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Abstract
A set of selected fragments of pre-Hispanic pottery sherds that were excavated from the Mesa de Los 
Santos region’s archaeological site (Colombia) were investigated by different analytical techniques 
and principal component and hierarchical cluster analyses. This study is very useful to understand 
more about the raw materials (and provenance) for ancient pottery production and their manu-
facturing technology. In addition to establish stratigraphic and anthropological relationships, 
the pottery sherds were analyzed to determine their mineralogical and chemical composition, as 
well as their structural characteristics using X-ray powder diffraction, wavelength dispersive X-ray 
fluorescence, scanning electron microscopy, and attenuated total reflectance Fourier transform in-
frared spectroscopy. The results indicated that the pre-Hispanic pottery sherds were manufactured 
using poor carbonates and iron oxide-bearing clays with no significant changes in the technology 
of manufacture, firing the pastes at the proper temperatures or selecting and processing the raw 
materials to fulfill their use. The manufacture of pre-Hispanic pottery was probably carried out 
using local raw materials, compatible with the regional geological context, and the archaeometric 
study reveals that the pre-Hispanic cultures who lived in this region hardly had access to trade of 
raw materials. 
Keywords: Pottery sherds, Los Teres, Guane, Pre-Guane, archeometry, Mesa de Los Santos region.

Resumen 
Un conjunto de fragmentos seleccionados de tiestos de cerámica pre-Hispánica que fueron excava-
dos del sitio arqueológico de la región de la Mesa de Los Santos (Colombia) fueron investigados por 
diferentes técnicas analíticas y componentes principales y análisis de conglomerados jerárquicos. 
Este estudio es muy útil para comprender más sobre las materias primas (y procedencia) para la 
producción de cerámica antigua y su tecnología de fabricación. Además de establecer relaciones 
estratigráficas y antropológicas, se analizaron los tiestos de cerámica para determinar su com-
posición mineralógica y química, así como sus características estructurales mediante difracción 
de rayos X de polvos, Fluorescencia de rayos X de dispersión por longitud de onda, microscopía 
electrónica de barrido y espectroscopía infrarroja con transformadas de Fourier - reflectancia 
total atenuada. Los resultados indicaron que los tiestos de cerámica pre-Hispánica se fabricaron 
utilizando arcillas pobres en carbonatos y óxidos de Fe sin cambios significativos en la tecnología 
de fabricación, cociendo las pastas a las temperaturas adecuadas o seleccionando y procesando las 
materias primas para cumplir con su uso. La fabricación de cerámica pre-Hispánica probablemen-
te se llevó a cabo utilizando materias primas locales, compatibles con el contexto geológico regio-
nal, y el estudio arqueométrico revela que las culturas pre-Hispánicas que vivían en esta región 
difícilmente tuvieron acceso al comercio de materias primas.
Palabras clave: Tiestos de cerámica, Los Teres, Guane, Pre-Guane, arqueometría, región de la Mesa de los Santos.

Resumo
Um conjunto de fragmentos selecionados de sherds cerâmicos pré-Hispânicos que foram escava-
dos no sítio arqueológico da região de Mesa de Los Santos (Colômbia) foi investigado por diferentes 
técnicas analíticas e componentes principais e análise hierárquica de agrupamentos. Este estudo 
é muito útil para entender mais sobre as matérias-primas (e proveniência) para a produção de 
cerâmica antiga e sua tecnologia de fabricação. Além de estabelecer relações estratigráficas e an-
tropológicas, os sherds cerâmicos foram analisados   para determinar sua composição mineralógica 
e química, bem como suas características estruturais por difração de raios X em pó, fluorescência 
de raios X por dispersão no comprimento de onda, microscopia eletrônica de varredura e espec-
troscopia no infravermelho por transformada de Fourier - refletância total atenuada. Os resulta-
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Introduction

Today, it is common to find discrepancies between inferences on socio-economic, 
cultural and historical activities, proposed by archaeologists based on their cera-
mic analytical results and data gathered adopting techniques in geoscience (e.g., 
Papachristodoulou et al., 2006; Belfiore et al., 2007; Barrios-Neira et al., 2009). 
Places of residence, as well as lithic and ceramic technologies, as human respon-
ses of the past, constitute a valuable source of information to study the lifestyle 
and socio-cultural activity of past societies and their relationship with the envi-
ronment. The study of ceramic artifacts allows us to make inferences about social 
activity and modus of life in the past. In this context, ceramic technology has 
been a reference in archaeological studies to compare different societies of the 
past and even consider relations of cultural and commercial exchange between 
continents (e.g., Kramar et al., 2012; Municchia et al., 2016). In the Americas, 
the earliest ceramics known have been dated to 9500-5000 years ago (Roosevelt, 
1996), which as archaeological products represent the greatest evidence of agro-
pottery societies of the past. Due to the abundance and durability of ceramics, it 
is one of the most common types of artifacts found by archaeologists during exca-
vations. The scientific work on archaeological ceramics based on the examination 
of the shape, style, color and decoration has generated valuable information on 
their typologies, forms and functionalities defined by archaeologists, supported 
by chronology and places of origin (Papachristodoulou et al., 2006). It reveals 
subsistence strategies drawn by communities of the past according to their ma-
terial and social needs and the matrix of resources found in their residential 
environment. Nowadays, various instrumental analytical techniques are routi-
nely applied to the study of ancient ceramics that allow investigating ever more 
deeply into the frequently unsolved problems of their origin, manufacture and 
lifecycle (Noll and Heimann, 2016). These techniques include “classic” analytical 

dos indicaram que os sherds cerâmicos pré-Hispânicos foram fabricados com argilas com baixo teor de 
carbonato e óxidos de Fe sem alterações significativas na tecnologia de fabricação, queimando as pastas 
nas temperaturas apropriadas ou selecionando e processando as matérias-primas para atender seu uso. 
A fabricação de cerâmica pré-Hispânica provavelmente foi realizada com matérias-primas locais, compa-
tíveis com o contexto geológico regional, e o estudo arqueométrico revela que as culturas pré-Hispânicas 
que viviam nessa região dificilmente tinham acesso ao comércio de matérias-primas.
Palavras-chave: Sherds cerámicos, Los Teres, Guane, Pre-Guane, arqueometría, região de Mesa de los Santos.
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tools, such as elemental chemical analysis and X-ray fluorescence spectroscopy 
to determine the chemical composition of ceramics, X-ray diffraction to obtain 
their phase composition (e.g., Velraj et al., 2015), scanning electron microscopy 
to obtain information on texture, microstructure and topography of ceramic bo-
dies and paint layers (e.g., Damjanović et al., 2014; Velraj et al., 2015), electron 
microprobe analysis for determining the chemistry of the constituent minerals 
(e.g., Bong et al., 2010; Ionescu et al., 2011), infrared and Raman spectroscopy 
for the detection of organic residues in archaeological materials (e.g., Goodall 
et al., 2007; Lucas et al., 2018), high-resolution X-ray microtomography to carry 
out the characterisation of the connectivity within the porous system and the 
analysis of the orientation of the pore structures (e.g., Kahl & Ramminger, 2012) 
and gas chromatography–mass spectroscopy for analying any substance contai-
ning volatile organic compounds (e.g., Regert, 2011). Archaeological analysis of 
pre-Hispanic ceramic technology and its socio-economic, cultural and historical 
scope, contrasted with data from geosciences, in addition to its documentation 
value allows qualifying archaeological inferences based on the understanding of 
the attributes of the raw materials used for the manufacture of ceramic artifacts 
(e.g., Kramar et al., 2012; Ravisankar et al., 2014) and the technology involved 
in the manufacturing process (e.g., Belfiore et al., 2010). This may reveal signi-
ficant information about the provenance of the raw materials with which the 
ceramic artifacts were manufactured (e.g., Sherriff et al., 2002). The presence 
or absence of certain mineral phases provides information regarding the firing 
conditions in terms of both temperature and atmosphere used during pottery 
production (Iordanidis et al., 2009). 

