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ABSTRACT

A multi-analytical approach was used to characterize color remains from Xalla, a Teotihuacan
palace complex (project Teotihuacan, Elite and Government. Excavations in Xalla led by Linda
R. Manzanilla). Color samples were obtained from polished lithic instruments and pigment
ores. Those samples were analyzed combining microscopic and spectroscopic techniques.
Our results coincide with previous studies in Teotihuacan, with the chromatic palette
displaying a predominance of iron oxides such as hematite, yellow ochre and natural earths,
as well as malachite, celadonite and glauconite. We have enlarged the corpus of raw
materials with the characterization of jarosite and bone white and mica as aggregate. The
identification of raw materials crossed with functional analysis of polished lithic artefacts
suggests a production and application process for the pigmenting materials that were
divided in four phases, from the crushing of the raw material to the application and finishing
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of the painted surfaces.

1. Introduction

The cultural study of coloring materials in ancient
civilizations includes the characterization of raw
materials, analysis of the procurement process, trans-
port, storage, production, acquisition and use. Each of
these phases reveals information of interest about the
specialists who worked in these processes, and the
level of technological and practical knowledge of
these ancient societies.

Color comprises one of the main traits in the artis-
tic expressions of Teotihuacan, a Mesoamerican city
that developed during the classic period (AD 150/
200-650) located in the Teotihuacan valley of central
Mexico (Cowgill 2015; Manzanilla 2009a; Millon
1981; Robb 2017). Following a pattern common in
Mesoamerica, Teotihuacan must have been comple-
tely painted (Berrin et al. 1988; Berrin and Pasztory
1994; Boone 1985; Robb 2017). The chromatic palette
found in this city includes the characteristic “Teoti-
huacan red” or rojo guinda (hematite or natural
earths), orange (hematite mixed with lepidocrosite),
pink (hematite mixed with calcite), yellow

(lepidocrosite or goethite), green (malachite) and
blue (azurite), each of them with various middle
shades and hues (Magaloni Kerpel 1996, 2003, 2017;
Martinez Garcia et al. 2012).

This chromatic palette was applied in the urban
architecture, decorating the walls with rich mural
paintings (Magaloni Kerpel 2017; Miller 1973; Millon
1972), in polychrome stuccoed ceramics (Conides
2018; ONeil 2017), as well as in varied sculptural
expressions and in plastic arts made of varied materials
such as shells and textiles (Manzanilla et al. 2011;
Rodriguez Galicia, Valadez Azta, and Martinez
Mayén 2017) or in funeral practices, both for practical
and symbolic purposes (Doménech Carbo et al. 2012;
Vézquez de Agredos Pascual and Manzanilla 2016).

Despite the large number of polychrome archaeolo-
gical remains found at Teotihuacan, only a limited
number of investigations into color production have
been carried out (Sinchez Morton 2013). The present
research conceptualizes color as good - as a product
derived from a production process — and focuses on
the characterization of color samples preserved on

CONTACT Carlos Lopez-Puértolas @ c.lopezpuertolas@gmail.com @ Unidad de Posgrados Circuito de Posgrados, Edificio H, primer piso, cubiculos 105,
113 y 114, Zona Cultural, Colonia Cd. Universitaria, CP. 04510, Delegacién Coyoacén, Ciudad de México
© 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.


http://crossmark.crossref.org/dialog/?doi=10.1080/20548923.2020.1723240&domain=pdf&date_stamp=2020-02-06
http://orcid.org/0000-0002-1774-4765
http://orcid.org/0000-0002-9046-7549
http://orcid.org/0000-0002-4433-8850
http://creativecommons.org/licenses/by/4.0/
mailto:c.lopezpuertolas@gmail.com
http://www.tandfonline.com

2 C.LOPEZ-PUERTOLAS ET AL.

polished lithic instruments and architectural elements
from the Xalla palatial complex.

Thus, the polished lithic artifacts studied allowed us
to deepen our knowledge about the art of making color
in Teotihuacan, and together with the architectural
remains painted in red, green and yellow, allowed us
to obtain information about the operational sequence
followed by the artisans, from the procurement of
raw materials to the final painted product.

1.1. The palatial complex of Xalla

Xalla is a multi-functional palatial complex in the
heart of Teotihuacan. The chronology of Xalla begins
ca. AD 155 with a foundation offering from the Mic-
caotli phase (ca. AD 160) of Spondylus shells and jade
beads from the Motagua Valley (Guatemala) and
ends by AD 550 with the great fire in the core of
the city, covering all the phases of Teotihuacans Clas-
sical period. There is also evidence of post-Teotihua-
can occupation in the Coyotlatelco phase (AD 650-
850/900) (Flannery 1998; Manzanilla 2006, 2008,
2009b, 2017a, 2017b, 77-81; Manzanilla and Lépez
Lujan 2001).

Located in the north-east section of the city, in the
N4E1 square of R. Millons map (Millon, Drewitt, and
Cowgill 1973), the complex is in a privileged location

to the east of the Street of the Dead and to the north
of Pyramid of the Sun. Xalla is a large complex
(55000 m®), organized in eight squares or plazas
around which there are a total of 29 buildings (Man-
zanilla 2017b, 2017a, 77-81; Manzanilla and Lépez
Lujén 2001).

The tools and materials studied in this work come
from the three plazas in the central sector of Xalla
(P1, P2 and P5). The main square (P1) of the complex
is intended for ritual practice, with four structures
oriented to each cardinal point and distributed around
a temple (E9) in the center (Figure 1).

Plaza 2 (P2) is located north of P1, and consists of
three structures, E10, E11 and E12. Structure E12
stands out from the rest; in this large mound situated
to the north-west of P2, several red, orange and
green nodules, in addition to other materials such
as green stone beads, worked bone and the so-called
treasure of mica, have been recovered (Xolalpan
AD 350-550).

Plaza 5 (P5) is located to the south of the main
square or plaza of the palatial complex. In this southern
section of the complex is where the ruling elite of Xalla
established the craftspeople attached to the complex:
lapidaries, potters, garment-makers, bone industry
workers and, probably, color artisans (Manzanilla
2017b; Manzanilla et al. 2017; Manzanilla and Lopez
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Figure 1. Xalla planimetry. Provenance areas of color samples are marked in red. Source Proyecto Teotihuacan. Elite y Gobierno.
Excavaciones en Xalla y Teorpancazco (Dir. Linda R. Manzanilla), redrawn after Millon, 1973.



