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The unimpressive archaeological record of the last Mayan pre-Hispanic period 

has been traditionally interpreted as one of a society in decadence. However, 

archaeological remains evidencing stylistic homogenization across regions and 

documentary accounts written during the conquest describing thriving markets and 

entrepreneurial people have indicated to some a mercantile society linked by extensive 

networks of communication. Under the weaker political environment of this period, it is 

expected that a mercantile environment presented more competition and more ceramic 

producers. This research used petrographic analysis and XRD of the pottery of Mayapán, 

the last Maya capital, to detect ceramic compositional groups, which research has 

associated with the number of pottery producers. The number of producers is usually 

taken as a reflection of the degree of competition. This research found multiple 

compositional groups and the use of fewer ceramic materials that nonetheless are 

technologically advantageous, suggesting a more competitive and pragmatic society.  
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Chapter 1

 

 : INTRODUCTION 

 
Beautiful art, magnificent buildings, and powerful kings were the hallmarks of 

Maya civilization for many centuries. A special place in their long trajectory was the 

period between AD 250 and 800 (Early-Late Classic period), during which the Maya of 

the Yucatán’s lowland areas produced their most elaborate art and towering architecture. 

Their imposing kings had their own history carved in ornate writing on the stone of 

monuments and felt the need to date them using a remarkable calendrical system known 

as the Long Count which positioned them in a universe many thousands of years long. A 

political and, probably, environmental disorder happened in the southern lowlands at the 

end of the Late Classic period leading to a widespread social collapse. Even so, a sense of 

continuity with Maya traditions is evident in the elaborate art, monumental architecture, 

and kings that continued, in a somewhat modified form, after the northern Yucatán area 

became the new political center during the next period, the Terminal Classic. But, by AD 

1250 only a shadow remained of those traditions.  

Researchers are still trying to understand the nature of the changes in Mayan 

society during the centuries just before to the arrival of the Spanish, or Late Postclassic 

period (AD 1200-1530). The prevailing view among researchers is of a society that was 

in the midst of collapse, for there is no doubt that the Late Postclassic archaeological 

record evidences much less spectacular architecture and material remains than in prior 

periods. However, because those changes can also be interpreted as a shift in the 
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strategies related to resource and material utilization, where most see signs of 

carelessness and decadence, others (Rathje 1975, Sabloff 1975, Masson 2002) see signs 

of a society that embraced social equality, pragmatism, and mercantilism.  

The focus of my research was to evaluate these ideas about the nature of Late 

Postclassic society by studying the characteristics of the pottery recovered from the site 

of Mayapán during the archaeological excavation conducted by Dr. Clifford Brown 

(1999). Mayapán, located in northern Yucatán, México, was the main Late Postclassic 

Maya center until it was abandoned around AD 1460, just few decades before the 

Spanish arrived. The pottery of Mayapán has been investigated several times before, 

notably, but not exclusively, by Robert Smith (1971), Clifford Brown (1999), and Peraza 

Lope (2006). The previous studies of Mayapán pottery have been overwhelmingly 

typological, supplemented by some modal analyses. In contrast, I chose to use 

petrographic and physiochemical techniques to study the mineralogical characteristics of 

the ceramics because I believed this approach would reveal important new information 

about the organization of ceramic production at this major site. 

During the Late Postclassic we see a change from a variety of additives present in 

Terminal Classic pottery clay to ceramics with an almost exclusive use of the most 

common rock in the region – limestone. This has been interpreted in the past as the result 

of a careless and decadent society in which potters are driven by the geology of the 

region using only what is readily available and disregarding aesthetic considerations.  

However, my research is indicating that Mayapán potters seem to have more than 

geology in mind and that a strictly “decadent” view of Mayapán does not explain the 

findings in this research. I conducted a petrographic analysis that, with its ability to 
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discover small differences in the minerals used by potters, supports the notion of a 

complex arrangement of Mayapán pottery production. The analysis indicates that even 

though the pottery of Mayapán contains only minerals present in limestone –calcite and 

dolomite- as additives, there are multiple, well differentiated, compositional groups based 

on textural variations of those minerals. The results also suggest that careful 

consideration was given by the potters to technological issues that allowed them to reap 

the benefits that we now know calcite imparts to pots. This opens up the possibility that 

the shift to limestone was in part technologically based. And, lastly, there are indications 

that this ancient knowledge about calcite continued into the recent past.  

The selection of a reduced number, when compared to previous periods, of 

technologically advantageous materials agrees with the notion of a more pragmatic 

society preoccupied with intensifying production through efficiency and simplification, 

while the presence of multiple well differentiated groups agrees with the notion of a more 

competitive and mercantile society.  Thus, it seems that ancient Late Postclassic potters 

considered not only geology but also process simplification, sound technological design, 

and competition as important factors in their pottery production. 

1.1 The Project and its Planning 

In this project, I hypothesized that, if the proponents of a more equalitarian, 

pragmatic, and mercantile Late Postclassic society (Rathje 1975, Sabloff 1975, Masson 

2002) were right, there would also be more competition, and, consequently, more pottery 

producers.  
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In an environment of weak political integration, the number of producers and 

competition increase (Blanton et al. 193, Feinman et al. 1984).  Feinman’s proposal 

(1989, 1992) that the variability found in a ceramic assemblage is a reflection of the 

number of producers provides a way to discern the degree of competitiveness through the 

study of ceramic variability. Specifically, this project assesses the compositional 

variability of Mayapán’s pottery as a reflection of multiple pottery producers and, 

therefore, of competitiveness.   

In search of data indicating the number of pottery producers in Mayapán, I 

conducted a petrographic analysis of potsherds provided by the excavations of four 

residential areas conducted by Dr. Clifford Brown in Mayapán during the 1990s. The 

petrographic analysis was supported by x-ray diffraction of four samples. The execution 

of the project was a four step process: first, selection of the potsherds to analyze; second, 

preparation of thin sections cut from selected sherds at an external laboratory in México; 

third, the analysis of the thin sections under a petrographic microscope; and fourth, 

analysis of the collected data. The selection of potsherds took place in the town of 

Telchaquillo, located close to the site of Mayapán in Yucatán, México, where the 

collection currently resides. The potsherds were shipped to the Universidad Michoacana 

de San Nicolás de Hidalgo, México, for the preparation of the thin sections and for the x-

ray diffraction analysis of four of the samples. I conducted the petrographic analysis of 

the thin sections at the Geology Department of Florida Atlantic University.  

This thesis presents background information, theory, methods, results, and 

discussion, with the following organization:  
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Chapter 1 presents a brief summary of the project and the activities that took place 

for its completion. 

Chapter 2 describes background information consisting of (1) a summary of what 

archaeologists know of the founding and abandonment of Mayapán, (2) a description of 

the pottery of Mayapán, (3) a summary of Mayapán’s geological environment, (4) a 

description of the pottery at earlier sites also located in the Yucatán Península, and lastly, 

(5) a summary of more recent ethnographic work on pottery making in the Yucatán 

Península. 

Chapter 3 outlines the theoretical basis for this research. I present the premises 

connecting ceramic variability to economic arrangements and ceramic composition to 

style; the different models explaining the state of the Maya at and around the time of 

contact with the Spanish; relevant research on the mechanical and thermal properties of 

the pottery materials; and lastly, archeological research addressing Late Postclassic 

technology and economic implications. 

Chapter 4 presents the hypotheses that operationalized this research. 

Chapter 5 explains the methods followed in this research. The Chapter starts with 

a definition of petrographic terms followed by a detailed description of the methodology 

used for sample selection, for the description and identification of the pottery constituents 

during the petrographic and x-ray diffraction analysis, and for the formation of textural 

and compositional groups aimed at determining the existence of different ceramic 

recipes. 
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Chapter 6 concentrates on the description of the characteristics or attributes found 

in thin sections that I consider most relevant to this research and which were subjected to 

identification, description, or quantification. 

Chapter 7 presents the results and conclusions drawn from this research, including 

a detailed description of the resulting clay groups and compositional groups formed with 

the aid of the statistical package SSPS, a discussion of the relations observed between the 

observed compositional groups and Mayapán’s stylistic varieties, results from the 

ceremonial centers as opposed to the results from the residential areas, and lastly, a 

discussion of the existence of multiple pottery producers in Mayapán. 

Chapter 8 presents the final conclusions of this research. 
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Chapter 2 : MAYAPÁN, HISTORY, and POTTERY 

 
Since I used a mineralogical analysis of Mayapán’s pottery as a way to infer 

characteristics of Late Postclassic Maya economic organization, it is then essential that 

the reader of this thesis acquires a general knowledge not only of the history and pottery 

of Mayapán but also of the geological environment that surrounded the potters, the 

materials they took from that environment and the reasons we think moved them to select 

those materials. This chapter contains that necessary contextual information. 

The remains found at Mayapán tell us that Maya society changed deeply during 

the centuries leading to that center’s founding.  Those changes have been ascribed, 

usually, to foreign intrusions (see Pollock 1952, Roys 1962, Coe 2005 for detailed 

discussion). In particular, there were changes in the strategies related to resource and 

material utilization. One of those changes was a shift in pottery production to very 

distinctive ceramics in which calcite -the main mineral present in the most common rock 

of the region, limestone- was used almost exclusively as an additive to the clay.  This 

shift in pottery production is important to this research because the selection of calcite as 

sole additive to the clay has been usually explained as yet another symptom of a careless 

and decadent society. However, when careful material selection - the right calcite variety 

- and firing control is performed, there are beneficial characteristics that calcite imparts to 

pots.  This chapter discusses the material involved in that shift and, because the changes 

observed in Mayapán pottery production are relative to other sites, I also include a 
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summary of what is known about the materials used by potters in some other sites of the 

same region. To make this contextual information complete, I end this chapter with 

information given by more recent ethnographic work regarding the pottery of Yucatán. 

2.1  Chronological Overview  

The task of piecing together Mayan history would have beeen easier if the 

Spaniards had not burnt Mayan “evil” records.What we know about the series of events 

leading to Mayapán’s founding, eventual abandonment, and the Late Postclassic way of 

life is given by two other sources: archaeological work and documentary records written 

after the arrival of the Spanish. Archaeologists and epigraphers have analyzed and 

compared structures, artifacts, writings on buildings and many other objects and have 

pieced together a likely narrative of Mayan pre-Hispanic times. We are fortunate that the 

conquistadors and missionaries were also great writers who described in detail what they 

saw. They also compiled narratives given by descendants of the people that inhabited the 

Postclassic centers of Mayapán and probably also Chichén Itzá. Lastly, we have the 

documents known as Books of Chilam Balam written by natives during colonial times in 

which they recollected events from their pre-Hispanic past. 

