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ABSTRACT

RESUMEN

Archaeological ceramics, like other technofossils, are such an important part of
the record of pre-Hispanic human impacts in southern Mexico and Central
America, that they provide a measure
by which we can try to define the Early
Anthropocene on the continent (ca. 3000
– 1000 B.P.). This impact is also reflected
in the use of raw materials for the manufacture of ceramic pastes. A review of the
most common microscopic components
of Maya ceramics (from Campeche, Chiapas, and Yucatán regions) was carried
out, using the soil micromorphology fabric concept, which showed traits inherited from soils and sediments used as raw
materials. Particular interest was given
to: microstructure, groundmass, clay illuviation, redoximorphic features, organic remains, mineral weathering stages,
and alteration features by burial context.
Several of these components have been
described before; however, the attention
given to the interpretation of their origin
and formation in natural context (prior to
conversion into pottery) has been limited. The understanding of soil formation
processes and their reliable microscopic
evidence in an artifact can help to define
ceramic production phases, including the
circumstances for paste preparation, firing, and abandonment or disuse stages.
At the same time, this microscopic evidence reflects the preferential selection
of certain types of materials. Overall, the
use of these resources is part of an ecological footprint related to questions of
sustainability in Maya civilization.

Las cerámicas arqueológicas, al igual que otros
tecnofósiles, son parte importante del registro de
impacto humano prehispánico en el sur de México
y Centroamérica, proporcionando una medida en
la cual podemos tratar de definir el Antropoceno temprano en el continente (ca. 3000 – 1000
A.P.). Este impacto se ve también reflejado en
la utilización de las materias primas para la
fabricación de las pastas cerámicas. Se realizó
una revisión de los componentes microscópicos
más comunes de la cerámica Maya (de regiones
de Campeche, Chiapas y Yucatán), utilizando
el concepto de fábrica de la micromorfología de
suelos se evidencian rasgos heredados de suelos y
sedimentos utilizados como materias primas. Se
dio particular interés a: microestructura, masa
basal, iluviación de arcilla, rasgos redoximórficos, restos orgánicos, fases de intemperismo de
componentes minerales y rasgos de alteración por
sepultamiento. Muchos de estos componentes han
sido descritos antes, sin embargo, la atención que
se les ha dado en cuanto a la interpretación de su
origen y formación en su contexto natural (previo a su conversión en cerámica) ha sido poca.
La comprensión de los procesos de formación del
suelo y sus evidencias microscópicas relictas en
un artefacto, pueden ayudar para definir las fases
de producción cerámica, incluyendo el contexto
de elaboración de la pasta, cocción y etapas de
abandono o desuso. Al mismo tiempo, estas evidencias microscópicas, reflejan la selección preferencial de cierto tipo de materiales. En conjunto,
el aprovechamiento de dichos recursos es parte de
una huella ecológica relacionada a cuestiones de
sustentabilidad en la civilización Maya.

Keywords: technofossil, Early
Anthropocene, Maya ceramic petrography, soil micromorphology, soil formation
processes.
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1. Introduction
The chronological context of the Anthropocene as
a geological epoch has stirred a wide debate among
scientists. Particularly, the “Early Anthropocene
Hypothesis” proposed by Ruddiman (2003, 2007)
generates the need for a thorough search of the evidence of human impacts on the environment (the
invention of agriculture, as well as deforestation
associated with it, increased levels of greenhouse
gases, among others). Kennett and Beach (2013)
and Beach et al. (2015) identified the “Mayacene”
as a microcosm of the Early Anthropocene that
appeared from ca. 3000 to 10000 B.P. In their detailed review, Beach et al. (2015) integrated data
for Maya impacts on climate, vegetation, hydrology, and the lithosphere from the analysis of lakes,
floodplains, wetlands, and soils. They mentioned
that the soils from the Maya region are potential
stratigraphic markers, preserving evidence of a
changing system (this includes soil enhancement
and depletion, erosion and aggradation).
Soil registers the processes which influenced its
natural development (bioturbation, clay accumulation, changes in aerobic–anaerobic conditions,
and droughts). If soil is used as a raw material to
sustain a civilization, including device manufacture, part of this memory (Targulian and Goryachkin, 2004) may reside in the artifacts. The artifacts
can be used to date deposits of the Anthropocene
epoch (Crutzen, 2002; Williams et al., 2014; Zalasiewicz et al., 2008, 2014a) and reflect cultural development. For authors such as Barnosky (2014),
Ford et al. (2014), and Zalasiewicz et al. (2014a;
2014b), artifacts may be considered as ichnofossils
and specifically as technofossils (Haff, 2014).
In ceramics, natural components amalgamate
into anthropogenic lithologies (Zalasiewicz et al.,
2014a; Williams et al., 2016; Hazen et al., 2017).
In the Maya area, the mineralogy and organic
components of ceramics preserve evidence of the
firing technology (López-Varela, 2014) as well as
of the raw materials used to produce the ceramics.
The special mixture of raw materials known as

fabric can reflect basic differences in the types
and/or combination of ingredients that form the
foundation of general ceramic categories classified by archaeologists (Whitbread, 1986, 1989,
2017; Howie, 2012). The description of ceramic
fabric should be consistent among researchers in
order to establish groups that are comprehensible
and comparable between ceramic records (Albero-Santacreu, 2014).
Despite the long tradition of research in the Maya
area (recorded mainly in technical reports for
archaeology surveys, theses, and some scientific
journals), petrography has been an underutilized
technique (Howie, 2012; Bishop, 2014). Particularly relevant is the work of Jones (1986) because
of its geographical and methodological scopes.
Soil micromorphology is an important tool for
geoarchaeological studies associated with artifacts (e.g., Whitbread, 1986; Courty et al., 1989;
Macphail et al., 1990; Goldberg and Berna, 2010;
Walkington, 2010; Howard and Orlicki, 2016). Its
primary objective is to interpret the composition
and arrangement of microscopic constituents as
evidence of the formation processes, whether natural or anthropic.
Experience interpreting soil evolution in the
Maya region based on micromorphological studies (Sedov et al., 2008; Cabadas-Báez et al., 2010a,
2010b, 2017; Solleiro-Rebolledo et al., 2011;
Solís-Castillo et al., 2013) has introduced the idea
that part of the materials that comprise Maya ceramics are naturally occurring in the soils of the
Yucatán Peninsula. These soils have been studied
in terms of their genesis and classification since the
mid-twentieth century (Quiñones, 1975; Isphording, 1978; Isphording and Wilson, 1974; Bautista
et al., 2005, 2011).
The work presented here is based on comparative
micromorphology of soil thin sections and ceramic fabrics from a diversity of sites in the Maya
region of Mexico, in order to recognize the soil
traces inherent in these artifacts.

