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1 Introduction
Ceramic vessels are an ethnographic material studied in a wide variety of ways to inform our
understanding of past civilizations, from studying the iconography, vessel shape, production
techniques and materials, and more. Pottery has had a significant role in dating, by tracing the
evolution in style from an archaeological and art historical perspective. However, with the
improved understanding and development of materials characterization techniques, new
information about these objects can be attained. The ability to confirm ceramic and pigment
compositions allows for stronger connections to be made between objects and add to historical
context, such as better understanding trade routes and the value of ancient materials.
A study of six ceramic polychrome vessels (Table 1) from the Fowler Museum at UCLA
was undertaken in 2015. According to the Fowler’s condition reports, some of the objects were
in the Fowler’s possession as early as 2001, known because of documentation about loaning the
objects to the Los Angeles County Museum of Art (LACMA), while the most recently acquired
ceramics were donated in 2012. None of the objects, however, have documentation dating back
to excavation, so their origins are unknown. Based on their styles, all six objects have been
identified by experts as Mixtec in style, an indigenous group in pre-Columbian Mexico that
thrived in the centuries preceding the arrival of the Europeans.
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Table 1. List of the Mixtec polychrome ceramic vessels analyzed in this study.
Accession No.
Name & Description

Juggler
X2012.15.9

An anthropomorphic figure balanced on its shoulders, holding a
ball between its feet and a rod or log behind its knees. The body
is primarily black, covered in white dots, with intricate and
colorful decorations on the figure’s face and around the
circumference of the cylindrical neck.

Anthropomorphic Tripod
X2012.15.41

A globular tripod rattle with a narrow cylindrical neck. The
vessel is primarily brown with some white slip and green
pigment decorations. A head and arms protrude on one side,
creating a stylized figure. The head has a headdress that depicts a
feline-looking animal, likely a jaguar.

Xipe Totec
X73.273

An anthropomorphic figure on a square base, covered in a white
slip. The figure is squatting and hunched over, with its arms
extended around a staff. The figure’s face is covered half in red
and half in gold, similar to depictions of the god Xipe Totec in
Mixtec codices. The base and cylindrical neck are covered in
colorful and crowded processional scenes.

Metal Foil Tripod
X73.274

A simple globular tripod rattle with limited decoration on its
ceramic body. White strips circumvent the legs, as well as the
bottom and top of the cylindrical neck. Despite heavy losses, it is
clear these white strips were once covered in a metal leaf and the
body had red pigment.

7 Flower Turquoise
X73.275

One of two dog-headed hero twins, the figure is squatting and
hunched over. Metal leaf ornaments the face and body of the
figure, along with pigmented decoration of red, blue, green, and
black on white slip.

7 Flower Gold
X73.276

One of two dog-headed hero twins, the figure is squatting and
hunched over. The decoration is simple (compared to 7 Flower
Turquoise) with only red and black pigments being used over a
white slip, along with metal leaf.
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Image

1.1 Mixtec Civilization: Spatial and Cultural Context
Understanding the complexities of the Mixtec has been one of the longest-standing problems in
the study of Mesoamerican archaeology and art history (Keber and Nicholson, 1994).
Mesoamerica represents the region connecting North and South America (Figure 1). Surviving
ethnographic materials from the Late Postclassic, 1200-1500 CE, are characterized by
iconographies that symbolize communication between the ruling elites of city-states, showing
that the ceramics are culturally significant beyond their utilitarian use (Coe and Koontz, 2008;
Miller, 2006).

Figure 1. Map of the regions and topography of Mesoamerica, located between North and South America. The
Mixtecs resided in Oaxaca during the Late Postclassic (1200-1500 CE) but interacted with more distant regions
including West Mexico where a unique manifestation of the Mixtec art style was used.
(https://commons.wikimedia.org/w/index.php?curid=828417)

Several names have been assigned to the Mixtec’s distinctive polychrome iconographies,
including “Mixteca-Puebla”, “codex-style”, and “Late Postclassic international style,” because of
their widespread appearance across Mesoamerica in a variety of material contexts, including
ceramics, murals, and codices, with consistently similar imagery and color schemes (Nicholson,
1960; Robertson, 1970; Vaillant, 1943). Few Mixtec codices have survived to the present day,
3

and their vivid colors and story-telling have become an iconic aspect of the Mixtec culture; thus,
their art being referred to as “codex-style.” However, this can be misleading, because it
centralizes the focus on the codices as the iconography’s source material, while it is unknown in
what order these objects were made or if they were produced simultaneously (Blomster, 2008).
Therefore, in this study, the ceramics will be referred to as being international style.
The Mixtec people and the iconography of their various art forms have been studied
extensively by archaeologists, art historians, and others scholars (Lind, 1987; Pohl, 2000;
Zborover and Kroefges, 2015). Lind, for example, has extensively documented appearances of
various colors and design motifs on Mixtec polychrome artifacts, such as ceramic vessels and
sherds. However, Forde plainly points out the lack of scientific analyses of these colors’
compositions, noting that “The specific materials used to produce the various paints and
pigments are currently not well understood” (Forde, 2006, p. 61; Lind, 1987). This statement
correctly implies that while there have been several studies on the iconography and art historical
context of Mixtec vessels (Forde, 2006; Keber and Nicholson, 1994; Lind, 1987; Pohl, 2000;
Sánchez, 2010), there is a clear lack of scientific analyses to provide further technical
understanding of production technology and raw materials selection. Some Mixtec ceramic
provenance studies have employed Neutron Activation Analysis (NAA) (Glascock and Neff,
2003; Neff et al., 1994). However, there has been no systematic documentation positively
identifying a large body of Mixtec pigments’ compositions employed as coloring compounds for
the decoration of these ceramics.

1.2 Aim of this Research
Through the application of materials characterization techniques this research focuses on the
analysis of a group of six Mixtec ceramics from the Fowler museum collection at UCLA (Table

4

1), and aims to contribute to filling this knowledge gap, providing key information on the
selection of raw materials and their processing (chaîne opératoire) to produce the cultural
artifact. The characterization of the raw materials and production technology of this group of
ceramics will further allow for better understanding of these archaeological/ethnological
materials, and will help current and future researchers draw inferences and examine social
organization and trade associated with the production and use of these objects.
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2 Materials and Methods
2.1 Description of Mixtec Ceramics from the Fowler Collection
Six ceramic vessels from the Fowler Museum (Table 1) were examined and analyzed at various
scales using non-invasive and minimally invasive imaging and spectroscopic techniques. Based
on characteristic traits such as the vessel form, colors, and design motifs, experts in the field of
Mesoamerican art have identified these polychrome artifacts as Late Postclassic Mixtec ceramics
(Pohl, 2012). Documentation of these ceramics is scarce, however, and it remains unknown
whether this eclectic group was recovered from the same archaeological site. While they may all
be attributed to the same style and from the same period, each object has unique features.

2.1.1 “Juggler” (X2012.15.9)
The “Juggler” (accession no. X2012.15.9) (Figure 2) is 14.00 cm by 12.00 cm by 7.00 cm. The
object features an anthropomorphic figure, the “Juggler,” balancing on his head, shoulders, and
elbows while holding a small ball between his feet and a rod/log behind his knees. His body
serves as the vessel itself. Small holes visible on various parts of the vessel, i.e. the head, neck,
legs, and arms, indicate that these are hollow. The vessel is polychrome, decorated with white,
multiple shades of blue-green, red, and black paint, as well as thin metal foils on the figure’s
face, ears, hat, shins, and belt. The majority of the exterior of the ceramic is brown, and appears
to be bare of any pigments or slip for the most part. Most decorative ‘dots’ are white while others
show a red paint over the white. It seems that apart from the ‘loss’ of the red paint in these areas,
there are no significant losses of paint. It is worth noting, however, that partially surviving red
paint is not seen on the dots on the black ball between the figure’s feet. The difference in the dots
and the black ball’s coloring calls into question whether the ball is a part of the ‘original’
composition of the object, or a later addition or restoration. In terms of future conservation
6

needs, the major issue seems to be superficial; mainly soil accumulations, obscuring the
observation of some stylistic details on the well-preserved pigmented areas of the vessel.

Figure 2. Diffuse light images of the Juggler (accession no. X2012.15.9).

There are several stylistic indicators pointing to a Late Postclassic Mixtec origin for this
vessel. The figure’s head has characteristically large round earrings. The Juggler also has bands
of blue and green on his upper arms, decorated with a geometric pattern similar to the Oaxaca
Pilitas Polychrome Xicalcoliuhqui design motif (Figure 3) identified by Michael Lind (Lind,
1987). While these step patterns have been identified widely in Mesoamerica, the design’s
meaning is still debated due to its appearance on varied objects and architecture (Forde, 2006).
The Juggler has additional design motifs found in other vessels from the region, such as the
circles with dots (Figure 14) on the thin decorated band on the interior of the vessel’s cylindrical
neck (Keber and Nicholson, 1994). The exterior of the neck of the vessel is wrapped in a
processional scene of anthropomorphic figures and design motifs, reminiscent of the
international style found in Mixtec Codices, such as the Codex Zouche-Nuttall.
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Figure 3. Detail of the Juggler’s Xicalcoliuhqui patterned proper right (a) and proper left (c) arm bands, compared
with a Xicalcoliuhqui design motif illustration (b) (Lind, 1987).

This vessel was described in the Fowler Museum’s condition reports as coming into the
art market in the early 1960s, without a known provenance. It was part of Ernest and Mary
Louise Fantel’s collection until Mary Louise Fantel gave the object to UCLA for exhibition and
safekeeping in 2012.

2.1.2 “Anthropomorphic Tripod” (X2012.15.41)
The “Anthropomorphic Tripod” (accession no. X2012.15.41, also referred to as Anthro. Tripod
in the results section) (Figure 4) is about 11.0 cm by 11.00 cm by 14.00 cm. The vessel is
supported by three rounded hollow legs that contain material that rattles when moved. The
bulbous “body” of the figure is primarily bare ceramic with some protruding bumps that are
covered in a white slip and then a blue-green pigment, both of which have significant losses. The
tripod legs, protruding arms and head, and cylindrical neck of the vessel are also all covered in a
white slip, with designs composed of black outlines and a blue-green pigment. There are also
significant surface soil accumulations obscuring some details.
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Figure 4. Diffuse light images of the Anthropomorphic Tripod (accession no. X2012.15.41).

