a panel
a site, localities, and regions in rock art studies. However, what are the social implications of
these results? Based on the specific questions addressed, what techniques are the most adequate
ones? How do we interpret these results and a large amount of data obtained? What we are
dating? among others.

Given our perspective on an Archaeology of Art, we agree that this approach “must begin with
the analysis of materials, rather than an overarching reliance on written oral accounts” (Jones
and Cochrane, 2018: 19). Also following Jones and MacGregor’s (2002) proposal on an
Archaeology of Color, we consider this framework valid with the study of the materiality of
color, which has come closer to understanding immaterial practices, technological choices (see
Sillar and Tite, 2001) and values related to the use of colorants in the past. In the Atacama
desert, we worked with societies for which we do not have a clear testimony of color
significance in different social spheres and daily life, so it is difficult to precise how colors
were perceived by the ancient societies in the past, for example, but we can discuss how there
were valued since their materialization (Young, 2006). In terms of material culture, the
extraction, production, and consumption of color have been immersed in complex and varied
social relationships that involved different economic, social, political and ideological spheres
in human populations throughout history (cf. Gage, 1999). Therefore, color is embedded within
a complex net of relationships and contexts that, at the same time, assign value to pigment
(Young, 2006). So here, we do not only looked for what people did with their colorful materials
in their social practice dynamics (Young, 2002; for rock art considerations see Sanz et al. 2009),
nor to analyze color symbolism or its visual effects (Jones and MacGregor, 2002), we are rather
focused in understanding the color materialization from a microarchaeological methodological
perspective. The study of the materiality of paint involves, among other things, the
specification of the physical properties of its matter, i.e. composition and structure (Tite, 2001),
but also the study of all objects or instruments related to its preparation (grinding instruments,
brushes, pouches, containers, between others). Nonetheless, we believe that this
overconfidence cannot make us forget that, behind these results, we seek not only to understand
forms of human interaction with their surroundings, e.g. through the exploitation and ascription



of meaning to certain raw materials and landscapes (Sepulveda et al., 2019), but also to know
how immaterial knowledge and the value of color articulated interactions between humans,
individuals, and different social entities.

6.- Conclusion

Results resumed in this bibliographic review for Argentina and Chile the rock art research
developed in the last years demonstrate a growing interest to include physicochemical
characterization of pigments and other paint compounds. We demonstrate the necessity to think
about analytical protocols used with consideration to the particularity of rock art paintings. For
example, the microstratigraphy became unavoidable for their analysis, but most notably for the
interpretation of the results obtained (see also recently Gheco et al. 2020). Many questions will
remain difficult to answer if we continue to analyze rock art paintings based on ground samples.
Moreover, these considerations are fundamentals to study the paint production sequence that
brings relevant information about ancient technologies, immaterial knowledge related to
colorant materials, their provenance, the possibility to obtain direct dating and to discuss this
chronological information to improve our understanding of rock art practices. This approach
also contributes to understanding that the use of color is not limited to rock art but participate
in other material productions.

These interrogations, problems, and results resumed for Argentinean and Chilean rock art are
very similar to what has been observed and described in other parts of the world (Rowe, 2001;
Chalmin et al., 2003; Reiche and Chalmin, 2014; Bonneau et al., 2012; Huntley and Freeman,
2016; Chalmin and Huntley, 2017). Our bibliographic review demonstrates how in the southern
cone of South America, a region rarely integrates into other published synthesis, can contribute
to the debate issue of the physicochemical applied to rock art studies. Despite similitudes
observed with other countries, some results remain to be unique. For example, that’s the case
resumed in this work and related to copper minerals used as pigments exploited, crushed and
mixed to other compounds to obtain blue and green paints applied on rock surfaces. The
chromatic palette offers by pigment minerals available in the Atacama desert in northern Chile
is very unusual compared to the other regions from the country, Argentina and other parts of
the world. In the South American continent, we can find some similitudes in mural paintings
from the Central Andes in pre-Columbian Peru (Wright, 2010 and 2014; Sepulveda and Wright,
2018).

Since our experience, we understand that painting production not only concerns its application
onto rocky support, as it can be applied to other materials objects or supports. Pigments and
paints can also be stored and preserved for future applications or to be offered to deaths during
funerary practices (Sepulveda et al. 2019). The prevailing preservation conditions in the
Atacama Desert have, of course, contributed to our work, and the development of a
comparative approach to color in the past. Color allows us to study different dimensions of life
and daily practices in past societies (Jones and MacGregor, 2002; Boivin, 2004), being rock
art paintings one form of color consumption. Through a microarchaeological approach, we
propose to make visible the invisible, in terms of the immaterial knowledge involved in its
production and that enabled the articulation of different social entities, to attempt to reconcile
theory and method in archaeology (Jones 2004).

The Third Science Revolution have without doubt implied a movement of archaeological
practice with the obtention of a new type and precise information at a microscale analysis,



between other possibilities, about the objects studied. After the opportunities brought by
radiocarbon dating, for example, the use of physicochemical techniques offers opportunities to
explore the past, to review old interpretations, and to contribute to developing new theories
about material culture and the ancient human societies. In this opportunity, we advocate for an
Archaeology of Color with a synthetic perspective that includes not only an innovative
methodological approach but a broader view of color since our interest in its materiality.
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