In the framework of the archaeological problems of northeastern Colombia, a 
first approximation is necessary on general aspects such as social evolution, 
population dynamics, social change, subsistence responses and strategies, and 
sources of supply of raw materials to manufacture ceramic utensils and stone 
tools. For this approach, previous studies (e.g., Giraldo-Jaramillo, 1941; Such-
Martin, 1945; Jiménez, 1945; Sutherland, 1972; Morales and Cadavid, 1984; Cifue-
tes, 1989; Lleras and Vargas, 1990; Gómez and Cuervo, 2012; Moreno-González, 
2012a, 2012b, 2013; Portilla-Mendoza et al., 2019) have been developed to study 
the housing sites, the presence and distribution of ceramic (clay pots) and lithic 
material, the stratigraphic context and the support of dates from C14, the classi-
fication and determination of the characteristics of the ceramic groups that make 
up the pottery systems of the archeological cultures pre-Guane (IV-XII centuries, 
A.D.) and Guane (XIII-XVI centuries, A.D.).
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Within the framework of these aspects, the main aim of this work focused on the 
study of ceramics and the determination of sources of supply of raw materials to 
manufacture ceramic products. The following specific objectives were conside-
red: (1) to evaluate the relationship between the composition of different pastes 
in ceramic sherds and estimate possible ranges of firing temperatures by paste 
type, and (2) to evaluate the hypothesis that the clay pots that make up the ce-
ramic system of “Los Teres” archaeological site, were made only using local raw 
clays. These objectives are associated to the following archaeological questions 
related to the processes of occupation of the territory (autochthonous or foreign 
populations), the different sources of supply and the socio-productive dynamics 
related to the production of ceramic objects: (1) were there two different socie-
ties or cultures in the Mesa de Los Santos region?; (2) were two different ceramic 
systems developed?; (3) was there a flow of ceramic exchange in the region of 
northeastern Colombia?; (4) was there just a use of local raw clays for the manu-
facture of ceramic objects?. To answer these concerns, a representative set of pre-
Hispanic ceramic fragments and the mineral and chemical composition of pot-
tery sherds produced by the potters of the pre-Hispanic “Los Teres” archaeological 
site in order to suggest the type of raw clay used for the manufacture of ceramic 
objects, and, therefore, their provenence.

In this work, the study ceramic production, the mineralogical composition of 
pastes and sources of raw material supply, contribute to knowledge of the archeo-
logy in the northeastern Colombia, related to settlement patterns, pottery pro-
duction, the possible exchange of ceramic products at the regional level, changes 
in pottery and social life in the past, all involved in the so-called problem of pre-
Hispanic cultures known as pre-Guane and Guane.

Geological setting

The archaeological site of “Los Teres” is located in the Mesa de Los Santos region, 
Colombia (Figure 1). In order to suggest the possible provenance of the raw ma-
terials used for the production, a brief description of the geological framework 
may be useful. In the regional geological context, the Mesa de Los Santos region 
is limited by the NW trending Bucaramanga Fault on the east that separates it 
from the Santander Massif and the NE- to NW-trending Suarez Fault that separa-
tes it from the Zapatoca region. The Mesa de Los Santos is characterized by a flat 
surface, which represents a relic structural surface of an old structural platform 
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of tabular morphology that was dissected by the Suarez, Chicamocha, Sogamoso, 
Río de Oro and Lebrija rivers.

The geology of this region has been extensively studied by different authors (e.g., 
Julivert, 1958; Ward et al., 1973; Diederix et al., 2009; Díaz et al., 2009; Caballe-
ro et al., 2010; Velandia, 2017) since the 1930s. The pioneer geologic study of the 
Mesa de Los Santos region was undertaken by Julivert (1958), in which a struc-
tural characterization and morphostructural evolution is carried out as well as 
its geological cartography. Later, INGEOMINAS (1985) publishes a special edition of 
the Cretaceous Project which contains a sedimentological and tectonic analysis 
of the Cretaceous units. Díaz & Suárez (1998) establish a relationship between 
the System of Fallas del Suárez and Bucaramanga, where a statistical analysis of 
diaclases taken in different geological formations is carried out. Recently, hy-
drogeological studies (e.g., Contreras, 2008; Díaz et al., 2009) have been carried 
out in this region, emphasizing the analysis of the fracturing of outcropping 
geological units and their hydrogeological potential. In the Mesa de Los Santos 
region, metamorphic rocks of low to medium degree of the Silgará Formation of 
Paleozoic age and intrusive igneous rocks of the Pescadero Granite of Jurassic age, 
which are discordantly overlaid by continental sedimentary rocks of the Jordán 
and Girón formations of Jurassic age, which in turn are discordantly overlaid by 
sedimentary rocks of the Los Santos, Rosablanca, Paja and Tablazo formations of 
Cretaceous age and unconsolidated Quaternary deposits. In the archaeological 
site, black and micaceous clayey to silty shales, slightly calcareous and thinly 
laminated, with thin gypsum lamellae and fossiliferous and occasionally pyritic 
concretions of the Cretaceous Paja Formation occur. 



Archaeometry study of the mineral and chemical composition of  
pre-Hispanic pottery from “Los Teres”, Mesa de Los Santos (Colombia)

KARINA PORTILLA-MENDOZA, DIEGO PINZÓN-NÚÑEZ, LEONARDO MORENO-GONZÁLEZ,  
RICARDO MIER-UMAÑA, CARLOS RÍOS-REYES, JOSE HENAO-MARTÍNEZ

13
  REVISTA DIGITAL DE HISTORIA Y ARQUEOLOGÍA DESDE EL CARIBE COLOMBIANO

Año 16, n.º 42, septiembre - diciembre de 2020, pp. 7-43, Barranquilla (Colombia), ISSN 1794-8886

Source: Authors.

Figure 1. Left, geographical location of the study area in the context of Colombia; 
upper right map from Google Earth (2020). Right, generalized geological 
map of the Mesa de Los Santos región showing the location of “Los Teres” 

archaeological site (adapted and modified from Royero & Vargas, 1999)

Archaeological context

The Guane culture represents aboriginal societies that inhabited the region of the 
Mesa de Los Santos around the pre-Hispanic period in the XIII century, A.D. The 
Guanes are considered to have been chiefdoms, with characteristic architectures 
anchored on two fundamental pillars (Moreno-González, 2012a, 2012b, 2013). The 
excavation site, where Morales & Cadavid (1984) discovered pre-Hispanic houses, 
is located in “Los Teres” village between northern latitude 06°45’18.8’’ and eastern 
longitude 73°07’16.7’’, Mesa de Los Santos region, Colombia (Figure 1). The grea-
test usefulness of the ceramic typological classification is its instrumentation as 
an archaeological trait indicating cultural affiliation and social activity, spatial-
territorial relations and as a material element to compare archaeological eviden-
ce, at different times of occupation in the past depending on their technical and 
formal features. In the classifications of archaeological products, it is important 
to highlight that the concept of “pottery sherd”, which refers in this study to 
baked and processed clay with degreasing materials that were added to improve 
the resistance in crude and shrinkage of the pasta and withstand temperature 
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changes during cooking. Degreasers that were likely used in the manufacture of 
the investigated pots include claystones, sandstones, granite rocks, baked clay 
pot dust, organic debris, crushed bones, etc. Portilla-Mendoza et al. (2019) tried 
to assess the bath or slip and mineralogical matrix of the paste and the intentio-
nal application of the degreaser, to determine the ceramic systems of “Los Teres” 
archaeological site, formed by groups (defined by the color of the surface on its 
external face) and units (determined by the color of the internal face). As will be 
discussed later, the present study reveals that the analyzed posts show a homoge-
neous mineralogical composition, despite the variation of its chemical composi-
tion. However, factors such as shape, size or decoration evaluated to affirm that 
ceramics did not show significant variations are the object of research by ar-
chaeologists and, therefore, this is beyond the scope of this study. Archaeologists 
are the ones who have determined two different cultures that coexisted during 
the pre-Guane - Guane transition period (from 12th to 13th centuries, A.D.) based 
on the factors noted above. 