This polychrome vessel has several interesting features. First, it is similar in style to
several identified Mixtec Pilitas polychrome effigies in that it is an olla, a vessel with an elevated
base, globular body, and a cylindrical neck (Figure 12) (Lind, 1987). It is reminiscent of an
effigy vessel portraying the Mixtec god Seven Flower (Nahua counterpart Xochipilli), a
bacchanalian deity who is portrayed with a large protruding headdress as well (Zborover and
Kroefges, 2015). The Anthropomorphic Tripod figure’s feline headdress is likely a jaguar, based
on the shape of the face and ears, the presence of whiskers, and the appearance of jaguars in
other Mixtec polychrome ceramics (Keber and Nicholson, 1994). Large round earrings and arm
bands are present, similar to the Juggler, despite the vastly different stylistic portrayals of the
figures. While the cylindrical neck of the Anthropomorphic Tripod is much simpler in style, with
fewer colors than the cylindrical neck of the Juggler, a familiar design motif does appear in bluegreen: the Xicalcoliuhqui (Figure 6). It appears that the design may have wrapped around the
circumference of the neck; however, only one iteration is visible as much of the blue-green
pigment on the neck is lost, with only the white slip remaining.
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Figure 5. A Late Postclassic Mixtec ceramic “polychrome effigy olla portraying Lord 7 Flower, patron of pulque”
(Zborover and Kroefges, 2015, p. 140). Image (a) is courtesy of the Museo Nacional de Antropología in Mexico
City and image (b) is from Zborover and Kroefges (2015), courtesy of John Paddock.

Figure 6. Detail of the Anthropomorphic Tripod’s cylindrical neck, showing the Xicalcoliuhqui design. Despite
significant paint loss around most of the neck, it appears that the design likely wrapped around the entire
circumference.

2.1.3 “Xipe Totec” (X73.273)
“Xipe Totec” (accession no. X73.273) (Figure 7) is 16.20 cm by 9.70 cm by 12.50 cm. Similarly
to the Juggler, the figure’s hollow body serves as the vessel. The entire exterior of the ceramic is
covered with a white slip and painted primarily in shades of red and blue, with black outlining.
There is also metal foil on the figure’s face, hands, and feet. The cylindrical neck has a
processional scene, also similar to the Juggler. The square base has several anthropomorphic
figures; however they are crammed into the small space in a jumble with other design motifs.
There are some losses on the back of the vessel near the base, but most of the white slip remains.
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Most of the pigmented paint is still visible, despite apparent fading or loss. There are some
accumulations throughout the surface of the object, with large black accretions on the proper
right. Some pieces of the ceramic are missing entirely, including the majority of a disk, likely
representing a shield, located in front of the figure’s staff. Pieces of the decorative protrusions
on the figure’s back are missing as well.

Figure 7. Diffuse light images of Xipe Totec (accession no. X73.273).

Similar to the previous objects, there are some characteristic elements. The figure’s
stylized face and jewelry are modeled in the international style, along with similar design motifs,
such as the circles with dots present within the neck’s processional scene. The bottom contorted
figures are reminiscent of the Coyolxauhqui Stone (ca.1440–1469 CE), a large circular stone that
laid at the bottom of a temple’s stairs, representing the contorted and dismembered body of a
moon goddess who had fallen off a cliff after being decapitated (Figure 8) (Luján and Chiari,
2012).
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Figure 8. A reconstruction, by Luz María Muñoz, of the moon goddess on the Coyolxauhqui Stone (Luján and
Chiari, 2012) (a) and a close up of the proper left base of Xipe Totec (Figure 7). Both iconographies show a
distorted body at the “base” of a larger entity (either temple stairs or an effigy vessel).

This object was previously on display at the Los Angeles County Museum of Art, where
John Pohl identified the figure as a hero, the god Xipe Totec, from the Mixtec Codex
Vindobonensis based on stylistic and iconographic similarities (Figure 9) (Pohl et al., 2012).

Figure 9. Diffuse light
images of the ceramic
vessels (from left to
right: 7 Flower
Turquoise, Xipe Totec,
and 7 Flower Gold) (a);
and their corresponding
representations in the
Mixtec Codex
Vindobonensis (from left
to right: Xipe Totec, 7
Flower Gold, and 7
Flower Turquoise) (b).
Courtesy of John M.D.
Pohl.
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2.1.4 “Metal Foil Tripod” (X73.274)
The “Metal Foil Tripod” (accession no. X73.274, also referred to as M.F. Tripod in the results
section) (Figure 10) is 11.70 cm tall. The exterior is primarily a bare polished ceramic. There are
white bands around the cylindrical neck and tripod legs, similar in design to the other object in
this study. However, these bands have remnants of metal foil, implying that there have been
significant losses of metal foil from the areas of bare white slip. In addition, along the grooves of
the rounded body, on the legs, and on the neck, there are sporadic red areas and specks, implying
there was once a significant amount of red paint on the object. However, there is no evidence of
white slip under the red pigment, as is the case for the other Mixtec polychrome ceramic vessels
in this study.

Figure 10. Diffuse light images of the Metal Foil Tripod (accession no. X73.274).

The neck of the vessel has significant dirt accretions, with some also found on the body
and legs. One of the tripod legs has been badly damaged and it is evident of conservation
reconstruction, which most likely occurred in modern times. The tripod is also a rattle; the legs
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are hollow and contain material that can be heard when the vessel is shaken, similar to the
Anthropomorphic Tripod. X-ray radiography was used to reveal the rattles (Figure 11). While
the two undamaged legs clearly have only one ball of material as a rattle, it can be seen that the
damaged leg contains multiple pieces of material, which is most probably a result of the repair;
either more pieces were intentionally enclosed, or perhaps the repair was poor and pieces came
loose within the leg.
Figure 11. X-ray radiography image of the Metal Foil Tripod. The
tripod’s rattles are visible in the hollow legs. In addition, the
cracks from the repairs on the legs are visible. The middle leg
appears to have more than one ball as a rattle, which likely
occurred during a repair.

Like the Anthropomorphic Tripod, the Metal
Foil Tripod is an olla. Similarly shaped tripod vessels
are depicted in the Mixtec Codex Vienna, portraying
the drinking of chocolate beverages or pulque
(fermented sap of agave plants), which were important
ritualistic acts at royal weddings and elite political
meetings (Pohl, 2000; Zborover and Kroefges, 2015) .

Figure 12. An illustration of a figure
holding a tripod olla from the Mixtec
Codex Zouche-Nuttall page 28 (Lind,
1987) and the Metal Foil Tripod for
comparison. The circle on the figure’s
chest likely represents an ornamental
golden disk (Pang, 1992).
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2.1.5 “7 Flower Turquoise” (X73.275)
“7 Flower Turquoise” (accession no. X73.275, also referred to as 7 Flower Turq. in the results
section) (Figure 13) is about 14.00 cm by 11.00 cm by 11.80 cm. It depicts an anthropomorphic
figure with a dog’s head, as identified by John Pohl, based on the Codex Vindobonensis (Figure
9). While most of the exterior of the vessel is bare ceramic with some slip and pigment losses,
there is still a significant amount of white slip with red, blue, and green paint decorations with
black outlining, and metal foil on the figure’s face, teeth, ears, wrists, knees, and chest. There are
some ceramic losses, notably on the cylindrical neck of the vessel. There is also a repair (modern
conservation intervention) on the object’s proper left arm.

Figure 13. Diffuse light images of 7 Flower Turquoise (accession no. X73.275).

Similar features to the other objects in this group include circles with dots (Figure 14)
decorating the object on both its cylindrical neck and the figure’s chest. The figure also has
colored bands on its upper arms, like the Juggler and the Anthropomorphic Tripod. Identified as
a dog-headed hero, there are some distinct similarities to its corresponding image in the Codex
Vinobonensis (Figure 9): the crouching pose, bent legs and arms, and white coverings with red
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accents on the figure’s feet are seen on both the ceramic figure and the codex illustration. This
consistency in style across different media of art is characteristic of Mixtec objects.

Figure 14. Detail of the
circles with dots on the
rim of 7 Flower
Turquoise (a), compared
with a “circles with dots”
design motif illustration
(b) (Lind, 1987).

2.1.6 “7 Flower Gold” (X73.276)
“7 Flower Gold” (accession no. X73.276) (Figure 15) is about 14.00 cm by 10.50 cm by 12.00
cm. As with object 7 Flower Turquoise, it has been identified by art historian John Pohl as an
anthropomorphic figure with a dog’s head, corresponding to a hero in Codex Vindobonensis
(Figure 9). Again, the vessel’s exterior is primarily bare ceramic with some areas of white slip
with overlying paint and metal foil. However, unlike 7 Flower Turquoise, 7 Flower Gold only
has red and black paints. There is metal foil on the figure’s face, ears, upper arms, and chest. The
vessel is in a good state of preservation, though with evident slip and pigment loss. In addition,
the figure’s ear piercings
indicate that it is missing
earrings.

Figure 15. Diffuse light
images of 7 Flower Gold
(accession no. X73.276).
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7 Flower Gold has familiar design motfis, such as the upper arm bands and circles with
dots around the cylindrical neck’s rim. In addition, while not discussed in previous research as a
common “design motif,” it is worth noting that the Juggler, 7 Flower Turquoise, and 7 Flower
Gold have another similarity: a large metal foil circle in the middle of the figures’ chests, distinct
despite extensive losses. It appears that they all have some painted decoration around them as
well. These metal foil circles possibly represent golden disks that could have functioned as
ornamental jewelry or pectoral shields (Pang, 1992). “Disks” are also seen on figures in the
Mixtec Codex Zouche-Nuttall (Figure 12).
While both the “7 Flower” twin polychrome ceramics came to the Fowler Museum
together and from the same collection, there is no documentation proving that they were
excavated from the same site or any other record related to their excavation. It is therefore an
assumption that the objects are considered a “pair,” based on the extremely similar vessel shapes,
slip, paint, and metal foil placement, and design motifs.

