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Abstract

Different types of iron ore and pyrite were used to craft a wide variety of reflective artifacts in pre-Columbian Mesoamerica,
including “mirrors,” pectorals, necklaces, and dental inlays, among others. In the Maya region, most of these have only been
visually assessed, without using analytical techniques. Consequently, our understanding of the diversity of raw materials
used in artifact production has been limited. This article presents preliminary results from a pilot study aiming to identify
the raw materials used in the manufacture of different reflective objects from a small sample of finds from the sites of La
Corona and Cancuen, located in Guatemala, through the use of scanning electron microscopy with EDS detectors (SEM-EDS),
energy-dispersive X-ray fluorescence (EDXRF), X-ray diffraction (XRD), and Raman spectroscopy. Although further analyses
are needed to confirm the representativeness of the sample, these results indicate the use of hematite and goethite (iron
oxides), but not pyrite (iron sulfide). This study also shows how improved knowledge of raw material use can elicit previously
unknown patterns of distribution and exchange, and highlight patterns of inter- and intrasite variability in the production, use,
and exchange of reflective objects over time in the Maya region throughout the Classic period.

Resumen

En la Mesoamérica prehispénica, se usaron diferentes tipos de 6xidos y sulfuros de hierro para fabricar diversos artefactos
reflexivos, los cuales incluyen principalmente los llamados “espejos”, asi como pectorales, collares e incrustaciones dentales,
entre otros. En la regién maya, la mayorfa de éstos han sido identificados de forma visual, sin usar técnicas analiticas, lo
que ha resultado en un pobre entendimiento de la diversidad de materias primas usadas para producir estos artefactos.
Mediante una revisién detallada de la literatura arqueoldgica publicada con relacién a los artefactos reflexivos en la regién
maya, se ha observado una inconsistencia en la terminologia usada para referir a las materias primas que fueron utilizadas
para su manufactura. Por lo tanto, esto ha generado que, de forma casi automatica, se identifique a la pirita como el material
usado para estos artefactos, ignorando la posibilidad que se hayan usado otros tipos de minerales reflexivos que estaban dis-
ponibles en la época prehispdnica, especialmente los éxidos de hierro como la hematita. Para afrontar este problema, se ha
demostrado que los andlisis geoquimicos como microscopia electrénica de barrido con detector EDS (SEM-EDS), fluorescencia
portétil de rayos X de energfa dispersiva (EDXRF), difraccién de rayos X (XRD) y espectroscopia Raman, proporcionan una
solucién clara al identificar la presencia o ausencia de azufre en la composicién quimica de estos artefactos. De una pequefia
muestra inicial de 14 objetos analizados de los sitios de La Corona, El Achiotal y Cancuén, précticamente ninguno mostré azufre,
indicando que no fueron hechos con pirita, sino con algin éxido de hierro, posiblemente hematita o goethita. A pesar de que se
ha argumentado que la ausencia de azufre es el resultado de procesos de transformacién o descomposicién quimica, es poco
probable que esto haya sucedido en todas las muestras, especialmente las que muestran un buen grado de conservacién de
sus superficies reflexivas. Por lo tanto, tal como ha sucedido con la obsidiana, cerdmica, concha y piedras verdes, la posibilidad
de realizar identificaciones precisas de las materias primas permitird definir sus fuentes, y de esta manera, definir modelos
econémicos sobre su extraccién, produccién e intercambio. Por ahora, a pesar de que se han realizado solamente algunos
anélisis preliminares, se propone que la identificacién visual de pirita en objetos reflexivos no es confiable, por lo que es nec-
esario reconsiderar las interpretaciones que se basan en esos datos. Si bien la pirita tuvo un uso importante en el perfodo clasico
temprano en sitios como Nebaj y Kaminaljuyu, el rompimiento de la red de intercambio relacionada con Teotihuacdn pudo pro-
vocar un aumento en el uso de la hematita en la regién de las tierras bajas durante el clésico tardio, tal como lo sugieren los
datos de La Corona, Cancuén y Aguateca. De cualquier forma, este estudio ha demostrado que la diversidad de métodos
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geoquimicos disponibles constituye una herramienta importante para mejorar los modelos econémicos definidos para la regién
maya, especialmente al considerar la importancia econdmica que tuvo la produccién e intercambio de artefactos reflexivos en

las diferentes regiones y perfodos cronoldgicos.

The present study discusses how visual identification of
reflective ferrous minerals recovered in archaeological
contexts throughout the Maya region has led to mislead-
ing results. A detailed review of scholarly literature
focused on reflective artifacts, such as mirrors, clearly
demonstrates the inconsistent terminology used to refer
to the raw materials that composed them. This confusion
has led to rote descriptions that, by default, identify
pyrite as the most used and preferred material, failing
to recognize that a more varied repertoire of reflective
raw materials was available for use. To address this
problem, we demonstrate how geochemical analysis can
correctly identify these minerals. As in the case of obsid-
ian, ceramics, shells, or greenstone, ascertaining the pre-
cise identification and source of these materials is
necessary for the accurate modelling of economic activi-
ties involved with raw material extraction, trade route
distribution, and political alliance between sites and
regions. In this study, we present the preliminary results
of a geochemical analysis of reflective objects from the
sites of La Corona, El Achiotal, and Cancuen, demonstrat-
ing that visual identification of these objects is unreliable.
We then propose that the diverse battery of geochemical
methods now provides Maya archaeology with an oppor-
tunity to improve on previous economic models, as well
as beginning to consider the economic importance of
reflective artifacts in the different regions and chronolog-
ical periods of the Maya region.

Reflective objects in the Maya region

Since Paul Kirchhoff first proposed the concept of
Mesoamerica in 1943, “pyrite mirrors” were recognized as
one of the distinctive elements that define this geographic
and cultural region (Kirchhoff 1960:8, 13). Subsequent
archaeological research has shown that mirrors and other
reflective objects were important ritual and ornamental par-
aphernalia for the various elites of different pre-Columbian
Mesoamerican cultures.

Pre-Columbian reflective artifacts were made in a wide
variety of forms, sizes, materials, and techniques. The
most common were mirrors, typically circular in shape,
although some were quadrangular, and with a flat or convex
surface. Based on their characteristics, they have been clas-
sified according to their components (Gallaga M. 2016a:11),
their raw materials (Mata 2003:831), or iconographic repre-
sentation in painted polychrome ceramics (Blainey
2007:124). For the present study, three basic types are con-
sidered, defined according to their manufacturing tech-
nique: (1) one-piece mirrors; (2) mirrors made with a
mosaic of polygonal pieces or tesserae; and (3) composite
mirrors, made with small grains of reflective mineral,
attached to a matrix made from a different mineral
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(Nelson et al. 2005). Regarding the function of mirrors,
although they could have been used for purely aesthetic
and ornamental purposes, there is a general consensus
that their main function was symbolic and ritual (Blainey
2016; Freidel et al. 1993:244; Healy and Blainey 2011;
Saunders 1988; Schele and Mathews 1998:222; Taube 1992,
2016). It is argued that this is why the contexts where
they have most often been found in a complete state corre-
spond mainly to burials and caches (Blainey 2007:41, 113;
Zamora 2002:89), as well as why many have iconographic
motifs and hieroglyphic texts that were carved or painted
on the back.