Lujan 2001; Pérez Roldan 2005; Rosales de la Rosa and
Manzanilla 2011).

This palatial complex is not an exception to the
polychrome pattern elaborated in the prehispanic
city. In ancient times, the floors and walls of Xalla
must have been decorated with red, pink, yellow and
dark blue paints. The excavations in this archaeological
complex have revealed a great amount of archaeologi-
cal materials with remnants of color, including on
polished lithic instruments, architecture, painted
stucco fragments, and nodules of green, orange and
various shades of red.

2. Materials and methods

Color samples were obtained from diverse types of
polished archaeological lithic instruments like grinders,
crushers, trowels or smoothing tools, color nodules and
architectural elements like almenas (architectural
elements on structures’ roofs) with remains of poly-
chrome decoration. The materials chronology spans
from AD 250-550 (Tlamimilolpa and Xolalpan tem-
poral phases), corresponding to the 2nd and 3rd
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technical phases of Teotihuacans mural painting
according to previous studies (Magaloni Kerpel 1996).

The selection criteria for sampling was carried out
according to: (1) the concentration of color, (2) the
purity of the color', (3) the area of the instrument
where the color is located - selecting the evidence of
color that were located on work surfaces — and (4) the
archaeological context, taking into account materials
excavated within the areas of activity (Manzanilla
1986, 11) or the levels of occupation. For the chromatic
classification of colors, the Munsell scale of soils has been
followed (Munsell soil color charts 1992).

The revision of the archaeological materials and the
sampling phase led to the selection of twenty-six red
samples of different shades and hues, four pink,
twenty-nine yellow, eight orange and four green
(Figure 2). All the pigments presented a quality of
brightness and iridescence, both typically found in
Teotihuacans mural paintings.

We used a combination of spectroscopic and micro-
scopic techniques such as Light Microscopy (LM), X-
Ray Fluorescence (XRF), Raman Spectroscopy and
Infrared Spectroscopy (ATR-FTIR), X-Ray Diffraction

Orane 2

05 mm

1

Green 2

Orange 3

Figure 2. Microphotographs of color samples of Xalla and their subgroups by elemental composition.
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(XRD) and Scanning Electron Microscopy with Energy
Dispersive X-ray spectroscopy (SEM-EDS).

2.1. Light microscopy (LM)

The analysis was performed with a stereoscopic optical
microscope Leica GZ6 (10X -50X) with overhead and
transversal light. Additional observations were carried
out with a digital optical microscope Dino-Lite Edge
(20X-230X) with depth of field correction.

2.2, X-Ray fluorescence (XRF)

XREF spectra were acquired with SANDRA, a system devel-
oped at the Physics Institute, UNAM (Ruvalcaba Sil et al.
2010). The system employs a molybdenum (Mo) X-Ray
tube with a beryllium exit window (Be) and a 1 mm dia.
collimator, and an Amptek X-123 Si-PIN X-Ray detector.
The equipment has two lasers and a camera to observe the
analysis area. Analytical conditions were set at 0.15 mA
current, 30 keV energy, and a 200 s acquisition time,
with three points analyzed per sample. Spectra deconvolu-
tion was carried out with the PyMca 3.3 software.

2.3. Raman Spectroscopy

Raman was performed by an i-Raman EX from
BW&TEK, with a 1064 nm excitation laser, a maxi-
mum power of 120 mW, and a 4 cm™" resolution.
Three points were analyzed per sample, with acqui-
sition time ranging from 5 to 10 s, and a laser diameter
between 20 and 50 pm. Spectra obtained were com-
pared with the RRUFF database (Lafuente et al. 2015).

2.4. Fourier Transformed Infrared Spectroscopy-
Attenuated Total Reflectance (FTIR-ATR)

FTIR-ATR spectra were collected with a BRUKER Alpha
FTIR spectrometer using a total attenuated reflection
module, covering a spectral range between 400 and
4000 cm™" with a 4 cm™" resolution and 32 scans per
spectrum. The spectra obtained were compared with
diverse databases (Chukanov 2014; Vahur et al. 2016).

2.5. X-Ray Diffraction (XRD)

Diffraction patterns were obtained with a Bruker D8
Advance diffractometer with Bragg Brentano geometry,
0-0 configuration, Cu radiation (Ka) with a silicon
band detector (Lynxeye Bruker). Acquisitions were car-
ried out at room temperature, in air atmosphere and
atmospheric pressure. Diffraction intensity was made
as a function of the 20 angle, measured between 4.0°
and 110° with a step 28 of 0.02°, and 52.8 s per point.

2.6. Scanning Electron Microscopy - Energy
Dispersive X-ray spectroscopy (SEM-EDS)

Backscattered electron images and elemental distri-
bution maps - as well as the characterization of the
elemental chemistry - were acquired with a JEOL
JSM6300. Additional acquisitions were carried with a
Hitachi TM3030 Plus with 18 kV voltage.

3. Results and discussion

Table 1 summarizes the coloring materials identified in
this work. For each of the analyzed colors, only the
techniques that provided a characterization of the col-
oring compounds are presented. The chromatic variety
observed, the fine granulometry of the pigments and
the wide tonal variety of the colors allow us to place
these pigments in the 2nd-3rd technical phase of Teo-
tihuacan mural painting (Tlamimilolpa-Xolalpan, AD
200-550) (Magaloni Kerpel 1996). These results allow
us to investigate with greater depth the chromatic
and material repertoire of the color production at
Xalla, as well as to infer a possible operational chain.

RED. Red color was taken from grinders and
handles, smoothing tools, polishers, crushers, ores of
color and architectural elements such as walls. The
red group has 26 samples with differences in shade
and in the heterogeneity or homogeneity of their com-
position. Four types of red were defined according to
their shade and hue, 10R 3/6 dark red, 10R 4/6 red,
10R 5/6, and 2.5YR 4/8 red.

All of the red samples displayed high values of Fe,
with a lower presence of elements like Ca, Ti, K, Si,
Sr and Mn, which are typical elements found in natu-
ral earths. The samples that only displayed these
elements have been grouped as Red 1. Three samples
displayed characteristic values of Pb content in their
elemental composition (grouped as Red 2). The pres-
ence of this element in Red 2 allows us to hypoth-
esize that certain natural earths may have been
brought from the Teotihuacan enclaves in the
Mesoamerican West, where the mining deposits of
the Cinturén de Cobre de Michoacdn present a high
abundance of Cu, Sr and Pb (Doménech Carbé
et al. 2012; Panczner 1987). To validate this hypoth-
esis, further analyses on the samples and possible
deposits must be done.