2.2 Experimental Methodology
Different characterization techniques were applied in this study to gain an initial understanding
of the six polychrome Mixtec vessels in the Fowler Museum collection (Table 1 and Figure 2 15). Non-invasive methods were performed first, including analytical (forensic) imaging, X-ray
radiography, and portable X-ray fluorescence (pXRF), in order to obtain useful information on
the composition and construction method of the object without intervening on the object itself.
Subsequently, minimally invasive (requiring microsamples) and non-destructive methods (that
do not consume the sample to yield results) were utilized. Microsamples, of a few hundred
microns or less, were taken, documented, and analyzed using polarized light microscopy (PLM),
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scanning electron microscopy (SEM) with energy dispersive X-ray spectroscopy (EDS), and
Raman spectromicroscopy (RS).

2.2.1 Analytical (Forensic) Imaging
Preliminary observations were made about the current states of the objects in regard to any
adhesions, deterioration, or structural damage. Calibrated diffuse light images were taken to
record the aesthetics of the objects, and as a record and future reference for any conservation
treatments.
Analytical imaging from the ultraviolet (~350 nm) to the near infrared (~1000 nm) in
reflectance and luminescence was used to provide information not visible to the naked eye,
related to the materials used and the condition of the object and to inform best areas for
sampling, avoiding modern restorations and other falsifications or heavily weathered areas.
Photographs in reflectance and luminescence were taken using a modified Nikon D90
with the hot mirror removed, in order to allow the camera to capture wavelengths at the full
extent of the sensor (~350 – 1000nm), with a 60 mm lens attached to the camera. The MiniCrimeScope 400 Forensic Light Source was used for illumination. This is an alternate light
source with a fiber optic cable and a filter-wheel enabling the tunability of the emitting radiation
wavelength. It is important to note that all excitation wavelengths referred to are the peak
wavelength allowed by the filter. In reality, each source “wavelength” is a small band of
wavelengths varying around ±20 nm on either side of the peak, with the exception of SP575,
which allows a bandwidth of 400 nm to 575 nm. To enable capturing of the emitted radiation at
specific wavelengths (spectral bands), different longpass, shortpass and bandwidth interference
filters were positioned in front of the lens with the use of Xume magnetic lens adapters. Camera
filters used included Peca 916, Peca 900, Peca 902, and XNite BP1. In addition HBP Red,
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Orange, and Yellow filters were used, acting as bandpass filters with ranges of approximately
620-700 nm, 600-620 nm, and 580-600 nm, respectively. All filters and their transmission
wavelengths are presented in Table 2. Different combinations of varying excitation wavelengths
and camera filters (capturing) were used to record the reflectance and luminescence of materials.
Table 2. Camera filter name and corresponding capturing wavelength.
Filter Name
Filter Wavelength Range ( λ nm)
Peca 916
400-700 nm, 700-780 nm
Peca 900
250-400 nm, 675-775 nm
Peca 902
﹥675 nm
XNite BP1
﹤630 nm, ﹥930nm
HBP Red
﹥590 nm
HBP Orange
﹥540 nm
HBP Yellow
﹥510 nm

2.2.2 X-ray Radiography
X-ray radiography was performed at the Getty Villa museum (Malibu, CA) by conservator Jeff
Maish using a YXLON, now owned by Comet, system and standard 20 to 450 kV tube with a 2.5
mm focal spot. Several images of each object were taken at various angles using Kodak
Industrex M film. The objects were about one meter from the X-ray source and all images were
made over 60 seconds. The voltage ranged from 50 to 60 kV and the current varied from 7 to 9
mA. Digital photographs were taken of the film negatives using a light box and a Nikon D90
SLR camera.

2.2.3 X-ray Fluorescence Spectroscopy (XRF)
XRF measurements were taken in ambient air using a hand-held Bruker Tracer III-SD system
equipped with an energy dispersive (ED) spectrometer and silicon drift detector (SDD). The
instrument’s target material is Rhodium (Rh). The XRF was operated with a voltage of 40 kV, a
current of 11 μA, and a spot diameter of 20 mm, at a distance of about 1-3 mm from the object
surface depending on the vessel’s shape. The pulse length was 200 with a duration time of 60
seconds. No filters were used. Readings were taken at several spots on each ceramic, with at
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least one measurement of the exposed ceramic body, the white slip, and each of the different
paint colors. Some areas of pigment were very small so the instruments’ camera was used to
ensure that the measurements were taken at the correct location. Data were analyzed using
Bruker’s S1 PXRF software to initially observe the spectra and Artax software to create
Bayesian deconvolutions of the spectra.
All spectra show broad characteristic X-ray emissions around 18.5 keV to 19.5 keV,
corresponding to Rh Compton peaks, resulting from inelastic scattering due to particles in the
ambient air. The analysis conducted with the hand-held XRF was mainly qualitative. Weakly
detected elements were either in trace concentrations (and therefore at or below the limit of
detection) or were weakly recorded due to the experimental conditions, or instrument limitations.
Light elements are easily attenuated by air and therefore cannot be detected without optimization
of the conditions i.e. the use of vacuum or He purge and relevant filters (secondary targets). In
this study the measurements were done in air, so only major and minor elements as principle
constituents of the ceramic body, the slip and pigments with Z>13, and other trace elements
(expected to be in the tens to hundreds of ppm) were considered.

2.2.4 Sampling
To examine the stratigraphy (layering) of the paints and slip, and to identify the various
components making up the surface decoration of the vessels, representative microsamples were
removed from the objects using a scalpel. Areas sampled were identified by careful observation
aided by the preliminary screening using analytical imaging and portable spectroscopic methods.
Sixteen samples (Table 3) were taken and analyzed; the sample locations are shown in Appendix
5.1.
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2.2.5 Three-Dimensional Digital Microscopy (3-D DM)
The samples were first examined under a KEYENCE VHX-1000 digital microscope at 20x, 50x,
100x, and 200x in order to document them and guide their orientation for cross-sectioning to
reveal their stratigraphy. During the process of the examination, samples were stored in small
plastic vials and handled with extreme care using analytical spindles. Photomicrographs of both
the “front” and “back” of the samples were taken, the front denoting the top surface paint layer
of the sample and the back being the innermost layer, typically the slip (applied directly over the
ceramic body).

2.2.6 Preparation of Polished Cross-sections
For the preparation of stratigraphic polished sections, rectangular silicon-based molds were half
filled with Buehler EpoxiCure® Epoxy Resin and EpoxiCure® Epoxy Hardener. After being left
to dry overnight, the samples were placed face down on the cured resin. Additional resin was
carefully poured over the sample to fill the remainder of the mold. The samples were left under
vacuum in a Buehler Cast n’ Vac 1000 overnight in order to remove air bubbles as the resin
hardened.
Once the epoxy had hardened, the samples were exposed using Buehler silicon carbide
grinding papers ranging from 240 to 1200 grit. The samples were then polished with Metadi®
Monocrystalline Diamond Suspension solutions of 6 micron (Part No. 40-6532) followed by 1
micron (Part No. 40-6530) suspension on Buehler® MasterTex 8” polishing cloths (Part No. 407738) using a Leco® GP-25 polishing turntable.
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Table 3. List of the stratigraphic samples with a description.
Sample #
Color

Description

Optical Photomicrograph
Juggler (X2012.15.9)

X2012.
15.9_1
-Black
X2012.
15.9_2
-Blue

X2012.
15.9_3
-Blue

X2012.
15.9_4

-Metal
Foil

X2012.
15.9_5
-Red

Black paint from the black ball. 3 layers,
from top: black matrix with some brown
particles in matrix (pigment); an opaque
white/tan layer; a semi-opaque white
layer with bright white particles (slip).
Blue paint from the inner left arm band.
2 layers, from top: thin layer (~5
microns) of black in the center
(pigment), blue (pigment) and white
layer that appears black with white
particles under polarized light (slip).

Blue paint from inner left arm band. 2
layers, from top: blue matrix with some
brown and red particles (pigment) and
white (slip).

Metal Foil from the golden circle in the
center of the back of the figure. Appears
to have a shiny coating, likely a modern
conservation intervention. 3 layers, from
top: metal foil; opaque, bright red
particles in a more transparent matrix
(pigment); and white with some
interspersed red particles (slip).
Red paint from the red dot on the inner
left arm near a ventilation hole. 4 layers,
from top: black on left side (pigment);
red (pigment); and possibly 2 slip layers,
one that appears white and one that
appears black under polarized light.
Anthropomorphic Tripod (X2012.15.41)

X2012.
15.41_1
-Green

Green paint from the right arm. 2 layers,
from top: teal matrix with small white
particles (pigment) and white matrix
with both small and large bright white
particles (slip).
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Polished Cross-Section
Photomicrograph

Sample #
Color

Description

Optical Photomicrograph
Xipe Totec (X73.273)

X73.
273_1
-Blue

X73.
273_2
Red

X73.
273_3
-Green

X73.
273_4
-Black

Blue paint from the back left blue belt;
pigment popped off without much of the
slip. 2 layers, from top: blue matrix with
some white and dark particles (pigment)
and white with small and large bright
white particles (slip).
Red paint from the top back of the
rectangular base. 2 layers, from top:
layer of alternating red (more bright red
particles) and light red (fewer bright red
particles) (pigment) and white (slip).
Green paint with black residue from the
back right corner of rectangular base. 4
layers, from top: black (residue), green
(residue or possibly pigment), red
(pigment), and white (slip).

Black paint from the back right arm near
a ventilation hole. 2 layers, from top:
black/brown matrix with white particles
(likely a residue, possibly a pigment)
and a semi-translucent white layer with
opaque white particles (slip).

Metal Foil Tripod (X73.274)
X73.
274_1
-Blue

X73.
274_2
-Slip

Blue paint from the back top rim near
metal leaf that appears to have a layer of
varnish, likely a modern intervention. 2
layers, from top: blue matrix with some
red and black particles (pigment) and
translucent white matrix with opaque
white particles (slip).
Slip from the back right leg. 3 layers,
from top: white matrix with some
brown/black particles (slip); deep
red/brown matrix with white particles
(slip); and the same white layer (slip).
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Polished Cross-Section
Photomicrograph

Sample #
Color

Description

Optical Photomicrograph

Polished Cross-Section
Photomicrograph

7 Flower Turquoise (X73.275)
X73.
275_1
-Blue

X73.
275_2

Blue paint from the circular design along
the top right rim. 2 layers, from top: a
homogeneous blue (pigment) and white
(slip).