Based on those sources we can say that by the end of the Late Classic period, the 

southern Maya lowlands had suffered a major collapse of the political structure that 

involved depopulation of their main centers, and cessation of monumental construction 

and other elite activities. The political focus shifted to a new geographical area, northern 

Yucatán, where new states were forming. The architecturally beautiful Uxmal in the 

north of the Península, in the Puuc region, emerged as the new capital of a series of 
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smaller centers that included Kabah, Labna, Sayil, and Etzna, among others. In the 

northeast of the Península, Chichén Itzá also emerged as a strong political center. The 

Maya prospered in the Puuc region for few centuries, but by AD 1000 Uxmal ceased to 

be an important political center. Natives’ recollections of their past (Roys 1962:41) blame 

a group known as the Itza, which entered the Yucatán Península (Roys 1962:39, Landa 

1986),  for seriously weakening Chichén Itzá’s government. Eventually, around AD 1100 

(Andrews et al. 2003:152) Chichén Itzá’s supremacy ended and Chichén ceased to be a 

populous urban center. However, while the main sites, Uxmal and Chichén Itzá, showed 

cessation of elite activities and depopulation, a series of lesser sites around the northern 

Yucatán Península – Dzibilchaltum, Izamal, Yaxuna, Ek Balam, and Coba among others 

- showed continuity of settlement through the Terminal Classic and the Postclassic.  And 

again, a new political center appeared - Mayapán. 



  

 
       Figure 2.1 Mayapán and its environs. 

   

Mayan Postclassic chronology and Mayapán’s in particular are still ongoing 

projects. Most native literature seems to indicate that Mayapán was founded by the Itza 

(Roys 1962:43; Coe 2005:192), during a K’atun 13 Ajaw (Roys 1962:43). By Roys’ 

estimate, the founding of Mayapán coincided with the start of the Late Postclassic Period 

in AD 1250 (Roy 1962:43; Coe 2005:192).  Resent research  (Milbrath and Peraza Lope 

2003, Peraza Lope et al. 2006 ) shows that Mayapán was founded earlier and that a small 

settlement already existed in the Mayapán area by the eleventh or twelfth centuries 

(Peraza Lope et al. 2006:272). Because of this change of the chronology, there is, 

perhaps, a period in which the three main centers of Uxmal, Chichén Itzá, and Mayapán 

10 
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coexisted. Mayapán’s rise continued during the twelfth century getting to its height of 

construction from the thirteenth to the early decades of the fifteenth century. The 

stablisment of Mayapán as a major capital during those centuries coincides with the 

dominance of Late Postclassic Period ceramics (Hocaba and Tases complexes) shown by 

radio carbon dates and ceramic frequency analysis of various contexts (Peraza Lope et al. 

2006).  

Much of what we know about Mayapán, and the Late Postclassic in general, is 

due to the observations and writings of Friar Diego de Landa, who arrived in Yucatán in 

1549, a few years before Yucatán was conquered by the Spaniards and who based his 

Relación de las Cosas de Yucatán (1986) on direct observation and on native informants 

who claimed to be direct descendants of inhabitants of earlier sites. Even though Landa’s 

and most ethno-historical accounts agree that Mayapán was founded by the Itza, it is not 

clear where the Itza originated. After their migration to the Yucatán Península from their 

point of origin, the documentary accounts (Roys 1962:40; Landa 1986) have them 

settling at Chichén Itzá. Landa tells that the founding of Mayapán was the result of a 

common agreement between the Itza and the different lords of the country in which all 

undertook the project of founding a new city in which all the lords would live and to 

which the matters of the country should be brought.  However, the reasons that motivated 

the local lords to move to Mayapán are not clear and they probably did it under duress. 

Landa then adds that the country was divided and villages were assigned among these 

lords according to the antiquity of their lineage and qualifications.  

After the Itza leader (who called himself K’uk’ul kan, the mythological Toltec 

leader) left the political situation changed and, according to Landa’s informants, the 
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chiefs voluntarily selected the house of the Cocom as the rulers of Mayapán. That the 

selection of a Cocom was really voluntary is debatable given the tone of Landa’s 

Relations a few paragraphs further on in which the informant stated that it was the “duty” 

of all the lords to honor, visit, and entertain the Cocom.  Eventually, around AD 1441 -

1461, the chiefs rebelled against the Cocom lineage and killed all the Cocoms in the city 

except for one son who was trading in Honduras (Roys 1962:39). After the massacre, 

Mayapán was abandoned and the chiefs returned to their own provinces.  A few decades 

after the fall of Mayapán, the Spanish arrived and conquered the Yucatán Península. 

Mayapán is considered the last Maya capital. After its abandonment until the arrival of 

the Spanish no other center rose to become the new Mayan political center.   

2.2  Pottery of Mayapán 

The nature of the changes observed in Mayapán is not well understood. Based on 

the exploratory report of Mayapán’s remains, Pollock (1952) had suggested that during 

the Period that he calls Maya Resurgence “native ideas were supposedly reasserting 

themselves over the foreign practices of the Toltecs” (1952:237). On the other hand, in 

his 1962 summary of the literary sources for the history of Mayapán, Roys (1962:43) 

points to the Itza as the driving influence, for the worse, for the changes observed in 

Maya culture.  We may not know for certain to whom to ascribe the changes in Maya 

society, but we see that changes are reflected in Mayapán’s remains. For example, there 

is a tendency for the re-use of construction materials, and house plans are different from 

those at Chichén Itzá (Roys 1962). Most importantly to this research, the pottery is also 

different. 
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Pottery found in Mayapán represents a break from what is observed at earlier sites 

of the same region. Robert E. Smith (1971), who devised the most commonly used 

ceramics classification for Mayapán using the Type-Variety system, observed that the 

variety of materials added by potters to the clay had diminished, when compared to 

previous periods in the same region. Smith (1969:22-23) reported two variations of 

calcite as the only temper in Mayapán. One is what he calls “cryptocrystalline calcite” 

that he described as white and chalky to the naked eye, adding that this is the substance 

locally known as sascab. The second type he described as gray limestone. Contrastingly, 

in the earlier sites of Uxmal, Kabah, and Chichén Itzá in northern Yucatán, Shepard 

(1958) and Smith (1971:(1)268) had identified multiple types of tempers: calcite, crushed 

potsherds, volcanic ash, and lumpy clay. In addition, within the calcite tempers, Shepard 

recognized the existence of five variations of calcite.  

Robert E. Smith (1971) also determined that there were two main ceramic 

periods, or complexes, in Mayapán. He called those complexes Hocaba, which began 

earlier, and Tases. Within those ceramics complexes he established the existing “wares”, 

which he classified based on the pot’s surface finish and paste texture. He then 

subdivided the wares into types and varieties, based mostly on surface treatment 

differences. In this typology, wares and types can cross complexes, while varieties are 

unique among wares and types. It is common practice that the name of a decorative 

variety that started during the Hocaba complex continues into the Tases. According to 

Smith’s categorization, Mayapán’s main wares, from a quantitative perspective, are 

Mayapán Red Ware, Mayapán Unslipped Ware, Peto Cream Ware, Mayapán Black 



  

14 
 

Ware, and San Joaquin Buff Ware. The following presents a brief description of those 

wares. 

Mayapán Red Ware started with the Hocaba ceramic complex and continued into 

the Tases. It was described by Robert E. Smith (1971:(1)22-23) as usually tempered with 

calcite in cryptocrystalline form. Mayapán Red Ware is subdivided in many varieties, but 

here we will mention the ones included in this study, Mama type, Mama variety and 

Mama type, Unslipped Exterior variety.   

Mama is a red slipped variety that was introduced during the Hocaba Complex. It 

is smoothed and burnished with few defects such as spalling or popping (Smith 

1971:(1)23). This variety’s main forms include jars which are thought to be intended for 

water carrying or for food storage. There are also bowls, tripod (three legged) dishes, 

basins and vases.  Mayapán Unslipped Exterior is a variety that, in contrast to Mama, 

started late, during the Tases complex. Its main forms are tripod dishes and bowls that are 

slipped and burnished on the interior but not on the exterior (Smith 1971:(1)23). 

Mayapán Unslipped Ware also began during the Hocaba complex and developed 

new varieties during the Tases complex. Smith (1971:(1)23) described its ceramic 

composition as heavily tempered with cryptocrystalline and chalky limestone, or with 

grey limestone. He describes the paste as having a cinnamon core, with the outer color 

predominantly light grey, or also cinnamon, beige, cream, and pink.  One of its main 

forms is the Yacman jar, of the Yacman variety, which he describes as having the form of 

the Middle and Late Mexican Period cooking pot. Yacman jars’s characteristic trait is the 

light striations presented on the pot’s exterior. 
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Peto Cream Ware is a cream-slipped ware that is considered a transitional taxon 

(Smith 1971:(1)254) overlapping the Early and the Late Postclassic. Peto Cream pots 

have been found in Dzibilchaltun, Tihoo, and Chichén Itzá, all earlier sites than 

Mayapán. They were found without association with other Mayapán wares. Based on a 

frequency distribution study,  Ochoa (1999:76) argues that Peto Cream may have 

appeared along the north-western coast of the Yucatán Península and that through trade 

spread to inland sites such Dzibilchaltun, Chichén Itzá, and Mayapán. Smith argued that 

Peto Cream, then, precedes the founding of Mayapán (Smith 1971:(1)253). Smith offers 

two main reasons to consider Peto Cream as transitional. One is the ceramic associations 

just mentioned which indicated to him an earlier beginning than for Mayapán Red Ware. 

The second is that Peto Cream shares forms and decoration with Chichén’s Sotuta 

ceramic complex but at the same time it represents a new method of manufacture that 

corresponds more with the coarseness of the Late Postclassic wares. Because Peto Cream 

pots have been found without association with other Mayapán wares, Smith considers 

that Peto Cream may have been manufactured in centers other than Mayapán Red Ware. 

Smith reports this ware as tempered with opaque and with cryptocrystalline calcite, and 

less frequently with grey limestone. Contrastingly, Ochoa (1999:35) identified mainly 

gray limestone (gray micrite) and a colorless temper which she suggests could be clear 

sparite.  The varieties studied in this research are Plain Kukula Cream and Xcanchakan 

Black-on-Cream. 

Mayapán Black Ware started during the Hocaba complex. Its main variety and the 

one studied here is Sulche Black, which presents the same forms and finish as the Mama 

variety of the Mayapán Red Ware, except for the color of the slip, which ranges from a 
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brownish black to a strong black (Smith 1971:(1)22). Because the difference between 

Mama and Sulche is only the color of the slip, it is possible that they are the same 

varieties and that the black slip color is just a reduced or charred version of Mama’s slip.   

San Joaquín Buff Ware appeared late, during the Tases Complex. It is considered 

by Smith to have a composition exactly like Mayapán’s Red, differing only in the color 

of the slip. 

2.3 Yucatán: Geology, Limestone and Pottery 

 It was noted earlier that calcite comes in multiple varieties and that a beneficial 

effect can be obtained when the right calcite variety is selected as additive to the clay.  