In addition to mirrors, other reflective artifacts manufac-
tured in Mesoamerica include dental inlays, pectorals made
of mosaics, necklaces made with differently shaped beads,
and a wide variety of small objects used for decorative pur-
poses, including for textiles, mosaic masks, and headdresses,
as well as for inlays and as accessories for figurines, censers,
and other effigies. Some of these artifacts are considered in
greater detail below.

Reflective minerals

The reflective properties of Mesoamerican “mirrors” and
other artifacts were most commonly achieved through the
use of iron oxides and sulfides. Other minerals with similar
qualities, but used less widely, include obsidian (Saunders
2001; Smith 2014), mercury (Gallaga M. 2016b:30), and
micas such as muscovite, fuchsite, biotite, phlogopite, and
glauconite (Rosales 2017).

Traditionally, the most common iron mineral for elabo-
rating Mesoamerican “mirrors” has been identified as
pyrite, an iron and sulfur mineral (FeS,). It is also known
as “fool’s gold,” because of its yellowish shine and reflective
luster, similar to that of gold. It can be found in cubic, radial,
and amorphous shapes (Gallaga M. 2014:292), the latter with
triangular, cubic, pentagonal, or more complex facets
(Arrouvela and Eon 2019). Another mineral very similar to
pyrite is marcasite (FeS,), which is slightly more yellowish,
and thus known as “white pyrite” (Blainey 2007:166;
Johnson et al. 1995). Natural deposits of pyrite are found
inside sedimentary, igneous, and metamorphic rocks, and
can occur in large outcrops.

After pyrite, hematite (Fe,0;) was the most extensively
used iron mineral in the manufacture of pre-Columbian
reflective artifacts. Hematite is an iron ore that can be
found in compact shapes with colors varying from black,
greyish black, and shiny metallic silver luster (specular hema-
tite), or a reddish dusty color (earthy hematite; Blainey
2007:168). Different types of hematite were commonly used
for making pigments (Goodall 2007; Quintana et al. 2014)
and as a ceramic temper (Postal 1935; Weeks et al.
2005:116-121).
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Both pyrite and iron ores can change or transform to
other minerals in specific environmental and geological
conditions. When exposed to water and oxygen, pyrite can
convert into different types of iron ores, such as limonite
and siderite, losing its brightness and yellowish color
(Santamarta 1977, in Zamora 2002:26). It can also transform
into goethite (0-FeO(OH)), forming a new mineral, known as
a pseudomorph of goethite after pyrite. Pseudomorphism
describes when a mineral is found in an atypical crystalline
form, due to the post-crystallization substitution of a former
mineral with another. As a result, the shape of the original
mineral is preserved, but the hardness and color change due
to the mineral replacement (Nesse 2000:92). Hematite also
transforms into goethite by hydration processes, acquiring a
yellowish ochre, reddish ochre, or brownish ochre coloring
(Beovide et al. 2015:7).

Besides pyrite and hematite, other iron ores and iron sul-
fides have been identified in archaeological reports and spe-
cialized studies conducted throughout Mesoamerica. These
include marcasite (FeS,; Blainey 2007:86, 93, 104; Smith and
Kidder 1951:46; Zamora 2002:27), magnetite (Fe;O,; Blainey
2007:49; Gallaga M. 2014:280; Kovacevich 2016:74; Mata
2003:831; Nelson et al. 2005:1), titanomagnetite (TiFe,O,;
Blainey 2007:173), limonite (FeO(OH)-nH,0; Blainey 2007:73;
Gazzola et al. 2016:109; Mason 1927:206), pyrrhotite or mag-
netic pyrite (Fe;.S; Blainey 2007:103), chalcopyrite or cop-
per pyrite (CuFeS,; Zamora 2002:27), ilmenite (FeTiOs;
Gallaga M. 2014:280; Heizer and Gullberg 1981; Kovacevich
2016:74), siderite (FeCOs; Melgar et al. 2014:44), and jarosite
(KFe;(S0,4),(0OH),; Gazzola et al. 2016:109).

Additionally, ethnohistorical accounts provide further
contextual evidence for the use of different minerals in
the production of pre-Columbian mirrors. As part of his
description of artisan activities in Mexica society, Fray
Bernardino de Sahagtn referred to the office of lapidaries
as those that sold mirrors “made of white stone, and others
of black stone,” and that “they cut the white or red crystal.”
Furthermore, he refers to mirrors as being “polished or
worked, [...] like margaxita” (marcasite) (Sahagin 1985:573,
525, in Zamora 2002:20-21, 24). That the differentiation of
colors in mirrors was recognized from pre-Columbian
times also suggests that the choice of raw material could
have been based upon the symbolic significance of its color-
ation, whether gold, silver, reddish, or metallic black
(Pereira 2008:132).

A history of reflective material identification in
Maya archaeology

Despite the importance of mirrors and other reflective arti-
facts for the ancient Maya, few studies have been carried out
compared to the number of those conducted on other min-
erals, such as greenstones, obsidian, copper, and gold. In
addition, it is only recently that analyses have begun to
include geochemical methods for identifying raw materials,
and tracing distribution patterns and manufacturing pro-
cesses (Blainey 2007; Gallaga M. 2014; Gallaga M. and
Blainey 2016; Healy and Blainey 2011, Melgar et al. 2014;
Nelson et al. 2005; Zamora 2002).
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The presence of mirrors in the Maya region has been
known since the end of the nineteenth century, thanks to
the iron-ore artifacts that Dieseldorff (1893, in Blainey
2007:52) reported from the site of Chamd, located in the
Chixoy river valley. However, the earliest known identifica-
tion of their raw material (as pyrite) was made by
Thompson (1897) in Yucatan, a designation that was sup-
ported by Seler (1904) and Gann (1918; Blainey 2007:99,
103). Among these early studies, Mason’s (1927) report on
the many mirrors recovered from the sites of Kixpek,
Chipal, Chihuatal, and Ratinlixul, in the Quiche and Verapaz
regions, are of particular importance. As part of his detailed
descriptions, he indicated that although they were made of
pyrite, their surfaces had oxidized, converting into limonite,
a ferrous hydrate.

At Kaminaljuyu, Kidder and colleagues (1946:126-131,
Figures 155 and 156) recovered 35 complete mosaic mirrors
(described as “Pyrite-Incrusted Plaques”), as part of the
funerary offerings of the tombs excavated in Mounds A
and B. These authors carried out the first complete review
of mirrors reported at that time from sites in the Maya
region, Mesoamerica, North America, and southern
Central America (Kidder et al. 1946:131-133). They also
wrote a detailed description of their forms and manufactur-
ing techniques, as the Kaminaljuyu mirrors are among the
most complex decorative forms: “Nothing produced in
aboriginal America seem to us to rival these plaques in
the matter of skilled and meticulous craftsmanship”
(Kidder et al. 1946:131). Regarding their raw material,
Kidder and colleagues (1946:132-133) identified all mirrors
as made of pyrite, although the use of other iron ores for
mirror manufacturing, such as hematite, was already
reported at other Mesoamerican and Mayan sites (e.g,
Kidder 1947:56; Saville 1922).