Red paint from the top right rim. 2
layers, from top: red on the left quarter
of the sample (pigment) and white (slip).

-Red

7 Flower Gold (X73.276)
X73.
276_1
-Black

X73.
276_2
-Red

Black paint from the front right rim. 2
layer, from top: intermittent black
(pigment) and white with large white
particles (slip).

Red paint from the inner left elbow. 3
layers, from top: bright red particles in a
transparent red matrix (pigment);
intermittent black layers (pigment); and
white (slip).

2.2.7 Stereomicroscopy (SM) and Polarized Light Microscopy (PLM)
Polished cross-sections were analyzed using SM and PLM. Using magnifications from 20x to
400x the entire stratigraphy of the layered samples and the color in each layer was carefully
recorded. Samples were then photographed using a Nikon D70 SLR camera in reflected
polarized light using the Leica DMRM polarized light microscope. These photomicrographs
were used to accurately describe the stratigraphy of the samples and the variability of each layer.
They were further used as reference images during the SEM and EDS analysis.
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2.2.8 Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray
Spectroscopy (EDS)
Polished cross-sections were analyzed using compositional contrast imaging with a Gaseous
Analytical Detector (GAD) – backscattered electron (BSE) detector – coupled to an FEI Nova
NanoSEM 230 scanning electron microscope (SEM). A Thermo Scientific NORAN System 7
X-ray Energy Dispersive Spectrometer (EDS) was used for elemental characterization of specific
areas (spot) and elemental mapping of regions of interest. The samples were not coated so
analysis was performed at variable pressure (VP). Both BSE micrographs and EDS
measurements were taken under low vacuum mode, at a pressure of 50 ± 10 Pa. BSE
micrographs were taken at accelerating voltages of 10.0-15.0 kV with spot sizes ranging from
4.0 to 5.0, whereas EDS measurements were taken with an accelerating voltage of 20 kV. The
SEM-EDS can detect all elements starting with Boron, because the instrument utilizes a
windowless silicon drift detector (SDD).

2.2.9 Raman Spectromicroscopy (μRS)
Raman spectromicroscopy (RS) is a non-destructive method for identifying organic and
inorganic materials. μRS was performed using a Renishaw inVia system, through a 50x objective
using 635 nm and 785 nm lasers. μRS is a vibrational spectroscopic method, providing molecular
information that can help identify materials based on their characteristic Raman shifts.
Parameters such as laser power, acquisition time, and number of accumulations were adjusted for
the different samples in order to better enhance diagnostic signatures. The instrument was
calibrated using the internal Si calibration standard.
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3 Results and Discussion
3.1 Technical Aspects of Style
Each object has several characteristics and details that are common across multiple objects in this
group and indicate they are Late Postclassic Mixtec. All six of the vessels have a darker brown
ceramic body with at least some white slip. Five of the ceramics (Juggler, Anthropomorphic
Tripod, Xipe Totec, 7 Flower Turquoise, and 7 Flower Gold) all have painted decoration over the
slip, while only on the Metal Foil Tripod was the paint (red pigment) applied directly on the
ceramic body. Five of the vessels (Juggler, Xipe Totec, Metal Foil Tripod, 7 Flower Turquoise,
and 7 Flower Gold) also have a metal leaf applied either over the white slip alone or over the
white slip and paint. Most of the vessels, except for the Metal Foil Tripod, portray an
anthropomorphic figure as part of an olla vessel, with limbs and heads that extend from the body
of the objects. X-ray radiographs (Figure 16) showed that all appendages are hollow, and were
therefore likely attached separately to the body of the vessel, rather than the entire body being
molded from a single lump of clay. In addition, as previously discussed, multiple figures have
common Mixtec design motifs, including Xicalcoliuhquis and circles with dots, along with
depicting characters and jewelry also seen in Mixtec codices.
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Figure 16. X-ray radiography
images of (a) Juggler, proper
right; (b) Xipe Totec, proper
right; (c) 7 Flower Turquoise,
from above; and (d) 7 Flower
Gold, from the front. All of the
figures’ heads and limbs are
hollow.

Analytical imaging revealed some abnormalities that were not visible under diffuse light
in some circumstances (Figure 17a and b). A luminescence image with λex of 415 nm and
capturing λem between 510 nm and 630 nm (Figure 17a) shows much darker areas on the objects
arms and back when compared to the diffuse light photograph, such as in the area highlighted by
the red oval (Figure 17b). These darker areas may indicate contaminations, restorations or
material alteration. Near infrared (NIR) imaging (Figure 17c) also highlighted some hairline
cracks (marked with the green oval) not discernible with the naked eye. Figure 17c, with a λex of
600 nm and capturing λem>675 nm, may be showing both reflectance and luminescence because
of the close proximity of the excitation and captured emission wavelengths.
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Figure 17. Photographs of the Juggler, (a) with a λex of 415 nm and capturing λem between 510 nm and 630 nm
(using the Peca 916, XNite BP1, and HBP Yellow filter), (b) in diffuse light, and (c) with a λex of 600 nm and
capturing λem>675 nm (using a Peca 902 filter) in black and white. The red ovals indicate an area where there is
possibly a contamination, restoration, or material alteration that is not visible under diffuse light, but appears
prominent with special imaging. The green oval highlights a bright line on the back of ceramic, possibly indicative
of a microcrack.

Analytical imaging also showed an orange fluorescence emission, with λex of 495 nm and
capturing λem between 540 nm and 630 nm, in some parts of the white slip (Figure 18c and d)
and in an area of surface accretion (Figure 18d) of ceramic 7 Flower Gold. This orange
fluorescence may be attributed to organic residues, perhaps from an original decoration using an
organic colorant, restoration material or contamination from the burial soil. Further research will
be required to examine this behavior in greater detail.
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Figure 18. Photographs of 7
Flower Gold, (a and b) in
diffuse light and (c and d)
with a λex of 495 nm and
capturing λem between 540
nm and 630 nm (using the
Peca 916, XNite BP1 and
HBP Orange filters). The
orange circle in (d) indicates
where the surface accretion
fluoresces with an orange
hue, like the slip on the
object’s back, feet, and rim.

3.2 XRF Measurements
XRF measurements using the Bruker Tracer III-SD were taken from the ceramic body, slip and
various pigmented areas and metal foils of the surface decoration. Owing to the instrument’s
“geometry and construction,” and the distance to the surface analyzed, XRF spectra obtained
from 3D objects contain inherent artifacts (Simsek et al., 2014, p. 2749). In addition, Rhodium
(Rh) and Rhodium Compton peaks of the Rhodium K and K (the latter overlapping with
Palladium (Pd)) are always present due to the Rh X-ray source. Every spectrum will also have a

29

Rh Compton Peak, around 18.5 to 19.5 keV, due to inelastic scattering. Furthermore, the Bruker
hand-held XRF instrument is made of materials containing copper, nickel, and zinc, which
“contributes to the emission of characteristic X-rays for copper (Cu), nickel (Ni), and zinc (Zn),
thus leading to a higher uncertainty especially when the counts for these elements are low in the
analyzed ceramic material” (Simsek et al., 2014, p. 2749). However, it should not be assumed
that any Cu, Ni, and Zn peaks, even small ones, are solely due to the instrument.
As X-rays also have an “interaction volume,” it can penetrate a surface as little as a few
microns to as much as a millimeter according to the X-ray energy and the density, homogeneity
and composition of the material to be analyzed (Forster et al., 2011; Shugar and Mass, 2012;
Simsek et al., 2014). For this group of Mixtec objects, the X-rays likely penetrate past the paint
and slip layer, resulting in spectra reflecting both the upper layers and underlying ceramic
composition. It is difficult to calculate exactly the depth of analysis, because it depends on “the
thickness of the sample, its density, and its absorption coefficient” (Shugar and Mass, 2012, p.
456). The attenuation of X-rays also decreases the ability of characteristic X-rays, especially
lower energy ones, to exit the material and reach the instrument’s detector. In addition, as
mentioned above, the experimental conditions employed in this research constraint the detection
of light elements with Z<13 and those of low concentrations. Only heavier elements in major and
minor concentrations and some trace elements are therefore considered and discussed.
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3.3 Ceramic Production Technology
3.3.1 Elemental Composition of the Ceramic Body
Owing to sample limitations analysis of the ceramic body was only conducted using a hand-held
XRF non-invasively. Care was taken to ensure the XRF measurements were taken on the bare
ceramic without any slip or pigment on the surface. As ceramics are often heterogeneous due to
various inclusions in the clay and temper, major and minor elements identified in the ceramic
body in addition to the main constituents of clay silicon (Si) and aluminum (Al) – though the
latter only weakly detected – included, iron (Fe), potassium (K) and calcium (Ca) as major
elements and titanium (Ti) and manganese (Mn) as minor elements. Strontium (Sr), zirconium
(Zr), rubidium (Rb), copper (Cu), phosphorous (P) and mercury (Hg) were at trace levels (Figure
19). Though not detected by XRF, sodium (Na) and magnesium (Mg) would be expected in the
ceramic body. While spectra with very small Cu peaks may be due to contributions from the
instrument, because the peaks are not systematic across all spectra, it is more likely that there is
Cu present in some, if not all, the objects.