Raman spectroscopy identified the characteristic
peaks of hematite (Fe,O4) (224 cm™", 291-295 cm™,
408-411 cm™"' and 609-612 cm™") (Figure 3), which
is probably the main generator of the red chroma in
Xalla. FTIR-ATR spectra allowed us to differentiate
two subgroups of Red 1. As shown in Figures 3(A)
and 4(B), subgroup Red la - upper A spectrum- pre-
sents characteristic bands of calcite (CaCos) at 712,
873, 1031 and 1795 cm™", hematite at 455-458 cm™"
and 536-538 cm™!, and of a silicate clay, kaolinite
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Table 1. Summary of compounds identified and the archaeological artefacts associated with them.

Associated polish lithic

Color instrument Groups Compositions identified Information provide by technics
Red e Grinders and pestles Red 1 o Red earth (Fe,05 + kaolinite), e XRF: Fe, Ca, Ti, K, Si, Sr, Mn
o Trowels calcite o ATR-FTIR: calcite (712, 873, 1031 and 1795 cm™"). kaolinite
¢ Smashing tools e Red earth (Fe,05 + kaolinite), (790, 1002-1006, 1030-1031 cm™"). Fe,05 (455-458, 536~
* Pigment ores calcite, quartz, calcium oxide 538 cm™)
o Architectural elements (Cao,) o XRD: quartz, calcium oxide
Red 2 e Red earth (Fe,05; + kaolinite) * XRF: Fe, Ca, Ti, K, Si, Sr, Mn, Pb
e Hematite e Raman spectroscopy: hematite (224, 291-295, 408-411,
e Red earth (Fe,05 + kaolinite), 609-612 cm™)
quartz o ATR-FTIR: kaolinite (790, 1002-1006, 1030-1031 cm™")
¢ XRD: quartz
Red 3 ¢ lImenite o SEM-EDS: Fe, Ti, Mn, Al, Si, Mg, K
Pink e Grinders and pestles Pink 1 o Red earth (Fe,05 + kaolinite), e XRF: Ca, Fe, K, Sr, Si
e Mortar pestles calcite, quartz o Raman spectroscopy: hematite (224, 290, 411, 609 cm™")
o Trowels e Red earth (Fe,05 + kaolinite), o ATR-FTIR: calcite (712, 873, 1031 and 1795 cm™"). kaolinite
e Polishers calcite (790, 1002-1006, 1030-1031 cm™"). Fe,03 (455-458, 536-
« Pigment ores 538 cm™)
Yellow o Grinders and pestles Yellow 1 e Jarosite e XRF:Fe K, Ca, S, As
e Mortar pestles o Jarosite, calcium carbonate, * Raman spectroscopy: jarosite (151, 216, 434, 447, 624, 1006,
o Smashing tools calcium oxide, stishovite (SiO,) 1096 cm™")
o Trowels o ATR-FTIR: jarosite (470, 504, 629, 1000, 1082, 3376 cm™").
e Polishers kaolinite (790, 1002-1006, 1030-1031 cm™")
* Pigment ores e XRD: calcium carbonate, calcium oxide, stishovite
o Ritual offering in shell o SEM-EDS: Fe, S, K, Ca, Al, Si, Mg
Yellow 2 o Yellow earth (a-FeOOH + * XRF: Fe, Ca, Ti, Si, Sr
kaolinite) « Raman spectroscopy: 224, 290, 411, 609 cm™!
o Yellow earth (a-FeOOH + o ATR-FTIR: iron oxide (538, 570 cm™")
kaolinite), muscovite e XRD: muscovite
o Yellow earth (a-FeOOH +
kaolinite) + calcium carbonate
Orange Trowels Orange 1 Iron oxide, hematite, kaolinite+,  « XRF: orange matrix (Fe, As, Ca, Si). White aggregates (Fe, Ca,
Polishers green earth, calcium phosphate As, P, SE, K, Si, Ti, Al, Mn)

Paving stones
Architectural elements

« Raman spectroscopy: hematite (455, 536-538 cm_1).
kaolinite (790, 1002-1006, 1030-1031 cm™"). calcium
phosphate (961-965 cm™")

o SEM-EDS: green earths (Al, Si, P, Fe, K, Ca, Mg, Ti, Na)

Orange 2« Iron oxide + possibly cinnabar o XRF: Fe, Ca, Ti, Si, K, Hg, Mn, Zn, S

Orange 3« Iron oxide

Green e Pigment ore
o Architectural elements
(muscovite)

* Glauconite (green earth), quartz
o Celadonite (green earth)

Green 2« Malachite + chonicalcite + green

earth + calcite

o XRF: Fe, Ca, K, Si, Ti, Mn Cu, Zn, Sr

Green 1 o Celadonite (green earth), e XRF: Fe, Ca, K, Sr, Si, Zn, Cr, Al
magnesian calcite, mica

e Raman spectroscopy: quartz (124, 464 cm‘1)
e ATR-FTIR: celadonite (432, 462, 491, 676, 800, 839, 953, 970,
1023, 1084, 1109, 1413, 3357, 3601 cm_1). glauconite (440,
563, 604, 671, 791, 975, 1020, 1200 cm™")
XRD: mica, quartz
SEM-EDS: Fe, Ca, K, Sr, Si, Zn, Cr, Mg, Al
XRF: Cu, Ca, Fe, K, Si, Al, As, Ti, Sr
Raman spectroscopy: green earth (151 cm™"). calcite (273,
1085 cm™)
o ATR-FTIR: malachite (523, 749, 778, 819, 3308, 3404 cm™").
chonicalcite (426, 465 cm™"); calcita: (712, 873, 1410,
1795 cm™"). kaolinite (798, 912, 1008, 1026, 1096 cm™')
e SEM-EDS: Cu, Si, Al, Ca, Fe, Mg, K, P, Mn, Ti

(AL,Si,05 (OH),) at 790 cm™', 1002-1006 cm™" and
1030-1031 cm ™' (Chukanov 2014, 131, 250, 473). As
shown in Figure 3(B) subgroup Redlb displays
similar spectra as Redla, with a lack of calcite bands
(Chukanov 2014, 131).

