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ABSTRACT
Dental modifications, especially dental inlays, were one of the most characteristic biocultural
traditions in Ancient Mesoamerica. The main objective of this brief report is to identify the raw
material used to elaborate dental inlays in the archaeological site of Reynosa, located in the
Southern Pacific Coast of Guatemala. The recent discovery of a massive burial, dated roughly
in the Middle-Late Preclassic Period (500 BC–200 BC), put the site in the spotlight. There were
found some of the earliest carriers of dental incrustations in Mesoamerica, which represent
part of the beginning of the inlay tradition. The analytical method used to determine the raw
material was scanning electron microscopy (SEM) with X-ray spectroscopy. The identified raw
materials were pyrite and hematite. These findings have opened new concerns about the
obtaining and the usage of those materials in this millennial tradition.
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Introduction

Teeth modification in ancient Mesoamerica

Mayans, as well as many other cultures, modified their
physical appearance in many ways. They practiced the
cranial vault modifications in infants and permanent
tooth modifications in adults and youngsters. Tooth
modifications had high technical repertories, including
the filing, the engraving and the inlaying of shaped
semi-precious stones (such as jadeite, pyrite, hematite or
turquoise). Many specimens have been found in Mesoa-
merica, most of them from the Classic Period (AD 250–
900). Little is known about the social and cultural mean-
ings of dental works despite the abundance of specimens
(Tiesler, Cucina, and Ramírez-Salomón 2017).

Massive burial at Reynosa

Reynosa is an archaeological site in Escuintla, Guate-
mala, and has been little studied due to the usage of
the land for cropping cane, cotton, corn, and grazing;
also to the general lack of researches in the Southern
Coast. However, the site is now highly known and has
archaeological relevance because of the discovery of a
massive burial by a Guatemalan archaeologist,
H. Mejía, which includes multiple human remains
dated in the Middle-Late Preclassic Period (500 BC–
200 BC) (Mejía and Suzuki 2016;Mejía 2016) (Figure 1).
There are many aspects that are worth to be discussed
not only in archaeological but also in bioarchaeological
terms, nonetheless in this specific work, we focus on

Burials 20 and 38; probably some of the earliest carriers
of dental inlays in whole Mesoamerica.

Burial 20

According to archaeothanatology, Burial 20 is a sec-
ondary burial, found in one of the deepest strata of
the context (1.3 m). It contains poor preserved skeletal
remains of a female individual who died at adult age
(Figure 2). While the long bones were found without
any anatomical connections, her teeth were still in
situ, with three inlayed anterior teeth (Figures 3–5).
According to our preliminary radiocarbon dating,
made by The University of Arizona AMS Laboratory,
USA. The bones belong to the 376 BC–197 BC period
with a 95% of probability.

Burial 38

Burial 38 was clearly a primary burial, discovered at the
deepest strata of the context (2.30 m). Due to the sep-
aration (aprox. 1 m) between Burial 38 and the rest of
the superior strata with multiple remains, we believe
that this interment was another funeral event, prior
to the massive burial. It was a male individual with
an adult age-at-death (Figure 6). The radiocarbon dat-
ing was done by the same laboratory at the University
of Arizona, and they reported a very early date: the
period from 1052 BC to 792 BC. Due to the poor col-
lagen conservation, it was suggested to consider this
range as tentative.

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

CONTACT Andrea Sandoval Molina andreasandoval4@gmail.com, amsandoval@uvg.edu.gt Centro de Investigaciones Arqueológicas y Antropolo-
gicas, Universidad Del Valle de Guatemala, 18 Avenida 11-95 Zona 15, Vista Hermosa III, Guatemala, Guatemala 01015, Guatemala

STAR: SCIENCE & TECHNOLOGY OF ARCHAEOLOGICAL RESEARCH
https://doi.org/10.1080/20548923.2019.1700451

http://crossmark.crossref.org/dialog/?doi=10.1080/20548923.2019.1700451&domain=pdf&date_stamp=2020-02-14
http://creativecommons.org/licenses/by/4.0/
mailto:andreasandoval4@gmail.com
mailto:amsandoval@uvg.edu.gt
http://www.tandfonline.com


Pyrite as raw material

Pyrite (Iron sulfide: FeS2) is also known as “fool’s gold,”
this compound characterizes itself because of a brilliant

reflective surface, like gold. It is known that through
time this material can turn into an iron oxide, changing
its appearance to red, also known as “goethite after pyr-
ite.” The most common use for pyrite in ancient
Mesoamerica was for mosaic mirrors. This raw
material was worked in a similar way as jade (Kovace-
vich 2016).