The ceramic samples studied correspond to four
areas within the Maya region in Mexico: (1) the
upper Usumacinta region in the northeastern
part of the state of Chiapas (Yaxchilán), (2) the
southern part of Campeche (Cerro de Los Muertos, an inland site influenced by the presence of
rivers and lagoons), (3) the northern coast of the
state of Campeche (Jaina and Uaymil), and (4) the
northern Yucatán Peninsula (Xcambó) (Figure 1).
All samples derive from sherds recovered from a
variety of structures and pits at the archaeological
sites. The ceramics cover temporalities including
Late Preclassic, Early Classic, Late Classic, and
Postclassic periods.
The ceramic sherds from the southern and northern coast of Campeche, and from the northern
Yucatán Peninsula, are housed at the Ceramic
Laboratory in the Faculty of Anthropological Sciences of the Universidad Autónoma de Yucatán
(UADY) in Mérida, Mexico. The ceramic sherds
from Yaxchilán, Chiapas are part of diverse collections studied by Roberto García-Moll (Instituto Nacional de Antropología e Historia) over the
course of several field seasons. Each sample was
studied and classified by the Type–Variety system
(Smith et al., 1960).
The best-studied samples in terms of their chronology were from the Yaxchilán area along the banks
of the Río Usumacinta. Yaxchilán is located in the
Lacandon Jungle in the state of Chiapas, Mexico,
which borders Guatemala.
The site studied in the southern part of Campeche
was Cerro de los Muertos, close to the Río Candelaria Basin, which was used for passage and
communication between inland and coastal settlements during the Preclassic period. The ceramics
from these sites present particularities in their surface finishes: red and brown bichrome with ribbed
designs, fingerprints, and vessels with specific morphologies. They also share a common characteristic in the use of crushed ceramic or grog as a
temper.

Jaina and Uaymil were ancient Maya maritime
ports on the Campeche coast. These sites include Puuc style architecture and good quality
ceramics generally referred to as pizarra. Jaina is
a small island 42 ha in size located 40 km north
of Campeche City and 70 m from the mainland.
It is an artificial island built by the Maya with
several tons of sascab (calcarenite extracted from
the Pleistocene–Holocene materials of the littoral
beach ridge); it is the largest island ever built in
the ancient Maya world. Uaymil is located 25 km
north-northeast of Jaina and 2.5 km inland from
the coast. Cobos (2005) suggested the function of
the site was a trans-shipment station facilitating the
movement of goods to Chichen Itza and Uxmal.
Xcambó, on the northern coast of the state of
Yucatán, lies in a swamp with diverse ecological
resources available for use by the ancient Maya.
It was a commercial port that managed marine
resources starting in the Early Classic (200 – 600
A.D.), when it was probably an important site controlled by Izamal. Analysis of Xcambó ceramics
(Jiménez-Alvarez, 2002; Jiménez-Álvarez et al.,
2000, 2006) has suggested interaction with sites
from wide-ranging areas including south-central
Veracruz, the Grijalva Basin, the Usumacinta
Basin, and Guatemala, among others (Sierra-Sosa, 2004).
The soils we used for comparison with the ceramic pastes came from an area representing some of
the best pedogenic evolution in the Maya region:
the northern and southern Yucatán Peninsula (and
the Luvisols found there) (Figure 1). Luvisols are
identified by the evidence of clay migration in the
lower part of soil profiles, generating the argic
horizon (IUSS Working Group WRB, 2015). Particularly interesting is the abundance of fine clayey
material (enriched in kaolinite), and the pigmentation with iron oxides (from pedogenic origin)
observed at both macro- and micromorphological
scales. These soils were studied in detail by Cabadas-Báez et al. (2010b) in the localities of Kantunilkin (state of Quintana Roo), Bolonchen (state of
Campeche), and Carrillo Puerto (state of Quintana Roo). The soils were selected for their mi-
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Figure 1 Site location samples of soils and ceramics in the geological context of the Yucatán Peninsula. (Compiled from Bautista et
al., 2005; Servicio Geológico Mexicano, 2007; Cabadas-Báez et al., 2010a, 2010b; Solleiro-Rebolledo et al., 2015).

3. Materials and methods
The preparation of ceramic thin sections is similar to that suggested by soil micromorphology
manuals (Bullock et al., 1985; Stoops, 2003). The
samples were completely impregnated with epoxy
resin (with a refractive index of 1.54, similar to
quartz), in order to preserve important details, including the slip (a liquid mixture of clay and other
fine materials suspended in water to decorate the
surface of the ceramic material).
Microscopic descriptions follow Bullock et al.
(1985) and Stoops (2003). In particular, this work
follows the system of Whitbread (1986, 1989,
1995), which combines elements of standard descriptive methods used in sedimentary petrography with techniques from soil micromorphology.
Observations were made using an Olympus model
BX51 petrographic microscope and recorded
using Image-Pro Plus v. 5.1.1 software. In addition, certain samples were photographed using
an Epson Scanner Perfection V600 at 6000 dpi
in order to obtain a general overview. A total of
32 ceramic samples were observed and compared
with 24 samples of argic horizons from soil profiles. A semi-quantification of the coarse/fine materials ratio was described with visual diagrams for
use in petrography (Castro-Dorado, 1989).

4. Results and discussion
4.1. SOIL GROUNDMASS, CLAY ILLUVIATION
RELICTS, AND CLAY TEMPER

One of the less-described features in Maya ceramic petrography is the “heterogeneity” of fine
components present in the ceramic matrix. Parts
of these components were considered in the methodology proposed by Whitbread (1986), where the