A significant contribution to the study of Mesoamerican
mirrors came five years later, with publication of the exca-
vations at Nebaj, in the western Guatemalan highlands, by
Smith and Kidder (1951). The quantity of mirrors (212)
recovered at Nebaj (Smith and Kidder 1951:46) surpasses
that from any other Maya or Mesoamerican site. Their
description complemented what had been published previ-
ously by Mason (1927) and Kidder and colleagues (1946),
and especially the comments by ceramist Anna
0. Shepard, who had a Ph.D. in chemistry, and specialized
in optic crystallography and chemical spectroscopy (see
Babcock and Parezo 1988:139). Sheppard suggested that
besides pyrite, other minerals with similar reflective prop-
erties (possibly marcasite) were used for manufacturing
these mosaics. Given the poor state of preservation for
the majority of the mirrors, many reflective tesserae from
the mosaic mirrors were found in a disintegrated state,
either discolored into a yellowish substance, or else decom-
posed into a powdery red substance (Smith and Kidder
1951:46). To explain this anomaly, Sheppard explains how
pyrite:

alters to oxides and hydroxides of iron that are yellow, brown
or red (limonite, goethite, and hematite) and also under certain
conditions to a basic ferric sulphate (copiapite) and to iron
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alum (halotrichite), both of which are yellow. Marcasite has the
same alteration products. It also forms a hydrous ferrous sul-
phate (melanterite) which is green but becomes yellowish on
exposure (Smith and Kidder 1951:46).

However, Sheppard concludes that “it is impossible to say
from which mineral a powdery or yellow product has
been derived” (Smith and Kidder 1951:46), given the con-
ditions in which the samples were found and to which
they were exposed as part of the funerary activities.
Sheppard indicates that the geochemical changes in
pyrite occur under very high temperatures, fluctuating
between 450°C and 665°C, something that could only
occur if the samples were exposed to direct heating. A
similar observation was made by Woodbury and Trik
regarding the mirrors found at Zaculeu, also in the west-
ern highlands:

When mosaic of the latter type decomposes, as all pyrite does
quite rapidly, the polygons of matrix remain with a layer of soft
yellow powder in the place of the crystalline pyrite ... The rot-
ted and incomplete state of most plaques is due to the fact that
iron pyrite produces sulphuric acid when moisture is present
(Woodbury and Trik 1954:236).

During the second half of the twentieth century, descrip-
tions assumed that all mirrors were made of pyrite, follow-
ing the precedent set by the majority of earlier works. As
Blainey (2007:165) observes: “In the majority of archaeolog-
ical site reports documenting the excavation of iron-ore
mirrors, it is not apparent whether the designated iron-ore
was tested scientifically in any way, or whether the
researchers simply identified them based on experience.”
However, the study made by Fastlicht (1962) of a dental
inlay from the site of Jaina demonstrated the usefulness of
geochemical analyses of reflective materials:

The cavities have a reddish material which at the time of the
removal from the tomb had a perfectly “normal” and stone-like
appearance, but which afterward underwent a surprising
change. still fitting perfectly at the edges of the circular perfo-
ration, these fillings began to expand ... Apparently, this was a
consequence of contact with air and resulting dehydration. At
first we thought this might be an alteration of the hematite
(oxidized iron pyrites) so often used for inlays. Since the graves
on Jaina were not very deep, the action of sea-water that covers
the island at certain seasons could have caused such an alter-
ation. However, other specimens from graves on the same
island have complete jadeite and hematite inlays in perfect
state. To clarify the point ... [specialists] made a spectrographic
study of a fragment of the material of an inlay and found iron
and calcium and recognized a mineral called goethite alfa
(Fe,05 H,0) as the principal component ... The geologist thinks
that the original substance was powdered iron pyrites
(marcasite) ... it is supposed that the iron pyrites altered
from iron sulfide to sulfate, and finally to iron hydroxide.
(Fastlicht 1962:398-399).

Nevertheless, mirrors were not really studied in great detail
until the twenty-first century, when Zamora (2002) analyzed
569 pyrite objects recovered in the excavations at Aguateca,
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in the Petexbatun region. Of these, 351 artifacts were recov-
ered from within Structure M8-4, named “The House of
Mirrors,” which could have been a workshop for mirrors
and other reflective mosaics (Aoyama 2007:19; Inomata
et al. 2002:310-316). With the more advanced geochemical
analyses available by this time, Zamora carried out mass
spectrometry and specific weight tests on six pyrite sam-
ples, of which only one showed sulfur as part of its chemical
composition. The results showed the typical crystallization
of pyrite, but the absence of sulfur was interpreted as a
result of post-depositional processes and environmental fac-
tors, which made the pyrite transform into siderite, a min-
eral similar to limonite (Zamora 2002:27-28). This led
Zamora to conclude that:

archaeological materials usually identified as “pyrite” corre-
spond to other minerals or rocks, such as hematite ... magnetite
... gneiss ... and marcasite ... Given that the sulfur that charac-
terizes pyrite is hardly found present in oxidized samples (this
form is present in most iron ores buried for hundreds of years),
the correct identification of this material is very difficult
(Zamora 2002:27).

Around the same time that the Aguateca finds were made,
another important archaeological discovery relating to Maya
mirrors was made at Cancuen, in Structure K7-34 (Barrientos
et al. 2001; Kovacevich 2016). Five unworked raw material nod-
ules were recovered, as well as 10 tesserae, suggesting that the
structure could have been a mirror production workshop
(Barrientos et al. 2001). These materials were identified as
pyrite, according to scanning electron microscopy (SEM) and
X-ray diffraction (XRD) tests performed on one sample, carried
out at the Smithsonian Institution (Kovacevich et al. 2004:885).
Although Kovacevich (2016:88-92) performed morphological
and contextual analyses of 101 “pyrite” artifacts collected
from 1999 to 2003, no more geochemical methods were
applied. In addition, since 2004, 197 additional iron-ore arti-
facts (making a total of 298) have been recovered from different
parts of the site, including mosaic mirror tesserae, beads, and
more unworked raw material nodules (Paola Torres, personal
communication 2021). These remain unpublished as yet, but
are currently subject to both morphological and geochemical
analyses by the authors.