The pre-Hispanic pottery of interest in this study correspond to different pottery 
groups defined by archaeologists and, according to the archaeological chrono-
logy (Table 1), they belong to the pre-Guane (IV-XII centuries, A.D.) and Guane 
(XIII-XVI centuries, A.D.). The chronological typology proposed by Lleras & Vargas 
(1990) allows the same ceramic types to be involved in different activities of social 
life (depending on the context, whether housing or tombs etc.). It is supported by 
stratigraphy, leading them to infer that in the dynamics of settlement at the re-
gional level, there are important cultural aspects, related to a context of pre-Gua-
ne-Guane historical continuity, with their respective social changes over time. 

The archaeological context allows to explain human occupations, historical and 
social change relations between groups and territories and deal with social and 
cultural aspects or ways of life in space and time. The archeological excavation 
was performed between 2011 and 2012, and numerous pottery sherds with varied 
size and style were recovered in a trench (excavation cut II) of 12x10 m2, which 
was divided into 30 grids of 2x2 m2, identified with an alphanumeric code (from 
A to F in the southeast direction, and from 1 to 5 in the southwest direction), 
following a coordinate plane adjusted to the geographical north (Figures 2a-2b), 
and depth of 1.3 m from the surface at the site location. The excavation was deve-
loped in several levels (Figure 2c): level 1 of 0-20 cm (relatively larger due to the ac-
tion of tractors), and from level 2 of 20-30 cm to level 11 of 120-130 cm, descending 
every 10 cm. Each level is indicated on the ceramic artifacts with a number at the 
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end and the grid in which they were recovered is related to the letter accompa-
nied by the number. 

 ■ Table 1. Summary of types of ancient pottery and archaeological 
chronology for “Los Teres” archaeological site

Type of ancient pottery 
formulated by Sutherland 

(1972) amd Morales and 
Cadavid (1984) and integrated 

by Lleras and Vargas (1990)

Period or archaeological 
culture determined by Lleras 
and Vargas (1990) and Moreno 
(2012b); timeline formulated 
by Lleras and Vargas (1990)

Chronology formulated by 
Lleras and Vargas (1990)

Ceramic system and chronology 
formulated by Moreno (2012b)

Los Santos gross carmelito Early Guane From 4th to 8th 
centuries, A.D.

Pre-Guane ceramic system from 
4th to 12 th centuries, A.D.

Los Santos micaceous red Early Guane From 4th to 8th 
centuries, A.D.

Pre-Guane ceramic system from 
4th to 12 th centuries, A.D.

Los Santos fine micaceous Early Guane From 4th to 8th 
centuries, A.D.

Pre-Guane ceramic system from 
4th to 12 th centuries, A.D.

Villanueva ocre on cream-black Early Guane From 4th to 8th 
centuries, A.D.

Pre-Guane ceramic system from 
4th to 12 th centuries, A.D.

Oiba red on red-orange Late Guane From 10th century, A.D., 
up to spanish conquest

Transition Pre-Guane/Guane 
ceramic system, from 12th to 

12th centuries, A.D.

Chicamocha incised-printed Late Guane From 10th century, A.D., 
up to spanish conquest

Guane ceramic system, from 
13th to 16th centuries, A.D.

 Source: Authors.

The soil profile observed in the excavation cutting II shows a first horizon of gra-
yish to yellowish brown color, a second horizon of whitish gray ash and a third 
horizon of reddish brown color with iron oxidation traces reaching a depth of 105 
cm, which however can change towards the south-east side of the excavation due 
to the occurrence of outcrops of the parental rock. The ancient pottery artifacts 
(Figure 2d) recovered were treated conventionally for removing the dirt and stain 
and categorized. Fourtheen samples were selected at random as representative 
samples for the present study. Archeologists classified the recovered samples as 
ancient pottery artifacts manufactured by the pre-Guane and Guane culture. “Los 
Teres” is a significant area in archaeological terms which has been studied exten-
sively due to the numerous evidences of settlement sites and the numerous ma-
nifestations of funerary architecture. 

Moreno-González (2012b) describe and discuss in detail the ceramic typologies. 
In general, the ceramic pieces did not show significant variations with respect to 
the level of depth in which they were found, which suggests, together with other 
evidences, that these societies did not make significant changes in the manufac-
turing technology of the ceramic artifacts over the centuries. 



Archaeometry study of the mineral and chemical composition of  
pre-Hispanic pottery from “Los Teres”, Mesa de Los Santos (Colombia)

KARINA PORTILLA-MENDOZA, DIEGO PINZÓN-NÚÑEZ, LEONARDO MORENO-GONZÁLEZ,  
RICARDO MIER-UMAÑA, CARLOS RÍOS-REYES, JOSE HENAO-MARTÍNEZ

16
  REVISTA DIGITAL DE HISTORIA Y ARQUEOLOGÍA DESDE EL CARIBE COLOMBIANO

Año 16, n.º 42, septiembre - diciembre de 2020, pp. 7-43, Barranquilla (Colombia), ISSN 1794-8886

Source: Authors.

Figure 2. (a) Excavation cutting II, level of hood. (b) Development of the excavation 
cutting II, showing the footprints of the posts expressed in the pedestals standing 

out. (c) Soil horizons. (d) Ancient pre-Hispanic pottery artifacts.

Materials and methods

Description of the pottery fragments

A total of 14 pottery fragments were selected from the excavation site for this study, 
taking into account that sampling represented the diversity observed macroscopi-
cally among pottery fabric, surface and decoration and is proportional to the num-
ber of pottery sherds identified in each category of the ceramic system of classifica-
tion proposed by Moreno-Gonzalez (2012, following Morales & Cadavid (1984)). 

The pre-Hispanic pottery fragments from “Los Teres” archaeological site were 
classified in groups encompassing the two ceramic systems determined, one of 
the pre-Guane system whose socio-cultural activity was present from the IV to 
XII centuries, A.D. and the Guane ceramic system, whose evidence materializes 
from the XIII to XVI centuries, A.D. (e.g., Moreno-González, 2012a, 2013). The 
most outstanding features of the pottery in both systems, are marked by the 
forms and especially the presence of vessels: globular, subglobular, composite 
silhouette and bowls pots with ring bases, decorated with incised techniques, 
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appliques as small circular protuberances and pressed triangular (pre-Guane) and 
large pots with simple and double handles, jugs and bowls, highlighting the 
decoration painted with zonal stripes, horizontal and vertical bands on the neck 
and, sometimes, a line painted near the lip (Guane) as shown in Table 2.

 ■ Table 2. Fabric type of the pottery sherds groups of “Los Teres” ceramic system

Group Description

Red

Hard and thin paste; both surfaces polished and slipped abundant muscovite mainly 
on the surface, antiplastic of quartz and feldspar, compact anda coarse sandy texture, 
slight gray colour in the core of few pottery sherds; wide range of forms mainly domestic 
globular and sub-globular vessels, bowls; pots with handles; pots-bowls with bases and 
some ritual cups; pre-Guane and Guane style decoration with abundant incisions and 
follows in a smaller proportion punctuated, pressed and molded; oxidation is complete 
in thin walled sherds, some tick walled sherds have grey core.

Gray Hard and thin paste; both surfaces polished and slipped abundant muscovite; medium 
and thin wall thickness; coarse sand is prominent.