existence of mixed matrices in the same paste is
evidence of a clay-tempered ceramic (inclusions
of unfired clay which were introduced into the
paste by the potter, Whitbread, 1986; Velde and
Druc, 1999). Poor wedging of a mixture of clays
may leave traces of textural and color variation in
the matrix paste (Whitbread, 1986).
The artificial heterogeneity created by mixing two
or more clay sources in a wet plastic state produces
features with irregular shapes and sometimes diffuse boundaries (Whitbread, 1986; Quinn, 2013),
but the optical behavior of each “individual block”
may denote a different origin. These aspects may
imply the incorporation of argic, including luvic,
horizons into the ceramic paste (Figure 2a, b, c, d).
The presence of soil groundmass “blocks” under
crossed polarizers may be due to an “immature
state” in the paste arrangement (Krishnan and
Shah, 2005; Maritan et al., 2005). The possibility exists that the fine fraction of the ceramic may
have been collected from surficial clay soil horizons, where organic matter generally accumulates;
in ceramics such as those from Cerro de los Muertos, Campeche (Figure 2g), some relicts of typical
A horizons were distinguishable as clay temper
with granular microstructure (Figure 2h).
Luvic horizons characterized by clay illuviation
are observable in the form of “blocks” inside Tinaja Red ceramic paste from Yaxchilán, Chiapas
(Figure 2a, b). In a Luvisol, the illuviation produces
clay coatings by the movement of those particles in
an aqueous mediwhich gravity transfers from the
higher soil horizons to the lower ones (Figure 2c,
d). Sometimes, these coatings exhibit a typical configuration of microlamination infillings, which are
hosted in porous regions. The optical behavior of
the natural clay coatings presents extinction bands
under crossed polarizers that extend through the
microlaminated regions, and is independent of the
optical response in the ceramic matrix. The presence of reworked clay coatings is common where
well-oriented clay is clearly visible, evidenced by
birefringence and band extinction (Figure 2e, f).
The fragmentation of the clay coatings is likely
produced by the ceramic paste preparation.

ARCHAEOLOGICAL.... / MATERIALS AND
METHODS / RESULTS AND DISCUSSION

cromorphological similarities to Maya ceramics,
specifically between the b-fabric of the soil argic
horizons and the clay matrix of the ceramic.
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The clay illuviation over carbonates is another
phenomenon described at the boundary between
the soil profile and the underlying limestone
(Bronger and Sedov, 2003; Merino and Banerjee,
2008; Cabadas-Báez et al., 2010b). Similar features
were observed in Cerro de Los Muertos ceramics
from Campeche (Figure 2i, j). Figures 2k and 2l
show the phenomenon at the transition between
a luvic horizon and the underlying limestone from
Kantunilkin, Quintana Roo. Part of the added
temper could have been taken from the lower soil
horizons with influence from the carbonate parent material. Similar observations were reported
by Gillot (2014) in Maya mortars from Río Bec,
Campeche, with the presence of “argillaceous
grains” (that include carbonate in their structure).

4.2. INHERITED REDOXIMORPHIC FEATURES FROM
SOIL

The Fe-Mn nodules or concretions have been
described as components of the ceramic temper,
without much attention to the fact that these features may generate naturally in the soil. Nodules
in soil materials have been described in the field
since the early days of soil science and were without doubt the first features to be recognized in
thin sections of soil (Kubiëna, 1938). In the illuvial
horizons from soils of Bolonchen, Campeche, it
is common to find typical concentric and nucleic
Fe nodules (Bullock et al., 1985; Delvigne, 1998;
Stoops, 2003; Quinn, 2013) (Figure 3d, f) that are
visible as mineral components in the ceramic. The
microconcentric structure (Figure 3d, e, f) present

Figure 2 Soil groundmass, clay illuviation relicts, and clay temper.
(a, b) Floating soil groundmass relict in the Tinaja Red ceramic from Yaxchilán, Chiapas. (a) The distinctive feature is clay illuviation
in the lower part of the dark red “block”. (b) in cross-polarized light (XPL) where microlaminations with extinction bands are visible.
(c, d) Clay illuviation in Bt horizon (Chromic Luvisol) from Kantunil Kin, Quintana Roo. (c) With plane-polarized light (PPL), clay
illuviation is evident in the limpidity (Stoops, 2003) of the soil groundmass marked with the arrow. (d) With XPL the same area
displays extinction bands.
(e, f) Reworked clay coating in Nimún Brown ceramic, Nimún group, from Jaina, Campeche. (e) PPL. Rounded clay coating fragment,
yellowish-brown color suggests the presence of iron oxide and hydroxide components. (f) XPL. Well-oriented clay with extinction
bands proposed a clay illuviation origin and consequent fragmentation.
Continued on the next page.
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Figure 2 (Continuation) Soil groundmass, clay illuviation relicts, and clay temper.
(g) PPL. Subrounded fragments of apparent dark-brown soil-relict groundmass in ceramic sample from Cerro de los Muertos,
Campeche. The dominance of fine fractions in the dark blocks is evident, as well as the tendency to conserve traces of granular
structure (as relicts of fine organic matter).
(h) PPL. Relict rounded blocky microstructure in a Bt horizon, Chromic Luvisol soil, from Bacalar, Quintana Roo. Note the reddishbrown color of the groundmass from fine organic matter. The Bt horizon is rich in clay, and the presence of rounded blocky
structures and organic matter impregnations denotes the evolution from an A horizon. The clay horizons of the soil selected to form
the ceramic clay matrix are not homogeneous and contain relict structures.
Sparite fragments with high relief and yellowish clay coatings inside and around the carbonate particles. (j) XPL. High birefringence
denotes the presence of carbonates. Clay coatings show low birefringence. The tendency towards isotropy in the clay coatings is an
important aspect, whether it’s a natural feature in the carbonate raw material, or produced during the ceramic manufacture (as part
of the grog or recycled mortars).
(k, l) Clay coatings on carbonates in BtC horizon, Chromic Luvisol, Kantunil Kin, Quintana Roo. (k) PPL. Carbonates (micrite) have the
highest relief and typical gray colors. The yellowish clay coatings are microlaminations in pores. (l) XPL. Clay coatings have lower
interference color and typical band extinction.

in the nodules is the product of alternating redox
conditions in the soil, although it may also have
been inherited from the dissolution of the underlying rock (Cabadas-Báez et al., 2010b). Iceland
and Goldberg (1999) reported the presence of Fe
concretions in the ceramics from northern Belize,
where the access to Luvisols and Gleysols with redoximorphic features must have been relatively
easy.
Similar features to Fe-Mn nodules or concretions,
which can cause some confusion, were reported
by Chung (2009) and Loya-González and Stanton

(2014) as lumps or granules of iron. These components were described as clay particles containing iron oxides and hydroxides, with sub-rounded
to rounded spherical shapes. For some authors
(Whitbread, 1986; Quinn, 2013) these clay pellets
or “clay lumps” were “lithic weathered fragments”
(Chung and Song, 2014). For Whitbread (1986),
the clay pellets can be characterized by merging
boundaries, a high degree of roundness, equant
shape, and poor internal orientation (Figure 3a, b).
From our perspective, part of these “pellets” could
be soil fragments used as clay-temper, which have

Soil for Ancient Ceramic production in the Maya Region (Mexico)