Figure 19. XRF spectra of the ceramic bodies of all six objects (2 spectra per object), with labeled peaks. There is
little variability in the elemental composition of the ceramic bodies. The broad peak around 2.8 keV is due to the Lα
lines of Rh and Pd, which are materials in the instrument. See Appendix 0 for deconvoluted net counts rates of the
major, minor and trace elements.
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The presence of P and Hg in the ceramic body may be linked to the burial environment
where the ceramics were found. P could be related to bone residues or dissolution and reprecipitation of secondary P-phases, and the Hg may be associated with funerary rituals of
cinnabar dusting over burials, a practice common among the Maya who preceded the Mixtecs
(Chase and Chase, 2003; Dacus, 2005; Reese-Taylor et al., 2006).
Though only a few spots were analyzed from each ceramic body using the hand-held
XRF, bivariate plots of selected element ratios were attempted, to examine if any correlations
could be made among this group of ceramics. The methodology followed that of Simsek et al.
(2014) and other research groups (Aimers et al., 2012; Mccormick, 2013; Speakman et al., 2011;
Tykot, 2016). Data was processed using Bayesian deconvolution (using the Artax proprietary
software) to obtain the net count rates for each element in the data collected with the Bruker
Tracer III-SD after removing other elemental interference and background. Resulting data for
each element were further normalized to the Si signal (as a major constituent of the ceramics) to
eliminate errors from the geometry and distance of the surface analyzed and the detector and to
observe if there were any groupings based on relative elements abundances (Simsek et al., 2014).
Further description of this process and the resulting data values are available in Appendix 5.3.
Ratios of major elements (Ti and Fe, and K and Ca) and trace elements (Rb and Zr)
normalized to Si were plotted; though, as the measurements were taken in ambient air using
voltage of 40 kV and current of 11 μA, the Si net count rates is not optimal. Furthermore, these
net count ratios (Ti/Si, Fe/Si), (K/Si, Ca/Si) and (Rb/Si, Zr/Si) are only from a single spot for two
of the ceramics (as the second spot analyzed was considered an outlier), and two spots from the
remaining four of the ceramics.
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The scatter plot of Ti/Si versus Fe/Si did not point to a particular grouping, though a
slight correlation may exist between five out of the six ceramics (excluding M.F. Tripod (green
squares)) (Figure 20). The dispersion of the points indicates a range of Ti/Si values between 1.3
to 3.7, with the M.F. Tripod (green squares) showing the lowest value. There is also a wide
variation in the relative abundance of Fe among the different ceramics. This can relate to the
selection of different Fe-rich clays (if we consider the M.F. Tripod (green squares)) or the use of
Fe-rich clay with an Fe-poor clay in different proportions. Excluding the M.F. Tripod (green
squares)), the ratio between Ti/Fe is very similar, suggesting the latter hypothesis. However, as it
is still uncertain whether the Fe-rich clay is part of the ceramic body itself or part of a Fe-rich
clay applied as a slip over the surface of the ceramic, these data should be considered with
caution.

Figure 20. Scatter plot of Ti/Si versus Fe/Si that suggest variability in the production with the mixing of materials at
different proportions.
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The K/Si versus Ca/Si with K and Ca, possibly representing K-feldspars and Ca-based
materials in the temper and clay, show a very good correlation suggesting that the same sources
of tempering materials may have been employed in different amounts (Figure 21).

Figure 21. Scatter plot of K/Si versus Ca/Si showing a good correlation, suggesting that similar tempering materials
were used for the production of the ceramics.

The scatter plot of trace elements Rb versus Zr, each normalized to Si, provides
additional information on the trends within the ceramic group (Figure 22). The Rb/Si values
range between 0.2 and 0.6 and the Zr/Si values between 1.3 and 3.3, except for one spot
measurement from the Juggler (black squares). The scatter plot shows a positive correlation
between Rb and Zr. Again the M.F. Tripod (green squares) shows the lowest levels of Rb and Zr.
Zirconium is almost exclusively found in the mineral zircon in clays and sands and it is
often used to geosource the raw materials used. While in this study the origin of the raw
materials cannot be assigned, data may suggest that the same sources – though using different
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recipes – have been used to manufacture the ceramics. An exception, however, would be M.F.
Tripod; its poor correlation when comparing Ti/Fe suggests that perhaps a different Fe-rich clay
source could have been used for this object.

Figure 22. Scatter plot of Rb/Si versus Zr/Si. The scatter plots show some clustering and correlation, suggesting the
use of materials from the same sources.

While some inferences could be drawn from the analysis, acquiring more data points
from each ceramic and analyzing a larger body of Mixtec and Mesoamerican ceramics would
allow for better understanding on raw material selection and operation sequences for their
production. Few of the existing portable XRF provenance studies are on Mesoamerican ceramics
(Mccormick, 2013). Previous analyses on similar materials, were conducted using neutron
activation analysis (NAA) (Neff et al., 1994; Nichols et al., 2002; Skoglund et al., 2006) that
makes direct comparisons challenging.
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3.3.2 Composition of the White Slip
XRF results of the white slip showed comparable elemental composition among all objects
(Figure 23). Similar elements to the ceramic body were recorded, however with reduced levels of
all major and minor elements of the ceramic body, and elevated levels of Sr (Figure 24). Traces
of Cr, P, Hg and gold (Au) were also detected on/in the slip, the latter three probably
contamination from the burial (P and Hg) and the surface decoration (Hg and Au).

Figure 23. XRF spectra of the white slip of all six objects with labeled peaks, showing little variability in the
elemental composition of the slip among all objects. The presence of Au and Hg in some of the spectra could be
contamination from the decoration and/or burial rituals. See Appendix 5.4 for deconvoluted net counts rates of the
major, minor and trace elements.
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Figure 24. XRF spectra of the white slip (red spectra) and the ceramic body (blue spectra) of 7 Flower Gold. The
location of the white slip measurement is indicated by the red circle on the object image; the ceramic body spectrum
was taken at the area indicated by the blue circle. The red arrow indicates the Sr characteristic peak, which is
significantly higher in the slip than in the ceramic body.

SEM-EDS analysis was crucial at providing a better insight on the composition of the
slip. The lamellar structure of the main particles making up the matrix with only Si and Al as
major elements in a 1:1 molar ratio, indicates the presence of a clay (Figure 25), most likely
kaolinite (Al2Si2O5(OH)4), a layered 1:1-type phyllosilicate with one tetrahedral (silica) sheet
combined with one octahedral (alumina) sheet. Other particles dispersed in the white clay matrix
are Ti or Ca-rich. Some P in the matrix may indicate the presence of a calcium phosphate phase
as a primary component, or a secondary formation from the burial environment. The presence of
Ca and P could also signal the presence of apatite (Ca5(PO4)3(OH,F,Cl)), which could be a result
of using bone fragments as a raw material in the slip production. Sr shows predominant presence
in the XRF spectrum and compared to the ceramic body, it looks to be in higher amounts in the
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slip, though still at trace levels (detected by XRF but not by SEM-EDS). As strontium is
normally associated with Ca-rich matrices, its elevated presence in the slip may relate to the Carich particles dispersed in the slip matrix and not a deliberate addition of celestite (SrSO4) or
another Sr-rich mineral, though celestite has been historically exploited and used in Mexico
(Torres, 2005). The reduction in Fe peaks in the XRF spectra and the color of the slip (white)
suggest that the Fe detected is the result of emissions of the Fe in the underlying ceramic body.

Figure 25. The yellow circle in the object image (a) indicates where sample X73.273_2 was taken from Xipe Totec.
The PLM photomicrograph (b) shows that the white slip consisted of an off-white matrix with bright white particles
interspersed throughout. The SEM BSE micrograph (c) of the sample shows different inclusions in the matrix. The
colored circles on (c) indicate where point and shoot EDS measurements were taken (d, e, and f). The large particle
(d) is a pure clay (Al, Si), while the smaller bright particles (high compositional contrast) are likely titanium oxide
(e) and calcium phosphate or apatite (Ca5(PO4)3(OH,F,Cl)) (f), based on the elements present.
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3.3.3 Pigments and Metal Foils
Details about the composition of the pigments and metal foils were identified using the
previously described non-invasive and minimally-invasive characterization techniques.

3.3.3.1 Red Pigment
Red pigment was visible on five out of the six vessels: Juggler, Xipe Totec, Metal Foil Tripod, 7
Flower Turquoise, and 7 Flower Gold. Six of the stratigraphic samples (Table 3) had red
pigment, including X2012.15.9_4, X2012.15.9_5, X73.273_2, X73.273_3, X73.275_2, and
X73.276_2. Red’s consistent appearance is likely attributed to the significance the color held
(and still holds) for the Mixtecs: “Mixtecs believed that red is the color of the gods who
witnessed the appearance of the first Mixteco peoples,” and present-day Mixtecs still believe it is
a “scared color” (Kerpel, 2010, p. 70).
XRF results (Figure 26) indicated that Hg and S were present in the red pigments on all
five vessels. Commonly identified red inorganic pigments on various Mesoamerican art forms,
such as wall paintings, codices, and ceramics, are hematite, an iron-based ochre, and cinnabar,
naturally-occurring mercuric sulfide (HgS) (Boone, 1985; Fletcher, 2002; Haude, 1998; Pascual
et al., 2011). In addition to the naturally occurring mercuric sulfide red pigment (cinnabar),
mercuric sulfide red can also be produced synthetically; a pigment known as vermillion. As the
two pigments – the natural and synthetic HgS – have identical structure and purity, their
distinction is not always possible. Thus far it is unknown if Mesoamerican civilizations
artificially produced HgS, and therefore it will be assumed that any HgS present is cinnabar
(Vandenabeele et al., 2005).
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Figure 26. XRF spectra of the red pigment (red spectrum) and the ceramic body (blue spectrum) of the Metal Foil
Tripod. The red arrows indicate the characteristic X-ray emissions (M and L lines) of Hg, suggesting the use of
cinnabar. The software (S1 PXRF), however, cannot differentiate between the Hg Mα line (2.195 keV) and S Kα
line (2.309 keV), and identifies the peak in the green circle as only S Kα, when the peak is more likely a
combination of the Hg Mα line and the S Kα line. The location where the measurement was taken for the red
pigment is indicated by the red dot on the object image.

Examination of polished cross-sections of paint samples showed that the red pigment
layers across all the objects consisted of bright red particles in a translucent light red/pink matrix.
BSE micrographs of the cross-sections consistently showed a high Z-compositional contrast
between the underlying slip layer and the red pigment layer (Figure 27). EDS analysis of the
bright particles further indicated the presence of Hg, characteristic of cinnabar (HgS).
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Figure 27. PLM photomicrograph of X73.275_2 from 7 Flower Turquoise (a) and a BSE micrograph (b) of the
sample using the GAD detector. A magnified area shows the particles analyzed using EDS (marked with a yellow
rectangle) (c). Characteristic X-ray emissions of Hg (and possibly S) (d) confirm the use of cinnabar as the pigment.