The presence of calcite may be related to a stucco
plaster (enlucido) over which the color was extended
with smoothing tools (IL2A, IL58A, P5A), leading
to an intentional reduction in the hue of the red,
or to the possible development of dark rose with
pestles and mortars or grinders (IL37A, IL55A,
P10A). In the cases where the red pigment was
pure (IL4A1, IL12A, IL54A,) or found as a red ore
(P8A, P9A), natural earths were identified. In

these cases, we interpreted these samples as raw
materials.

SEM-EDS analyses added information to the corpus
of red materials, such as a probable presence of Ilme-
nite (FeTiO;) (grouped as Red 3), employed as a raw
material by the Xalla color workers to generate red pig-
ments. XRD identified siliceous minerals such as cristo-
balite, tridymite and silicon oxide for the IL12A
sample. Their presence in the pigments of Xalla may
be associated with the composition of natural red
earths, or they have been added intentionally with grin-
ders in order to generate brightness properties, a pat-
tern detected in pigments from other sites in
Teotihuacan (Magaloni Kerpel 2017).
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Figure 3. FTIR-ATR spectra of the red samples (A, B). In red, iron oxide bands; in green, calcite bands; in purple, kaolinite-montmor-
illonite bands. Hematite Raman spectra of red samples (C). Sampling comes from grinders, pestles and applied pigments.

PINK. Pink samples were obtained from the
same polished lithic instruments as the red
samples, with the exception of instruments dedi-
cated to the crushing of raw materials. Four pink
samples with slight tonal variations - dark pink
(2.5YR 7/6 light red), light pink (10R 8/4 pink)
and a medium pink (10R 7/8 light red) - were
analyzed.

XRE results are similar to red samples, with a predo-
minance of Ca, followed by Fe, K, Sr and Si, typical
elements of natural earths. Raman spectroscopy and
FTIR-ATR spectra confirmed the presence of iron
oxides and clays, related to natural earths. Thus,
Xalla pink is a mixture of red earths with calcite, and
the variation between these two components generated
a shade of greater or lesser clarity.



YELLOW. This color was sampled in all polishing
lithic instruments associated with color craft activity
at Xalla, like grinders and polishers or trowels used
to apply pigments on the floors and walls of the com-
pound. We identified six hues of yellow: (1) yellowish
brown 10YR 5/8, (2) light yellowish brown (10YR 6/8
brownish yellow), (3) light reddish yellow (10YR 7/8
yellow), (4) reddish yellow (7.5YR 7/8 reddish yellow),
(5) dark reddish yellow (5YR 5/8 yellowish red) and (6)
light yellow luminous (2.5Y 8/8 yellow).

Elemental composition determined by XRF allowed
us to differentiate two groups of yellow pigments.
Group Yellow 1, composed of only one sample, has a
predominance of Fe, K, Ca, sulphur (S) and arsenic
(As). Group Yellow 2 is characterized by Fe, Ca, Ti,
Si and Sr, elements typically present in yellow ochres.

FTIR-ATR and RS applied on yellow 1 displayed
characteristic peaks and bands of jarosite (KFe3™".
(SO%),(OH)¢) (Figure 4) (Chukanov 2014, 1407). This
raw material typically was used in funerary contexts
in Teotihuacan, but not for mural painting. Character-
ization of this mineral in tools used to apply pigments —
as trowels — allows us to propose its use to produce pig-
ments for pictorial use, to paint the floors and walls of
the palatial compound.

A Yellow 2 sample (IL4A), taken from a crushing
instrument, presents characteristic Raman peaks
related to hematite, even though it is probably related
to a hydrated iron oxide with yellow color, such as
goethite (aFe’*O(OH)) or lepidocrocite (yFe’'O
(OH)), both reported in Teotihuacan mural paintings
(Magaloni Kerpel 1996, 213; Torres Montes 1972,
27-28). The explanation for this resides in the heat
generated by the laser beam of the equipment, where
the high temperature may generate changes in the mol-
ecular bonds of the sample (Casanova Gonzalez 2012).
If temperatures greater than 300°C are reached during
the analysis, goethite loses its water bonds, generating a
phase change and thus obtaining a Raman signal typi-
cal of hematite (Gialanella et al. 2010, 869). FTIR-ATR
confirmed the presence of a hydrated iron oxide, prob-
ably goethite, with additional presence of clays, kaoli-
nite (Chukanov 2014, 255).

ORANGE. The presence of orange pigments was
limited, being sampled from pigment ores, paving
stones and architectural elements. The orange group
has nine samples with notable differences in each
sample color. We identified seven hues of orange:
5YR 6/8 reddish yellow, 10R 5/8 red, 10R 4/8 red,
2.5YR 6/8 light red, 7.5YR 6/8 reddish yellow/5YR 5/
8 yellowish red, and 5YR 7/8 reddish yellow. Differ-
ences were found in the texture and chemical compo-
sition of the samples, with this color group being the
most heterogeneous of the Xalla color sample corpus.

Figure 5 presents our XRF results from the orange
samples studied, allowing us to identify three groups:
Orange 1, composed of one sample, presents high
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Figure 4. FTIR-ATR spectra of jarosite with references of (Chu-
kanov 2014, 1407), in parentheses. Sampling from a smoothing
tool or trowel.

counts of Fe, As, Ca and Si. Orange 2, with high values
of Fe, Ca, Ti, K, Mn, Si, and a significant presence of
mercury (Hg); Orange 3 presents the characteristic
elements related to natural earths previously reported.

Orange 1 presented a special case. LM analysis
allowed us to observe an orange matrix of Orange 1
combined with red and yellow particles, and white and
green aggregates. XRF analyses in the orange matrix pro-
vided results closer to natural earths (Figure 5).

White aggregates were analyzed with XRF and
Raman Spectroscopy. XRF results shows presence of
significative counts of phosphorus (P) and Raman
spectroscopy of the white aggregates provides a signal
characteristic of calcium phosphate (Cas(PO.),) with
its peak at 961-965cm™" (Figure 6), indicating the
use of white bone, never before characterized in Teoti-
huacan pigments. This white bone is present as a fine
grain with a notable compact form and a clayey texture
(Figure 6). These characteristics generate new ques-
tions about the technique involved in the preparation
of this white bone. This texture, color and compaction
may be the result of submitting the bone to a tempera-
ture between 650 and 700°C. At this temperature the
bone acquires a matte white shade and a consistency
similar to gypsum (it agrees with the consistency and
texture observed in the whitish material analyzed),
becoming an adequate material to bind pigments (Trel-
lisé Carreno 2001, 91).