In 2007, Blainey carried out a synthesis of the distribu-
tion, economy, and symbolic significance of iron-ore mir-
rors throughout the Maya region, where he collated data
from more than 500 objects reported from 41 sites
(Blainey 2007). Based on information previously published
in archaeological reports, the specific reflective mineral
was only identified (mostly visually) in 192 instances, and
of these, 155 were identified as pyrite (81%) and 37 as hema-
tite (19%; Blainey 2007:113). However, these percentages are
skewed by the high number of pyrite mirrors recovered
from just two sites (Nebaj and Kaminaljuyu), which account
for 452 of the total 500 objects. Blainey was, in any case,
cautious with these numbers, stating that there is a “lack
of consistent terminology and documentation, especially con-
cerning the geological material that composes the mosaic
mirror face and backing” (Blainey 2007:52), something also
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recognized by Taschek (1994:96): “with regards to mirrors
documented in older publications, correct material identifica-
tion is undetermined”. Quoting Ixer (1990), Blainey adds that
“although there is a tendency to label specimens as specifi-
cally pyrite, the examples of preserved polygons may indicate
a mixture of iron-ores,” and that “without chemical analysis,
it is difficult to identify the precise geological composition of
remaining iron-ore mosaic pieces simply according to
whether they are decomposed” (2007:167). There is, there-
fore, increasing recognition that visual identification of
reflective minerals from archaeological contexts, although
quick, is not as reliable as scientific testing, and that applica-
tion of geochemical methods is necessary to ascertain min-
eral identification accurately (Blainey 2007:189; Gallaga
M. 2014:274; Nelson et al. 2005:1).

Up until now, few geochemical analyses have been car-
ried out on pre-Columbian Maya mirrors. However, early
results have demonstrated that not all mirrors were made
of pyrite. More than 100 mirror tesserae recovered from
the site of Cerros, in northern Belize, were identified
using XRD analyses as having been made of specular hema-
tite (Garber 1989, in Blainey 2007:61). The same analysis was
carried out on two samples of mirror tesserae from
Pacbitun, resulting in one identified as pyrite, and the
other as hematite (Blainey 2007:166). In Reynosa, various
iron-ore dental inlays were present in the individuals
from Burials 20 and 38. Using SEM with X-ray spectroscopy,
the minerals used in these inlays were identified as hematite
(Burial 38) and pyrite grains inside an iron-ore matrix
(Burial 20), very similar to composite pyrite mirrors
(Sandoval et al. 2020; Suzuki et al. 2018).

The application of geochemical analyses not only has
the potential to correctly identify the raw materials used
by the ancient Maya to produce reflective objects, but
also contributes to the understanding of the effects that
site-formation processes can have on these minerals. As
previously explained, the potential for transformation, oxi-
dization, decomposition, and pseudomorphism in the fer-
rous raw materials of mirrors and other reflective
objects has been recognized as an issue in the identifica-
tion of their mineral composition by a number of authors
over the last century (Blainey 2007:58, 85, 88, 91; Fastlicht
1962:398; Gallaga M. 2014; Mason 1927; Mata 2003; Melgar
et al. 2014; Nelson et al. 2005:1; Smith and Kidder 1951:46;
Taschek 1994:97-99; Woodbury and Trik 1954:236; Zamora
2002:27-28). Most recently, Gazzola (2016:108-109, 117,
121) has proposed that pyrite converts into secondary min-
erals under oxidation and hydration processes, including the
action of bacteria (bioxidation) present in the organic adhe-
sives used in mirrors. However, Arrouvela and Eon (2019)
indicate that transformation processes of pyrite and other
iron ores are still not fully understood, considering that
the thermodynamic and kinetic aspects of crystal formation
are a function of temperature and the concentration of cer-
tain elements within the depositional environment. Such is
the case with one of the few complete “composite” mirrors
found in the Maya region (to date), which was found at the
bottom of Lake Amatitlan, and still retains its original
brightness, probably due to being immersed “in a hot
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sand of volcanic origin that contains components of sulfur”
(Mata 2003:834).

It is also important to note that the few geochemical
analyses carried out on pre-Columbian mirrors have focused
on the finished products and their commonly oxidized sur-
faces. Raw materials from archaeological contexts have
largely yet to be found and analyzed, with a few exceptions
(e.g., the nodules from Aguateca). Furthermore, given that
oxidation processes mainly affect the artifact surface, it is
important to conduct non-destructive analysis on the mate-
rial’s interior fabric when the object or fragment is found
broken.

Geochemical analysis of reflective objects from
La Corona and Cancuen

The present study was partly driven by the recovery of a
considerable amount of iron-ore objects from the sites of
La Corona and El Achiotal, as part of the Proyecto
Regional Arqueoldgico La Corona (PRALC) between 2008
and 2019 (Barrientos et al. 2020; Iizuka et al. 2020). These
include 33 mosaic mirror tesserae and 178 spherical and
tubular necklace beads recovered from different parts of
La Corona (Figure 1). All the beads were recovered from
funerary contexts, with particularly large quantities from
Burials 13 and 18, located in structures 13R-10 and 13Q-2,
respectively (Figure 2). Some of the tubular beads are
unique since they measure up to 5 cm in length. Other arti-
facts include a possible ear flare and many small unworked
nodules recovered from architecture rubble fills and surfi-
cial deposits. These nodules were semi-rounded in shape,
and dark in color.

Of the iron-ore artifacts recovered by PRALC, 12 were
selected for geochemical analyses: four tesserae (samples
CR-1, CR-2, CR-10, and CR-11); two bead fragments (samples
CR-8 and CR-9); one possible ear flare (CR-5); one raw mate-
rial flat piece (CR-3); and four small raw material nodules
(CR-4, CR-6, CR-7, and CR-12), plus two additional samples
from Cancuen (Figure 3). The latter were kindly lent for
analysis by the Proyecto Arqueoldgico Cancuén, and com-
prised one mirror tessera (sample CAN-1) and one raw
material nodule (sample CAN-2). The Cancuen nodule was
of particular interest as it exhibits cubic morphology,
which is very similar to that of goethite pseudomorph
after pyrite. For its chemical analysis, one of its flat facets
was carefully polished, exposing a dark color (almost
black) in the interior, which was very different from its
reddish-brown external surface (Figure 4). Polishing was
carried out in order to have access to analyze the inner
material, as the exterior layer was oxidized.

This initial sample was small due to limitations in the
availability of analyses in Guatemala and export to foreign
laboratories. For this reason, an arbitrary selection of spec-
imens was used to test the effectiveness of the methods
applied in different types of artifacts. Therefore, samples
and methods within this study were of a preliminary nature
and will serve for future sampling strategies.

The geochemical analyses were initiated in 2016 by the
Center for Archaeological and Anthropological Research at
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Figure 1. Iron-ore beads found as an offering associated with Burial 13 in Structure I3R-10 from La Corona. Photos by Carias.

the Universidad del Valle de Guatemala (CIAA-UVG), with
direct collaboration from the Center for Research and
Development at Cementos Progreso (CI+D/CETEC), the
Institute of Earth Sciences, Academia Sinica in Taiwan
(lizuka et al. 2020), and University of Bradford, UK. This
cooperation allowed the use of specialized equipment for
different objectives: analysis of crystalline solids through
XRD, determination of elemental composition through
SEM with an EDS detector and energy-dispersive X-ray fluo-
rescence (EDXRF), and identification of chemical compounds
with Raman spectroscopy. Recently, this project has joined
the Red Reflejos, a collaboration network for the study of
pyrite mirrors in Mesoamerica and Central America, led
by Matthieu Ménager and Silvia Salgado, from the
Universidad de Costa Rica.