(i, j) Rounded and subrounded carbonate particles with apparent clay illuviation in ceramic, Cerro de los Muertos, Campeche. (i) PPL.
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Figure 3 Inherited Fe-Mn redoximorphic features.
(a, b) Typical nodule (Stoops, 2003) in Baca Red ceramic (Ceramic Group Baca) from Uaymil, Campeche. (a) Plane-polarized light (PPL).
(b) Cross-polarized light (XPL). The red colors are associated with Fe composition and the granostriated b-fabric (birefringence rim
around the nodule by the clay domains).
(c) PPL. Reworked fragment of concentric nodule (Stoops, 2003) in Baca Red ceramic (Ceramic Baca Group, Uaymil, Campeche). The
curved morphology and microlaminations denotes the nodular origin of this Fe feature.
(d) XPL. Concentric nodule (Stoops, 2003) in Bt horizon (Chromic Luvisol, Bolochén, Campeche). With XPL, the granostriated b-fabric
halo and the vertic properties in the groundmass are more evident (dominated by strial fabric).
(e) PPL. Concentric nodule (Stoops, 2003) in Tres Naciones Gray ceramic (Yaxchilán, Chiapas). The dark black color suggests the
presence of Mn, even organic matter. Delvigne (1998) and Quinn (2013) use the term pedogenic nodule or pisolith for this feature.
(f) PPL. Concentric nodule (Stoops, 2003) in Bt horizon (Chromic Luvisol) from Bolochén, Campeche.

4.3. THE MICA GROUP MINERALS

The mica group minerals have received some attention in petrographic studies of Maya ceramics,
however, they have not been sufficiently explored.
Their planar nature enables them to float, causing
them to accumulate in areas of deposition with
much finer material. Mica crystals in sand-size
fractions may be susceptible to compaction effects during natural sedimentation (Tucker, 2012)
and throughout preparation and modeling of
paste (Velde and Druc, 1999), which can generate
exfoliation.
In different reports across the Maya region, mica
minerals have commonly been described as temper in ceramics. In such reports, confusion between muscovite and biotite, and even chlorite, is
common. Some authors (Chung, 2009; Obando
et al., 2011) have inferred the presence of muscovite based on the presence of white color mica (in
plane polarized light); however, there is the possibility that the interference colors do not match
those in the muscovite (which are higher than
the third order birefringence in the Michel-Levy
chart: 0.036 – 0.049).
In accordance with the optical properties, we suggest that most of the micas described in Maya ceramics are in transition to clay minerals with an
intermediate to advanced weathering stage. This
was described by Delvigne (1998) as “pellicular
patterns,” producing the first order interference
colors under crossed polarizers (Figure 4c, d). Bautista et al. (2005) and Cabadas-Báez et al. (2010a;
2010b) studied weathering in soils systems from
southern Mexico; they described mineral phases
integrated with interlayered phyllosilicates.
Authors, including Shepard (1964) and Reedy
(2008), have already proposed that the micas present in abundant proportions in the ceramic are part
of the “non-plastic natural inclusions” that contain clay needed to prepare the paste. According

to the observations of samples of pedosediments
from Playa del Carmen, Quintana Roo (Figure
4a, b), micas that may be included as sand or silt
fraction in the ceramic paste. Part of those micas
(Figure 4a) may be found in volcanic materials. In
other cases, the small crystal size made it necessary
to describe with detail the soil groundmass, where
some mica flakes are visible under crossed polarizers; the low interference colors denote weathering
stage or tendency to form interlayered phyllosilicate minerals (Figure 4b). In ceramics from Yaxchilán it is interesting to observe several degrees of
weathering in the mica minerals, even in the same
pottery samples (Figure 4g, h, i, j).
Mica minerals are a kind of tracer in Maya ceramics, particularly in the Usumacinta region and
in Central America (Bishop, 1994; Obando et al.,
2011) with the nearby plutonic–metamorphic
complexes (Ortega-Gutiérrez et al., 2007) (see Figure 1). In some cases, micas could be associated
with the influence of El Chichón volcano tephras
(Tankersley et al., 2011) (Figure 4e, f). However, the
mineralogical and geochemical comparisons are
not definitive. The high biotite content in the Yaxchilán ceramics could be associated with a nearby
tributary of the Usumacinta, which brought allochthonous mica from its local catchment.
Mica may be confused with vegetable tissues
(something common, even in the soils, where in
some descriptions [e.g., Heraud, 1996] they are
denoted as mica-schist relicts). This confusion is
based on the weathering morphology, related to
cleaves readily into thin sheets. In some cases, it
is possible to distinguish low interference colors,
especially towards the peripheral regions of the
crystals. In the cases in which it is not possible to
observe the interference colors, the most probable
alternative is the identification of partially degraded or burnt plant tissue (Canti, 2017; Ismail-Meyer, 2017). Another clear difference is the scale of
the mica and vegetable tissues: the vegetable tissues are usually larger (>300 µm) than mica crystals (Figure 4k, l).

RESULTS AND DISCUSSION

been reworked during the paste preparation to be
incorporated into the ceramic matrix (Figure 3c).
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4.4. PARTICULARITIES OF VOLCANIC GLASS

The presence of volcanic glass in Maya ceramics
has been widely discussed (since the pioneering
work of Shepard [1937]) in light of the absence of
igneous outcrops in the Maya region, principally
in the Lowlands of the Yucatán Peninsula. Several authors suggested a source of volcanic ash distributed in different regions (Shepard, 1964, 1968;
Arnold, 1985; Ford and Glicken, 1987; Ford and
Rose, 1995; Ford and Spera, 2007) that was completely used up by the ancient Maya.
A variant of this model advocates soil formation
processes, which implies that volcanic materials
have been weathered (Isphording, 1974; Isphord-

ing and Wilson, 1974; de Pablo, 1996; Tankersley
et al., 2011; Milawski, 2013). Following this idea,
some ceramics from Yucatán and Chiapas show
volcanic glass in sand-sized pumice particles with
apparent clay coatings and infillings inside vesicles,
generating an amygdaloidal texture (Figure 5). The
characteristic aspect of these infillings is the optical
anisotropy, which creates uncertainty about the origin of this feature and its relation with weathering
processes in the volcanic glass. The general idea
is about the devitrification (particularly with the
formation of palagonite) (Villaseñor and Graham,
2010). However, this alteration is associated with
basaltic rocks (Marshall, 1961), and it is petrogenetically incompatible with the magmatism from