What are the calcite varieties and how do they affect pottery? What is that makes one 

calcite variety different from another?  

The geology of Yucatán includes Yucatán’s most common rock, limestone, and 

its main constituent, the mineral called calcite – the primary Late Postclassic additive to 

pottery clay.  An important source of information about the mineralogy of the Yucatán 

Península, limestone in particular, is López Ramos’s geological study (1975). He 

indicates that throughout geological times areas of the Yucatán Península have been 

covered with water. This created a marine platform made of a variety of sedimentary 

calcareous rocks, such as limestone, dolomitic limestones, and dolostones over a much 

older basement of terrigeneous and volcanic origin. Mayapán is located in the vicinity of 

Telchaquillo. López Ramos (1975:276) determined that rock formations around 

Telchaquillo are made up of white and light-gray limestone inter-layered with plastic 

marls. J.T. Greensmith (1989:85) defines marl as a soft (friable) deposit that is a mixture 
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of clay and fine-grained calcite (35-65% CaCO3). In this area, there is also a limestone 

that is dark-gray. López Ramos (1975:266) maintains that the limestone between Mérida 

and Chichén Itzá consists of massive saccharoidal (sugar-like) white limestone containing 

abundant microfossils of microfauna. Not far from Telchaquillo, to the north and south of 

Acanceh, there is a narrow tongue of land that López Ramos characterizes as formed of  

“white, gray, and cream colored marls with intercalations of clay of the same color and 

with some compacted cream-gray limestone” (1975:276).   

Calcareous rocks like limestone and dolostone are made of very few minerals, 

mostly calcite (calcium carbonate) and dolomite. Strictly speaking, a calcareous rock is 

classified as a limestone when calcite dominates, as opposed to dolostone when dolomite 

dominates. The usual sedimentary sequence of events has calcite depositing first and then 

some of it transforming, by a process called dolomitization in which more and more of 

the calcium is replaced by magnesium, into dolomite. Having a similar crystal structure, 

calcite and dolomite are very difficult to differentiate in hand specimens and with the 

microscope.  

There are many variations of limestone because its main component, the mineral 

calcite, is present in nature in many textural forms. Lopez Ramos refers to various types 

of limestone: saccharoidal, white limestone, gray limestone, and marls. There is an 

almost endless variety in limestone and dolostone that is described not by the number of 

minerals found but by the size, arrangement, and texture in which those minerals are 

organized. Later in this document, I will explain in detail the different varieties of calcite 

and dolomite, their relevance for this research, and their recognition. Here it is sufficient 

to mention that, following the most common classification, limestone consists of three 
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main groupings: a fine-grained matrix known as microcrystalline calcite or micrite, a 

cement formed in rocks’ pores and interstices (after grains, usually of marine origin, were 

deposited) known as spar or sparite,  and lastly, discrete calcareous grains or organic 

structures. Because dolomite retains the shape of the original calcite parent up to a certain 

degree, those textural classifications also apply to dolomite, with sparite being the most 

common.  The three main groupings of limestone - micrite, sparite, and discrete entities - 

encompass a wide variety limestone rocks. In addition to saccharoidal limestone, micritic 

limestone, fossilliferous limestone, marly limestone, white or gray limestone there are 

two sub-categories of those that are relevant to this study: the substance locally known as 

sascab and the one called “chalky” limestone.  

In the Yucatán Península, sascab is a common sight, looking like pockets of small 

boulders and powder, usually described as unconsolidated limestone. It is found in 

subsoil pockets surrounded by hard limestone. It is probably formed by the deposition in 

cavities of limestone fragments carried by subsoil water (Littmann 1958). Sascab has 

been traditionally considered as made of limestone, which would mean that it is mostly 

made of calcite. However, studies have revealed that sascab’s composition varies.  

Littmann (1958) compared the composition of various sascab samples, from throughout 

the Yucatán Península, to the composition of the near-by associated rock. In his study, he 

used the ratio Ca to Mg, for this ratio is what differentiates limestone, dolostone, and 

dolomitic limestone from each other. He found that sascab located near (associated) 

calcite (limestone) shows a composition that classifies it as calcite.  Sascab found in 

pockets associated with near-by dolostone (dolomite rock) classified as dolomite. And, 

sascab found associated with dolomitic limestone classified as dolomitic limestone.  
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Littmann results demonstrate that sascab is the result of the weathering of the associated 

near-by rock and that sascab composition is variable depending on the area. 

In Yucatán’s archaeological literature, pottery temper (substance added to the clay 

by potters) has been many times described as “chalky”. Chalk differs from other types of 

limestone in that it is friable. Chalk is mainly formed by micrite of organic origin 

(Greensmith 1989:119), probably a minute algae, Coccolithophyceae, made of a single 

cell that calcifies into calcite crystals less than 0.004 mm (4 microns) in size. The 

aggregate of these carbonate remains forms a type of micritic limestone known as chalk.  

To summarize the previous description of Yucatán’s surface rocks, we can say 

that (1) limestone is made of calcite (and some dolomite); (2) calcite is present in 

limestones as microcrystalline (micrite) or saccharoidal (sparite) aggregates, or as 

discrete elements such as microfossils; and, (3) those three calcite varieties take a rich list 

of limestone forms - saccharoidal, white micritic limestone, gray limestone, sascab, and 

chalk. 

2.4 Pottery at Earlier Northern Yucatecan Sites 

By the Late Postclassic, a change from calcite, volcanic ash, clay lumps, and 

ground potsherds (grog) to calcite had occurred in northern Yucatán. A comparison with 

the pottery of earlier sites is useful to understand those changes. A good source of such 

comparative data is given by Robert E. Smith who excavated Mayapán’s ceremonial 

center and performed test cuts at the sites of Uxmal, Kabah, and Chichén Itzá 

(1971:(1)269). These sites had a period of main occupation that preceded Mayapán’s and 

were also located in the northern part of the Yucatán Península. In 1958, as part of the 
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Carnegie Institute’s research in Yucatán, Anna Shepard, archeologist and petrographer, 

conducted a petrographic analysis of Robert E. Smith’s collections taken from Uxmal, 

Kabah, and Chichén Itzá. Unfortunately, even though Shepard and Smith planned on the 

examination of Smith’s samples taken from his excavations in Mayapán, Shepard could 

not perform the examination of the Mayapán’s samples. However, given the 

mineralogical homogeneity of the central-northern part of the Yucatán Península, 

Shepard’s results from Uxmal, Kabah, and Chichén Itzá are relevant for this study. The 

summary of the results by site, ware, and form was published by Smith (1971:(2)171-

172) and copied here in Appendix 1 for easier reference. The petrographic analyses 

conducted by Shepard clearly show the presence of multiple tempers that include calcite, 

crushed potsherds (grog), volcanic ash, and lumpy clay at Uxmal, Kabah, and Chichén 

Itzá. Shepard’s results also show the relations between those temper materials and a pot’s 

form, which is suggestive of the intended function of the pot.  

Shepard and Smith (Smith 1971:(1)268) also recognized that textural variations of 

calcite were used and that they were used depending on form, which also implies that 

ancient Maya potters isolated those varieties. In addition to the multiple non-calcite 

tempering materials, Sheppard (in Smith 1971:(1)268) identified and described five 

calcite varieties at Uxmal, Kabah, and Chichén Itzá – “clear” or “crystalline calcite”, 

“cryptocrystalline calcite”, “saccharoidal calcite”, gray limestone, and “fine lamellar 

calcite”. 

 “Clear” or “crystalline” calcite is described as grains that are translucent or 

transparent, but in which a very small percentage could be opaque. Robert Smith states 

that this is the temper that present-day potters call “hip”. Even though Smith’s summary 
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did not specify crystal size, the term “crystalline” calcite most probably does not refer to 

aggregates of small crystal size but to coarse mono-crystal calcite of at least 0.1 mm. 

  “Cryptocrystalline calcite” is described as including all the light-colored “sub-

microscopically” crystalline varieties.  I interpret this as meaning those calcite aggregates 

in which the individual grains cannot be resolved or well studied with the microscope 

(sub-microscopically), meaning they are of 0.004 mm (4 microns) or less, which is 

equivalent to what it is referred in this thesis as micrite (microcrystalline). Smith clarifies 

that “cryptocrystalline calcite” is opaque and white, or light gray, and equivalent to the 

sascab used by present day potters.  

 “Saccharoidal calcite” they describe as a variety of clear calcite arranged in 

lumps and that could break down into individual crystals. Smith says that this type of 

calcite defines Puuc Thin Slate for it is found only in that ware. The name saccharoidal or 

sucrose is also used by geologists to refer to sparite. However, it is important to take into 

consideration that Smith’s summary does not provide crystal size and that the sparite 

category includes aggregates in which the individual crystal size varies over a wide range 

starting at 0.01 mm (microscopic) up to around 1 mm (visible with naked eye). 

“Gray” limestone is described as fragments ranging in color from light to dark 

gray, almost black. They are opaque and of crypto grain size. The fragments are massive 

and dense in appearance. 

Lastly, “fine lamellar” is described as white carbonaceous temper, for which there 

is not much detail in Smith’s summary.  

From the inspection of Appendix 1 (usage of calcite and other tempers in Puuc 

(Table 41, 42) and Chichén Itzá’s wares, Table 43), we can conclude, as Shepard did 
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(1958:452), that the wares from the Pucc region - Unslipped, Slate, Thin Slate, and Red – 

are more heterogeneous than the Chichén Itzá wares, presenting as a whole all the types 

of tempers – calcite in many varieties, crushed potsherds, volcanic ash, and clay lumps. 

We can also concur with Shepard in that there is a clear-cut distinction between wares 

and the types of tempers used, most probably done by function. Puuc Slate, and Puuc Red 

wares are “slipped” (vessels to which a film of fine clay was added before firing) and 

have very heterogeneous pastes, presenting the four types of main tempers. Calcite is 

present in all the Pucc slipped wares, but the varieties used in significant amount are 

chalky (cryptocrystalline) calcite and saccharoidal calcite, while clear calcite appears in 

very rare occasions and gray calcite is totally absent. While Puuc slipped pots present 

calcite and non-calcite temper, Puuc Unslipped Ware carries almost exclusively calcite. 

The main temper in Puuc unslipped jars, which are thought to be used for cooking (Smith 

1971:(1)28; (1)168-169), is clear calcite followed by a little gray limestone. Censers 

(unslipped) seem to be un-tempered.   

At Chichén Itzá (Appendix1: Table 43), the distinctions are even more marked. 

Calcite is not present in the slipped pots, with very rare exceptions, having almost 

exclusively ash temper (Smith 1971:(1)268). The unslipped pots do not present volcanic 

ash or any other non-calcite temper, possesing exclusively clear calcite, gray limestone, 

and fine lamellar calcite. 