Black
Polished surfaces; abundant muscovite mainly in the surface; smooth; thin and medium 
walls thickness; fine texture; antiplastic of quartz and feldspar; escarce muscovite on the 
surface; wide range of domestic forms; pre-Guane-Guane style decoration.

Brown and 
coffee cream

Polishes and slipped surfaces; scarce muscovite; thin wall thickness; slightly bright; 
coarse sand is prominent and crushed rock present; wide range of domestic forms; pre-
Guane-Guane style decoration.

Reddish 
brown

Hard and thins paste; polished surfaces; scarce muscovite; coarse sand is prominent and 
crushed rock present; medium sandy texture; darker core in some pottery sherds; wide 
range of domestic forms; pre-Guane-Guane style decoration.

 Source: Authors.

Mineral and chemical characterization

Archaeological pottery sherds were characterized by the scientific techniques 
described below. Bulk mineralogical composition was determined via X-ray pow-
der diffraction (XRPD) using a BRUKER D8 ADVANCE X-ray diffractometer equipped 
with operating in Da Vinci geometry and equipped with an X-ray tube (Cu-Kα1 
radiation: λ = 1.5406 Å). Microtexture and chemical composition of pottery 
sherds were examined using scanning electron microscopy (SEM) by using back-
scattered electron (BSE) imaging and EDS analysis on a FEI QUANTA 650 FEG-ESEM. 
Broken fresh surfaces in cross sections of sample chips were used, taking into 
account that polished surfaces may exhibit pore morphology, although they lose 
a large amount of texture and structure because these surfaces mask the nature 
of the pores. Sample chips were carbon coated using a Quorum Q150R ES - Rotary 
Pumped Coater to enable or improve the imaging of samples.  Structural charac-
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terization from the functional groups were conducted by attenuated total reflec-
tance Fourier transform infrared (FTIR-ATR) spectroscopy, using a computer model 
THERMO SCIENTIFIC IS50, with diamond crystal in the spectral range 400-4000 cm-1. 
Elemental characterization of the pottery samples was performed by wavelength 
dispersive X-ray fluorescence (WDXRF), using a 4 KW mark BRUKER model S8 TIGER 
equipped with a Rhodium (Rh) tube, a flow detector and another Interchangeable 
scintillation, collimators and analyzer crystals used to avoid overlaps between 
various lines and increase the sensitivity of the instrument. The selected speci-
men from the sample was ground in an agate mortar and subsequently sieved to 
a particle size of less than 38 mµ. Then, the sample powder (10.0 g), with bind-
ing agent (1.0 g of binder - Licowax PE190), was compressed in order to get a solid 
tablet of powder (pellet) with a Herzog HTP hydraulic press with 280 kN pressure 
for 20 s into aluminum cups. Subsequently, the pellet was calcined to 950º C for 
5 h with a heating rate of 200 ºC/h for the determination of losses due to ignition 
(L.O.I). The calcined sample was ground again and then added in a sample holder 
(34 mm diameter plastic cup) for its respective measurement. The spectra and 
concentrations obtained were analyzed using the QUANT-EXPRESS software and the 
Fundamental Parameters method whose detection limits per element reach con-
centrations of mg / Kg in mineral samples. To identify distinct grouping of inves-
tigated pottery samples, hierarchical cluster analysis was applied using Ward›s 
method and squared Euclidean distance. The basic statistical parameters for each 
element and the calculations mentioned above were computed using the statisti-
cal software programme Statistica VI. 

Results 

Stereomicroscopy

Figure 3 illustrates the pottery fragments of the pre-Hispanic “Los Teres” archaeo-
logical site, which were selected for this study based on the principle of repre-
sentativeness in which an attempt was made to cover the diversity of colors and 
pottery fabrics observed in the entire ceramic system proposed for “Los Teres”. 
Portilla-Mendoza et al. (2019) carried out a preliminary visual inspection of the 
pottery surfaces through stereomicroscopy to distinguish the residues from the 
pottery material and optimize the sampling of the as-received pottery sherds. The 
observation of pottery sherds under the stereomicroscope, allowed identifying 5 
main ceramic groups: red, gray, black, brown and reddish brown groups (Table 
2). The classification of these ceramic groups was based on visual characteristics, 
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including the external and internal color, surface treatment (presence or absen-
ce of engobe), polishing, mineral content, size and density in the paste and the 
occurrence of a high amount of visible muscovite in the pottery sherd. 

Source: Authors.

Figure 3. Representative fragments of pottery sherds belonging to the red, gray, black, 
brown and reddish brown groups from the pre-Hispanic “Los Teres” archaeological site

X-ray powder diffraction

Mineral phases identified in the analyzed ceramic groups are albite, quartz, mi-
crocline, orthoclase, sanidine and plagioclase, clay minerals, micas, carbonate 
minerals, and iron oxides (Table 3). It is striking the presence of muscovite in all 
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ceramic groups, which were cataloged by archaeologists as without mica. Traces 
of hematite can cause a vivid orange colour of the pottery sherds, which implies 
an oxidizing firing atmosphere, whereas samples do not contain hematite su-
ggest a low firing temperature (Kramar et al., 2012). The presence of magnetite 
revels that it was formed under reducing conditions (Sciau, 2016). Data reveals 
that (1) the crystalline phases range from 56.40 to 69.70% and the amorphous 
phases range from 30.30 to 43.60% and (2) the scarce occurrence of clay minerals 
(kaolinite) in the analyzed pottery sherds.

The mineralogy also did not show a clear relationship with the colors expressed 
by the potter system; in this regard it should be noted that the presence or abs-
ence of muscovite, before taken together with the colors present on the external 
surface of the ceramic as the only indicators in the system of classification of an-
cient ceramics proposed for “Los Teres” archaeological site should not be taken as 
an indicator, since the difference lies in the contents of muscovite in the analy-
zed pottery sherds.

 ■ Table 3. Results of quantitative analysis by XRPD, showing the percentage of 
pottery´s crystalline and amorphous phases. NC represents that the crystalline 

phase was identified; however, due to its low percentage it is not possible to 
do its quantification. Mineral abbreviations are after Whitney & Evans (2010)

Subgroup Unit/serial Qtz Ab Mic Or Sa Ms Bt Kln Mnt Tlc Chl Hbl Cal Dol Mag Hem Gth Rt Ant Bra Fog Gh Cha Lct Crystalline 
phases

Amorphous 
phases

Orange A2-1 (1) 33.90 8.10 NC NC 26.90 - - - NC NC * - - 68.90 31.10
Intense F2-2 (9) 21.10 9.60 * 8.80 16.90 - - - NC - * - - 56.40 43.60
Matte A3-4 (17) * * * * *

Orange without mica D2-11 (25) 27.50 10.40 8.90 2.80 5.00 2.30 - 3.50 - - * * - 0.50 60.90 39.10
Intense without mica B2-2 (33) * * * * * *

Dark gray D4-4 (49) 26.20 14.10 4.60 6.00 * 10.30 - - - - - -  - - * 61.20 38.80
Dark gray without mica B5-6 (57) 26.40 25.10 6.20 - 5.10 - * - 3.80 - - * - 3.10 69.70 30.30

Light gray F3-3 (65) * * * * *
Light gray without mica E5-4 (73) * * * * *

Black B4-6 (81) * * * * * *  - 
Black without mica A2-4 (89) * * * * *

Brown C3-3 (97) * * * * * *
Brown without mica A4-4 (105) 18.00 - - 6.10 - - - 41.20 - 0.20 - 65.50 34.50

Redish brown D2-6 (113) 18.60 3.90 4.50 25.50 * - * 4.80 - - * - * -  - - 57.30 42.70
Qtz, quartz; Ab, albite; Mic, microcline; Or, orthoclase; Sa, sanidine; Ms, muscovite; Bt,biotite; Kln, kaolinite; Mnt, montmorillonite; Tlc, talc; Chl, chlorite; Hbl, hornblende; Cal, calcite;  Dol, 
dolomite; Mag, magnetite; Hem, hematite; Gth, goethite; Rt,rutile; Ant, anatase; Bra, braunite; Fog, fogasite; Gh, gehlenite; Cha, chabazite, Lct, leucite. 