Raman spectroscopy further corroborated the presence of cinnabar as the inorganic red
pigment in the samples analyzed. The Raman spectrum of sample X73.275_2 from 7 Flower
Turquoise (Figure 28) shows peaks at 253 and 343 cm-1, which are characteristic of cinnabar, a
strong Raman scatterer (Vandenabeele et al., 2005). Lack of other Raman peaks suggests that the
red is likely pure cinnabar, as opposed to a mixture with an Fe-based red ochre pigment.
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Figure 28. A μRaman spectrum (785 nm laser) of the red pigment in sample of X73.275_2 from 7 Flower
Turquoise. The blue arrows identify peaks at 253 and 343 cm-1, which are characteristic of cinnabar. While not
displayed here, there were no peaks indicating the presence of a hematite, an Fe-based ochre pigment.

Cinnabar would have been more expensive than hematite, so its use was limited to valued
and smaller objects while hematite would have been used in large works such as murals
(Fletcher, 2002). While there has been documented use of hematite and cinnabar mixtures or
layering (Kerpel, 2010), the red pigment on all of these vessels appears to be pure cinnabar. The
use of cinnabar shows that the red paints were applied after any ceramic or slip firing, because
cinnabar decomposes at 290oC (554oF) (Lopez-Anton et al., 2011). While the iconographies with
red pigments strongly suggest that the cinnabar was applied purposefully, when cinnabar appears
as a small particle in a matrix of a different colored pigment or the slip, it could be a result of
funerary ritual practices in which cinnabar is sprinkled over the body and surrounding objects.

42

3.3.3.2 Blue Pigment
Four out of the six vessels had traces of blue paint: Juggler, Xipe Totec, Metal Foil Tripod, and 7
Flower Turquoise. These were prepared as polished cross-sections (Table 3) with sample
numbers: X2012.15.9_1, X2012.15.9_2, X73.273_1, X73.274_1, and X73.275_1.
XRF results showed that the blue pigment in all ceramics generally had very similar composition
to the ceramic body and white slip (Figure 29). In some cases, this could possibly partially be
attributed to the XRF having a spot size larger than the blue area. All blue pigment layers also
had underlying slip layers, likely affecting the Sr peak. In addition, while less evident, there were
still noticeable Fe peaks. Detectable X-ray characteristic emission of Cu were attributed to
instrument component and the ceramic body, and not to a Cu-based pigment, such as azurite
(Cu3(CO3)2(OH)2), despite having been identified in other studies as being used on Classic Maya
polychrome stuccoed ceramic sherds and murals (Fletcher, 2002; Haude, 1998).

Figure 29. XRF spectra of the blue pigment on the arm band (blue spectra) and the ceramic body (red spectra) of
Juggler. The location of the blue pigment measurement is indicated by the blue circle on the object image; the
ceramic body spectrum was taken at the area indicated by the red circle. The red arrows indicate the characteristic
Fe Kα peaks, which are significantly higher in the ceramic body than in the blue pigment, as well as the Ca and K
Kα peaks, which are also slightly higher. The blue arrow shows a higher Sr peak in the blue pigment, likely due to
the underlying slip. Otherwise, the spectra are very similar.
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SEM-EDS analysis in the blue areas of the pigment indicated high levels of Al, Si, and O that
cannot account for the blue color alone (Figure 31). These are primary elements found in clays.
One organic-deriving pigment known to Mesoamerican cultures that was extensively used to
decorate both small and large artifacts and murals, and was also incorporated in various rituals, is
Maya blue. This is an organic-inorganic hybrid composite (Guirola and Cajas, 2010) produced
through the intercalation of indigo – an organic dye from the plant Indigofera guatemalensis
(C16H10N2O2) (Figure 30) with a clay such as palygorskite ((Mg,Al)2Si4O10(OH)·4(H2O)). In this
hybrid pigment, indigo molecules are trapped in the clay’s cage-like matrix. There is also a small
amount of C shown in the EDS. While the C peak is much smaller than the Al, Si, or O peaks,
this could due to indigo accounting for less than 2% of the Maya Blue composite (Chiari et al.,
2003; Giustetto et al., 2011). Without the interference from the slip or ceramic body that appears
in XRF spectra, the elemental compositions shown by the EDS have extremely low levels of Fe
and undetectable amounts of Cu and Sr. Furthermore, the blue paint layers in the cross-sections
(Figure 31(a)) display a homogeneous blue region, which has been described as a “distinctive
characteristic of Maya Blue” (Pascual et al., 2011, p 145). Maya Blue has been previously
identified in Oaxaca (Littmann, 1980), where the Mixtecs thrived in the Late Postclassic, in
addition to other regions in Mesoamerica where Mixtec style ceramics may have been produced
or traded.

Figure 30. Indigo’s chemical structure (Leona et al., 2004).
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Figure 31. A PLM
photomicrograph (a) and
a BSE micrograph (b) of
sample X73.275_1, taken
from 7 Flower Turquoise
at the area indicated by
the blue circle in the
object image. The lack of
difference between the
blue and slip in the BSE
micrograph show that
there is little
compositional contrast
between the layers. Two
magnified areas (c) were
analyzed using EDS (d
and e). The matrix (d) is
not a pure
aluminosilicate, with
elements such as C, P,
and Cl present, with the
C possibly due to the
organic indigo. There are
also some large
crystalline particles (e)
that are pure
aluminosilicates.

Maya Blue is most commonly described as a combination of indigo and specifically
palygorskite clay. However, the EDS results (Figure 31) do not show the presence of Mg, which
can typically account for 10-20% of the composition of palygorskite (Post and Crawford, 2007).
The absence of Mg does not necessarily prove that palygorskite is not present; however, it does
call it into question. Previous research coupling experimental archaeology with materials
characterization has shown that indigo mixed with different clays, such as sepiolite
(Mg4Si6O15(OH)6H2O) or montmorillonite ((Na,Ca)0,3(Al,Mg)2Si4O10(OH)2•n(H2O)),
“presents a Raman spectrum very similar to that of Maya blue” (Sánchez del Río et al., 2006, p.
1046). While sepiolite and montmorillonite also have Mg and therefore cannot be identified as
the clay used for the blue pigments on these objects, it is plausible that a different clay was used,

45

in this case with little to no Mg, as opposed to palygorskite; this possibility should be further
investigated.
μRS is a vibrational technique that can identify Maya Blue (Giustetto et al., 2005; Leona
et al., 2004), and distinguish it from indigo, its organic raw material, which can also be used as a
pigment without intercalation with a clay. While there has been some inconsistency in the
Raman shifts which constitute fingerprint markers for Maya blue there are some that are widely
accepted, including the Raman shifts at ~1575 cm-1 and ~258 cm-1. The first represents the
coalescing of two individual peaks that are the “most intense bands of indigo” (Giustetto et al.,
2005, p. 19366): 1583 cm-1, due to the “in-phase stretching vibration of the C=O bond with the
central C=C bond,” and 1571 cm-1, due to the “stretching vibration of the six-member ring”
(Leona et al., 2004, p. 47). The broad band ~258 cm-1 is due to out-of-plane bending of the fivemember ring.
In this research μRS confirmed the presence of Maya blue (Figure 32) with characteristic
peaks at 1576 cm-1, 1367 cm-1, ~1320 cm-1, 558 cm-1, 761 cm-1, and 255 cm-1 (Giustetto et al.,
2005; Leona et al., 2004). Maya Blue is often characterized as a post-firing decoration, so it is
probable that the blue pigments were applied post-firing (Littmann, 1980).
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Figure 32. A μRS spectrum (635 nm laser) of the blue pigment in sample of X2012.15.9_3 from Juggler, taken
from the area indicated by the blue circle on the object image. The blue arrows identify peaks at 1576 cm-1 and 1367
cm-1 and a broad band at 255 cm-1, characteristic of Maya Blue as identified by Leona et al. (2004). The green arrow
identifies a peak at 558 cm-1, identified by Giustetto et al. (2005) as being characteristic of Maya Blue; while not
prominent in this spectrum, Giustetto et al. (2005) also asserted that 760 and 1325 cm-1 peaks are characteristic of
Maya Blue Raman spectra.

3.3.3.3 Green Pigment
Green pigment appears on four out of the six vessels: Juggler, Anthropomorphic Tripod, Xipe
Totec, and 7 Flower Turquoise. Four of the stratigraphic samples (Table 3) had green pigment,
including X2012.15.9_2, X2012.15.9_3, X2012.15.41_1, and X73.275_1.
The green pigments, despite appearing different from their blue counterparts under diffuse light,
showed very similar signatures in XRF, SEM-EDS, and μRS analyses. This close affinity of the
Maya Blue samples with the green pigments found on the ceramics may suggest that the green
pigment is a variation of Maya Blue, the so-called Maya Green. Previous research has found that
shades of gray and green are made from the same principle components of Maya Blue: indigo
and palygorskite clay (Buti et al., 2014; Vandenabeele et al., 2005). The pigment hue is
determined by the indigo/clay ratio; Maya Green has a ratio value of indigo to clay higher than
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that of Maya Blue (Reinen et al., 2004). Results from the analyses conducted in this study
provided only qualitative data and therefore it was not possible to further validate this
information.

Figure 33. XRF spectra of the green pigment on the top of feline head (green spectrum) of Anthropomorphic Tripod
and the blue pigment on the belt (blue spectrum) of Xipe Totec. The location of the green pigment measurement is
indicated by the green circle on the left object image; the blue spectrum was taken at the area indicated by the blue
circle on the right object image. The red arrows indicate the characteristic Fe Kα peaks, which are higher in the
green pigment than in the blue pigment, as well as the Sr Kα peak, which is lower in the green pigment than in the
blue pigment. This could be due to a thinner slip layer in the Tripod, allowing the X-ray to penetrate deeper into the
Fe-rich ceramic body.