The usage of calcite, as described by Smith and Sheppard, at Uxmal, Kabah, 

Chichén Itzá I summarized in Table 2.1. Inspection of Table 2.1 suggests that the use of 

clear calcite or dolomite, as it is shown in this research, for cooking pots is a very ancient 

tradition.  
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   Table 2.1 Usage of Calcite at Chichén Itzá, Uxmal, and Kabah 

Chichén Itzá Uxmal/Kabah (Puuc) 

CalciteType/Form 
(Smith/Shepard) 

Slipp
ed 

Un 
slipped 
Jars 

Unslipped 
Censers 

Slipped Unslipped 
Jars 

Unslipped 
Censers 

Clear Crystalline   Yes   Yes Yes  
Cryptocrystalline     Yes    
Saccharoidal     Yes    
Grey   Yes Yes  Yes   
Lamellar   Yes      
 

 

2.5 Historical and Modern Pottery of Yucatán  

The pottery traditions that are reflected in Table 2.1 regarding the differential use 

of calcite continued not only throughout the conquest and colonial times but up to the 

recent past.  Thompson (1958:69) tells us that in the Pío Pérez dictionary (a Yucatec-

Spanish/Spanish-Yucatec dictionary compiled in 1898 but based on various earlier 

dictionaries including the Ticul dictionary, a Spanish-Maya dictionary completed in 

1690) the substance called hi’ is described as a “kind of translucent rock which the 

potters grind and mix with clay for making cooking pots”.  

Ceramics of the Late Postclassic and even Puuc’s and Chichén Itzá’s Terminal 

Classic show parallels with the type of materials and their usage observed in more recent 

ethnographic works in the Yucatán Península during the 1950s, when a more 

“traditional” pottery making still existed. During the 1950s, Raymond Thomson (1958) 

conducted extensive ethnographic work on Yucatecan pottery making providing 

extensive information about tempers used in Yucatán. His findings and observations are 

compiled into Table 2.2. They can be summarized as follows: first, some towns specialize 
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in certain types of vessels; second, slipped pots are not used as cooking pots; third, 

cooking pots are not slipped; fourth, substances added as temper are few, sascab and hi’ 

(a transparent or translucent rock); fifth, cooking pots always contain hi’, exclusively or 

mixed with sascab; and sixth,  hi’ is not equally available throughout the Península -  

some towns have to import it. 

 

Table 2.2 Tempers used during the 1950s in Yucatán by Town and Vessel Type 

 Town Type of vessel that 
is red slipped 
(kancab) 

Town 
specialization

Non-cooking 
pots temper 

Cooking pots 
temper  

Lerma, 
Camp. 

All unslippped   hi’  hi’ 

Tepakán, 
Campeche 

Only large water-
storage jars 

Water 
container 

sascab hi’ (when ollas 
made) 

Becal, 
Campeche 

Only stamp-
decorated water 
containers 

Cooking pots cuut (if non-
cooking made ) 

hi’ (imported 
from Maxcanú) 

Maxcanú,  
Yucatan 

  Cooking pots  hi’(when non-
cooking made) 

hi’ 

Ticul, 
Yucatan 

Non-cooking  Town-potters’ 
separation  by 
temper 

sascab hi’ 

Mama, 
Yucatan 

Only water storage.  
For all other slipped ,  
a creamy  slip  

  Mixture of hi’ 
and sascab 

Mixture of hi’ 
and sascab 

Izamal, 
Yucatan 

Most non- cooking 
pots. 

  Mixture of hi’ 
and sascab 

Mixture of hi’ 
and sascab 

Uayma    Non-cooking sascab hi’ 
Valladolid All non-cooking pots   sascab sascab 
 

 

The ethnographic work of Thompson (1958:113) and Morales (2005:129) showed 

that potters are well aware of the beneficial effects of hi’ on cooking pots. However, 

potters need to work harder to obtain and prepare it. Morales (2005:129) and Thompson 
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(1958) both describe hi’ as obtained by a laborious process of heating the rock in order to 

weaken the cement that encapsulates the crystals. It is also not as available as sascab. At 

the time that Thompson completed his work, the “mux”, a rounded stone of around one 

and a half meters in diameter was still used to grind the hi’.   

Regarding non-cooking pots, Thompson’s ethnographic work (1958:113) shows 

that while potters consider clear crystalline calcite as essential for the construction of 

cooking pots, the unconsolidated and powdery substance locally known as sascab is 

preferred for non-cooking pots. The reasons for this preference are now apparent. Earlier 

we saw that calcite tempered pots are potentially stronger, lighter, thinner, and taller than 

pots tempered with sand, igneous rocks, or grog. Given that the thermal shock benefits 

that crystalline calcite imparts are not needed on non-cooking pots and that crystalline 

calcite requires difficult and laborious work to extract and grind,  potters most probably 

selected the easier to extract and prepare varieties of calcite. However, Littmann’s 

experiments (1958) showing that sascab is the result of the weathering of the associated 

carbonated near-by rock has implications in pottery making: the use of sascab could be 

unreliable. Morales Valderrama (2005:122) observed in her ethnographic work in 

Yucatán that the analysis of sascab samples shows a composition varying within and 

between communities and even varying depending on the time of the year it is collected.  

Thompson (1958:71) also mentions another type of temper found in his 

ethnographic work. This is “cuut”, which he describes as a compact fine-grained variety 

of sascab. While sascab and hi’ are usually ground, because of its fine grain Thompson 

doubts that “cuut” is ground before use.  
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Chapter 3

 

 : THEORETICAL BACKGROUND 

 
The history and geology of Mayapán presented earlier summarize the 

chronological, mineralogical, and geographical background needed to move forward with 

the topic of this section: the presentation of a theoretical framework from which 

inferences can be made about Mayapán’s pottery-making activities and its economic 

organization.  

The theoretical framework mainly consists of the propositions made by various 

researchers connecting findings on ceramic composition with the economic organization 

of a society. The establishment of those connections between ceramic composition and 

economic arrangements was important in this research because it made possible a 

research design that, starting with a compositional analysis, developed inferences related 

to the number of ceramic producers, their competitiveness and technological decisions. 

Taken together, the research conducted in this thesis and the inferences made led to 

viable answers to my main research questions. My first research question is a general 

one: “What can be said about Mayapán’s pottery making activities?” My second question 

results from the need to know more about Late Postclassic society: Was Mayapán pottery 

production arranged in a way that suggests a more pragmatic, competitive, mercantile 

environment? Or, instead, was it arranged in a way that suggests less competition? 

A theoretical framework from which to infer Mayapán’s pottery-making activities 

has to start by connecting the study of ceramic composition with aspects of the 
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economics of pottery making, such as the determination of groups of ceramic producers 

and of the technological choices they made. Because those arrangements could not exist 

in isolation but were embedded in the Late Postclassic economic environment, this 

section also presents various Late Postclassic political-economic scenarios that have been 

proposed by researchers.  

3.1 Ceramic Composition and Prehistoric Societies 

When investigating prehistoric culture through the study of ancient pottery, or any 

other artifact, archaeological research has focused primarily on style, understood as 

decorative style. Decorative studies of style involve the study of those attributes (also 

called formal attributes) that arise from the choices made while forming, finishing, and 

decorating a pot. As it will be clear from this thesis, style has been defined in many ways. 

However, independently of how we define style or how we approach the study of 

archaeological pottery, studies of pottery are studies of the choices made by people which 

are reflected in their pottery, which is to say that the study of pottery is the study of its 

variability.   

In archaeology, there are two main points of view or theories that try to account 

for the variability observed in decorative or stylistic motifs: the social interaction and the 

information exchange theories. The social interaction theory explains style as the result of 

learning how to practice a particular style due to the proximity to other people using it 

(D. Washburn and R.G. Matson 1985:82). Under this theory, no function is played by 

style in the maintenance of intergroup or interpersonal relations (Hill 1985:364).  On the 

other hand, the information exchange theory maintains that style is the variation observed 
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in material culture that transmits personal or social information, such as group identity 

(Wiessner 1983). Because of that, individuals or groups may select what to display and in 

this form style may confer an adaptive advantage to the group or individual.  

Archaeologists’ notions of style, such as the ones presented earlier, have usually 

been different from the definition of style used in arts and literature. Rice (1987:244) 

summarizes those differences, combining previous debates about what style and its 

function are. She talks about style as it is understood in arts and literature as opposed to 

anthropology.  In arts, there are two definitions of style: one that emphasizes the mode or 

manner of execution, and second, one that emphasizes the distinction, or character of that 

expression; in summary, mode versus meaning or content. From Rice’s point of view, in 

archeology, both expressions – mode and meaning - are not separated, but there is an 

emphasis on content. Rice contends that archeologists do not separate decorative modes 

from meaning because they are expressing the position that styles have a function that is 

“about (among other things) ideology, relations of power, social production, and 

resistance” (Rice 1996a:152).  

Sackettt (1990:33) presented an alternative perspective to definitions of style 

traditionally followed by archaeologists. He championed the idea that archaeologists 

searching for style should look deeper than just the decorative selections that have been 

added to a pot.  He argued that style resides in all forms of formal variation including, 

what he calls, the “instrumental form” in which the artifact is built, in addition to the 

decorative or “adjunct component that is added on to the artifact”. Sackett emphasized 

style as the selection between alternatives that are “functionally” equivalent; that is, style 

is a manner of doing something, which is specific to a time and place.  This definition is 
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more in concordance with the art historian’s definition of style that emphasizes the mode 

or manner of execution in addition to the character or meaning of the execution. Sackett 

considers that the necessities of a pot’s manufacture and the utilitarian end it was 

designed to serve required that the potter choose from “a variety of valid alternatives: 

clays, tempers, shapes, thickness, and techniques of construction, and firing” (Sackett 

1990:33). Hegmon (1992:529) considers that Sackett’s idea of style seems to solve the 

problem of style in undecorated artifacts given that the selection between functionally 

equivalent alternatives could encompass, as an example, the selection of raw materials, 

coiling, modeling, or firing technique.   

As stated by Hegmon (1992:529), Sackett’s extended view of style – which 

includes mode of execution - is important because it increases the range of attributes that 

archeologists may consider relevant to their studies, helping with the difficult issue of the 

selection of components or attributes to study, in particular, in un-decorated artifacts. 

Such is the case of Stoltman (1989), who proposed an archaeologically sound and 

meaningful assessment of the relative proportions of temper and clay using the 

petrographic microscope. Stoltman’s method, which will be closely followed in this 

research, consists of point counting the minerals present in a thin section, prepared by 

taking a slice of a potsherd for the determination of the volumetric proportions of the 

various minerals and other inclusions that can be observed in the thin section using a 

petrographic microscope. He considers volumetric proportions of mineral in a potsherd to 

be significant. The significance is based on ethnographic research that suggests that 

potters give consideration (Feinman et al. 1989:335) to volumetric proportions when 

mixing clay and temper. Since those temper amounts used when preparing clay recipes 
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vary with time, space, and the pot’s function (Stoltman 1989:150), they provide a set of 

attributes that help to characterize a ceramic industry.  