Pyrite is found in nature as isolated crystals within
rocks (sedimentary, igneous and metamorphic) or in
large outcrops that can be mined or quarried. Those
characteristics make their formation possible in any
environment. In Guatemala, the existence of large
mines is scarce, unlike Mexico. According to Zamora,
the Ministry of Energy and Mines of Guatemala
reported several sources of pyrite in Guatemala, but
there is no information about its abundance or its
size (Zamora 2002 cited in Kovacevich 2016). In Can-
cuén, pyrite appears to have been collected as cubic iso-
lated crystals instead of being cut or quarried from a
mine. Archaeologists have found it during excavations
embedded in limestone used for constructions. The

Figure 1. Massive burial, Reynosa, Guatemala. Drawing courtesy of H. Mejía, 2016.

Figure 2. Burial 20 in situ. Reynosa, Guatemala. Photo courtesy
of H. Mejía.
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caves surrounding Cancuén region and the meta-
morphic environment in high lands (where jade was
quarried) was probably the most reliable source of pyr-
ite in the region (Blainey 2007 cited in Kovacevich
2016).

Analytical methods

Scanning electron microscopy/energy dispersive
X-Ray spectroscopy

All the inlayed materials were analyzed through the
scanning electron microscopy/energy dispersive X-ray
spectroscopy (SEM/EDS) (JEOL, SEM JSM-IT500,
detector model X-Max). All samples were analyzed at
15 KV of acceleration voltage. To preserve the surfaces
of artifacts, all SEM/EDS work was operated under low
vacuum condition (30 Pa) without carbon coating.
This technique allowed us to analyze the surface of
the dental inlays, obtaining semiquantitative data
(±5% error) about the chemical elements detected in
the sample in situ.

Figure 3. Upper right canine, burial 20. Photo: S. Suzuki.

Figure 5. Upper left canine, burial 20. Photo: S. Suzuki.

Figure 6. Burial 38 in situ. Reynosa, Guatemala. Photo courtesy
of H. Mejía.Figure 4. Right lateral incisor, burial 20. Photo: S. Suzuki.
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The technique does not specify the mineralogical
composition of the specimen. Thus, we cannot know
how the elements are bonding together, for example,
we cannot define how the oxygen is bonded with
other elements, nor their proportions. Therefore, it
was decided not taking into account the semiquantifi-
cation results under 5% and the elemental abundance
of oxygen and carbon.

Results discusion

Our goal in this paper is to offer the first scientific
approach to the raw materials of the dental inlays
from two Preclassic individuals (Burial 20 and 38
from Reynosa) that would give us new insights on the
technical skills at the beginning of the dental tradition.

The elements that were detected besides the Carbon
and the Oxygen were iron (Fe), sulfur (S), calcium (Ca),

Figure 7. Representative back-scattered electron micrographs and X-ray spectrum from the Burial 20, upper right canine inlay. X-
rays of Fe is derived from Fe-oxide. Some interference peaks, such as Si and Al are from mostly silicate minerals, and Ca and P are
from apatite which composed of teeth.

Figure 8. Representative back-scattered electron micrographs and X-ray spectrum from the Burial 20, upper lateral right incisor
inlay. (a) X-rays of Fe is derived from Fe-oxide. Some interference peaks, such as Si are from mostly silicate minerals, and Ca
and P are from apatite which composed of teeth. (b) Pyrite.
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phosphorus (P), silicon (Si) and aluminum (Al). Due to
the objective of our research, we are going to focus over
the presence of iron and sulfur. So, all the other elements
found in the samples were associated with the sample
matrix. Probably, the calcium and the phosphorus are
related to dental material such as hydroxyapatite (Ca5-
(PO4)3(OH)). Aluminum and silicone may come from
a clay or sand conformed of silicateminerals. This state-
ment can be confirmed in posterior studies.

Burial 20

Burial 20 contains three teeth with original dental
inlays. The right lateral incisor and the left canine
have a metallic-lustered material, while the right canine
has an opaque one (Figures 3–5).

The most abundant element in the upper right
canine was identified as iron so we can say that the

raw material that was used for making this dental
inlay is an iron oxide (Figure 7).