μRS data however, showed very similar Raman shifts to Maya blue (Figure 34) with
characteristic peaks at 1576 cm-1, 1367 cm-1, ~1322 cm-1, 557 cm-1, 760 cm-1, and 261 cm-1
(Giustetto et al., 2005; Leona et al., 2004). Like the blue pigments, the green pigments were also
probably applied post-firing.
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Figure 34. A μRS spectrum (635 nm laser) of the green pigment in sample of X2012.15.41_1 from
Anthropomorphic Tripod, taken from the area indicated by the green circle on the object image. The blue arrows
identify peaks at 1577 cm-1 and 1367 cm-1 and a broad band at 261 cm-1, characteristic of Maya Blue as identified by
Leona et al. (2004), a pigment similar in composition to Maya Green. The green arrow identifies a peak at 557 cm-1,
identified by Giustetto et al. (2005) as being characteristic of Maya Blue; while not prominent in this spectrum,
Giustetto et al. (2005) also asserted that 760 and 1322 cm-1 peaks are seen in Maya Blue spectra.

3.3.3.4 Black Pigments
Analysis of black pigments has been historically difficult (Stewart and Adams, 1999). In the
published literature, black pigments identified in Mesoamerican art include both organic and
inorganic compounds such as “various forms of carbon black, manganese black, sphalerite
(ZnS), and bitumen,” a petroleum-derived asphaltic compound (Fletcher, 2002, p. 147).
In this research, a black pigment, mostly used to outline the decoration, was used on five out of
the six vessels: Juggler, Anthropomorphic Tripod, Xipe Totec, 7 Flower Turquoise, and 7 Flower
Gold. Three of the stratigraphic samples (Table 3) had black pigment, including X2012.15.9_1,
X2012.15.9_2, and X73.276_1. Black residues were also present on the ceramics and care was
taken to avoid those areas during the analysis of the black pigment. XRF measurements of the
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black pigments were restricted by the application of the black in very thin bands as the drawing
and the geometry of the objects.
Preliminary analysis using SEM-EDS indicated enrichment in Ca and P in the back paint
(Figure 35). While this does not exclude the possibility of the presence of an organic black like
C, it might suggest that bone black was also used.

Figure 35. The yellow circle in the
object image (a) indicates where
sample X2012.15.9_1 was taken
from Juggler. The PLM
photomicrograph (b) shows a thin
(~10 μm) black pigment layer over
a white slip. The BSE micrograph
(c) of the sample shows that there is
no evident difference between the
slip and pigment layer in terms of
compositional contrast. EDS maps
show an increase in Ca (d) and P (e)
in the pigment layer compared to
the slip, highlighted by the orange
brackets. An EDS map of C did not
show a marked increase in the
pigment layer when compared to the
slip. The colored circles on (c)
indicate where point EDS
measurements were taken (f and g),
along the black pigment layer. A
large bright particle (f) appears to
contain Si while a more
homogeneous spot (g) shows high
amounts of Al, Si, and O, as well as
Ca and P, which suggests the
possible presence of bone black.
There is also a trace amount of Mn,
but not enough to suggest that the
pigment is pyrolusite (MnO2 –
manganese black).

Further analysis was conducted using μRS which indicated peaks characteristic of carbon
(Figure 36), around 1350 cm-1 and 1600-1 (E. P. Tomasini et al., 2012; Vandenabeele et al.,
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2005). Charcoal black and bitumen are both primarily composed of C and their μRS spectra are
nearly identical, and both have been found in Mesoamerica across temporal and geographic
boundaries in a variety of contexts, ranging from small-scale pottery and codices to large-scale
murals (Buti et al., 2014; Domenici et al., 2014; Fletcher, 2002; García, 2017; Haude, 1998; E.
Tomasini et al., 2012; E. P. Tomasini et al., 2012; Vandenabeele et al., 2005). Further analyses
would be necessary to verify the precise nature of C black and to confirm the co-presence of
bone black.

Figure 36. A μRS spectrum (635 nm laser) of the black pigment in sample of X2012.15.9_1 from Juggler, taken
from the area indicated by the yellow circle on the object image. The blue arrows identify broad peaks at 1360 cm-1
and 1600 cm-1, characteristic of carbon-based black pigments.

It is uncertain whether or not the black pigment was applied before or after firing,
because it has been found through experimental archaeology that black pigments can survive
firing (van der Weerd et al., 2004). In the Mixtec objects analyzed, however, the black pigments
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are often covered by other colors, such as blue (Maya Blue) and red (cinnabar). In these cases,
the black is probably applied post-firing.

3.3.3.5 Metal Foils
Thin metal foils were used for the decoration on five out of the six vessels: Juggler, Xipe
Totec, Metal Foil Tripod, 7 Flower Turquoise, and 7 Flower Gold. Only one of the stratigraphic
samples was taken from an area with metal foil, X2012.15.9_4, to minimize sampling as most
vessels already suffered from significant metal foil losses. Both XRF and SEM-EDS analysis
showed that the metal foils were primarily composed of gold (Au) and silver (Ag). The use of
these noble metals is not surprising, considering that the Mixtecs were considered “the finest
goldsmiths… in Mexico” (Coe and Koontz, 2008, p. 180). This affinity for gold spilled into
many different objects produced by the Mixtecs, likely because minor arts often represented lifesize counterparts. The combination of Au and Ag in the foil suggest the presence of an electrum
(a Au-Ag natural alloy), a material that archaeologists have previously found in Mesoamerica
(Figure 37) (Díaz, 2007; Guerra, 1969).
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Figure 37. XRF
spectra of the metal
foil on the back of
the Juggler. The
location of the
measurement is
indicated by the
blue dot on the
object image. The
blue arrows
indicate the Au and
Ag characteristic
peaks. The
remaining peaks
are attributed to the
underlying slip and
ceramic body. The
peak between Rh
Kα and Ag Kα
represents Pd Kα, a
result of the
instrument.

Some of the metal foils appear to have a clear
coating when observed under diffuse light, which fluoresces
under UV light (Figure 38). The fluorescence indicates a
possible conservation treatment, likely the use of a modern
polymer.

Figure 38. A photograph of the Juggler using UV excitation and
capturing in the visible range, using the Peca 916 and XNite BP1 filters
(Table 2).
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4 Conclusions
The systematic study of both the iconography and materials of these Late Postclassic
Mixtec polychrome ceramics has revealed new information about their raw materials and
production technology. Despite the ceramic vessels having different attributes and appearing
independent from one another, even the most disparate had common characteristics, ranging
from design motifs to ceramic and pigment compositions.
Stylistically and technically, the objects shared several similarities. All six objects were
vessels, suggesting they all could have served functional purposes, such as for ceremonially
imbibing chocolate or pulque at elite events. The portrayal of anthropomorphic figures
constructed with hollow heads and limbs was a major commonality. Design motifs previously
described by Mesoamerican art historians, such as Xicalcoliuhquis and circles with dots,
supported the identification of this group as Mixtec. In addition, the ability to make several direct
comparisons to some of the Mixtec codices reinforces the prevalence of the international style
pioneered by the Mixtecs.
Materials characterization of the ceramic body, white slip, and pigments suggested that at
least five of the six Mixtec ceramic objects in this collection were produced from the same or
very similar materials sources. The analysis suggested that perhaps only one of the ceramic
vessels analyzed (Metal Foil Tripod) might have used a different Fe-rich clay source for its
production. All ceramics have a red ceramic, most likely produced by a mixture of clays: a Ferich red clay and a Fe-poor clay and a white slip, consisting mainly of kaolinite clay. However,
given the context of Mixtec ceramics, which were employed in a time of vibrant trade and crosscultural interactions, further studies on the technology and materials of the ceramic bodies of
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these artifacts to identify the sources used and locations of production would contribute greatly
to our understanding of this culture.
Important natural and artificially produced valued materials (pigments and metal foils)
were used for the decoration of the ceramics. The sole red pigment identified was cinnabar. Its
presence and abundance indicates the high value of these vessels, because cinnabar was one of
the priciest red pigments. Cinnabar’s presence also suggests that these objects may have been
used in burial contexts, because cinnabar was sprinkled on both bodies and precious objects in
various regions of Mesoamerica.
Maya Blue was another important pigment and the only blue pigment identified in the
ceramics. The pigment is known for its varied use across Mesoamerica which ranges from
ritualistic practices to decorating murals and pottery, an indication of its high value in preHispanic art and culture (Arnold et al., 2008). Furthermore, Maya Blue is strongly associated
with “sacrifice, priests, and Maya deities” (Arnold et al., 2008, p. 152). In addition, palygorskite
clay was used for physical healing, another association that elevated the significance of Maya
Blue (Arnold, 2005; Arnold et al., 2008). While the production methods of Maya Blue are still
debated, one theory postulates that the Maya ritualistically created Maya Blue through the
burning of an incense mixture including copal (tree sap), palygorskite, and indigo plant (Arnold
et al., 2008). A variation of Maya Blue, known as Maya Green was also identified in the
polychrome decoration of the ceramic vessels.
Noble metals like Au and Ag were identified in the metal foils, which may have derived
from a natural alloy known as electrum. The Mixtec were renowned goldsmiths, and noble
metals were used in a wide range of Mesoamerican artifacts, including bells used as instruments,
ornamental or ritual garments, and wrist and ankle bracelets, in addition to masks and pectorals

55

(Bray, 1971; Coe and Koontz, 2008; Díaz, 2007; Guerra, 1969). Small bimetallic objects have
also been found depicting various forms, such as snakes and skulls (Bray, 1971). With wideranging skills relating to goldsmithing, it follows that the Mixtec’s use of gold expanded to
pottery.
Objects in this group of vessels, appeared to be luxury items before any materials
characterization was performed, due to their combinations of elaborate vessel shapes, variety of
colors, use of metal foil, and the Mixtec’s international style iconography. It is therefore not
surprising that highly priced pigments were used to achieve the most vibrant colors possible on
these objects, further solidifying their value. This study has shown the potential of systematically
studying the materials of historical ceramics, and the insights this information gives, and those
efforts should be continued.