The study of style and its decorative or technological attributes leads to the study 

of patterns in the data and to the establishment of some similarities, connections, or 

inferences, based on those patterns. Traditionally, archaeologists correlated artifact’s 

similarities to historical entities or cultures.  Another perspective is for archaeologists to 

consider patterning of data correlated to processes and activities, such as urbanization, 

population growth, tool making, or basket-making (Conkey 1990:9). Ceramic production 

data has been used to infer competition. For example, Feinman et al. (1984, 1989, 1992) 

used ceramic variability data related to pottery production (the “mode of execution”) such 

as composition and firing temperature, to find patterns that point to processes of 

competition or centralization.   

There are limitations to what can possible be inferred. Those limitations depend, 

primarily, on the quality of the data. In cases where the location of manufacture is 

unknown, such as in the case of Mayapán, studies have to rely on indirect data, which is 

to say data obtained from the finished object instead of objects associated with 

production (Costin 1991:32).  Thin section analyses are an example of data that belong to 

the finished product. Costin (1991:32) outlined the types of information that can be 

obtained from indirect data from ancient craft production. Costin warns that evidence of 

context (for example, commercialization, centralization), scale, and intensity of 

production can rarely be unequivocally obtained from indirect data.  The information that 

can be unambiguously known from indirect data includes the recognition of “more or less 

identical or standardized items, proficiency (skill) in manufacture; efficiency in 
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manufacture; and the identification of spatially discrete regional variations or falloff 

curves in the distribution of particular artifact types”.  

For the study of standardization in production organization, Costin favors the use 

of variables that reflect unconscious patterning, such as subtle differences in motor skills, 

technology, or raw materials.  Costin (1991:33) argues that standardization measures the 

relative number of production groups. Due to the relative nature of standardization, two 

or more groups, sites, or regions must be compared. This comparison could be 

accomplished by the use of data analysis techniques that isolate groups in the data.  Many 

groups indicate low degree of specialization and few groups a relatively high degree of 

specialization.  A high degree of specialization tends to be associated to a high scale of 

production (Costin 1991:36). 

Skill is usually correlated with standardization and specialization (Costing 

1991:40). In more skilled industries the production process presents less mistakes and 

more uniform products. These industries will be more specialized than those with more 

mistakes. 

The measurement of regional variation, as proposed by Costin (1991:41), is better 

done, first, through material and compositional analysis, and second, through 

technological and stylistic analyses. The analytical techniques are similar to the ones for 

standardization. Because we can assume that the products at two different regions are 

produced by two different groups, regional variation provides a measure of the number of 

producing groups and of specialization.   

Efficiency, as defined by Costin (1991:37), is the relative measure of time, 

energy, or raw materials expended in production.  The more efficient production is the 
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less the production cost is. Costin suggests the use of efficiency comparisons only in 

cases where goods convey little social information.  In other cases, the information 

obtained could be misleading.  Lower cost could be attained by two different approaches. 

The first method involves an increase on standardization, in which case there are less 

production groups. The second method involves a decrease on the amount of time, 

materials, and energy expended. 

 From Costin perspective, there are two views on the relation between efficiency 

and competition: 

On the one hand are those who view competition as an essential element of all 

independent specialization (short of monopoly control). Thus efficiency measured 

as low-cost production is considered an essential strategy for effective survival in 

a specialized system. The more efficient (cost-cutting) production is, the more 

highly specialized it must be. On the other hand are those who argue that as 

systems become more specialized, they become less competitive, because there 

are fewer producers vying for the business of the consuming population. In this 

view, producers in highly specialized (and therefore noncompetitive) situations 

lower their energy expenditure, in part because there is no need to produce a 

"superior" product. In contrast, weakly specialized economies will be marked by 

greater competition, which leads to greater energy expenditure in the form of 

product elaboration as specialists try to differentiate their wares from the products 

of their competitors and thereby attract customers (Feinman 1982; Feinman, 

Kowalewski, and Blanton 1984; Foster 1965). [Costin 1991:37] 

 

Costin argues that even on very competitive situations, it is sometimes impossible 

for potters to lower the cost because of the extra energy they have to put on the 

construction of pots that carry social information. On the other hand, potters can control 

the cost of items that don’t carry social information. This is the case of most undecorated 
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utilitarian pots. In this case potters are able to compete lowering the cost. This cost is 

better measured - ethnographically or experimentally – in terms of the energy, materials, 

and time expended (Costin 1991:38). 

Feinman et al. (1984:303) further argue that there is a positive relationship 

between political fragmentation, competition, and the number of autonomous producers. 

Blanton et al. (1993) and Feinman et al. (1984) argue that with political integration comes 

a decrease in competition among producers in a region.   Blanton et al. (1993) define the 

level of integration of a society as the level of interdependence of the various units – 

households, villages, and so forth - of a society (1993:16).  A connection, or that what 

flows from one unit to another, could be of many kinds: flow of goods, people, and 

information, among others. Therefore, Blanton et al. (1993) argue that integration has 

many faces, such as economic versus political integration, which could vary 

independently. Blanton et al. press forward proposing that autonomous commercial 

institutions – craft guilds, self-governing cities of merchants, agents-of-trade - “develop 

only slowly in situations where integration is provided by powerful states” (1993:210).  

On the other hand, an area that is politically fragmented into small polities will 

have a large number of independent craft producers (Feinman et al. 1984:303). They 

consider the Maya area one in which during Classic and Postclassic periods, with the 

probable exception of Chichén Itzá times, strong low-level economic institutions 

developed due to endemically weak political units that emerged and disappeared in few 

generations, a common language, and close proximity to other weak political units with 

also weak political boundaries that provided opportunities for social and economic 

exchange. However, during the Classic period, states were relatively stronger than during 
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that Postclassic, collected massive amounts of tribute, and had more power to directly 

control activities such as craft or food production. Blanton et al. (1993:212) believe that, 

at the exception of Chichén Itzá, there was further decline of government power during 

the Postclassic. States were smaller and less vertically integrated than during the Classic 

and that there was a strengthening of commercialization and of non-governmental 

institutions. 

Feinman et al. (1989, 1992) proposed that there is a relation between the overall 

variability of a ceramic assemblage and the number of producers manufacturing 

ceramics. They claim (Feinman et al. 1989:335) that the clay composition variation 

presented within a particular ceramic producer is minimal, basing this proposition on the 

observation of a tendency by members of a ceramic group to follow a standardized series 

of steps in activities such as the procurement of raw material and the preparation of the 

proportions of the clay and temper added to the clay.  A consequence of every group 

following its own series of steps is that chances are increased that every producer 

generates a product that is in some way different from the rest.  The variability introduced 

by having multiple producers adds up and shows in the variability of a ceramic ware or a 

ceramic variety: as an example, the more potters manufacturing Mama (a variety of 

Mayapán Red Ware) the higher would be the variability of that variety. We can employ 

this proposition to determine the number of producers making each variety of that ware. 

If Mama was produced in one or two relatively large-scale specialized workshops, one 

would expect that group to be comparatively homogeneous in relation to a compositional 

group produced by many small-scale producers.   
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Therefore, ceramic variability can provide evidence of competition for a ceramic 

“market” within a region: many individual zones of production and exchange would 

indicate a lot of competition. In the case of Mayapán, and if Feinman et al. (1984, 1992) 

are right, many producers would indicate more competition. On the other hand, in 

Mayapán, one compositional group per variety, or even worse, for a ware, would suggest 

the production of the variety in a very small number of relatively large-scale potteries and 

Mayapán’s high political integration and resource control.  

In addition to Feinman’s proposed framework, other researchers (Kepecs 1997) 

also have presented connections between ceramic variability and economic organization 

that have long standing in archaeology. Kepecs explained the relation: 

Political-economic strategies also are reflected in ceramics. Since ceramic 

manufacture was so prominent in ancient Mesoamerica, control over production 

would have been a rich source of revenue and coercive power for the ruling class 

(Feinman, 1982, p. 181). When powerful states administer production, the result 

should be product standardization. In weaker political systems, independent 

producers are free to compete. Ceramics made by multiple producers should 

reflect patterned diversity, especially in the use of localized materials or recipes. 

[Kepecs 1997:316] 

 

Following Costin (1991), Mayapán’s ceramic composition, an indirect type of 

ceramic data, can provide unambiguous information about the number of pottery 

producers, relative degree of standardization of ceramic composition, level of production 

efficiency, and cost-cutting strategies. Mayapán’s ceramic composition alone cannot 

unambiguously inform on Mayapán’s degree of commercialization and competition. The 

combined analysis of various variables such as settlement patterns, number of ceramic 
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producers, and the degree of political integration, among other variables, should be used 

to strengthen the argument of a more competitive Mayapán.  

A conclusion that can be drawn from the connections between ceramic 

compositional variability and the economic arrangements is that variations in ceramic 

composition reflect not only technological choices but also, when combined with other 

variables, hint to the political-economic environment that embedded Mayapán potters. 

What do we know about Mayapán political-economic environment? The following 

section summarizes the various political-economic perspectives that have been proposed 

for the Late Postclassic period. 

3.2 Late Postclassic Political-Economic Views   

In order to make inferences on economic aspects of Maya society, such as the 

number of pottery producers and their competitiveness, it is important to present the 

various views or perspectives that try to explain the political-economic environment that 

surrounded the potters during the last centuries before the Spanish arrived. Various 

researchers have proposed contrasting views that differ not only on the interpretation of 

the data but also on the type of data that should be the focus of the research. This section 

starts with a brief summary of how researches generally have classified Maya centers. 

This is important to this research because the degree of political and economic integration 

depend on that categorization.   

3.2.1 Types of Maya Centers 

In a very broad sense, there are two perspectives to the type of ancient Maya 

political organization (Fox et. al. 1997; Sanders and Webster 2001, cited by Cobos 2003): 
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a centralized (unitary) model and a decentralized (segmentary) one. The centralists see an 

ancient Maya state as a centralized bureaucratic organization of people and activities, 

while the decentralists see autonomous kinship groups integrated, mainly, by ritual 

activity.  Centralists emphasize the Maya center as an administrative center while the 

decentralists emphasize the Maya center, with its usually large center and temple plaza 

groups, as “enlarged versions of the mortuary shrine complexes of local patrilineages” 

(Fox et. al 1997). 