*Mineral phases detected by qualitative XRPD analysis.
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Source: Authors.

Figure 6. XRPD patterns of the analyzed pottery sherds belonging to the red, gray, black, 
brown and reddish brown groups from the pre-Hispanic “Los Teres” archaeological site 

obtained by quantitative analyses. Mineral abbreviations are after Whitney & Evans 
(2010). Qtz, quartz; Ms, muscovite; Ab, albite; Mic, microcline; Or, orthoclase; Cal, 
calcite; Cal, calcite; Chl, chlorite; Mag, magnetite; Hem, hematite; Gh, gehlenite

Figure 6 illustrates the XRPD patterns of the anslyzed pottery fragments. Scarce 
clay minerals were detected by X-rays, which may be an indication of their low de-
gree of crystallization and discard the hypothesis of neoformation from the amor-
phous phases. Albite can occur in its low, intermediate and high forms (Smith & 
Brown, 1988). The presence of albite in ancient pottery sherds indicates that the 
raw material used in the manufacture of the ceramic artifact were fired at approxi-
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mately 900°C (Javanshah, 2018). However, albite, like quartz and feldspars (ortho-
clase and microcline), can be present at all temperatures because they are resistant 
even at highest temperatures. Therefore, they cannot be considered for the estima-
tion of the firing temperature (Bonzon, 2005). So, we consider that these mineral 
phases proceed from the raw clayed paste with which the ceramic pottery was ma-
nufactured, which reveals their stability under firing temperatures. On the other 
hand, they can also react to firing conditions, with the formation of polymorphs of 
high temperature. Although the qualitative XRPD analyses reveal the presence of 
carbonate minerals in samples of the red, black, brown and reddish brown groups 
and their absence in samples of the gray group, the contribution of carbonate mi-
nerals by the raw material was important because they can react with clay mine-
rals giving place to the crystallization of calcium-silicates and alumina-silicates 
of high temperature. On the other hand, there is an evident transformation of 
the raw clayey paste with which the ceramic artifacts were manufactured, which 
is accompanied by the dehydration and dehydroxylation of clay minerals such as 
kaolinite and the formation of non-crystalline amorphous phases. Similarly, after 
cooking of raw clayed paste for the manufacture of ceramic artifacts, some clay 
minerals (kaolinite) can be rehydroxylized and reconstructed. 

SEM/EDS analysis

SEM analyses (Figure 6) of the pottery fragments provided information about their 
microstructure and mineral morphology developed during the firing of the raw 
materials used in their manufacture by the pre-Hispanic societies. This is very 
useful in estimating the firing temperature of the analyzed pottery sherds based on 
the characterization of their morphology and degree of vitrification as suggested by 
Tite et al. (1982). The degree of particle interconnection is important because it su-
ggests an increase in the firing temperature. Based on the fusion textures observed 
in SEM images, the following degrees of vitrification according to the temperature 
reached can be defined: (1) no vitrification; (2) initial vitrification; (3) vitrification; 
(4) total vitrification (Maniatis & Tite, 1978, 1981). The analyzed pottery sherds can 
be grouped based on their degree of vitrification as follows. No vitrification was 
mainly evidenced as a mortar texture. There are pottery sherds that show some 
light buckles and occasional rounded edges of the small clay plates, which suggest 
that although the pottery artifact did not reach a state of vitrification, some mi-
nerals reacted at the firing temperature. The vitrification is observed in most of 
the analyzed pottery sherds as vitrified filaments mostly connected to each other 
forming networks with the same orientation despite the amount of inclusions 
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of amorphous matter, clay minerals and scarce pores. The total vitrification was 
evident in some pottery fragments, especially observed with the texture “bubbly”, 
with pores of 5-10 µm of size, which is attributed to partial fusion in high tempera-
tures (850 °C), particularly in non-carbonated ceramics (Maniatis & Tite, 1981). Ac-
cording to Maniatis & Tite (1978), although a degree of total vitrification can also be 
found under oxidizing atmospheres at a higher temperature: This texture suggests 
a reducing atmosphere and is associated with the release of gas after vitrification 
has begun. Taking into account that pores are isolated, they indicate that the total 
vitrification did not reach its final state. 

The non-vitrification stage is illustrated in the SE images of Figs. 5a (A2-4 (89)) 
and 5b (C3-3 (97)), in which a mortar texture and a poor calibration of the material 
are evident; there is no marked structural anisotropy and the flakes of clay and 
amorphous matter are randomly oriented. The initial vitrification stage is shown 
in SE images of Figs. 5c (D2-6 (113)) and 5d (A2-1 (1)), showing an incipient degree 
of vitrification, slight structural anisotropy and locally a vitreous phase is presen-
ted. The vitrification stage is shown in SE images of Figs. 5e (A3-4 (17)) and 5f (F3-3 
(65)) in which vitrification and marked structural anisotropy are observed, as 
well as a vitreous phase that develops a networked texture, with a large number 
of oriented pores; locally oriented clay plates are also observed. The total vitrifi-
cation is shown in SE images of Figs. 5g (D4-4 (49)) and 5h (D2-11 (25)), in which 
bubbly texture and isolated pores are present.

Source: Authors.

Figure 5. SE images of the representative fragments of pottery sherds 
from the pre-Hispanic “Los Teres” archaeological site
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The EDS analyses (Figure 6) of representative mineral phases identified in the 
ancient pottery sherds, which show the presence of moderate amounts of Si, 
Al, Mg, Na, K, Fe, low amounts of Ca, Ti, Mg, Mn and very high amounts of C. 
The last of them can be in its amorphous form or reflects the contribution of the 
carbon coating. It is also an indicator that the clayed material with which the 
ceramic artifacts were manufactured contained a large amount of organic mat-
ter. Quartz (SiO2) and plagioclase (except in sample B4-6 (81)) occur in all analyzed 
pottery sherds. Muscovite occurs in all analyzed pottery sherds, except in sample 
A3-4 (17), whereas biotite was observed only in sample D2-6 (113). Chlorite, which 
is recongnized as a secondary mineral pahse was observed particularly in sample 
D2-6 (113). Hornblende is the main amphibole recognized in particular in samples 
D2-11 (25) and B5-6 (57).  Calcite occurs in high amount in sample A4-4 (105) and 
is characterized by its intensity peak of Ca. Ilmenite was not detected by XRPD; 
however, in samples D2-11 (25), B5-6 (57) and D2-6 (113), it is characterized by its 
high intensity peaks of Ti and Fe. Hematite occurs in samples D2-11 (25), B5-6 (57) 
and D2-6 (113), being characterized by its high intensity peak of Fe. Rutile was 
observed in simple A2-4 (89) and is characterized by its high intensity peak of Ti. 
Mineral phases as apatite and zircón were observed in sample C3-3 (97), beaing 
recognized easily by their strong intensity peaks of Ca and P, and Zr, respectively. 
Barite, a sulphate, was observed in sample D2-11 (25), being recognized by its 
strong Intensity peaks of S and Ba. Monazite is a REE phosphate, which occurs in 
samples B2-2 (33), B4-6 (81) and C3-3 (97). Attention is also drawn to the presence 
of small concentrations of Ba, Zn, Cu, Pr, Sm, La, Ce, Nd, Gd, reflecting mineral 
phases with significant contents in Rare Earth Elements (REEs). Ravisankar et 
al. (2014) describe pottery sherds with moderate concentrations of REEs. Pyrolu-
site was observed in sample C3-3 (97), which is characterized by a strong peak of 
Mn and a middle intensity peak of Ba. Therefore, it would probably correspond to 
Hollandite or Romanechite.
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Source: Authors.