4.1 Further Research
Further systematic research is still required for the study of these vessels in the context of other
Mixtec ethnographic materials and other Mesoamerican cultures. The neck’s processional scene
should be photographed and then drawn and painted into a rollout, as recommended by John
Pohl. Rollouts have proven beneficial in interpreting ceramics in the context of other Mixtec
artworks, such as codices and wall paintings (Pohl, 2007; Urcid, 2014; Von Winning, 1976). It
would be beneficial to examine other Mixtec effigy ollas using X-ray radiography to see if the
construction of those designed as anthropomorphic figures with hollow limbs is wider spread
across Mixtec ceramics. In addition, while both the Anthropomorphic Tripod and Metal Foil
Tripod both contained rattles in their legs, neither the literature nor the codices characterizes
ollas as rattles. Further research into this could perhaps reveal if these rattle ollas served a
special purpose beyond chocolate and pulque consumption. Trace and Rare Earth Elements
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(REE) analysis could prove valuable in providing a general geographic provenance of the raw
materials used for the production of the vessels and answering bigger questions on social
organization and agency among the Mixtec people. Residue analysis from the interior of the
vessels for cocoa or pulque drinks to verify if these vessels were used in a similar manner as
indicated by the Mixtec codices, could provide additional evidence of a link between the vessels
and the codices.
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5 Appendices
5.1 Locations of Object Sampling

Figure 39. Diffuse light images of X2012.15.9 (Juggler) with circles indicating sampling locations. The numbers
correspond to the samples shown in Table 3.

Figure 40. Diffuse light image of X2012.15.41 (Anthropomorphic Tripod) with a circle indicating the sampling
location. The number corresponds to the sample shown in Table 3.
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Figure 41. Diffuse light images of X73.273 (Xipe Totec) with circles indicating sampling locations. The numbers
correspond to the samples shown in Table 3.

Figure 42. Diffuse light images of X73.274 (Metal Foil Tripod) with circles indicating sampling locations. The
numbers correspond to the samples shown in Table 3.
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Figure 43. Diffuse light images of X73.275 (7 Flower Turquoise) with circles indicating sampling locations. The
numbers correspond to the samples shown in Table 3.

Figure 44. Diffuse light images of X73.276 (7 Flower Gold) with circles indicating sampling locations. The numbers
correspond to the samples shown in Table 3.
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5.2 Ceramic Body XRF Data
These values are net counts, which were obtained using Artax proprietary software to
deconvolute the XRF spectra. Detailed step-by-step instructions of how to use this software can
be accessed at www.xrf.guru, or directly from this pdf: http://www.xrf.guru/styled-5/styled11/downloads-16/files/Bayesian%20Deconvolution.pdf. These values are not normalized to Rh.
Table 4. Table of the net counts of the major, minor, and trace elements from the XRF measurements of the ceramic
bodies.
Object_XRF #
Object Name
Al Kα
Ca Kα
Cu Kα Fe Kα
Hg Lα K Kα
Mn Kα
X2012.15.9_8

Juggler

0

81753

40022

1005156

1904

45213

44903

X2012.15.9_9

Juggler

238

42024

62239

603296

24978

24236

63762

X2012.15.41_4

Anthro. Tripod

1600

38765

2606

1501219

0

33530

158464

X2012.15.41_6

Anthro. Tripod

324

71318

2265

1721418

0

39322

532923

X73.273_4

Xipe Totec

890

90615

22689

953551

448

49016

31513

X73.273_5

Xipe Totec

1315

54079

12947

724144

607

45966

11955

X73.274_4

M. F. Tripod

990

27463

3098

2508027

809

25083

799

X73.274_5

M. F. Tripod

0

25481

2508

2157771

4273

25640

316

X73.275_4

7 Flower Turq.

0

32924

2995

3742050

783

22708

6537

X73.275_5

7 Flower Turq.

1061

39193

2316

723824

1036

33530

2787

X73.276_5

7 Flower Gold

2

73377

20668

808373

489

46846

76797

X73.276_6

7 Flower Gold

11

156071

24780

1158073

1912

40177

68114

Object_XRF #

Object Name

Rb Kα

Rh Kα

Si Kα

X2012.15.9_8

Juggler

3612

5733

19387

X2012.15.9_9

Juggler

922

4424

X2012.15.41_4

Anthro. Tripod

669

3048

X2012.15.41_6

Anthro. Tripod

1855

X73.273_4

Xipe Totec

X73.273_5
X73.274_4

P Kα

Sr Kα

Ti Kα

9882

35714

29072

31356

17532

5753

41344

20135

25094

17637

13611

13693

50004

34556

3580

19814

13931

19936

48726

39263

6701

7744

29521

20808

65059

53650

47286

Xipe Totec

1813

6272

32025

21855

34697

42839

42683

M. F. Tripod

3861

909

19985

14740

40215

19046

20195

X73.274_5

M. F. Tripod

3848

1844

18506

11962

27707

17144

18455

X73.275_4

7 Flower Turq.

3183

17533

17268

8060

14347

13568

25515

X73.275_5

7 Flower Turq.

2095

5714

22762

13648

12105

22083

43934

X73.276_5

7 Flower Gold

6170

4800

20056

10491

23925

25635

32495

X73.276_6

7 Flower Gold

17614

6054

21494

2700

37421

18795

29657
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Zr Kα

5.3 Bivariate Plot Data
These values were obtained using Artax proprietary software to deconvolute the XRF spectra.
Detailed step-by-step instructions of how to use this software can be accessed at www.xrf.guru,
or directly from this pdf: http://www.xrf.guru/styled-5/styled-11/downloads16/files/Bayesian%20Deconvolution.pdf. However, unlike in the pdf, after acquiring the net
counts, we normalized the data to Si instead of Rh. Table 5 contains the values for all the
elements used in the bivariate plots, in addition to Rh, should other researchers prefer to
normalize to Rh.
Table 5. Table of the values used in bivariate ratio scatter plots in Figure 20 - Figure 22.
Object
Spectra
Ca
Fe
K
Mn
Rb
Juggler

X2012.15.9_8

81753

1005156

45213

44903

5733

Juggler

X2012.15.9_9

42024

603296

24236

63762

4424

Anthro. Tripod

X2012.15.41_4

38765

1501219

33530

158464

3048

Anthro. Tripod

X2012.15.41_6

71318

1721418

39322

532923

3580

Xipe Totec

X73.273_4

90615

953551

49016

31513

7744

Xipe Totec

X73.273_5

54079

724144

45966

11955

6272

M. F. Tripod

X73.274_4

27463

2508027

25083

799

909

M. F. Tripod

X73.274_5

25481

2157771

25640

316

1844

7 Flower Turq.

X73.275_4

32924

3742050

22708

6537

17533

7 Flower Turq.

X73.275_5

39193

723824

33530

2787

5714

7 Flower Gold

X73.276_5

73377

808373

46846

76797

4800

7 Flower Gold

X73.276_6

156071

1158073

40177

68114

6054

Object

Spectra

Rh

Si

Sr

Juggler

X2012.15.9_8

19387

Juggler

X2012.15.9_9

Anthro. Tripod

X2012.15.41_4

Anthro. Tripod

Ti

Zr

9882

35714

29072

31356

17532

5753

41344

20135

25094

17637

13611

13693

50004

34556

X2012.15.41_6

19814

13931

19936

48726

39263

Xipe Totec

X73.273_4

29521

20808

65059

53650

47286

Xipe Totec

X73.273_5

32025

21855

34697

42839

42683

M. F. Tripod

X73.274_4

19985

14740

40215

19046

20195

M. F. Tripod

X73.274_5

18506

11962

27707

17144

18455

7 Flower Turq.

X73.275_4

17268

8060

14347

13568

25515

7 Flower Turq.

X73.275_5

22762

13648

12105

22083

43934

7 Flower Gold

X73.276_5

20056

10491

23925

25635

32495

7 Flower Gold

X73.276_6

21494

2700

37421

18795

29657
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5.4 White Slip XRF Data
These values are net counts, which were obtained using Artax proprietary software to
deconvolute the XRF spectra. Detailed step-by-step instructions of how to use this software can
be accessed at www.xrf.guru, or directly from this pdf: http://www.xrf.guru/styled-5/styled11/downloads-16/files/Bayesian%20Deconvolution.pdf. These values are not normalized to Rh.
Table 6. Table of the net counts of the major, minor, and trace elements from the XRF measurements of the slip.
Object_XRF #
Object Name
Al Kα
Au Lα Ca Kα
Cr Kα Cu Kα Fe Kα
Hg Lα K Kα
X2012.15.9_11

Juggler

1599

556

19528

6813

13478

201634

35312

8627

X2012.15.41_1

Anthro. Tripod

2839

0

29475

4787

3005

1219249

0

22379

X73.273_1

Xipe Totec

945

1023

64147

5466

3710

213153

3352

6104

X73.273_3

Xipe Totec

3217

336

98378

9707

7014

443313

6741

23929

X73.275_6

7 Flower Turq.

616

0

28123

0

3677

335893

2617

14114

X73.275_7

7 Flower Turq.

606

1333

15963

0

2729

745100

22402

10143

X73.276_2

7 Flower Gold

642

9705

12326

6267

5749

125313

12053

6307

X73.276_3

7 Flower Gold

681

1612

10436

6642

5165

87660

16086

5835

Object_XRF #

Object Name

X2012.15.9_11

Juggler

10913

374

4888

22542

7659

X2012.15.41_1

Anthro. Tripod

67934

411

4257

22589

X73.273_1

Xipe Totec

760777

517

2541

X73.273_3

Xipe Totec

5939

9869

3765

X73.275_6

7 Flower Turq.

1353

1616

X73.275_7

7 Flower Turq.

1017

X73.276_2

7 Flower Gold

X73.276_3

7 Flower Gold

Mn Kα

P Kα

Rb Kα

Ti Kα

Zr Kα

108181

25092

25144

15262

60283

51515

47086

21466

7425

168638

21641

16047

34660

13898

255627

45335

24001

4229

19404

7417

53605

23378

26633

24

5121

20531

8166

32861

13163

22074

4919

31

4221

25059

11597

156528

23540

16785

8364

52

4740

22669

11828

109218

21164

19858
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Rh Kα

Si Kα

Sr Kα
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