Thus, by those classifications, Mesoamerican centers have been categorized as 

either regal-ritual centers, administrative centers, or mercantile centers. The first two 

types of cities are considered centers of consumption due to the taxes and tribute received 

from their peripheries. Administrative centers, however, were more dense, extensive and 

heterogeneous than regal-ritual ones. They were centers of power, administration, and 

trade (Chase and Chase 1996). Their function was political, and social differences are 

hierarchical and obvious. They were large because they were at the center of a system 

that provided centralized services to multiple other urban centers. They provided 

services, but consumption, production, tribute, and taxes were channeled to the core of 

these centers (Cobos 2003:472). Cobos (2003:110) states that evidence of administrative 

centers are nucleation, remains of a large population, socio economic diversity, a 

hierarchical relationship between the center and remaining areas, and evidence of a 

bureaucratic and administrative state. Alternatively, mercantile cities, their elite included, 

did not rely upon the goods of the peripheral peasantry, for they were independent 

political-economic units that depended on the production of non-agricultural products, its 
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commercialization, and trade in general. Examples of mercantile cities of Mesoamerica 

include Naco, Xicalango, Cozumel, and Tulum (Cobos 2003:33). 

Mayapán’s city layout seems to match the one of an administrative center. 

Mayapán presented a hierarchical relationship within the center as suggested by the 

planned center and the surrounding unplanned zone within the city, for Landa relates that 

in Mayapán, the chiefs and their high Priest lived within an inner enclosure, and that 

outside the inner enclosure there were houses for the chief’s serving people. There are 

also evidences of socio-economic diversity as exemplified by the workshops found in 

various plaza groups (Brown 1999), as well as evidence of a more equalitarian access to 

similar goods, in various amounts, as could be interpreted from Brown’s findings in 

Mayapán (1999). We know that the city depended on taxes and tributes, but we do not 

know the extent of that dependency.  Landa relates that the leaders of Yucatán’s lineages 

and their entourages resided in Mayapán and that their regions of origin or provinces 

supplied their city-bound ruler and attendants all of their needs. Landa also mentions that 

all kinds of products, ranging from birds, to maize and clothing were brought from the 

villages to the chiefs. However, there is an important aspect, probably the most important 

aspect, of the characterization of an administrative center that has not been identified in 

Mayapán which is the evidence of tributary centers as exemplified in other centers by the 

existence of, usually, hexagonal lattices of lesser centers.  

 Regarding whether Mayapán was a mercantile center, more evidence of what 

comprised Mayapán’s main commodities is needed. Salt was valued and needed by the 

Maya. We know that the greatest salt beds in Mesoamerica are located along the north 

coast of Yucatán. We also know that at the time of conquest those salt beds were 
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controlled by the powerful Yucatecan lineages and that long distance trade existed to 

places as far away as Veracruz (Coe 2005:23). Resource specialization might have 

existed, with different lineages exerting dominion over different resources, for Landa 

(1986) relates that, after Mayapán’s fall, the chiefs returned to their provinces and there 

was constant feuding between the houses of the Cocoms, Xius, and Chels. The feuding 

extended to their food supply: the Chels living by the coast did not give fish or salt to the 

Cocom and the Cocom would not let the Chel take any game or fruits. More research on 

Mayapán production is needed before these issues can be truly resolved. 

3.2.2  Political-Economic Views of the Late Postclassic 

The traditional view of the Late Postclassic was one of a society that fell in a state 

of decadence. There is no doubt that Mayapán, when compared to Chichén Itzá or to 

Uxmal, reflects difficult-to-understand changes in Maya culture. Architecture and pottery 

showed what has been interpreted as poorer quality and weaker technical skills.  For 

example, pottery was coarser and wall surfaces were roughly finished (Roys 1962:44). 

Pottery composition was different from what was used in Chichén Itzá or the Puuc area. 

Interestingly, house plans were also different. More importantly, there seem to be a 

change in the way of approaching architectural monumentality and the construction of 

elaborate objects, for the perceived need for monumental or large scale construction and 

elaborate objects decreased. During the Late Postclassic, the pyramids are of much 

smaller scale, the proportion of thatched and flat-top public buildings increased, and the 

peculiar tendency to reuse earlier construction material increased.  The traditional view 

explained the poorer material remains as a symptom of a society that was in decline.  
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Some archaeologists consider that too much emphasis is given to luxury, 

ceremonial, or prestige items. That the focus of research has been predominantly the 

Maya elite is echoed by Chang (1975:221) who expressed that most researchers 

“recognize the greatness of civilizations such as the Shang mainly through large 

structures, elaborate handicraft objects, and prestige objects.” Chang sustains that 

monumentality and elaboration are necessarily based on an uneven allocation of a 

society’s resources that divides the population between the ones that provide the energy - 

through their muscle - and those that use that energy to produce the “great civilization” 

hallmarks, with the elites considered the masterminds behind those hallmarks.  

Contrasted with the gloomy decadent perspective of the Late Postclassic, primary 

source documentary records from early contact times present the Yucatán Península as 

one of lively cities engaged in thriving retail and wholesale trade. Landa (1986) tells us 

that, even though the primary occupation was agriculture, the Yucatecan’s favorite 

occupation was trading, and that they obtained much profit from the making of idols, 

from the trading of salt, cloths, and slaves, and from the selling of all types of products of 

the country, which they kept in granaries until it was the right time to sell. Landa 

(1986:232-233) describes the markets and market transactions, in which they gave credit 

and borrowed, telling us that he visited a “gran ciudad” (great city) with a market “para la 

compra y la venta” (for buying and selling). He describes the currency, which was a fruit 

(cacao), and the ways they had to measure and weigh for the transactions. Making a 

comparison to European merchants, Landa describes a large city in which business 

transactions were conducted in the manner of European merchants (“[se] negocia en 

dicha ciudad como comerciantes”), even keeping books of their transactions.  
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At the time of contact, it was not only the common person who engaged in 

producing and marketing his own products. This is important because, according to 

Rathje et al. (1978), a mercantile model of the Late Postclassic requires that more than 

just individuals (retail) engage in production and direct marketing to consumers. A 

mercantile model also requires wholesale trade in which commodities are produced in 

one geographical area and consumed in another, therefore needing “agents-of-trade”, or 

middlemen, to transport and market the products.    

There is ample documentary evidence of wholesale trade at the time of contact, in 

which all sectors of society including the rulers took part. In his study of north-central 

Yucatán commerce during the conquest and colony, Piña Chan (1978:44) after 

summarizing other sources showing that the area was divided into territorial jurisdictions 

governed by families of great lineage, concludes that the “lords of the jurisdictions were 

the richest merchants”. A detailed description of the role of lords as the main merchants 

is given by Fernando Cortés in a letter to Emperor Charles V. In that letter, Cortés 

described what he witnesses during his 1524 journey across the Yucatán Península: “Esta 

provincia de Acalan es muy gran cosa ….hay en ella muchos mercaderes y gentes que 

tratan con muchas partes, … no hay en ella otro señor principal sino el que es el mas 

acaudalado mercader y que tiene mas trato de sus navíos por el mar, que es este 

Apaspolon” (“This province of Acalan is a great thing … in this province, there are many 

merchants and traders that deal with many other places …in there, there is not more 

principal lord than the one who is the richest merchant and who, through his boats, deals 

the most across the sea, this is Apaspolon”)  (Cortés 1946:127).   
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As expected in a mercantile environment, merchants had agents-of-trade in many 

towns. The existence of agents-of-trade was also witnessed by Cortés who, in his meeting 

with Apaspolon, learned that he was so rich and had so much merchandise that, in many 

towns, had barrios populated with his agents (Cortés 1946:127). Cortés tells us that the 

merchandise he traded was the common merchandise in that area, which included cacao, 

cotton fabrics, dyes, a certain dye that when applied to the body protects against cold and 

hot weather, resins for the offerings to idols, slaves, red beads made of “snails”, and some 

gold with which he does not sound very impressed because it was an alloy (Cortes 

1946:127).  

Shortly after contact, the arrival of the Spanish first disrupted and then destroyed 

the commercial networks. In 1524, before Cortés started his east-to-west journey through 

the Península, some native informants described to him the damage done by Spaniards to 

the towns and people on the other side of Yucatán, in the place called Asunción. The 

informants emphasized that even though there was great  damage to the natives who were 

forced to abandoned the towns, the greatest damage was done to the merchants and 

traders who lost the mercantile contracts that they had, which were many, with the rest of 

the coastal towns: “ recebian este mayor daño los mercaderes y tratantes; porque á su 

causa, se habia perdido toda la contratacion de aquella costa, que era mucha, y como 

testigos de vista, me dieron razon de casi todos los pueblos de la costa” (Cortés 

1946:118).  

More in tune with the ethno-historical accounts, Rathje (1975) and Sabloff and 

Freidel (1975) hypothesized that, during the Late Postclassic, Yucatán, with its 

advantageous geographical situation, became the center of a mercantile network. With 
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the collapse of what they consider the Toltec capital at Chichén Itzá, they hypothesized 

that the procurement, control, and distribution of resources in Yucatán became localized 

and decentralized with no one power dominating the scene. Because of this 

decentralization, major centers such as Mayapán, Tulum, and Tabasco were created and 

no one center dominated. These centers were like hubs controlling long distance trade. 

The main Late Postclassic centers shared characteristics of being walled and nucleated 

settlements departing from the more dispersed settlements that the Maya previously 

seemed to prefer, suggesting a change in settlement function or in social organization 

(Sabloff and Freidel 1975:385).  

The core of Rathje (1975) and Sabloff and Freidel (1975)’s alternative view was 

the proposition of a more efficient and cost-saving Late Postclassic society in which, in 

addition to ideology, economy played an important role. This view was the result of their 

observations of a widely shared standardization on many Postclassic ceramic wares 

regarding material composition, form, firing, surface treatment, and design technique 

(Rathje 1975:430). Superficial examination indicated to them homogeneous ceramic 

composition, paste, and firing. This standardization concurs with their proposed 

trajectory of archaic societies. 

Rathje (1975:414) proposed a trajectory that archaic cultures may have followed 

that took them from communal heavy labor for the construction of monumental public 

works and elaborate objects to lighter communal work, less magnificence, but more 

general well-being where less people starved. He hypothesized that a material culture 

trajectory includes, first, an initial phase of heavily concentrated human and material 

resources into a few commodities – monumental constructions for example - whose 
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distribution is also constrained to a small social (the elite) or physical space. Following 

this initial phase there is investment into more varied products. As the number of 

products increases, for those products that have sufficient local demand, there come 

requirements for more local variety. The cost incurred by the increase in the number of 

products is later handled by cost-control mass replication. There is a shift from the 

“research and development of new components” (new product generation) to new 

techniques to lower the cost of each commodity (Rathje 1975:415). Those cost-cutting 

techniques could be of the form of mass production, specialization, simplification, or 

standardization among others. 