X-Ray diffraction for crystalline solids

Loose powder X-ray diffraction (PXRD) was run in a
PANalytical Empyrean diffractometer, using a low background

sample holder (due to the low sample amount). The angle (26)
was configured between 5° and 90°. Rietveld refinement was
used to semi-quantify the crystalline phase abundance.
Mineral identification was based on matching the experimen-
tal diffractogram with those available at the Inorganic Crystal
Structure Database (ICSD).

EDXREF for bulk chemistry

An energy-dispersive X-ray fluorescence spectrometer
(EDXRF: JEOL JSX-1000S) was used to study the bulk chem-
istry from the specimen surface. The samples were operated
under low-vacuum conditions (100Pa) and the primary
X-ray (Ph target) irradiated for 100s with 2.0 or 0.9 mm in
diameter.

SEM-EDS for mineral chemistry

The microtextures and mineral chemistries were studied
non-invasively using SEM. Identification of mineral phases

0

S.cm

Figure 2. Offering associated with Burial 18 from La Corona. It shows two calcified iron-ore beads (tubular and spherical), combined with

jade beads and shell fragments. Photo by Carias.
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Figure 3. Geochemically analyzed iron-ore artifacts from La Corona, El Achiotal, and Cancuen. Photos by Carias.

was made by an energy-dispersive spectrometer detector.
Samples were directly loaded into the specimen chamber
without sample polish and any coating of conductive mate-
rial such as carbon or gold. Due to the work requiring collab-
oration between several different laboratories, SEM-EDS was
carried out with different equipment and in different work-
ing conditions: one field emission scanning electron micro-
scope (JEOL JSM-7100F, with EDS: Oxford Instruments Ltd,
X-max 80 operated by INCA-350, low-vacuum conditions
(50Pa) were used with purged nitrogen gas); one scanning
electron microscope with EDS detector under low-vacuum
conditions (JEOL, JSM-IT500, detector model X-Max); and
one scanning electron microscope with EDS detector under

0 5cm

Figure 4. Raw material from Cancuen (sample CAN-2). Note the cubic
crystal habit, and the luster and color exposed in the polished facet.
Photos by Carias.
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high-vacuum conditions (Oxford Instruments Xplore 30,
30 mm cross-sectional detector area, software: Aztec lite 4.4).

Raman spectroscopy for chemical compounds

Raman spectroscopy was run in a Renishaw inVia Raman
microscope, with a 785-diode laser. The measurements
were conducted with a 20x lens, 5%-50% laser power and
1 accumulation. The spectrum was obtained from 200 to
1400 cm ™.

Results of geochemical analyses

The first approach was to identify the crystalline phases of
this material by analyzing three samples (CAN-2, CR-10,
CR-11) through non-destructive XRD analysis, as the surface
of these artifacts is flat (Table 1). This method was com-
bined with a Rietveld refinement and the results suggested
that, contrary to the preliminary visual identification, the
raw material was not pyrite. However, the diffractograms
did not present the expected quality, as the non-destructive
approach did not allow well-defined peaks, so we took this
as a starting point to continue doing further analysis.

In the second phase, bulk elemental analysis was per-
formed in the external surface of samples CR-8, CR-9,
CR-10, CR-11, and CR-12 using EDXRF. Additionally,
SEM-EDS was used for the same purpose on all sample sur-
faces except CR-6, CR-7, and CAN-2, in order to identify sec-
ondary minerals within the raw material matrix (Table 1).
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Table I. Results of geochemical analyses.

SEM-EDS EDXRF Result
av % Fe %S av% av% Raman
Fe S spectroscopy XRD
Sample
number Sample ID Site Type A x () A x () X X () A Matrix Special minerals
CR-1 CR21A-3-2 La Corona Tessera 62.3 ND Iron oxide
CR-2 CRI64E-6-4-4 La Corona Tessera 25.2 ND Iron oxide
CR-3 CRI164E-5-1-1 La Corona Other 46.5 ND Iron oxide
CR-4 ACH99B-12-2 El Achiotal Raw 20.6 ND Iron oxide
material
CR-5 CRI53D-1-1-1 La Corona Other 60.8 ND Iron oxide
CR-6 CRI16C-24A-13-33 La Corona Raw Goethite/ Goethite Quartz
material quartz
CR-7 ACH99B-12-2 El Achiotal Raw Hematite/ Hematite Hauerite (MnS,)
material hauerite
CR-8 CRI6C-34-11-12 La Corona Bead 86.0 3.1 91.7 0.6 Iron oxide Barite (BaSO,)
(CRN-24)
CR-9 CRI6C-34-11-12 La Corona Bead 82.0 ND 87.8 0.8 Iron oxide Xenotime, monazite, zircon,
(CRN-25A) fragments calcium carbonate (in the white
i
CR-9 CRI6C-34-11-12 La Corona 896 05 Iron oxide ine)
(CRN-25B)
CR-9 CRI16C-34-11-12 La Corona 80.8 0.8 Iron oxide
(CRN-25C)
CR-10 CRI6A-32-7-10 La Corona Tessera 83.7 622 18 09 887 0.8 Hematite Hematite(?)  Hematite Cinnabar (HgS) on the surface
(CRN-26)
CR-11 CRI6A-45-8-15 La Corona Tessera 91.1 ND 93.0 0.7 Hematite(?)  Hematite Cinnabar (HgS) on the surface
(CRN-27) @)
CR-12 CRI5A-1-17 La Corona Raw 71.1 325 ND ND 778 ND Hematite Hematite
(CRN-49) material
CAN-I| CAN24-253-1-1 Cancuen Tessera 50.5 1.2 Hematite Hematite
CAN-2 CANS58-2-1-1 Cancuen Raw Goethite(?) Goethite
material @)

ND = not detected; @ Bradford, UK; x Ac. Sinica, Taiwan; /\ Cempro-CIAA, Guatemala

Ip 19 "0 soiudlileg Sewo|
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Special attention was given to the abundance of iron and
sulfur, as pyrite (FeS,) was the most commonly identified
mineral from preliminary visual assessments made in the
field. For the SEM-EDS analysis, the iron composition on
the surfaces of the artifacts was between 20.6 wt% and
91.1 wt%, whereas the sulfur content was either undetected
(for 9 of the 13 analyses; this happens when the sample
value is lower than the methodology’s detection limit) or
lower than 3.1 wt%. EDXRF results indicate that the iron
content on the artifacts surfaces was between 77.8 wt%
and 93.0 wt%, and that the sulfur content was between 0.5
wt% and 0.8 wt%. (Table 1) Both techniques not only showed
a low sulfur content, but also that the relative proportions
of iron to sulfur were different to those associated with
pyrite, in which the sulfur content is higher than the iron
(pyrite has an iron content of 47% and sulfur content of
53%). Thus, the results demonstrate that the mineral matrix
of all samples surfaces analyzed by SEM-EDS and EDXRF
were of an iron oxide, but not iron sulfide.