Elemental analysis of the small green aggregates by
SEM-EDS determined a composition of Al, Si, P, Fe,
K, Ca, Mg, Ti and Na. A semiquantitative analysis of
these aggregates, together with elemental distribution
maps (Figure 7), allowed us to identify this material
as an iron aluminosilicate (green earth).

From the results obtained it is possible to affirm
that the oranges of Xalla are composed of iron oxides
present as natural earths (Orange 1 and Orange 3) or
combined with other materials such as cinnabar
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Figure 6. LM photography (25X) of Orange 1 (P3A), indicating with red square the white aggregates (left). Raman spectroscopy of
the white aggregates providing characteristic peak of calcium phosphate (right). White bone reference spectra in dot line.

(Orange 2). The diversity in composition and grain
size seen in the oranges raises the question regarding
the surface on which these pigments were to be
employed. These clayed pigments made with natural
earths are suitable for covering large architectural sur-
faces such as those of Xalla, as well as being typical of
the pseudo-cloisonné ceramics, with examples exca-
vated at P5, and this tradition is strong in the Mesoa-
merican West (Gomez Chévez 1996; Manzanilla
2017b; Michelet and Pereyra 2009). Those pigments
of finer granulometry (P12A and P13A) and with
the presence of Hg could be destined for supports
other than architectural ones, such as stuccoed cer-
amics or body painting, where the application of
reds and oranges with cinnabar is common in Teoti-
huacan (Ejarque Gallardo 2018; Gazzola 2000;

Vézquez de Agredos Pascual, Manzanilla, and Lépez
Puértolas 2018).

GREEN. Green samples were obtained only in two
forms, as ores and as a pictorial layer on an almena
from the compound. Five samples were acquired,
with two hues of green being identified; samples
P20A3 (GLEY1 8/2 pale Green) have a pale turquoise
green tone and correspond to pictorial layer of the
almena and the pigment ores (P4A, P6A, P11A)
while P7A sample has a darker crystal emerald green
and was sampled from a fragment corresponding to
the base of a small ceramic container (Figure 8).

The results obtained with XRF and SEM-EDS show
two groups of green: Green 1 (P4A, P6A, P7A y P11A)
with Fe, Ca, K, Sr, Si, Zn, Cr, Mn and Al, all of
them chemical elements characteristic of natural
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Figure 7. LM photography (25X) of Orange 1 (P3A) and image of backscattered electrons (500X), indicating with yellow square the
green aggregates Elemental distribution maps of the small green aggregates in Orange 1.

earths. FTIR-ATR identified celadonite (KMgFe’*
Si40,0(0OH),) and glauconite ((KNa)(MgFe**Fe’")
(Fe**Al)(SiAl),0,0(OH),) (Chukanov 2014, 501,
451), both characteristic minerals found in green earths
(Figure 9). Group Green 2 (P20A3) presented a main
composition of Cu, As, Fe and Ca. FTIR-ATR spectra
identified the green minerals malachite (Cu,(COs3)
(OH),) (Chukanov 2014, 186) and conichalcite
(CaCu®*AsO,)(OH)) (Chukanov 2014, 1595),
together with the kaolinite-montmorillonite clay. The

presence of calcite bands in the FTIR-ATR spectra
may be related with a reduction of the green shade,
making pigment clearer (Figure 9).

As mentioned before, the quality of brightness is
found in all the pigments analyzed in this work.
Nevertheless, minerals probably associated with
this quality were only identified in Green 1, with
quartz and mica (of the muscovite variety) being
characterized by Raman spectroscopy and XRD
respectively.
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Figure 8. Samples of green pigment samples. (1) emerald
green crystals interpreted as a raw material (P7A), (2) pale tur-
quoise green like a pigment ore interpreted as a finished pig-
ment and (3) the green pigment in a pictorial layer of the
sample almena.

To conclude, we inquire about the operational chain
of pigment production in Xalla palace. Scarcity of
accurate and detailed historical documents about man-
ufacture of pigments in Mesoamerica, none for Teoti-
huacan times, forced us to document the production
of pigments in other chronologies and geographies.
Crossing our archaeometric results with typology and
functionality of polished lithic instruments and com-
paring the results with Ancient and Renaissance
Europe painting treatises like Cennino Cennini
(1947) or Pliny the Elder (1961) - where tools and
grinding grades of raw material are detailed — we pro-
pose a particular operational chain. The color crafts-
people of Xalla manufactured and applied pigments
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Figure 9. (A) FTIR-ATR spectra of celadonite, (B) FTIR-ATR spec-
tra of glauconite and (C) FTIR-ATR spectra of conichalcite (blue),
malachite (yellow), calcite (green) and kaolinite-montmorillo-
nite (purple).

with polished lithic instruments in the following
process:

They used raw materials like yellow and red natural
earths: (I) they crushed raw materials with crushers,
(IT) they ground and mixed natural earths with calcite
or quartz to obtain different gradients of color with
grinders and pestles, (III) they ground these substances
with mortars to homogenize the grain size and finally
(IV) applied the coloring materials processed with



smoothing tools/trowels, and polished the surface to
obtain saturated colors and lustrous surfaces.

4. Conclusions

In the pigments of Xalla studied, colors of great inten-
sity, a clayish consistency and homogeneous compo-
sitions, with a predominance of natural earths, have
been observed. All the pigments have as a common
quality the brightness and reflections that are generated
by a diversity of aggregate materials like quartz or mica,
which would respond to a persistent search to obtain
highly luminous and brilliant pigments, something
characteristic of Teotihuacan pictorial palette.

The recurrence in the use of natural earths by the
color workers of Xalla may respond to the physical
characteristics of the compounds, since they generate
dense pigments that are resistant to external agents.
Together with the above, the abundance and easy
access of this type of material in the surroundings of
the city, converts natural earths into suitable materials
to cover large walls, floors and architectural elements
such as staircases or almenas.