Figure 6. EDS spectra of representative mineral phases of the pottery 
sherds from the pre-Hispanic “Los Teres” archaeological site
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Attenuated total reflectance Fourier transform infrared spectroscopy 

Figure 7 illustrates the FTIR-ATR spectra of the analized pottery sherds. There 
is not a great variation on mineralogy, which reveal that the analyzed pottery 
shreds can represent products manufactured from raw materials from a similar 
origin. The absorption bands at around 3420-3431 cm-1 indicates the OH stretch-
ing of absorption of absorbed water in all the samples. The absorption bands at 
around 3420-3436 cm-1 (stretching vibration of –OH) can be attributed to quartz or 
calcite. The weak absorption band at 1636-1649 cm-1 indicates OH bending modes 
of water or hydroxyls in the analyzed samples (Wokaun, 1996). The peak at 1636 
cm−1 corresponds to the bending vibration of –OH from Si–OH silanol groups in 
quartz. The absorption bands at 1636-1649 cm-1 is attributed to the H-O-H bending 
of water molecule existing in muscovite-rich samples as suggested by Palanivel 
& Velraj (2007). The main CO3 band of the calcite in the pottery is located in the 
range 1420–1450 cm-1. The characteristic peaks ranging from 900 to 1200 cm−1 are 
attributed to the symmetrical stretching of Si–O bonds (e.g., Zhou et al., 2008) in 
quartz, albite and muscovite. The main Si-O band of the fired-clay appears strong 
and broad at approximately 1030-1090 cm-1. The absorption bands at 793-797 and 
775-780 cm-1 are attributed to the bending vibrations of Si-O bonds (e.g., Zhou et 
al., 2008) and deformation of Si-O bonds respectively in quartz. The absorption 
band around 569 can be attributed to magnetite (Velraj et al., 2009). However, 
hematite, which is characterized by absorption bands at around 530-531 cm-1 can 
also occur. The absorption bands at around 464-469 cm-1 are assigned to the pres-
ence of quartz, albite and microcline. The Si-O bending mode of quartz appears at 
465-470 cm-1, but it overlapped the combined SiO, AlO bending mode of meta-clay 
and silicates in the spectra of the pottery sherds.
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Source: Authors.

Figure 7. FTIR-ATR spectra of the analyzed pottery sherds belonging to the red, gray, black, 
brown and reddish brown groups from the pre-Hispanic “Los Teres” archaeological site
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Chemical analysis

The mineralogical and chemical composition of the pottery sherds will reflect 
that of the raw material, as well as the manufacture process, the use of the ce-
ramic artifact, the burial stage and the post-excavation treatment, therefore, 
chemical analysis is extremely useful in the study of ancient pottery (Maggetti, 
2001). Major oxides analyses of the pottery sherds, along with their means and 
standard deviations, are given in Table 4. However, by comparing the data ob-
tained in the analyzed pottery sherds with and without sample treatment and 
calcination, the major chemical composition   vary, although remaining within a 
similar range, except for CaO that tends to decrease. 

 ■ Table 4. Major chemical composition of pottery samples (in %), including 
means, standard deviations, minimum and maximum values

Sample No. SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Total (%)
A2-1 (1) 52.30 25.31 8.15 1.96 3.01 0.83 6.55 1.19 0.11 0.16 77.61
F2-2 (9) 54.82 22.90 8.89 3.06 1.93 1.21 5.49 1.04 0.18 0.13 77.72

A3-4 (17) 52.81 22.84 8.04 2.79 5.31 1.05 5.31 1.01 0.25 0.13 75.65
D2-11 (25) 61.95 19.80 8.81 1.19 1.50 0.96 3.59 1.51 0.32 0.05 81.75
B2-2 (33) 61.49 20.02 8.48 1.72 2.32 1.26 3.26 0.85 0.09 0.11 81.51
D4-4 (49) 58.75 21.94 7.10 2.39 1.40 1.75 5.13 0.83 0.22 0.11 80.69
B5-6 (57) 58.93 19.85 8.33 2.74 3.71 1.82 2.98 0.87 0.29 0.12 78.78
F3-3 (65) 51.14 26.30 7.71 2.61 1.67 1.02 7.72 0.97 0.31 0.08 77.44
E5-4 (73) 63.03 19.04 6.60 1.96 2.81 1.43 3.85 0.70 0.23 0.07 82.07
B4-6 (81) 50.46 21.20 8.36 4.00 4.69 1.41 7.60 0.73 0.65 0.20 71.66
A2-4 (89) 60.51 16.81 9.29 0.67 5.92 0.25 4.53 0.86 0.29 0.00 77.32
C3-3 (97) 51.59 21.23 7.64 3.69 6.29 0.76 7.08 0.75 0.40 0.10 72.82
A4-4 (105) 27.18 5.58 4.11 0.40 34.19 0.05 1.27 0.58 0.12 0.00 73.48
D2-6 (113) 52.06 21.84 8.92 2.78 3.30 0.81 7.28 1.19 1.29 0.09 73.90

Min 27.18 5.58 4.11 0.40 1.40 0.05 1.27 0.58 0.09 0.00
Max 63.03 26.30 9.29 4.00 34.19 1.82 7.72 1.51 1.29 0.20
Mean 56.14 21.47 8.18 2.43 3.37 1.12 5.41 0.96 0.36 0.10
SD 8.64 4.72 1.27 1.01 8.09 0.48 1.91 0.23 0.30 0.05

 Source: Authors.

Maniatis & Tite (1978) propose a scheme of classification of ceramics from carbo-
nated or non-carbonated clays, with ceramics from carbonated clays containing 
more than 5% CaO. The internal and external part of the pottery sherds were 
analyzed, comparing results with and without sample treatment and calcina-
tion, taking into account that the first one tends to be more precise in the deter-
mination of CaO, with lowest values, which seems to indicate that the pottery 
sherds that move away at least 1 from 5 may contain slightly lower CaO concen-
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tration than that obtained without sample treatment and calcination, which is 
true only for pottery sherds of the group brown from carbonated clays. XRF data 
were processed in spider diagrams (Figure 8) with concentrations normalized 
against post-Archean Australian shale (PAAS) (Taylor & McLennan, 1985) and 
upper continental crust (UCC) (Wedepohl, 1995). Figure 8a shows the concentra-
tions of the major elements normalized against PAAS (Taylor & McLenaan, 1985), 
similar Na concentration which is due to the fact that the raw material used for 
the manufacture of pottery sherds consisted mainly of clays. The enrichment in 
Fe compared to the PAAS is a little lower, indicating that the clay material was 
slightly enriched in Fe. Figure 8b shows the concentrations of the major elements 
normalized against UCC (Wedepohl, 1995), with Fe enrichment, which may be 
due to the high availability of this element in the raw material with which pot-
tery sherds were manufactured. On the other hand, the values of Al, Mg, K, Ti 
and Mn are slightly higher, Si and Ca are slightly impoverished, and Na is very 
impoverished compared to UCC. A high value in P compared to UCC can be attri-
buted to possible uses of pottery sherds to prepare food. However, the manufac-
ture of pottery within human activity areas tend to give a high concentration of 
P. Threfore, having P in a bulk sample does not necessarily mean that it was used 
for food preparations. However, the geochemistry of the vessel profile reveals 
that just the interior surface of the vessel has the high concentration of P, this 
may mean that P is derived from use.

Source: Authors.

Figure 8. Diagrams of (a) PAAS- and (b) UCC-normalized major oxides of the pottery artifacts. 
Normalization to PAAS with Taylor & McLennan (1985) data and to UCC with Wedepohl (1995) data
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Discussion 

Reconstruction of the ceramic manufacturing technology requires determining 
(1) the type of raw materials used and (2) the conditions (additives, decoration 
and firing temperature) under which they were prepared (Tite, 2008).