From Sabloff and Freidel and Rathje’s point of view, the Maya of the Late 

Postclassic were in the stage of a culture’s trajectory in which there is less emphasis in 

elaboration and more in living standards. As an example, while Maya Classic population 

seems to have been integrated through the effort of maintaining an elite minority, with all 

the human cost that it entails, Rathje proposes that the Late Postclassic population was 

integrated through “a rising standard of living locked into large-scale participation in a 

commerce which emphasized economic efficiency and mass consumption” (Rathje 

1975:436). While other archaeologists see Postclassic re-usage of cut stone materials as a 

symptom of cultural deterioration, Rathje sees it as an efficient technique to reduce 

procurement cost per commodity. He argues that there were savings not only on 

procurement but also on scale of construction. Another example of a more efficient 

construction is given by Rathje when he compares Maya Classic with Late Postclassic 

palaces and elite residences. Classic elite residences were made of stone in which the 

corbelled arches had many limitations. Late Postclassic residences had low stone walls, 
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requiring that the rest of the structure be made of materials such as wood or thatch, 

requiring less skill. Archeologists saw this type of construction as of lower quality and 

less durability, but, Rathje argues that this allowed for a living area that was more 

spacious, higher, drier, cooler, and less costly than the more durable and “aesthetically 

pleasant all-stone structures” (Rathje 1975:422).  Less emphasis in monumentality and 

elaboration, provided more time for part of the community to engage in their own profit-

making activities. This less spectacular scenario conforms to Chang’s proposition that 

there are civilizations that we have come to regard as “impoverished, and not so great,” in 

which a more even allocation of resource flow prevented the creation of the “great 

civilization” hallmarks but in which fewer people starved. 

From the ethno-historical accounts is clear that the first Europeans who settled in 

Yucatán did not label the Maya as decadent. On the contrary, they were impressed by the 

towns, the complexity, and the books they saw.  But we now know more than the Spanish 

did in the sixteenth century. We know that Late Postclassic art and architecture were not 

as elaborate or refined as that found in the Classic centers of Tikal and Copan or in the 

sites of Uxmal (Terminal Classic) and Chichén Itzá (Terminal Classic-Early Postclassic). 

We also know that, even though the Spaniards found a politically fragmented Maya, 

cycles of consolidation, fragmentation, and relocation of their political centers to new 

geographical areas had been repeated multiple times, even from Pre-Classic times when 

the El Mirador was abandoned. 

Joyce Marcus (1998) believes that it is a false notion that the Maya civilization 

had totally collapsed by the time the Europeans arrived. She considers that the Spanish 

prevented the continuation of the multiple cycles of ups and downs, expansions and 
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breakdowns that characterized the Maya. She regards the Maya a particular case of what 

she calls the Dynamic Model of archaic states. According to this model, sometimes 

archaic states go throughout cycles of formation, expansion, and breakdown. During 

those cycles, multiple generations of states form in regions that had been subject 

provinces of earlier states. State formation is followed by expansion and expansion by 

breakdown into smaller units, which are not usually states, but more like principalities or 

petty kingdoms.   Marcus considers that the notion of a collapse of the Maya civilization 

was created by the dispersion and abandonment observed in the Peten area and by the 

Yucatán’s fragmentation created after the fall of Mayapán. A total collapse is wrong, she 

argues, because this collapse was one of many and did not signal the collapse or end of 

Maya civilization. Instead, it was “simply the abandonment of some cities and the 

political transformation of others” (Marcus 1998:61). 

3.3 Relevant Research on Ceramic  Materials 

During the Terminal Classic and Early Postclassic periods not only calcite but 

volcanic ash, crushed potsherds, and clay lumps were added to northern Yucatecan 

pottery. During the Late Postclassic, analyses of Mayapán’s pottery show that a change 

had occurred where potters preferred calcite as sole additive to the clay. This section 

covers existing research on the technological reasons for potters to add materials to the 

clay and for some materials to work better than others.  

Potters add foreign materials to the clay for a variety of reasons. The addition of 

crushed limestone or any other foreign materials to the clay probably started when 

ancient potters realized that very “soft” or plastic clay could be made stiffer by adding 
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non-plastic foreign objects, such as fiber from plants, sand, or crushed shells. By adding 

non-plastic material – or temper - the pot held the desired shape more firmly while it was 

built and shrank less while it dried. With time, potters became more sophisticated and 

noticed that, for the intended use of a pot, some substances worked better than others. As 

an example, they may have observed that a cooking pot containing a finely crushed stone 

added to stiffen the clay cracked more readily than a pot containing the same stone but 

coarsely crushed.  With this observation, ancient potters discovered what we now call by 

the term “resistance to thermal shock”.  

If we can imagine the hard work that ancient people performed to obtain the food 

that fills up a cooking pot, we can then imagine how important it was that the pot would 

not crack and spill out that valuable food. Archaeologists have also given a well deserved 

importance to cooking pots, primarily considering resistance to thermal shock the most 

important concern in ceramics composition (Rice 1987; Rye 1976:119). However, 

resistance to thermal shock is only one the many properties of a pot. Mechanical 

properties such as strength and toughness also play an important role. The strength of a 

material is measured by the initial crack expansion, in other words, the amount of energy 

required to initiate fracture at the point of the defect or crack (Bronitsky and Hamer 1986, 

Feathers 1989). A tough material, on the other hand, is one that is crack tolerant (Feathers 

1989). Toughness is measured by the amount of energy (also called work of fracture) 

required for complete failure (Feathers 1989). Resistance to thermal shock is related not 

only to thermal properties but also to strength and toughness because fractures in 

ceramics occur from “stress concentration at defects in the materials. These defects can 
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be pores, boundaries between clay and temper, or other microscopic flaws” (Broninsky 

and Hamer 1986). 

Feathers (1989) experimented with crushed shells (aragonite in shells turns into 

calcite at very low temperature) showing that shells have greater strength and toughness 

than quartz sand at conditions that tried to replicate the firing of shell-tempered clay in 

oxidizing condition at around 600 ºC.  Similarly, replicating ancient conditions, Hoard et 

al.(1995) experimented with limestone-tempered clay. They concluded that when 

compared to other materials used by ancient potters such as quartz sand, grog, or granite, 

limestone showed greater strength. In other words, the energy needed to create a crack is 

much higher. In the case of toughness – fracture propagation or deformation capacity - 

limestone propagated cracks easier.  

On the subject of limestone’s thermal properties, Rye’s experiments (1981) 

showed that the inclusion of particles with thermal expansion similar to the clay 

represents a desirable thermal solution.  Calcite as well as crushed shreds, crushed burned 

shells, zircon, rutile, feldspar, augite, and hornblend are among those inclusions (Rice 

1987:229).  That the thermal coefficients are similar between calcite (calcium carbonate) 

and clay means that the differential expansion due to the heating and cooling of the 

vessels is minimal (Rye 1981:33). In other words, under heating and cooling conditions, 

calcite and clay expand and contract together. The thermal expansion of calcite up to 600 

ºC is very similar to that of average clays (Rye 1981:127).  

In their analysis of the combined effects of mechanical and thermal shock 

resistance properties on limestone, Hoards et al. conclude that  
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[T]hermal-shock cracks can be caused by the differential expansion of the interior 

and exterior of the pot upon heating or by differential expansion of the clay and 

the temper particles. Although limestone-tempered composites may not appear to 

be resistant to thermal shock in the first case because of their low capacity for 

deformation, they are better in the second case because the thermal expansion 

coefficient of limestone is very similar to that of clay. Furthermore, because it 

takes more stress to initiate cracks in the limestone-tempered specimens, cracking 

is less likely to occur. These factors, along with the tendencies for limestone-

tempered vessels to be thinner and more globular, suggest that limestone 

tempered vessels are more resistant to thermal shock than grit-, or sand-tempered 

wares. Further, fine limestone exhibits a smaller deformation capacity than coarse 

limestone. Thus, coarse limestone should perform better under repeated episodes 

of heating and cooling. [Hoard et al. 1995:830] 

 

Potters in many parts of the world have observed the beneficial properties of   

substances made of calcite for the construction of cooking pots (Rye 1981:33,106, Shoval 

1993). Ethnographic evidence ( list in Tite et al. 2001:320)  has showed that consumers 

are aware of the different types of cooking pots and that the pottery properties – 

durability, strength, resistant to cracks -  were a factor determining their choice of 

products. North American researchers involved in experimental research (Bronitsky and 

Hamer 1986; James Feathers 1989; Hoard et al. 1995) argue that the realization that 

calcite made better cooking pots could explain the sudden change from quartz sand to 

limestone and shell tempered pottery after AD 700, during the Late Woodland Period 

(AD 400-900),  in parts of Missouri and Illinois. Hoard et al. (1995:824) summarize the 

events of that change stating that with the exception of the Hopewell ware, a funerary 

ware, limestone or shells were rarely used as tempers during the Early (1000-250 BC) 
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and Middle Woodland (250 BC – AD 400).  After AD 700, limestone became their 

primary temper followed by shell temper.  

On the other hand, selecting any calcite when producing cooking pots is not 

enough to ensure resistance to multiple and sudden firing and cooling, because there are 

variations in calcite behavior regarding resistance to thermal shock. Ancient potters 

seemed to know this, and in many parts of the world preferred coarse mono-crystalline 

(coarser single-crystal) calcite for the construction of cooking pots, going to great lengths 

to obtain it (Shoval 1993:269).  Shoval (1993) studied the use of calcite on Iron Age 

cooking pots of the Canaan area and demonstrated why ancient potters preferred mono-

crystalline calcite. Shoval experimented with individual calcite grain size and conversion 

of calcite into lime proving that there is an inverse correspondence between the crystal 

surface areas exposed and conversion to lime. The calcite variety with the least exposed 

surface area is mono-crystalline calcite, followed by the multigrain variety sparite 

(saccharoidal), and finally microcrystalline (micrite) aggregates of calcite. 

Correspondingly, Shoval (1993:269-270) found that, after six hours of heating, micrite 

totally decomposed at 600 ºC, sparite at 650 ºC, and mono-crystalline calcite at 750 ºC. 

Shoval (1993:272) concluded that the advantage of mono-crystalline over limestone in 

general is its stability at higher temperature, lower rate of decarbonation (convertion to 

lime), and retention of the grain (crystal) shape. It can be argue from Shoval’s research 

that due to the difficulty of obtaining clear mono-crystalline calcite, clear bundles of 

sparite calcite are the next best option for the construction of cooking pots.   

Calcite decomposition into lime can potentially destroy a pot, crumbling it. The 

temperatures attained during rapid open fires are difficult to determine with precision.  
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Some affirm that during those conditions when calcite is heated above 700ºC it starts to 

decompose to lime (Rye 1981; Bronitsky and Hamer 1986; Feathers 1989). Rice (1987) 

believes that the decomposition starts earlier, at 600 ºC. Rise (1985:157) also sustains that 

the temperatures attained from open fires – no closed kilns have been found in Maya 

lowlands - range from 600º to 850ºC, but that in the American Southwest temperatures of 

900ºC were attained using dung, coal, or juniper as fuel.  Pottery that contains lime (CaO) 

crumbles a few months after firing due to the rehydration of lime by atmospheric 

humidity into the higher volume calcium hydroxide Ca(OH)2 (Rye 1981:33). Even if a 

calcite-tempered pot was originally fired at low temperatures escaping the initial 

destruction, it can still be destroyed by lime formation given that lime can potentially 

form at the temperatures reached by putting a cooking pot on the fire.   