Figure 4 Mica group minerals particularities.
(a) Plane-polarized light (PPL). Mica crystal (basal section) in soil groundmass (pedosediment, described as soil A horizon) from Playa
del Carmen, Quintana Roo,. The unaltered crystal has a pale-green color.
(b) Cross-polarized light (XPL). Small mica “flakes” (marked with yellow arrow) dispersed in the soil groundmass (pedosediment,
described as soil A horizon) from Playa del Carmen, Quintana Roo,. The low interference color denotes the transition to interlayered
phyllosilicates, including weathering processes.
(c, d) Mica crystals in ceramic, Cerro de Los Muertos, Campeche. (c) PPL. Cleavage in one plane is evident where the crystal is altered
and “open” (phylloporos as described by Delvigne, 1998) with a residual fibrous habit. (d) XPL. The mica is clear with low interference
color. The rest of the interference colors denote the presence of carbonates.
(e, f) Biotite crystals as temper in Lucha Incised ceramic from Yaxchilán, Chiapas. (e) PPL. The typical brownish-green color of
biotite crystal with cleavage into thin sheets. (f) XPL. ( g),The high interference color in the biotite crystal demonstrate its reduced
weathering stage. Some brown mica crystals have low interference color, associated with transition to clay minerals.
Continued on the next page.
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Figure 4 (Continuation) Mica group minerals particularities.
(g, h) Moderately weathered biotite crystals in Infierno Black ceramic from Yaxchilán, Chiapas. (g) PPL. Biotite crystals with partially
wavy structure produced by volume increase. (h) XPL. It is still possible to observe high interference color in the center of the
crystals, but the low interference color dominate from the possible transformation to clay minerals.
(i, j) Advanced weathering in mica crystals from Silk Grass ceramic (Sotero Red-Brown Group) from Yaxchilán, Chiapas. (i) PPL. It is
interesting to observe the coexistence of different weathering degrees in the mica crystals, evidenced by colors and morphology of
the interlayered pores. (j) XPL. The red color in the mica could be related to iron content by minute crystals of goethite distributed
parallel to the cleavage planes (Delvigne 1998).
Roo. The most evident difference with the mica crystals is the size of the structure, and the presence of cellular arrangement
“interlayered in the cleavage plane.”
(l) PPL. Weathered mica crystal (intermediate–high alteration) from Chaquiste printed ceramic, Yaxchilán, Chiapas. Opaque minerals
appear black in PPL. Cleavage planes in mica are visible, as well as volume increases from weathering. The dark color and lateral
edges simulate the appearance of plant tissue.

Central America or southern Mexico, which is
more associated with rhyolitic compositions (Carr
and Stoiber, 1990; Rose et al., 1999).
The presence of clay coatings is contradictory to
the dominant recognition of fresh volcanic glass
temper in Maya ceramic petrography (Ford and
Rose, 1995; Ford and Spera, 2007; Ford et al.,
2017); just a few reports describe weathering details of volcanic glass (Bishop et al., 2005; Chung
and Song, 2014; Obando and Jiménez, 2016).
Coatings and infillings evidencing illuviation of
fine colloidal materials are relatively common in
volcanic soils (Andosols) derived from humid tropical regions (Jongmans et al., 1994; Sedov et al.,

2003). The soils near El Chichón volcano possess
some of these characteristics (Solleiro-Rebolledo
et al., 2007).
The coatings and infillings could be considered the
product of in situ co-precipitation of Al and Si,
forming allophane. They are subsequently transformed by desillication in imogolite and later to
very fine-grained gibbsite, giving the coatings an
anisotropic aspect under crossed polarizers (Sedov
et al., 2010); this hints at aspects warranting more
in-depth study, for example the age of the volcanic deposits. Recently, reworked volcaniclastic
deposits in the Usumacinta River have come to
be considered an important raw material source
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(k) PPL. Plant tissue (charcoal) with a morphology similar to mica minerals, A horizon soil Chromic Luvisol, Kantunil Kin, Quintana
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Figure 5 Particularities of volcanic glass.
(a, b) Pyroclastic rock fragment with amygdaloidal texture (clay coatings inside) in Chavihau Red Specular ceramic (Baca Group) from
Xcambó, Yucatán. (a) Plane-polarized light (PPL). Volcanic glass shards compressed in contrast with the ceramic matrix. (b) Crosspolarized light (XPL). The most distinctive feature is the birefringence from coatings inside the pore walls with a pale-yellowish color
(optical behavior as a single crystal rim of well-oriented clay) and the ceramic matrix with less birefringence in pale-reddish color.
The volcanic glass is isotropic.
(c, d) Pumice fragment with amygdaloidal texture (clay coatings) in Lucha Incised ceramic from Yaxchilán, Chiapas. (c) PPL. Volcanic
glass shards and partially fragmented, coarse pumice infilled with brownish clay material are evident by high optical relief. (d) XPL.
The infillings display the highest birefringence, contrasting with the striated fabric of the ceramic clay matrix. The relatively thick
microlaminar structures suggest accumulation in the volcanic glass vesicles.
(e, f) Pumice fragment with fluidal texture surrounded by limpid clay material in Lucha incised ceramic from Yaxchilán, Chiapas. (e)
PPL. Contrast between the yellowish clay color and the brownish color of the clay matrix is evident. (f) XPL. The limpid clay displays
anisotropy, with a rim of well-oriented clay in low interference color. The volcanic glass is isotropic.

4.5. THE CARBONATES: QUESTIONING DIVERSITY

The carbonate fabric is the most abundant feature
observed in Maya ceramics; part of its origin is
related to the environmental context: the karstic
landscape. The majority of Maya petrography
studies describe the differences in carbonate morphology (Jones, 1986) based on classical sedimentary classifications. Micrite and sparite sizes and
their concentrations are the typical characteristic
described in the ceramic pastes; however, explanations about their origin and crystallization stability
are rare. According to Casadio et al. (1991) and
Velde and Druc (1999), the utility of this temper
comes from its resistance to cooking heat; the alteration processes in the ceramic could particularly imprint carbonate morphologies, generating
uncertainty in the interpretations (Buxeda i Garrigós and Cau-Ontiveros, 1995).
In certain ceramics, such as those from the site
of Jaina in Campeche (Figure 6a), it was easy to
identify primary carbonate material due to the
presence of marine organism remains (bioclasts).
These structures are found not only in ancient
limestones, but also in beach sediments and ridges in the Yucatán Peninsula (Aguayo et al., 1980;
Ward, 1985), where potters could have collected
them as temper. The correct description and interpretation of several carbonate facies components
(Fabbri et al., 2014) must be an essential constituent of provenance studies (Quinn and Day,
2007), something still neglected in Maya ceramic
petrography.
In Chabihau Specular ceramics from Jaina,
Campeche (Figure 6c, d), it is possible to find carbonate materials with a different configuration
than primary carbonates (Figure 6a) suggesting
carbonate generation in a terrestrial environment.
These laminar materials are known as caliche or