Estimation of the firing temperature conditions 
for the manufacture of potteries 

During the thermal transformation of the raw materials with which the ceramic 
materials are prepared, clay minerals undergo complex mineralogical, chemical 
and structural modifications during the firing process as suggested in previous 
studies (e.g., Maggetti, 1982; Chin et al., 2017; Geng & Sun, 2018) that determine 
the final properties of the ceramic products. The minerals of the raw materials 
partially decompose and form other phases upon crossing beyond their stability 
limits during firing (Jordán et al., 1999). 

According to Iordanidis et al. (2009), the presence or absence of specific mineral 
assemblages in ceramics can be used for the estimation of the firing tempera-
ture conditions used in the manufacture of potteries. The presence or absence of 
specific mineral phases is often used for the estimation of firing temperatures in 
archaeological ceramics. The presence/absence of carbonates and their composi-
tion (calcite or dolomite) and abundance, the type(s) of phyllosilicates (clay min-
erals) and their relative abundance, and the presence/absence of Fe-rich minerals 
are important criteria that determine the mineral assemblages in the ceramic 
materials. The mineralogical phases observed in all the ceramics studied were 
quartz, plagioclase, potassium feldspar (orthoclase and microcline), muscovite, 
magnetite and/or hematite and calcite and/or magnesium calcite. The raw ma-
terial for manufacturing the ancient ceramic of interest in this study consists of 
clay minerals (kaolinite) mixed with a variety of other minerals, such as quartz, 
muscovite, potassium feldspar and plagioclase. Previous studies (e.g., Kakali et 
al., 2001; Chakchouk et al., 2009) reveal that between ~400-650 °C, the kaolinite 
dehydroxylation promotes its transformation to an amorphous phase (metaka-
olinite). The scarce or null presence of organic matter such as relict of roots, 
leaves, wood, etc., together with the dark color of these pieces and even their 
drastic change in hue between the inner and outer parts, can probably be caused 
by the pyrolysis of organic vapors originating from raw materials, probably with 
a high content of organic matter and an oven cooking technology that restricted 
the air intake and made this cooking operate in a reducing atmosphere, suggest-
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ing a temperature higher than 400 °C. Non-calcareous clays show minor occur-
rence of magnetite and/or hematite. The presence of gehlenite and fossagite 
suggest cooking temperatures above 800 °C. The presence of anatase and the non-
transformation of this mineral phase into rutile allows us to suppose that the fir-
ing range was 500-600 °C in some pieces of the red group in which this mineral 
was found. The red and orange colours of most pottery sherds indicate that the 
raw materials were fired in a permanently oxidising atmosphere, therefore sug-
gesting a kiln operation. Close to 950ºC, orthoclase and/or microcline can form 
at expenses of the progressive disappearance of plagioclase and muscovite (still 
remaining in the analyzed samples), reaching its maximum abundance at 1100 
ºC. The major original mineral persisting at high temperature was quartz, which 
was the most abundant phase in all pottery sherds. Carbonate-rich clays show 
variable amounts of calcite and small amounts of magnesium calcite and dolo-
mite, plagioclase and alkaline feldspar. Clay minerals were the first minerals to 
disappear at 950 ºC. Calcite and magnesium calcite can react to gehlenite, diop-
side and wollastonite. At temperatures above 950 °C in the presence of sufficient 
SiO2 and CaO, gehlenite can react to anorthite and wollastonite. However, wol-
lastonite can also be formed at 800-850 °C in the presence of SiO2 and CaO (Hola-
kooei, 2014). According to Grapes (2010), calcite reacts in the temperature range 
of 600-700 °C, which is unlikely taking into account that calcite still remain in 
the analyzed pottery sherds. The presence of calcite in certain ceramic pieces 
suggests that they were subjected to firing temperatures below 900 °C (e.g., Ior-
danidis et al., 2009). However, the presence of magnesium calcite is indicative of 
temperatures slightly lower than those indicated by calcite, taking into account 
that it reacts in the range 500-800 °C (e.g., Cultrone et al., 2001; Grapes, 2010). 
Quartz appears in almost all the pottery sherds except in the matte sample of the 
red group. Ti oxides, such as anatase and rutile are present in most analyzed ce-
ramic pieces of the red group. Barite persists after high firing temperatures, with 
a thermal decomposition temperature approximately at 1180 oC (Qin et al., 2016).

Provenance analysis 

According to Tite (2008), the ancient pottery provenance studies try to establish, 
on the basis of the mineral and chemical composition, whether pottery was loca-
lly produced or imported, and if the latter, to identify the production centre and/
or the source of the raw materials used. 
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The majority of the pottery sherds represents a mixture of aluminosilicate mine-
rals, with minor carbonates and Fe-bearing oxides. A first hypothesis on the origin 
of the raw materials is that the local provenance of the clay used for the pre-Hispa-
nic pottery production can be related to the clay-rich levels of the Paja Formation, 
which outcrops to the SW of the Mesa de Los Santos region. On the other hand, 
clay-rich levels of the Los Santos Formation cropping out in this region can also be 
considered as a source of alternative raw material for the manufacture of pottery. 
Melo (2008) reports clayey levels in the different members of the Los Santos For-
mation with relative abundance of clay minerals, for example, illite with (~ 76%), 
kaolinite (5-30%) and interstratified clay (~ 9%). The occurrence of quartz, felds-
pars, magnetite, ilmenite, apatite, zircon, monazite or barite, between others, 
supports the idea of a significant contribution of sedimentary rocks deriving from 
the weathering of igneous and metamorphic rocks outcropping in the surroun-
ding areas of the Mesa de Los Santos region. The presence of several key minerals 
as were detected by SEM/EDS analyses, including apatite, zircon, monazite or 
barite, in the investigated ancient pottery suggests a local provenance for the raw 
materials. Accesory minerals as apatite and zircon represent important markers 
to identify the provenance of raw materials (e.g., Garrigós et al., 2003; Tochilin 
et al., 2012; Medeghini et al., 2013) and their occurrence in the raw clay materials 
could be connected to alteration processes of igneous and metamorphic rocks of 
the Pre-Devonian basement of the Santander Massif. Monazite is a REE phosphate, 
which occurs as an accessory mineral in small amounts in granitic igneous rocks 
locally outcropping rocks in this region that can be associated to the Jurassic Pes-
cadero Granite. A similar mineral association has been also reported by Garrigós 
et al. (2003). A sulphate mineral such as barite can derive from evaporates, which 
occurs in the Paja Formation. The analyzed pottery sherds show a quite homoge-
neous mineral composition with slight variations, suggesting that the selection of 
raw materials for manufacturing the pottery artifacts of interest in this study are 
of local order and not imported from other places far from the excavation site.

A second hypothesis on the origin of the raw materials is based on chemical 
analyses, which are oriented towards the identification of the chemical consti-
tuents of the pottery fragments, that reveal they probably came from different 
sources. Chemical analyses can provide a unique chemical profile allowing ce-
ramics made from the same raw materials to be grouped together (Kazakis & 
Tsirliganis, 2015). A two-tailed Pearson’s correlation test was performed to discri-
minate the major oxides that were positively, negatively or not correlated before 
exploring the XRF results through multivariate statistics. The Principal compo-
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nent analysis (PCA) results of 9 geochemical variables from the analyzed pottery 
sherds are shown in Table 5. As a first step in the classification procedure, sam-
ples were assigned to the provisional groups suggested by the archaeologists. 

 ■ Table 5. Principal component matrix results on selected normalised variables

Variable PC1 PC2 PC3 PC4
SiO2 -0.46725 -0.26008 -0.06171 -0.22663
Al2O3 0.34382 0.24158 0.38940 -0.30671
Fe2O3 0.03536 0.41730 -0.39822 0.58345
K2O 0.48395 0.09335 -0.04158 -0.32400
CaO 0.17346 -0.24353 -0.58832 -0.07570
Na2O -0.07367 -0.36986 0.53024 0.47081
P2O5 0.42683 -0.26048 -0.15875 -0.00436
TiO2 -0.13503 0.64293 0.12268 0.01026
MgO 0.43826 -0.11757 0.12934 0.42622

 Source: Authors.