We identified new compositions and raw materials
to prepare pigments to embellish Xalla walls and
floors like a bone white or jarosite and a heterogeneous
orange prepared with different natural earths, bone
white, and green earth. All these coloring materials
were applied on surfaces where the technical objective
of the artisans was to achieve two optical properties:
luminosity and saturation, both very common in Teo-
tihuacanns mural painting. These new raw materials
identified open new questions about color technology
and its development throughout Teotihuacan history.

Note

1. Color remnants that were not mixed with the dark
sediment of the context were prioritized.

Acknowledgements

This research has been supported by Parque Cientifico de la
Universidad de Valencia. Thanks to Laboratorio Nacional
de Ciencias para la Investigacion y Conservacion del Patrimo-
nio Cultural (LANCIC) del Instituto de Fisica, UNAM, with
support of the projects CONACYT LN279740, LN293904,
CB239609 y PAPIIT UNAM IN112018. Thanks for the col-
laboration of the Crystallography Laborarory of the Physics
Institute of the Universidad Nacional Auténoma de México
and to the laboratory technician Antonio Morales Espino.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research has been financed through the Becas Nacio-
nales Program of the Consejo Nacional de Ciencia y

STAR: SCIENCE & TECHNOLOGY OF ARCHAEOLOGICAL RESEARCH . 1

Tecnologia (CONACYT) of Mexico. This research has
been supported under the grants LN279740, LN293904,
LN299076 and CB239609 from CONACYT, IN112018
from PAPIIT UNAM.

Notes on contributors

Carlos Lopez-Puértolas Graduate in History with a Master’s
degree in Archaeology from the University of Valencia
(Spain) and a Master’s degree in Mesoamerican Studies
from the Universidad Nacional Auténoma de México. Cur-
rently in the Doctoral Program in Mesoamerican Studies.
Interest in the studies of colour archaeology, with emphasis
on the studies of colour production and technology in Cen-
tral Mexico.

Linda R. Manzanilla-Naim Archaeologist, researcher at the
Instituto de Investigaciones Antropoldgicas of the Universi-
dad Nacional Auténoma de México and member of El Cole-
gio Nacional de México. She is the author and/or editor of 29
books, 200 articles and chapters, and 71 technical reports on
topics related to the emergence and transformations of early
urban societies in Mesoamerica, Mesopotamia, Egypt, and
the Andean region. She has developed a line of research
that favors interdisciplinary articulation to advance knowl-
edge on the study of domestic life in early urban
developments.

Maria Luisa Vdzquez-de-Agredos-Pascual Degree in Art
History and Journalism. Doctor in Geography and History
from the Universidad de Valencia and Doctor in Art History
from the Universidad Politécnica de Valencia. Master’s
degree in Cooperation for Development with the speciality
of International Humanitarian Aid from the Universidad
Jaume I de Castellon. She is currently a Lecturer in the
Department of History of Art at the University of Valencia.
Vice-Dean of International Relations, Quality and Edu-
cational Innovation in the Faculty of Geography and History
at the University of Valencia. Her line of research for almost
two decades has been the material, cultural and symbolic
study of colour in ancient Mesoamerica, with special empha-
sis on Mayan culture.

ORCID

Carlos Lépez-Puértolas (© http://orcid.org/0000-0002-1774-
4765

Linda R. Manzanilla-Naim © http://orcid.org/0000-0002-
9046-7549

Maria Luisa Vdzquez-de-Agredos-Pascual http://orcid.

org/0000-0002-4433-8850

References

Berrin, K., C. Millon, R. Millon, E. Pasztory, and T. K.
Seligman. 1988. Feathered Serpents and Flowering Trees:
Reconstructing the Murals of Teotihuacan. Edited by K.
Berrin. San Francisco, CA: Fine Arts Museums of
San Francisco.

Berrin, K., and E. Pasztory. 1994. Teotihuacan: Art from the
City of the Gods. New York: Thames and Hudson.

Boone, E. H. 1985. Painted Architecture and Polychrome
Monumental Sculpture in Mesoamerica. Washington,
DC: Dumbarton Oaks.

Casanova Gonzilez, E. 2012. Espectroscopias Raman y SERS
en el estudio del patrimonio cultural mexicano. Ciudad de
México: Universidad Nacional Auténoma de México.


http://orcid.org/0000-0002-1774-4765
http://orcid.org/0000-0002-1774-4765
http://orcid.org/0000-0002-9046-7549
http://orcid.org/0000-0002-9046-7549
http://orcid.org/0000-0002-4433-8850
http://orcid.org/0000-0002-4433-8850

12 C. LOPEZ-PUERTOLAS ET AL.

Cennini, C. 1947. El libro del Arte. Buenos Aires: Argos.

Chukanov, N. V. 2014. Infrared Spectra of Mineral Species.
doi:10.1007/978-94-007-7128-4.

Conides, C. 2018. Made to Order: Painted Ceramics of
Ancient Teotihuacan. Norman: University of Oklahoma
Press.

Cowgill, G. L. 2015. Ancient Teotihuacan. Early Urbanism in
Central Mexico. Cambridge: Cambridge University Press.

Doménech Carbo6, A., M. T. Doménech Carbd, C. Vidal
Lorenzo, and M. L. Vazquez de Agredos Pascual. 2012.
“Insights into the Maya Blue Technology: Greenish
Pellets from the Ancient City of La Blanca.” Angewandte
Chemie International Edition 51 (3): 700-703. doi:10.
1002/anie.201106562.

Doménech Carbd, M. T., M. L. Vazquez de Agredos Pascual,
L. Osete Cortina, A. Doménech Carbd, N. Guasch Ferré,
L. R Manzanilla, and C. Vidal Lorenzo. 2012.
“Characterization of Prehispanic Cosmetics Found in a
Burial of the Ancient City of Teotihuacan (Mexico).”
Journal of Archaeological Science 39 (4): 1043-1062.
doi:10.1016/j.jas.2011.12.001.

Ejarque Gallardo, A. 2018. “In tlilli in tlapalli: la estructura
cromatica rojo-negro en una ofrenda ritual del centro de
barrio de Teopancazco.” En Teopancazco como centro de
barrio multiétnico de Teotihuacan. Los sectores funcionales
y el intercambio a larga distancia, edited by L. R.
Manzanilla, 353-373. Ciudad de Meéxico: Direccion
General de Asuntos del Personal Académico-Instituto de
Investigaciones Antropoldgicas-Universidad Nacional
Auténoma de México.