The bulk chemical analysis cannot give a specific iron
oxide identification, as it is not possible to determine the
proportion of oxygen and hydrogen attached to the iron
atoms. To identify the specific chemical compound present
in the matrix, Raman spectroscopy was used for amorphous
and crystalline solids, and XRD was used to identify crystal-
line phases present in the raw material. Two nodules of raw
material from La Corona and El Achiotal (CR-6 and CR-7)
were analyzed by PXRD with Rietveld refinement, identify-
ing goethite and quartz in sample CR6, and hematite and
hauerite in sample CR7. Raman spectroscopy showed hema-
tite as the best match for the experimental spectrums from
the surface of a raw material nodule (CR-12) and two mosaic
tesserae, one from La Corona (CR-10) and one from Cancuen
(CAN-1). Secondary minerals were identified by SEM-EDS, in
which the presence of cinnabar, barite, xenotime, monazite,
zircon, and calcium carbonate were identified in samples
CR-6 to CR-11 (Table 1 and Figure 5).

Wt% c
Fe | 622 | 0.2
@) 264 | 0.2
Si 4.5 0.1
3.3 0.2
1.4 0.1
1.1 0l
0.9 0.1
0.2 0.0

Al
Ca

o n

Figure 5. Identified minerals through SEM-EDS from sample CR-10.
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In summary, the relative iron and sulfur content within
the materials from La Corona, El Achiotal, and Cancuen
does not match the proportions expected of pyrite. The
high abundance of iron suggests that the matrix of these
materials is an iron oxide, possibly hematite and/or goe-
thite. Although it is important to highlight that the analyses
were conducted on the surface of well-preserved artifacts,
for further studies, with appropriate sample alterations, it
will be possible to conduct similar analysis on the inner
material.

Geographical and chronological patterns of
pre-Columbian Maya reflective objects

Pre-Columbian reflective artifacts have been reported in
almost all Mesoamerican regions, including the Olmec
zone, the Maya area, Oaxaca, and the Valley of Mexico, as
well as the Mexican states of Michoacan, Puebla, Chiapas,
and Veracruz (Blainey 2007:42-49; Carlson 1991;
Young-Sanchez 1990:328, 341). In the Mesoamerican south-
ern periphery, mirrors have been found in northern
Honduras, Nicaragua, and Costa Rica, and some examples
have been reported further south, in Panama, Ecuador,
and Peru (Blainey 2007:49-51; Dennett and Blainey 2016).
Previous studies on mirrors have documented 29 sites in
the Maya region where mirrors or tesserae have been identi-
fied visually as made of pyrite: Actun Tunichil Muknal,
Aguateca, Altar de Sacrificios, Barton Ramie, Bonampak,
Cancuen, Caracol, Chama, Chichen Itza, Chihuatal, Chipal,
Copan, Cozumel, Hatzcap Ceel, Holmul, Kendal, Kixpek,
Labna, Lamanai, Los Encuentros, Mayapan, Nebaj, Pusilha,
Ratinlixul, Rio Amarillo, Rio Azul, San Agustin Acasaguastlan,
Tenam Puente, and Zaculeu (Blainey 2007:55-104; Kidder
et al. 1946:132-133; Kovacevich 2016:84; Melgar et al. 2014;
Zamora 2002:31-41). Another 14 sites have reports of both
pyrite and iron oxide artifacts (visually identified): Baking
Pot, Ceibal, Coba, Cueva de Rio Murciélago (Dos Pilas), Jaina,
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Kaminaljuyu, La Lagunita, Lubaantun, Pacbitun, Palenque,
Piedras Negras, Quirigua, San José, and Tikal (Blainey
2007:59-101), and six sites where only hematite mirrors
have been identified visually: Altun Ha, Buenavista del Cayo,
Cerros, Dos Hombres, Dzibilchaltun, and Minanha (Blainey
2007:60-85; Zamora 2002:35, 40; and Figure 6).

In addition to the sites already included from these pre-
vious surveys, the consultation of other archaeological
reports added a further 18 sites where pyrite mirrors or tes-
serae have been visually identified: Bejucal (Garrison and
Beltrdn 2011:303), Bilbao (Mata 2003:833), Calakmul
(Gonzdlez 2018:219), Cauinal (Ichon et al. 1980:34-36),
Chirramos (Ichon and Grignon 1983:86); El Jocote (Ichon
and Grignon 1981:29, 67, 93-94), El Parafso (Shook 1947),
El Peri/Waka® (Pérez et al. 2015:18), El Zotz (Gillot

OPyrite
(D Pyrite and hematite
@ Hematite / Iron ore

Tomas Barrientos Q. et al.

2008:127; Piedrasanta 2018:43; Piedrasanta et al. 2014:947),
Izapa (Clark and Lee 2018:270-275), Machaquila
(Ciudad-Ruiz et al. 2011:162), Motul de San José (Hart and
Gauger 2013:115); San Clemente (Fialko 2013:277), San Juan
Las Vegas (Ichon and Grignon 1983:22, 44), Serchil (Rolddn
1998:608), Topoxte (Fialko 2000), Uayma (Thomson 1962),
and Xultun (Romero 2010:97). Pyrite together with hematite
fragments were also reported at the site of Chitomax (Ichon
and Grignon 1983:107, 128; Ichon et al. 1988:72, 77, 115; and
Figure 6).

It is also important to note the presence of other reflec-
tive objects besides mirrors. Pyrite or iron beads have been
reported at 10 sites: Aguateca (Zamora 2002:115), Balam Na
(Brady et al. 2003:147), Cancuen, Caracol (Chase and Chase
2006:50), Holmul (Cormier 2018:303), La Corona, Lamanai

Figure 6. Map of archaeological sites with reported artifacts made of pyrite, hematite, or both minerals. Map by Barrientos Q.
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(Blainey 2007:84), Nakum (Zralka et al. 2014:105), Pacbitun
(Blainey 2007:93), and Uaxactun (Zamora 2002:115).
Pectorals and headdress mosaics are reported from
Aguateca (Aoyama 2007), La Corona, Tak'alik Ab’aj
(Schieber 2003), and Tikal (Blainey 2007:73; Kovacevich
2016:83). Dental inlays have been found at Baking Pot
(Blainey ~ 2007:75), Cancuen (Kovacevich  2016:90),
Chalchuapa (Fowler 1984:616), Holmul (Cormier 2018:241,
260, 316), Jaina (Fastlicht 1962:398), Piedras Negras
(Satterthwaite 1952 in Weeks et al. 2005:350), Reynosa
(Sandoval et al. 2020), Ucanal (Miller 2019:213), and various
sites in Southeastern Peten (Ramirez et al. 2018). A possible
ear flare or button has been found at La Corona, and a pos-
sible figurine fragment has been reported from Aguateca
(zamora 2002:128). The use of these minerals in objects
other than mirrors highlights the symbolic importance of
their reflective quality. If “mirrors” were shamanic tools
(Blainey 2016) or mystical devices (Healy and Blainey
2011) and were carried as part of ritual and military para-
phernalia (Garcia-Des Lauriers 2017; Taube 1992), then it
is possible that these special properties were also perceived
as transferred to individuals through the use of decorative
objects such as necklaces, pectorals, or dental inlays.