calcrete, and are distinct because they are carbonates generated during platform exposure to land.
They accumulate as a result of the carbonate
evaporation–precipitation phenomena produced
by the tropical climate (a net annual moisture deficit in the soil is necessary), which includes the processes of dissolution and recrystallization phases
(other critical factors are the topography, vegetation, action of microorganisms, and even dust
accretion by storms) (Flügel, 2010). The caliche
is on the surface of most sedimentary sequences
from the Yucatán Peninsula, underlying the soil;
its fragmentation was likely another source for
temper production. Micritic and sparitic phases
are dominant in the caliche microstructure; if this
microstructure is fragmented it is difficult to observe the complete laminar structures as shown in
Figure 6 (b, c, d).
In ceramic petrography it is usual to encounter
the characteristics of natural and induced carbonates (pyrogenic recrystallization); however, it is
very difficult to distinguish with optical microscopy. Cau-Ontiveros et al. (2002) described the presence of “micritic clots”, which they observed as
crypto-microcrystalline masses of calcite that partially formed around primary carbonates during
the process of their exposure to fire. According to
these authors, burning the carbonates produces an
insoluble residue, which may react with the clay
matrix paste to generate minerals from the pyroxene group. Experimental studies under controlled
conditions suggest reactions similar to pyrometamorphism (Cultrone et al., 2001; Grapes, 2010);
nevertheless, it is still controversial. Microcrystalline carbonates are present after burning organic
material as shown in Figure 6 (e, f).
4.6. RELICT ORGANIC COMPONENTS FROM SOIL

The soil used to produce the clay matrix of the
paste could contain a record of the stable components as evidence of colonization by organisms;
such as plant remains.
One of the most important types of biological evidence of the soil origin in the ceramic are the phytoliths, which are inorganic silica bodies formed in
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for volcanic glass temper, associated with ancient
hidromagmatic eruptions (Cabadas-Báez et al.,
2017). The replacement of glass shards by clay
minerals is a common feature of volcanoclastic
sediments (Leggo et al., 2001), a vein little explored
by Maya ceramic petrographers.
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Figure 6 Diversity of carbonates in ceramic paste.
(a) Cross-polarized light (XPL). Organism of primary carbonate (bioclast) in Dzibalche Bayo fine ceramic from Jaina, Campeche. The
dominance of micrite and some small microsparite areas are evident.
(b) XPL. Micromorphology of calcrete or caliche from Playa del Carmen, Quintana Roo. From the top of the Pleistocene aeoliansedimentary sequence (Ward, 1985; Cabadas-Báez et al., 2010a). The dominance of a micritic matrix with recrystallization inside pores
is the characteristic feature. The banded or laminar morphology suggest root traces by vegetal colonization during the platform
subaerial exposure. Another cause of this structure could be the presence of algae–fungi communities.
(c, d) Caliche fragment as temper in the Chabihau Red Specular ceramic (Baca group) from Jaina, Campeche. Laminar or banded
morphologies are evident in both images. (c) Plane-polarized light (PPL). (d) XPL. The micritic carbonates display the high interference
color. Isotropic volcanic glass temper can also be seen.
(e, f) Charcoal relict in the Chablekal Gray fine ceramic from Xcambó, Yucatán. The charcoal was a plant tissue from the soil
vegetation, incidentally used as temper and subsequently burned during the firing of the ceramic. (e) PPL. (f) XPL. The red circle
denotes the presence of micritic carbonates generated during exposure to fire.

4.7. BIREFRINGENCE PATTERNS IN THE CLAY
MATRIX: DESCRIPTION, PROPERTIES, AND
RELATION WITH SOIL B-FABRIC

The majority of the petrographic descriptions of
Maya ceramics have focused on the coarse mineral components, with few characterizations of the
fine clay matrix. The most interesting aspect of
the clay matrix is the absence or presence of birefringence with crossed polarizers. Aylmore and
Quirk (1959) (in Stoops, 2003) proposed the term
“domain” when describing the optically anisotropic behavior of clay minerals when the crystals lie
in a parallel orientation.
For Whitbread (1986) the term b-fabric, used to
describe the birefringent fabric in soil micromorphology (Bullock et al., 1985; Stoops, 2003), could
be applied to describe ceramic fabrics and their
birefringent domains. It is important to keep in
mind that the clay components exhibited in the
fine mass or groundmass of the soil could be isotropic through masking of the birefringence by
opaque and amorphous material (Fitzpatrick,
1984). For Whitbread (1986) this situation might
be considered to describe the optical state of a
fired clay matrix, but the assumption remains that
the domains themselves are unaltered. The same
author suggested the use of the terms “optically
active” or “optically inactive” to describe the state
of the fine clay matrix in ceramics. Figure 8 (k, l)
shows an example of an inactive b-fabric, where
the birefringence is evident in silt- and sand-size
mineral particles.
Ceramic body regions given special attention with
regard to the b-fabric are the slip and the core (Figure 8c, d, e, f). The most significant characteristics
are striations or elongated areas at least 30 μm of
length generated by the juxtaposition of oriented
clay (Figure 8g, h). In a natural soil body, the striation patterns are typical of soils with vertic properties (IUSS Working Group WRB, 2015), due to
the expansion–contraction of clay minerals responding to pronounced seasonal weather changes (Dalrymple and Jim, 1984). Different studies of
soils close to the archeological sites have shown
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plant tissues. Phytoliths are formed in specific sites
within the plant, such as leaves, stem, and inflorescence, among others. They remain relatively stable
in the soil when the plant dies and their morphology is useful for paleoenvironmental reconstructions (Piperno, 2006). Phytoliths were found in the
ceramic paste of the Yaxchilán samples (Figure 7a,
b). These components had already been described
by Bishop (1994) in the Usumacinta region. The
presence of phytoliths is evidence of an organic A
horizon soil, colonized by a plant cover (Solís-Castillo et al., 2015).
Phytoliths or complete opal tissues are easily confused with volcanic glass fragments because they
share similar optical properties, such as the refraction index (less than 1.54) and isotropy (Jack,
2005). Phytoliths, however, have distinctive characteristics: their pinkish coloring, ornaments in
certain cases (cavities) and the inclusions of fine
organic material (dark pigmentation) (Figure 7a,
b). One of the goals for ceramic provenance analysis is to extract and compare phytoliths or other
opal biomorphs (for example diatoms; Obando
et al., 2011) in soil raw material and in the corresponding pottery to try to trace their permanency.
In general, charcoal has not been a common
choice of tempering material in the production of
pottery and is associated with only a few cultures
(Wallis et al., 2011). Most plant residues found in
Maya ceramics were probably part of natural soil
vegetation, susceptible to burning during the firing of the ceramics. Some larger plants, though,
maintain a degree of stability when affected by fire
(Canti, 2003), and it may be possible to observe
part of their cell structure and tissue (Figure 7e,
f, g).
Indirectly, void morphology (mainly vesicular and
elliptical) and void wall impregnations (Figure 7c,
d) may support the presence of burned organic
material as suggested by Laviano and Muntoni
(2006), Reedy (2008), and Quinn (2013). The description of void morphology and its relationship
to specific plant relicts in ceramics (van Doosselaere et al., 2014) are still poorly described and understood in Maya ceramic petrography.
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Figure 7 Vegetation remnants.
(a, b) Phytoliths in fine matrix of Lucha incised ceramic, Yaxchilán, Chiapas. Plane-polarized light (PPL). Elongated (a) and fan
morphologies (b) under the classification of Twiss (1992). In PPL, phytoliths are recognizable for their high relief and the pinkish dark
color from the occlusion of organic matter, contrasting with the volcanic glass shards.
(c) PPL. Degraded vegetation remnants in Coloradas Ribbed ceramic (Tsicul group) from Xcambó, Yucatán. In the center of the
photomicrograph an opaque circular “mottle” is evident with an ellipsoidal shape and an apparent fibrous core. Below this “mottle”
a dark impregnation suggests the mobilization of organic remains in the ceramic paste. The fibrous aspect could be related to
degradation by combustion.
(d) PPL.Vesicular void with organic matter impregnation in Lucha Incised ceramic from Yaxchilán, Chiapas. In the center of the
photomicrograph, an ellipsoidal void has its walls impregnated with a fine opaque material, which could be related to the combustion
of vegetal components.
(e) PPL. Vegetal remain with well-preserved cellular structure in Lucha incised ceramic from Yaxchilán, Chiapas.
(f) PPL. Vegetal remain with well-preserved cellular structure in Chablekal Costa ceramic from Uaymil, Campeche.
(g) PPL. Vegetal remain in A horizon from a Chromic Luvisol soil from Kantunil Kin, Quintana Roo. The structure was degraded and
fragmented, but some center areas could be associated with root traces.