The first two principal components (PC1 vs. PC2) account for 39.74 and 20.65%, 
respectively, of the total variance in the dataset (Figure 9a) revealing that the 
right lower quadrant contains two of the largest absolute values and CaO has a 
coefficient of 0.17, the left lower quadrant contains SiO2 because it has a large ab-
solute value with negative sign, the left upper quadrant contains TiO2 with a very 
high coefficient (0.64) which is the highest of all coefficients of the major oxides. 
The PC2 vs. PC3 diagram accounts for 20.65 and 19.34% respectively of the total 
variance in the dataset (Figure 9b). It shows that CaO has high absolute values of 
negative sign in the lower quadrants with -0.58 and -0.24 coefficients for PC3 and 
PC2 respectively. The Fe2O3 in the right lower quadrant has a coefficient of 0.41 for 
the PC3. The PC1 vs. PC4 diagram account for 39.74 and 10.47% respectively, of the 
total variance in the dataset (Figure 9c). It shows that all quadrants contain SiO2 
which infers high negative values of the coefficients of PC1 and moderate nega-
tive values of PC4. In the left lower quadrant are the samples E5-4 (73), A2-4 (89) 
and D4-4 (49), which according to XRF data contain the highest concentration of 
SiO2. MgO has significantly positive values, with 0.43 and 0.42 for the PC1 and 
PC4, respectively. To that own vector the sample B4-6 (81) containing 7.6% MgO 
is assigned the second highest concentration of MgO. In Figures 9d-9e, the three 
main components are represented in three dimensions. 
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The elements with the greatest variance in the dataset can be plotted in all possi-
ble combinations as a scatter plot matrix (Figure 9f) to determine which pairs of 
normalised variables could separate groups within the pottery artifacts. Figure 9g 
shows the PCA results, showing 3D plots. The ellipses represent group members-
hip assuming the 95% confidence limit (2σ) as the cut-off distance. 

Source: Authors.

Figure 9. (a)-(c) PCA results with previously selected normalised oxides, showing 2D plots of (a) PC1 
vs. PC2, (b) PC2 vs. PC3 and (c) PC4 vs. PC1 relative to the variables, which demonstrate the chemical 

elements that controlled the variance in the analysed dataset. (d)-(e) PCA results with previously 
selected normalised variables showing 3D plots of PC1, PC2 and PC3 with vectors indicating the 
direction and strength of each variable to the overall distribution. PCA results with previously 
selected normalised oxides, showing 3D plots of (f) PC1 vs. PC2 relative to the variables and (g) 
PC1, PC2 and PC3. Confidence ellipses were drawn to better visualise the geochemical groups
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Finally, different criteria to define the distance between a point and a group or 
the distance between two groups must be taken into account. The six criteria 
used were: (1) mean, (2) standard deviation, (3) median, (4) sum of distances, (5) 
minimum and (6) maximum, as shown in Table 6.

 ■ Table 6. Statistical description of algoritms for 
meaasurement the distance between clusters

Mean SD Median Sum Min Max
SiO2 55.80 4.46 55.88 725.35 49.97 63.03
Al2O3 20.83 2.41 21.15 270.80 16.81 26.30
Fe2O3 8.12 0.90 8.18 105.52 6.32 9.41
K2O 5.28 1.67 5.42 68.66 2.70 7.72
CaO 3.13 1.83 2.76 40.71 1.15 6.29
Na2O 1.14 0.42 1.14 14.77 0.25 1.85
P2O5 0.26 0.15 0.25 3.41 0.09 0.65
TiO2 0.92 0.18 0.86 11.99 0.70 1.36
MgO 2.39 0.97 2.61 31.09 0.67 4.00

 Source: Authors.

In addition, a dendrogram of the Hierarchical clustering analysis (HCA) is shown 
in Figure 10. Five groups of a single variable, such as SO2, Al2O3 and Fe2O3, with 
the phenon line defined by a distance of 2, by which all the sub-samples were 
classified into three statistically significant clusters due to their similarities of 
the variables (different colors in the dendogram) indicating the non-similarity of 
each of these variables with the other variables studied. They also present 2 clus-
ters of three variables, with 1 subgroup in each cluster, such as: Na2O, TiO2 and 
P2O5 and CaO, MgO and K2O.
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Source: Authors.

Figure 10. HCA results, showing dendrogram for all the analysed sub-samples

The chemical composition of the analyzed pottery sherds shows high SiO2 to 
Al2O3 contents, with a SiO2/Al2O3 ratio varying from 1.9 to 3.6. The SiO2/Al2O3 ratio 
can be used for grouping, which may reveal different sources, taking into account 
that the lower SiO2 content along with the higher Fe2O3, MgO, CaO, Na2O and K2O 
in the analyzed pottery sherds may reveal their different origin. Therefore, they 
probably came from different sources and could indicate a cultural exchange with 
near localities, and most of them were produced in the region, except some of 
them that showed a high concentration of REEs, suggesting the possibility of trade 
with neighboring cultures from other parts of the western Colombian belt where 
these elements are common, but this would need further investigations to be con-
firmed. However, there is no additional evidence of trade of raw materials for the 
manufacture of pre-Hispanic pre-Guane and Guane pottery.

This work supports the study of ancient pottery provenance by providing a set of 
data from Colombian archaeological sites, and answering some archeologists’ 
questions concerning places and regions of origin to determine techniques for the 
manufacture of ancient ceramic artifacts and to interpret cultural influences. Ba-
sed on the homogeneous mineralogical composition and slight variations in the 
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chemical composition of pottery sherds, it was possible to suggest two hypothe-
ses: (1) a preeminence for the use of local raw materials for the manufacture of 
the investigated ancient pottery, which were extracted somewhere very close to 
the “Los Teres” archaeological site, and (2) a possible commercial network that 
must be ratified by a detailed study of a larger sample and that is compared with 
other relatively distant sites in the area.

Conclusions

This study dealt with the characterization of pottery sherds from “Los Teres” ar-
chaeological site located in the region of the Mesa de Los Santos region (Colom-
bia), using several analytical techniques to establish a relationship between the 
mineralogy and geochemistry and the classification system, manufacture process 
and firing temperatures of the pottery sherds, and to elucidate a possible regional 
provenance. Multivariate statistical analysis from chemical data pointed out si-
milarities in the composition of the pastes of the different ceramics groups, being 
showed strongest similarities in pieces of the same ceramic group, which is in fair 
agreement with the archaeological ceramic classification for the pottery sherds 
excavated in “Los Teres” archaeological site. The technology used by the pre-Guane 
and Guane societies was very similar to produce either domestic or ritual pieces. 
There isn’t significant changes regarding firing temperature conditions and mine-
ralogy and geochemistry, which suggests that no significant changes in the pro-
cess of manufacture of ancient pottery occurred since 6th century, A.D. up the con-
quest by the Spaniards. Apart from differences in mineralogy, the potteries sherds 
showed a quite uniform chemical profile, implying that most of them were pro-
duced in the region, except a few pottery sherds that show rich contents of REEs, 
suggesting the possibility of trade with neighboring cultures from other parts of 
the Colombian territory. We concluded, based on provenance analysis, that for the 
manufacture of the ancient pottery from “Los Teres” archaeological site there was 
trade with neighboring cultures and that pre-Hispanic ceramics were produced 
locally. Results reported in this work contribute to the advancing in the knowledge 
and understanding of the archaeometry of pottery sherds in Colombia, particularly 
on the pre-Hispanic pre-Guane and Guane civilizations.
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