Flannery, K. V. 1998. “The Ground Plans of Archaic States.”
En Archaic States, edited by G. M. Feinman and J. Marcus,
15-59. Santa Fe: School of American Research Press.

Gazzola, J. 2000. “Los usos el cinabrio en Teotihuacan,
México.” Tesis doctoral, Panthéon-Sorbonne 1.

Gialanella, S., F. Girardi, G. Ischia, I. Lonardelli, M.
Mattarelli, and M. Montagna. 2010. “On the Goethite to
Hematite Phase Transformation.” Journal of Thermal
Analysis and Calorimetry 102 (3): 867-873. doi:10.1007/
$10973-010-0756-2.

Gomez Chavez, S. 1996. “Nuevos datos sobre la relacion de
Teotihuacan y el Occidente de México.” In Antropologia
e Historia del Occidente de México, XXIV Mesa Redonda
de la Sociedad Mexicana de Antropologia. Tomo III,

1461-1494.  México:  Sociedad  Mexicana  de
Antropologia-Universidad Nacional ~Auténoma de
México.

Lafuente, B., R. T. Downs, H. Yang, and N. Stone. 2015. “The
Power of Databases: The RRUFF Project.” En Highlights
in  Mineralogical ~ Crystallography, edited by T.
Armbruster and R. M. Danisi, 1-30. Berlin: W. De Gruy.

Magaloni Kerpel, D. 1996. “El espacio pictdrico teotihua-
cano. Tradicion y técnica.” En La pintura mural
prehispdnica en México. Vol. I Teotihuacan, edited by B.
de la Fuente, 187-225. Mexico: Universidad Nacional
Auténoma de México.

Magaloni Kerpel, D. 2003. “Teotihuacan: El lenguaje del
color.” En El color en el arte mexicano, edited by G.
Roque, 163-204. México: Instituto de investigaciones
Estéticas, Universidad Nacional Auténoma de México.

Magaloni Kerpel, D. 2017. “The Colors of Time: Teotihuacan
Mural Painting Tradition.” In Teotihucacan. City of
Water, City of Fire, edited by M. H. Robb, 174-180. San
Francisco: Fine Arts Museums of San Francisco-de
Young and University of California Press.

Manzanilla, L. R. 1986. “Introduccién.” En Unidades habita-
cionales mesoamericanas y sus dreas de actividad, edited

by L. R. Manzanilla Naim, 9-21. México: Instituto de
Investigaciones Antropologicas, Universidad Nacional
Auténoma de México.

Manzanilla, L. R. 2006. “Estados Corporativos Arcaicos.
Organizaciones de  Excepcion En  Escenarios
Excluyentes.” Cuicuilco 13 (36): 13-45.

Manzanilla, L. R. 2008. “La iconografia del poder en
Teotihuacan.” En Simbolos de Poder en Mesoamérica, edi-
ted by G. Olivier, 111-131. México, DF: Universidad
Nacional Auténoma de México.

Manzanilla, L. R. 2009a. “Corporate Life in Apartment and
Barrio Compounds at Teotihuacan, Central Mexico.” En
Domestic Life in Prehispanic Capitals A Study of
Specialization, Hierarchy, and Ethnicity, edited by L. R.
Manzanilla and C. Chapdelaine, 21-43. Ann Arbor: The
University of Michigan Museum of Anthropology.

Manzanilla, L. R. 2009b. “Los palacios de Teotihuacan.” In
Les Dossiers de 1'Archéologie Teotihuacan. Vol. 17, 20-
23. Paris: Editions Faton.

Manzanilla, L. R. 2017a. Teotihuacan, una ciudad excepcio-
nal de Mesoamérica (Primera). Ciudad de México: El
Colegio Nacional.

Manzanilla, L. R. 2017b. “The Xalla Palace in Teotihuacan.”
En Teotihucan: City of Water, City of Fire, edited by M.
Robb, 118-124. San Francisco: Fine Arts Museums of
San Francisco-de Young and University of California Press.

Manzanilla, L. R., X. Bokhimi, D. Tenorio, M. Jiménez-
Reyes, E. Rosales, C. Martinez, and M. Winter. 2017.
“Procedencia de la mica de Teotihuacan: control de los
recursos suntuarios fordneos por las élites gobernantes.”
Anales de Antropologia 51 (1): 23-38. doi:10.1016/j.
antro.2016.09.001.

Manzanilla, L. R., and L. Lépez Lujan. 2001. “Exploraciones
en un posible palacio de Teotihuacan: el Proyecto Xalla
(2000-2001).” Mexicon. Aktuelle Informationen und
Studien zu Mesoamerika XXIII (3)(January): 58-61.

Manzanilla, L. R, R. Valadez Azua, B. Rodriguez Galicia, G.
Pérez Roldan, A. Veldzquez Castro, B. Zuiiga, and N.
Valentin. 2011. “Produccién de atavios y tocados en un
centro de barrio de Teotihuacan: el caso de
Teopancazco.” En La produccion artesanal y especializada
en Mesoamérica: dreas de actividad y procesos productivos,
edited by L. R. Manzanilla Naim and K. G. Hirth, 59-85.
México: Instituto Nacional de Antropologia e Historia-
Universidad Nacional Auténoma de México.

Martinez Garcia, C., J. L. Ruvalcaba Sil, L. R. Manzanilla, and
F. Riquelme. 2012. “Teopancazco y su pintura. Aplicacién
de técnicas analiticas PIXE, MEB-EDX DRX, FTIR y
Raman.” In Estudios arqueométricos del centro de barrio
de Teopancazco en Teotihuacan, edited by L. R
Manzanilla Naim, 165-210. Ciudad de Meéxico:
Universidad Nacional Auténoma de México.

Michelet, D., and G. Pereyra. 2009. “Teotihuacan y el occi-
dente de México.” In Teotihuacan: Ciudad de los Dioses,
edited by Felipe Solis Orguin, Martirene Alcantara, and
Gilda Castillo, 79-83. México D.F.: Instituto Nacional de
Antropologia e Historia.

Miller, A. 1973. The Mural Painting of Teotihuacan.
Washington, DC: Harvard University.

Millon, C. 1972. “The History of Mural art at Teotihuacan.” En
Teotihuacan. XI Mesa Redonda, edited by A. Ruz Lhuillier,
1-17. México: Sociedad Mexicana de Antropologia.