The microphotography from the upper lateral right
incisor shows that two different materials are present in
the sample. The analysis showed that the clearest par-
ticles contain sulfur and iron (pyrite: FeS2); and the
darker areas seem to be iron oxide since only iron
was identified (Figure 8).

Because the inlayed piece from the upper left canine
is detached from the enamel perforation, we analyzed
both labial and lingual surfaces. Based on the micro-
photography which corresponds to the labial face, we
also identify two materials: the clearest one contains
iron and sulfur (in an atomic weight relation of 1:2),
which seem to be pyrite and the darker one contains
iron (Figure 9).

In contrast to the labial face, in the lingual face,
only iron was identified which suggests that the

Figure 9. Representative back-scattered electron micrographs and X-ray spectrum from the Burial 20, upper left canine inlay. (a) X-
rays of Fe is derived from Fe-oxide. Some interference peaks, such as Si, Al, Mg, Na and K are mostly from silicate minerals, and Ca
and P are from apatite which composed of teeth. (b) Pyrite in iron oxide. Some interference peaks, such as O, Ca, Al, Si, P and Ca are
from silicates and apatite. Iron oxide matrix, upper left canine lingual face. (b) Pyrite in iron oxide, upper left canine labial face.
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identity of the raw material used in the lingual face is
an iron oxide.

Based on the previous results, we believe that pyrite
was used as small particles inserted intentionally in the
labial face, while the lingual face does not contain pyr-
ite. Therefore, it could be assumed that these dental

inlays are made of a mortar of iron oxide with tiny
parts of pyrite, inserted intentionally on the labial
surface.

The existence of large outcrops or mines of pyrite in
Guatemala is not common. Due to its nature, the for-
mation of pyrite could be possible in several environ-
ments (Zamora 2002 cited in Brigitte Kovacevich
2016). According to explorations from some Guatema-
lan geologists (personal communication, 2019: E. Pérez),

pyrite crystals (1-3 mm, rarely larger) are commonly
scattered in the matrix of some hydrothermally altered
rocks or in others with high abundance of organic mat-
ter, called shales or black phyllites. This type of rocks
can be commonly found in outcrops on the surface.

This idea could be related to the usage of small par-
ticles of pyrite in a mortar. This is a tentative idea that
should be supported by other future studies. Also, we
are aware of the chemical conversion between pyrite
and other secondary minerals such as jarosite and
other iron oxides (Chaumenton 1987 cited in Julie,
Chávez, and Calligaro 2016).

Burial 38

The remains found in Burial 38 have two teeth with
inlays, the lateral incisor and the canine from the
upper right dentition. Both inlays present a blackish
material (Figures 10–11). Due to the size of the lateral
incisor, which remains in situ with maxillary bone, it
was not possible to analyze it. The raw material for
the upper right lateral incisor was identified as iron
oxide, probably hematite (Figure 12).

Conclusions and final remarks

Due to its blackish physical appearance, we can con-
sider that samples in which only iron was identified
are made of an iron oxide, probably hematite. With
regard to the samples that contain sulfur and iron,

Figure 10. Upper right canine, burial 38. Photo: S. Suzuki.

Figure 12. Representative back-scattered electron micrographs and X-ray spectrum from the Burial 38, upper right lateral incisor
inlay. X-rays of Fe is derived from Fe-oxide, probably hematite.

Figure 11. Upper lateral incisor, burial 38. Photo: S. Suzuki.
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we can assume the presence of pyrite. The particles
showed a metallic-lustered glow and its relation
between iron and sulfur was clear (1:2).

Calcium and phosphorus (which are related with
the dental material, hydroxyapatite) were evident
during the analysis, it was also identified the abundance
of silicone and aluminum. This may be related to par-
ticles of clays or silicate sands. On the other hand, pyr-
ite was identified only in the labial surface of the inlay,
as small particles. Hence, we assume that pyrite was
inserted intentionally into a matrix made of clays and
silicate sands as tiny particles, perhaps so the inlay
could bear a shining aspect.

This is a new perspective of the raw materials that
were used to elaborate the inlays from one of the ear-
liest carriers of dental incrustations in Mesoamerica.
Certainly, our idea here discussed should be studied
and supported by future studies. It is important to
highlight that in some of the previous studies that
report dental inlays, the raw material identification
has been made (“iron or hematite” and “iron pyrite”)
commonly without corroboration by an analytical
technique (e.g. Fowler 1984; Mata and Hansen 1992).
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