The list of sites with known presence of reflective arti-
facts made of pyrite, hematite, and other iron oxides, totals
79. Although this list is by no means exhaustive, it at least
indicates how widely spread these artifacts were throughout
the Maya region, and that they were present at the majority
of main centers (Figure 6). They have been found in partic-
ularly high numbers in the North Quiche and Verapaz
regions, with notable quantities at sites such as Nebaj,
Kaminaljuyu, and Aguateca. Of the 79 sites where reflective
artifacts have been found, 52 (67%) are located in the Maya
Lowlands, 23 (29%) in the Maya Highlands, and four (5%) on
the Pacific Coast. Forty-nine sites (63%) reputedly have only
pyrite objects, while 18 (23%) have both pyrite and hema-
tite/iron oxide artifacts, and 12 (15%) have artifacts identi-
fied as made of hematite. However, if we take into account
that many documented instances of pyrite may be misiden-
tified, it is possible that pyrite and hematite may be more
evenly distributed than was previously thought.

Understanding the mineral composition of the materials
used for mirrors and other reflective artifacts reveals inter-
esting patterns in the geographical distribution of these
goods and materials that would otherwise not be noticed.
Unfortunately, a pre-Hispanic pyrite or iron-ore quarry
has yet to be identified. This may be because the minerals
used for these goods are widely distributed across the region
in small quantities, mixed with other minerals (Blainey
2007:171-174; Gallaga M. 2014:296, 2016b:39; Kovacevich
2016:74). The main geological concentrations of iron ores
have been identified in eastern Guatemala (Chiquimula,
Izabal, and Zacapa) and the Maya Mountains in Belize
(Abramiuk and Meuer 2006:339, 345; Gallaga M. 2014:296;
Graham 1987:754). Other minor outcrops in Guatemala
have been reported in Huehuetenango, Aguacatan, Jalapa,
Quetzaltenango, Chinautla, and the Chixoy-Polochic zone.
Some deposits have also been reported around Copan
(Honduras), San Sebastian in El Salvador, and along the
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Pacific Coast (Blainey 2007:172; Gallaga M. 2016b:39;
Kovacevich 2016:74). Outside the Maya region, iron ores
and pyrite are found in the Mexican states of Baja
California, Chihuahua, Coahuila, Durango, Guerrero, Jalisco,
Michoacan, Oaxaca, Sinaloa, Sonora, Tamaulipas, Veracruz,
and Zacatecas (Blainey 2007:175; Melgar et al. 2014:44).
Although the geographically wide distribution of iron ore
and pyrite deposits across this region makes it very difficult
to trace the raw materials used for manufacturing reflective
objects, the application of more advanced geochemical tech-
niques could detect small chemical composition variations
that may allow the raw material source of different artifacts
to be traced.

Temporal variability in the presence of iron ore and
pyrite minerals at archaeological sites within the Maya
region has allowed a general interpretation of their use
and production over time (Blainey 2007:56-97; Gallaga
M. 2016a:16-18). Although concave single-piece hematite,
magnetite, and ilmenite mirrors are known from the
Oaxaca and the Olmec regions during the Early and
Middle Preclassic, through sites such as San Lorenzo, La
Venta, and San José Mogote, no early Preclassic reflective
artifacts are known from the Maya region (Heizer and
Gulberg 1981:114; Pires-Ferreira 1975:65). The only artifacts
dated to the Middle Preclassic are the dental inlays from
Reynosa (Sandoval et al. 2020; Suzuki et al. 2018), and a
slate disk from Cahal Pech (Awe 1992, in Blainey 2007:56).
This is evidence of an incipient industry of reflective
objects, probably importing knowledge and techniques
from other Mesoamerican regions. The production of reflec-
tive artifacts continued developing during the Late
Preclassic, though still in modest numbers (Blainey
2007:58-60). However, it is in this period that the first evi-
dence of mosaic mirrors appears in the Maya region, with
hematite the predominant raw material for reflective
objects throughout Mesoamerica at this time (Gallaga
M. 2016b:30).

The Early Classic period is when mirror production
increased significantly. This increase was also marked by
technological improvements, including the manufacture of
“composite” mirrors, greater diversity in mirror size and
shapes, and a notable preference for the use of pyrite
(Gallaga M. 2014:280, 2016a:17). These changes are widely
attributed to the broad exchange networks associated with
the economic and ideological influence of Teotihuacan
(Blainey 2007:29; Gallaga M. 2016a:17; Taube 1992), meaning
that the manufacture of mirrors and other reflective objects
became one of the most relevant industries in Mesoamerica
during the Early Classic, or at least in central Mexico and
the Maya Highlands, reaching as far afield as Costa Rica
(Blainey 2007:50-51; Dennett and Blainey 2016; Stone and
Balser 1965:310). It has also been proposed that the mirrors
found in the Maya region during the Early Classic could
have been direct imports from Teotihuacan or imitations of
those produced there (Gallaga M. 2014:281, 2016a:17;
Gazzola et al. 2016; Mata 2003:832; Moholy-Nagy 1997:308;
Pereira 2008:124-126; Taube 1992; Young-Sdnchez 1990:326,
342). Certainly, the high frequency of Teotihuacan-related
iconographic motifs in mirror bases points to a close
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relationship between mirror production and the Valley of
Mexico, especially at sites like Nebaj and Kaminaljuyu. This
pattern suggests that the Maya Highlands could have been
the most important area for production and/or use of pyrite
mirrors in the Maya region during the Early Classic.

During the Late Classic, the distribution of reflective
objects across the Maya region changed considerably.
Reflective artifacts from this period are mostly concentrated
within the Maya Lowlands, possibly as a result of the col-
lapse of Teotihuacan and its political and economic influ-
ence. Based on the revision of archaeological reports
presented above, and the preliminary results of geochemical
analyses, it is possible to consider that the use of hematite
could have increased at this time in the Lowlands. By the
end of the eighth century, sites like Aguateca, Cancuen,
and La Corona show a considerable amount and diversity
of types among reflective objects, including some evidence
of manufacturing. It is interesting that during the same
period, Cancuen and La Corona also present similarities in
greenstone artifact production techniques (Melgar and
Andrieu 2016), thus suggesting a new pattern of commercial
routes (at least in the western part of Peten), which could
have had its origins in the exchange system promoted by
previous hegemonic polities like Kaanu’l (Calakmul;
Canuto and Barrientos Q. 2013).