paste). At the same time, the clay’s mineralogy
may have responded to the friction–pressure process caused by human intervention, especially in
the surface finishes. This is one aspect of Maya ceramic petrography that has been scarcely studied
and poorly understood, being partially interpreted in only a few works (e.g., Obando and Jiménez,
2016). In Yaxchilán ceramic samples (Figure 8e, f,
i, j) the slip shows a clear and higher presence of
oriented striations with particular patterns, which
vary between net-like, grain-striated, circular, parallel, and concentric. In areas in the center or core
of the ceramic, the striations are thinner and often

Figure 8 Birefringence patterns (b-fabric) in soils and ceramics.
(a) Cross-polarized light (XPL). Granostriated and cross-striated b-fabrics in Bt horizon (Chromic Luvisol) from Bolonchen, Campeche.
The white arrows mark the preferential direction of the oriented clay particles. A typical Fe-nodule displays a rim with striations.
Photomicrograph with substage condenser.
(b) XPL. Parallel-striated b-fabric in Bt horizon (Chromic Luvisol) from Kantunil Kin, Quintana Roo. In the center of the
photomicrograph, the thickness in the striations is notable. Photomicrograph with substage condenser.
(c, d) Parallel-striated b-fabric in Nimún Brown ceramic (Nimún group) from Jaina, Campeche. (c) Plane-polarized light (PPL). Particle
orientation, even in the coarse fraction, is imperceptible. (d) XPL. Parallel coarse striations are evident together with interlayered
volcanic glass and “soil blocks” (rounded reddish-brown particles) poorly incorporated to the paste. Photomicrograph in the core of
the ceramic.
(e, f) Granostriated b-fabric in the external surface (slip) of Infierno Black ceramic from Yaxchilán, Chiapas. (e) PPL. The color
transition of the clay matrix, from the top to the core of the ceramic, is clear. (f) XPL. The granostriated b-fabric is dominant around
the volcanic glass temper and some biotite crystals. The change in color is abrupt in the clay matrix; however, the b-fabric pattern is
the same throughout the sample. Photomicrograph with substage condenser.
Continued on the next page.
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the presence of clay minerals with expansion–
contraction properties (Isphording, 1978; Wilson,
1980; Dunning, 1992; Bautista et al., 2005, 2011;
Cabadas-Báez et al., 2010b; Simms et al., 2013). In
particular, the micromorphology of clayed soils
studied by Cabadas-Báez et al. (2010b) denoted
strong vertic properties related to its evolutionary
trend (Figure 8a, b).
It is possible that part of the original pattern that
generated striations with oriented clay in the soil
has been inherited by the ceramic paste (originally conserved in the clay temper and subsequently
degraded during processing and molding of the
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Figure 8 (Continuation) Birefringence patterns (b-fabric) in soils and ceramics.
(g, h) Parallel-striated b-fabric in Lucha Incised ceramic from Yaxchilán, Chiapas. (g) PPL. In the upper right corner, a brownish dark
clay material is visible, probably associated with clay temper (“block soil”) weakly incorporated in the ceramic paste. (h) XPL. The
parallel striations around the clay temper denotes the hardness of the material or resistance to compaction during the ceramic paste
preparation. The white arrow marks the general orientation of the b-fabric.
(i, j) Color heterogeneity in clay ceramic matrix in Lucha Incised ceramic from Yaxchilán, Chiapas. (i) PPL. (j) XPL. A weakly parallelstriated b-fabric in the lower part of the image is observable. The dashed white line denotes the limit of grog used as temper with
its own b-fabric (a very weak granostriated pattern). On the surface, apparently, a transitional darkish brown color (limited by the
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green dashed line) affected the parallel-striated pattern. Finally, in the top of the image, a very thin colored slip (probably clay with Fe
enrichment) presents a very weak birefringence, even with tendency to isotropy.
(k, l) Undifferentiated b-fabric in Xuxac Incised ceramic (Tsicul group) from Xcambó, Yucatán. (k) PPL. A darkish brown matrix is
dominant, with the exception of the surface, where the color transition to pale brownish is clear. (l) XPL. Most of the ceramic matrix
presents an absence of interference color.