Millon, R. 1981. Teotihuacan, City State and Civilization.
Austin: University of Texas Press.

Millon, R. F., B. Drewitt, and G. L. Cowgill. 1973.
Urbanization at Teotihuacdn, Mexico. Austin: University
of Texas Press.


https://doi.org/10.1007/978-94-007-7128-4
https://doi.org/10.1002/anie.201106562
https://doi.org/10.1002/anie.201106562
https://doi.org/10.1016/j.jas.2011.12.001
https://doi.org/10.1007/s10973-010-0756-2
https://doi.org/10.1007/s10973-010-0756-2
https://doi.org/10.1016/j.antro.2016.09.001
https://doi.org/10.1016/j.antro.2016.09.001

Munsell soil color charts. 1992. Newburgh, NY: Macbeth :
Munsell color.

ONeil, M. 2017. “Stucco-Painted Vessels from Teotihuacan:
Integration of Ceramica and Mural Traditions.” In
Teotihucan: City of Water, City of Fire, edited by M.
Robb, 180-187. San Francisco: Fine Arts Museums of
San Francisco-de Young Museum and University of
California Press.

Panczner, W. D. 1987. Minerals of Mexico. doi:10.1007/978-
1-4757-5848-1.

Pérez Roldan, G. 2005. El estudio de la industria del hueso
trabajado: Xalla, un caso teotihuacano. Ciudad de
México: Escuela Nacional de Antropologia e Historia.

Pliny the Elder. 1961. Natural History. Vol IX. Libri XXXIII-
XXXV. Edited by H. Rackham. London: William
Heinemann Ltd.

Robb, M. 2017. “Teotihuacan. City of Water, City of Fire.” In
Teotihuacan. City of Water, City of Fire, edited by M.
Robb. San Francisco: Fine Arts Museums of San
Francisco-de Young and University of California Press.

Rodriguez Galicia, B., R. Valadez Azua, and M. Martinez
Mayén. 2017. “Restos de cangrejo rojo (Gecarcinus later-
alis) y cangrejo azul (Cardisoma guanhumi), en el con-
texto arqueoldgico teotihuacano de Teopancazco.” TIP
20 (1): 66-73. doi:10.1016/j.recqb.2016.11.006.

Rosales de la Rosa, E. A, and L. R. Manzanilla. 2011.
“Produccion, consumo y distribucion de la mica en
Teotihuacan. Presencia de un recurso aldctono en los con-
textos arqueoldgicos de dos conjuntos arquitectdnicos:
Xalla y Teopancazco.” En Produccion artesanal y especiali-
zada en Mesoamérica. Areas de actividad y procesos produc-
tivos, edited by L. R. Manzanilla Naim and K. G. Hirth, 131-
153. México: Instituto de Investigaciones Antropoldgicas,
Universidad Nacional Auténoma de México.

Ruvalcaba Sil, J. L., D. Ramirez Miranda, V. Aguilar
Melo, and F. Picazo. 2010. “SANDRA: A Portable

STAR: SCIENCE & TECHNOLOGY OF ARCHAEOLOGICAL RESEARCH . 13

XRF System for the Study of Mexican Cultural
Heritage.” X-Ray Spectrometry 39 (5): 338-345.
doi:10.1002/xrs.1257.

Sanchez Morton, L. S. 2013. Los pigmentos del sitio 46C:
N4E2. Su manufactura como evidencia de especializacion
artesanal. Ciudad de México: Escuela Nacional de
Antropologia e Historia.

Torres Montes, L. 1972. “Materiales y técnicas de la pintura
mural de Teotihuacan.” En Teotihuacan. XI mesa
Redonda, edited by A. Ruz Lhuillier, 17-42. México:
Sociedad Mexicana de Antropologia.

Trellis6 Carrefio, L. 2001. “La Accién del fuego sobre el
cuerpo humano: La Antropologia Fisica y el analisis de
las cremaciones antiguas.” Cypsela 13: 89-100.

Vahur, S., A. Teearu, P. Peets, L. Joosu, and I. Leito.
2016.  “ATR-FT-IR  Spectral  Collection  of
Conservation Materials in the Extended Region of
4000-80 cm™'”>  Analytical and  Bioanalytical
Chemistry 408 (13): 3373-3379. doi:10.1007/s00216-
016-9411-5.

Vézquez de Agredos Pascual, M. L., and L. R. Manzanilla.
2016. “Corporate Paint and Ancient Pharmaceutical
Mixtures from Teotihuacan: The Teopancazco
Neighborhood  Center.”  International Journal of
Pharmacovigilance 1 (1): 1-11. doi:10.15226/2476-2431/
1/1/00110.

Vézquez de Agredos Pascual, M. L., L. R. Manzanilla, and C.
Lopez Puértolas. 2018. “Color y cultura en Teotihuacan.
Los pigmentos y colorantes de Teopancazco como caso
de estudio.” En Teopancazco como centro de barrio
multiétnico en Teotihuacan. Los sectores funcionales y el
intercambio a larga distancia, edited by L. R
Manzanilla, 387-419. Ciudad de Meéxico: Direccion
General de Asuntos del Personal Académico-Instituto de
Investigaciones Antropolodgicas-Universidad Nacional
Auténoma de México.


https://doi.org/10.1007/978-1-4757-5848-1
https://doi.org/10.1007/978-1-4757-5848-1
https://doi.org/10.1016/j.recqb.2016.11.006
https://doi.org/10.1002/xrs.1257
https://doi.org/10.1007/s00216-016-9411-5
https://doi.org/10.1007/s00216-016-9411-5
https://doi.org/10.1522
https://doi.org/10.1522

	Abstract
	1. Introduction
	1.1. The palatial complex of Xalla

	2. Materials and methods
	2.1. Light microscopy (LM)
	2.2. X-Ray fluorescence (XRF)
	2.3. Raman Spectroscopy
	2.4. Fourier Transformed Infrared Spectroscopy-Attenuated Total Reflectance (FTIR-ATR)
	2.5. X-Ray Diffraction (XRD)
	2.6. Scanning Electron Microscopy – Energy Dispersive X-ray spectroscopy (SEM-EDS)

	3. Results and discussion
	4. Conclusions
	Note
	Acknowledgements
	Disclosure statement
	Notes on contributors
	ORCID
	References