Finally, changes observed during the Postclassic period
relate to an increase in the size of mirror bases and the
incorporation of new materials in pyrite mirrors, such as
turquoise and metals like gold and copper. Obsidian mirrors
were also added to the inventory of reflective objects from
this period (Gallaga M. 2014:281, 2016b:30; Pereira 2008:132).
Nevertheless, the propagation of gold objects seems to have
gradually replaced pyrite as the preferred reflective mineral
for many artifacts. Pyrite and iron ores became primarily
restricted in use during this period for objects such as inlays
for sculptures and other effigies, such as the eyes of deco-
rated human skulls (Melgar et al. 2014:49). At this moment,
mosaic mirrors were also exported to other regions outside
Mesoamerica, such as northern Mexico and the southwest-
ern United States, especially in Hohokam sites (McGuire and
Valdo Howard 1987:129).

Discussion: Differentiating iron oxides and sulfides
through geochemical analyses

The ability to reliably differentiate between the pyrite and
hematite raw materials used in reflective artifacts would
significantly improve the spatial and temporal resolution
of the production and distribution networks of these
goods throughout the Maya region. In order to address
this problem, the relative abundance of sulfur and iron
within artefacts, compared to their naturally occurring
abundance within pyrite, may be used to differentiate the
materials. This makes it possible to distinguish between a
matrix of pyrite or iron oxide, as the latter does not have
sulfur in its elemental composition. Results given by
SEM-EDS and EDXRF were used to determine the mineral
composition of the artifacts. Secondary minerals were iden-
tified by SEM-EDS making single spot analysis within the
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areas of interest or by obtaining a map of the elemental dis-
tribution along the sample. Unfortunately, these techniques
do have limitations, as distinguishing between iron oxides
using the relative proportions of iron, oxygen, and hydrogen
is not currently possible. Here, Raman spectroscopy proved
a good alternative for identifying the iron oxide, and has the
added benefit of being a non-destructive analysis for both
crystalline and amorphous solids, whereas XRD is specific
to crystalline solids and requires the sample to be ground.
The results carried out on the surface of 14 selected samples
from La Corona-El Achiotal (12) and Cancuen (2) were con-
gruent in recognizing a low sulfur abundance compared to
the iron content. This means the materials sampled were
not pyrite (or indeed any other similar iron sulfide), con-
trary to their classification based upon visual identification.
This misidentification suggests that the quantity of mirrors
and reflective objects manufactured with hematite or
another iron ore could be larger than previously thought,
at least during the Late Classic period. Nevertheless, it is dif-
ficult for some geochemical methods to identify the specific
iron ore with a non-destructive approach. For this, we pro-
pose to use Raman spectroscopy, along with magnetic sus-
ceptibility measurements. Mass magnetic susceptibility
can be used to identify magnetic minerals from a sample
by its magnetic properties (Hunt et al. 1995).

The absence of sulfur in the chemical composition of
mirrors and other reflective artifacts has been explained
as a consequence of oxidation and other transformation
processes typical of pyrite and iron ores. This explanation
might account for some highly degraded samples that
have dulled, but many mirrors retain brightness or are
found in relatively stable conditions, indicating that they
have not undergone significant chemical change. In the
absence of evidence for degradation or dulling, the absence
of sulfur may more likely indicate that the raw material
used was an iron oxide, or pseudomorphic pyrite. Further
studies may have to verify this criteria, by analyzing the
inner material of samples with a well-preserved surface.
Cases where both pyrite and iron oxides are identified in
different samples from the same site may indicate a variety
of reflective raw materials; it is possible that the ancient
Maya lapidary artisans could have combined different
types of reflective minerals within the same object.

As mentioned above, no specific source from which these
minerals have been mined has yet been identified, and it
may be that they have been extracted from small sources
located throughout the whole Maya region. Nevertheless,
the accurate identification of these raw materials could
help to determine whether they were extracted from an
area close to the sites at which they were found, or if
they were imported from a distant source, thus establishing
patterns of consumption and exchange. For example, the
identification of significant pyrite or hematite deposits in
the Northern Highlands of Guatemala might explain the
large number of mirrors excavated in Nebaj and its sur-
rounding areas. In the same way, we may question whether
the mirrors from Kaminaljuyu and other Early Classic sites
were manufactured with local pyrite or imported from the
Central Highlands of Mexico. Lastly, we hope to confirm
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whether the production of hematite objects increased dur-
ing the Late Classic period, and if that relates to the emer-
gence of new trade routes under the authority of polities
like Cancuen, which controlled the economy of minerals
such as obsidian, jade, and, possibly, pyrite or hematite, at
the end of the eighth century a.p. (Demarest et al. 2014;
Forné et al. 2014).

Conclusions and future research recommendations

Review of previous publications about reflective objects
used by the ancient Maya has shown that these kinds of arti-
facts had a wide geographic distribution, especially during
the Early and Late Classic periods. Although mosaic mirrors
figure as the most common, other reflective objects, such as
necklaces and dental inlays, were also produced, suggesting
that the symbolic value of these minerals could be conveyed
as personal ornaments.

Most of the raw materials used for manufacturing reflec-
tive artifacts have been identified as pyrite through visual
inspection. However, there is an increasing consensus that
some of these identifications may be unreliable, potentially
undermining the typically assumed predominance of pyrite
over other reflective minerals. Geochemical analyses per-
formed on the external surfaces of an initial sample of 14
artifacts from the sites of La Corona and Cancuen deter-
mined negligible quantities of sulfur in their chemical com-
position, thus suggesting that they were hematite or some
other type of iron oxide, and that these materials might
have been more important than previously thought.
Previous discussions about pyrite and iron-ore preservation
in archaeological contexts indicate that due to the instabil-
ity of these kinds of minerals, they oxidize, degrade, and
transform into other minerals, thus making it difficult to
identify the original raw material. Although this argument
is valid for many of the more poorly preserved objects,
some mirrors and other reflective objects have preserved
their original brightness, and others have been found in rel-
atively stable contexts. Therefore, we suggest the continued
identification of raw materials through geochemical analy-
ses on well-preserved reflective surfaces, but also for inte-
rior sections that have been exposed by breaks in the
objects, and fragments of unworked raw materials. In addi-
tion, applying the same analyses to oxidized, calcified, or
degraded surfaces will contribute to the understanding of
the transformation and pseudomorphic processes that
alter iron oxides and sulfides recovered in archaeological
contexts in the Maya region. Measuring magnetic suscepti-
bility will be a good complement to address the specific iron
oxide identification.

Given the constraints and limitations of these types of
analyses, we hope that with the collaboration of other col-
leagues, especially from the Reflejos network, we can
come up with a reliable and accessible methodology for
assessing a precise identification of iron-ore materials in
Mayan archaeological contexts, especially the difference
between sulfur and oxides. In addition, it will be important
to soon start sampling the different iron-ore and pyrite
deposits in Guatemala, in order to build a reference
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database similar to that which has been made for clay
deposits, obsidian sources, and stable isotopic mapping.
Although the data presented correspond to preliminary
investigations from the initial stages of a larger research
project, they constitute an important reference for future
related studies, and demonstrate the potential of multidisci-
plinary archaeometry research in Maya archaeology. These
preliminary results have also helped to formulate new
research questions related to spatial and temporal patterns
on the reflective objects used by the ancient Maya, which
can contribute to improving economic models already
defined for the Maya region.
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