demonstrate an irregular or pore-striated pattern.
In this case, we suggest that the clear difference between core and slip is due to the relative pressure
applied by the potter’s fingers during wedging.
Several authors described the birefringent domains as the result of the presence of “mica” or
“sericitic” components (Chung, 2009). Obando
et al. (2011) and Obando and Jiménez (2016) even
suggested the term “phillomorphism” to describe
the grade of glint in the ceramic matrix. For Quinn
(2013) it is possible to estimate the equivalent firing
temperature of ancient ceramics in thin section by
the observation of thermally induced changes in
the b-fabric clay matrix. However, we suggest the
observable patterns be interpreted with caution in

the absence of X-ray diffraction and microprobe
data.
4.8. MICROMORPHOLOGY AND CERAMIC
ALTERATION BY SOIL CONTEXT

As suggested by Zalasiewicz et al. (2014a), technofossils such as ceramics will degrade physically and
chemically over time, especially as the deposits that
they lie on or that enclose them undergo erosion.
Long-term preservation of ceramics requires burial. Once buried underground, rates of chemical
and physical alteration, as with natural sediments,
will be controlled by moisture, temperature, oxygen, and pH (Zalasiewicz et al., 2014a).

5. Conclusions
Earth scientists are using archaeological materials
(along with other stratigraphic, geochemical and
biological evidences) to date their version of the
start and development of the Anthropocene (Ruddiman, 2003; Edgeworth, 2014). Polycrystalline
materials such as ceramics serve as obvious Anthropocene marker “lithologies” (Zalasiewicz et al.,
2014a; Hazen et al., 2017). Minerals and organic
components are combined in ceramics in a diversity of patterns or pastes to produce a great variety of pottery types that change through time and
through cultural affiliation.
The primary objective of soil micromorphology and ceramic petrography in archaeology is
the examination of modified geologic materials
composed of sand, silt, and clay-sized particles
(Josephs, 2005). Understanding the micromorphological characteristics of the pottery requires familiarity with the nature of the soils used to make
the ceramic (Wieder and Adan-Bayewitz, 2002).
The soil formation processes leave their imprint in
different proportions in ceramic: clay illuviation,
shrink–swell capacity (vertic properties), redox
environment, and weathering of rock forming
minerals (including phases associated with artifact
disuse, and even burial by soil).
Maya soil resources available in the landscape were
usually varied and rarely restricted to a particular
deposit; the variations in the composition of the
ceramic fabric indirectly reflect differing distributions of geological resources and the management
of raw materials (Arnold, 2000; Buxeda et al.,
2003). Every component described denotes a preferential selection of the natural resources based
on their behavior according to certain technical
needs that are related to manufacturing processes and the use of artifacts; hence, potters can use
or discard any particular material, but they also
modify its qualities through experimentation and
mixing the soil with other components (Cuomo Di
Caprio and Vaughan, 1993; Rice, 1996; Arnold,
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The correct identification and discrimination of
altered materials in Maya ceramic petrography
is essential not only to understand the physical
and chemical properties of the artifacts, but also
because it can easily lead to incorrect pottery
classifications and false ware-group assignments
(Tschegg, 2009). In the petrographic reports
from the Maya area, information from the burial context of the ceramic material is lost through
treatments to which the samples are subjected in
order to “clean” them for a better interpretation
(Vaughan, 1995).
In particular, for the samples studied at Yaxchilán
and Jaina, in order to distinguish carbonates in the
slip (Figure 9b, c, d) from carbonates produced by
alteration, it is necessary to observe their distribution. With the latter, their location along fractures
and porous zones of the paste is evidence of interaction with pedogenic or secondary carbonates
(leachates sourced from deposits rich in calcium
carbonate may produce cements that can ultimately bind and solidify ceramic fragments).
It is of utmost importance to know whether ceramic sherds have a deliberate slip or not, since
this is a record of the level of technological sophistication achieved at a particular time by the
potters (Tschegg, 2009). In the Maya region, the
soil carbonation processes caused the artifacts to
inherit several characteristics. The importance of
sherd surface alteration urgently needs to be considered in the classification of ware groups by their
surface attributes.
If possible, the analysis of a micromorphological
sample that includes the complete structure of the
soil or sediment surrounding the ceramic fragments is recommended (Figure 9 a, b). By doing
so, it is possible to conserve the unaltered features
of the ceramics at their precise stratigraphic position. It may also be possible to determine if part
of the coatings on pore walls corroborate the context of organic activity in the soil, which may include the effects of bioturbation (e.g., the presence
of chambers with excrement infillings) (Figure 9e),
something very common in surficial and organic
soil horizons (Figure 9f).
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Figure 9 Alterations by the soil context.
(a, b) Carbonate alteration on fracture of Trapiche Incised ceramic (Altar group) from Yaxchilán, Chiapas. (a) Cross-polarized light
(XPL). With the highest birefringence, the micritic and microsparitic carbonates along the vertical fracture are more evident. The
contact between the carbonates and the ceramic paste is abrupt and with a wavy morphology, including the variable thickness of the
accumulation. (b) Plane-polarized light (PPL). Scanned thin section with the ceramic sherd included in the soil natural groundmass.
(c) XPL. Carbonate slip on surface of Silk Grass ceramic (Sotero Red-Brown group) from Yaxchilán, Chiapas. The highest birefringence
of the microsparite, follows the curved surface of the ceramic with an abrupt contact. The mica crystals are parallel to the surface and
the slip. The isotropic grains denotes the dominant presence of volcanic glass temper.
(d) XPL. Carbonate slip on surface of Baca Red ceramic (Baca group) from Jaina, Campeche. The continuous microsparitic horizon
with an abrupt contact with the rest of the ceramic paste is evident. Most of the temper is volcanic glass, and the ceramic clay matrix
presents a weak granostriated b-fabric.
(e) PPL. Excremental infillings in a pore of the Sierra Rojo ceramic (Sierra group). The excremental pedofeatures are typical in the A
soil horizons. The burial context produced bioturbation in the unstable porosity of the ceramics. The vesicular void was probably a
plant residue where the organism resided and fed (part of a chamber). The coalescence of the coprolites generates an accretionary
aspect (spherical masses).
(f) PPL. Excremental infillings in an A horizon soil (Chromic Luvisol) from Kantunil Kin, Quintana Roo. In spite of high content in clay
fraction, the organism may produce chambers and contribute to the soil aggregation and microstructure.
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