How could a calcite-tempered pot be a good cooking pot if the temperatures 

reached by a cooking fire can potentially produce conversion to lime?  The answer was 

given by experimental work by researchers such as Rye (1981:33) and Stimmell et al. 

(1982) that showed that the temperature at which calcite changes into lime is increased by 

adding salt to the clay in the form of salt water, seawater, or by using clay naturally high 

in salt content. Adding salt allowed potters to expand the range of firing temperatures and 

to produce a pot with fewer defects due to conversion to lime, such lime popping and 

spalling (or splintering, chipping). Rye’s work (1981:107) showed that in order to avoid 

calcite decomposition to lime the temperature has to be either controlled to less than 

700ºC (or less as sustained by Rice) or alternatively, salt (halite or NaCl) has to be added 

to prevent the transformation to lime.  It is an impressive list of factors that potters had to 

juggle if they wanted to obtain the benefits that calcite provides to cooking pots. 
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However, not all pots are cooking pots benefiting from increased resistance to 

thermal stresses. We have information on how calcite affects storage and water-carrying 

vessels thanks to the extensive technological research (Hoard et al. 1995; Bronitsky and 

Hamer 1986; Feathers 1989) that has been conducted regarding the shift to calcite 

(limestone and shells) during the Late Woodland period in North America. The addition 

of the calcium present in calcite (calcium carbonate) to clay makes clay more workable 

because calcium increases flocculation (clay particles getting closer together) becoming 

stiffer. In addition, calcite tempered pots are lighter than sand and most other rock 

tempered pots. 

That clay with calcite is lighter and more workable and stiffer could explain why 

the change to limestone and shells in North America coincides with changes in vessel 

shape such as the appearance of restricted orifice vessels or bottles. In addition, 

shoulders, flared rims, and big bowls became more common while vessels in general 

became lighter, taller and could be made more globular (Hoard et al. 1995:824). That the 

Late Woodland change to limestone and shell temper happened in a geographical area, 

Missouri and Illinois, in which many other materials such as igneous rocks, quartz sand, 

and grog were available make it apparent that limestone or shells presented advantages 

over those materials that made them more desirable for the construction of pots.  In 

Mayapán, during the Hocaba complex (earliest ceramic period), pottery also presented 

new forms, which Smith (1971:(1)205) considered had no apparent connection with other 

earlier ceramics of the region. Those new forms included jars with tubular spout, huge 

storage jars, and some types of restricted-orifice bowls, among others. Future research in 

Mayapán may show a relation between calcite-tempered pottery and the appearance of 
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ceramics that are taller, or lighter, or with more pronounced shoulders than in previous 

periods.  

3.4 Relevant Archaeological Research  

There is relevant Late Postclassic research that combines findings of ceramic 

compositional variability with issues of political-economic arrangements. Some of the 

researchers have used the premises or inferences mentioned earlier to attach meaning to 

the decisions taken by potters, who made those decisions within the context of their 

political-economic environment.  

Investigations such as Masson’s (2002:347) research on domestic areas at Caye 

Coco, Belize, seem to corroborate parts of Rathje’s hypothesized trajectory of an archaic 

society, for it presents a gradual trend to more production standardization and fewer 

ceramics groups during the Postclassic. Some artifacts, considered luxury items, are 

distributed in all contexts in the site, pointing to a greater accessibility by all members of 

the community. This can be interpreted as overall greater well-being. In another site, 

Laguna de On, Masson (2002:354) also points to a uniform distribution of artifacts 

throughout the site.  The interpretation of the standardization and a decrease in ceramic 

groups can be done in light of Sabloff and Rathje’s hypothesized mass production and 

increased trade, but as Masson points out, it can also be explained by a more regulated 

production process, or by the existence of fewer specialists. Masson (2002:347) 

concludes that regional studies that compare manufacturing characteristics with clay 

sources are needed in order to better understand pottery production in the Postclassic 

period.  
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The results of stylistic analysis such as the one conducted by Dr. Clifford Brown 

(1999) based on his excavation at Mayapán in the 1990s could be interpreted as 

corroborating the notion of a more egalitarian society with more uniform accessibility by 

all sectors of society. Brown collected from patios and middens of four clusters of  

residential houselots, concluding (1999:388) that there was more variation in slipped 

groups and wares within houselots than among different clusters. On the other hand, 

unslipped types were the ones that presented the most dramatic differences between 

clusters.  

 A study of coastal sites conducted by Susan Kepecs (1997) in the Chikinchel 

region in northern Yucatán points to Late Postclassic pottery production that was 

dispersed and probably not controlled by any of the centers. Kepecs performed surface 

collections from the architectural centers of 72 large sites in Chikinchel and carried out 

full-coverage surface survey of three of these – Emal, San Fernando, and Loche, which 

were selected because they had both Late Postclassic and colonial archaeological 

components and also because were mentioned in the written record. Kepecs’s analysis 

indicates that during the Late Postclassic, ceramics in the three full-coverage sites were 

made of five distinct pastes that were calcite tempered. Contrastingly, paste analyses 

(Shepard 1958, Smith 1971) of large samples of Chichén Itzá pottery point to fewer 

compositional categories, indicating more homogeneity of composition, which Kepecs 

considers suggestive of centralized control over manufacturing. The variation found in 

the Chikinchel region could be indicative of less direct control by a regional center due to 

little centralization and to a weaker political system (Kepecs 1997). Kepecs concludes 
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that Late Postclassic pottery production was dispersed and probably not controlled by any 

of the centers, which is indicative of political decentralization in the Chikinchel region.  

Other studies such as neutron activation analyses of paste (Rands et al. 1982; cited 

by West 2002:178) also reveal changes in the production of fine paste ceramics after the 

fall of Chichén Itzá, suggesting a more dispersed production of fine paste during the Late 

Postclassic, with assemblages dominated by multiple ungrouped compositional profiles. 

This clay analysis seems to corroborate the idea of an entrepreneurial Late Postclassic 

with an increased presence of ceramic producers.  

Nevertheless, the analyses just discussed do not support the notion of 

standardization and mass production during the Late Postclassic, as hypothesized by 

Rathje (1975) and Sabloff and Freidel (1975). The comparison may not be on equal terms, 

though, for suggestions of mass production and standardization were based mostly on 

form and decorative terms, while new discoveries of dispersed production, that seems to 

negate standardization and mass production ideas, are based on technological analyses of 

clay composition. The hypothesized standardization and mass production during the Late 

Postclassic is based on the observation that Mayapán, Quintana Roo, and northern Belize 

ceramic types show marked standardization of stylistic motifs and forms (Pendergast 

1985:240; West 2002:178; Rathje (1975); Sabloff and Freidel (1975)). Pendergast 

(1982:240) observed that there is a pattern of stylistic standardization across regions, 

“with clear affinities with those of Mayapán”, as found in Lamanai (Belize), which he 

sees as an indication of the existence throughout northern Yucatán of extensive networks 

of communication that influenced the decorative attributes across multiple political areas. 

This presents an apparent contradiction during the Late Postclassic: while stylistic 
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observations of homogeneity of form and decorative attributes of vessels throughout the 

Yucatán Península seem to point to centralized production, Kepecs and Rand’s clay 

analyses show a Late Postclassic period characterized by less homogeneous composition, 

suggesting less centralization and more production centers. Unfortunately, even though 

Kepecs data shows higher number of ceramic recipes than the number found in Chichén 

Itzá, the issue of multiple productions centers for a particular ware versus one production 

center is still unresolved. In conclusion, the relation between the stylistic patterns of the 

Late Postclassic pottery and its compositional patterns is far from clear and more data on 

the sourcing, mineralogical paste composition, and manufacture of Postclassic pottery, 

Mayapán’s in particular, are needed before those issues could be resolved. 
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Chapter 4

 

 : HYPOTHESES 

 
The framework presented earlier (Feinman et al. 1984, 1992; Blanton et al. 1993; 

Costing 1991) that relates the organization of ceramic production to the political or 

economic environment of an ancient society proposes that in an environment of weak 

political integration the possibility to compete increases and so does the number of 

independent producers. There are many reasons to believe that Mayapán presented less 

political integration and centralization than Classic and Terminal Classic main centers. 

Ethnohistorical accounts mentioned earlier have Mayapán founded by a league of Lords 

of the various provinces of Yucatán. This coalition may not have been voluntary with the 

relation between the provinces and the capital limited to the supply of tribute to their 

Lords in Mayapán. As stated by Blanton et al. (1993:195), even though there are 

references to tribute in Mayapán, “nowhere there is indication that a large number of 

people were supported by tribute”. The ethnohistorical descriptions of how the Lords and 

their people returned to their provinces and occupations after Mayapán’s abandonment 

show weak political integration of provinces that maintained their political and economic 

structure while under Mayapán’s dominium and that maintained that structure until it was 

disrupted by the arrival of the Europeans.  The notion of a weakly integrated Mayapán is 

strengthen by the lack of evidence, gathered up to the present, of settlement lattices 

connecting Mayapán to lesser economic or political centers and by research such as the 

one in the adjacent Chikinchel region that concluded that the Late Postclssic pottery 
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production was dispersed and most probably not controlled by any other centers, 

indicating little centralization and weaker political systems (Kepecs 1997).  

The theoretical framework presented forms the basis for the hypotheses presented 

here. These hypotheses are addressing the questions that drive this research. Based on 

Mayapán’s pottery, what can be said about the way pottery production was organized? 

And, was Mayapán pottery production arranged in a way that suggests a more 

competitive environment? Alternatively, was it arranged in a way that suggests less 

competition? 

Hypothesis No. 1: There are very few, one or two, pottery producers found in 

Mayapán.  

Results supporting this hypothesis consist of one or two compositional groups for 

the whole array of sherds analyzed from Mayapán. Based on premises mentioned earlier, 

very few ceramic producers together signal a centralized economy that is most probably 

dependant on a single political unity, which cannot be other than Mayapán itself. 

Hypothesis No. 2: There are multiple pottery producers supplying Mayapán and 

there is a single producer per ware or per variety. Data supporting this hypothesis would 

show a single compositional group per ware that is not the same group across wares. This 

type of patterning shows the existence of a general intermediate level of centralization in 

which there are multiple producers but there is one producer per ware. This pattern points 

to a centralization of production per ware. This type of patterning encompasses two 

scenarios that cannot be investigated in this thesis because no data on the source of raw 

materials is available here. In the first scenario, wares (or varieties) could have been 

produced outside of Mayapán’s limits and brought to Mayapán. In the second scenario, 



  

59 
 

wares (or varieties) were produced by distinct producers within Mayapán’s walls.   

Independently of the pottery source, competition based on form or technological 

attributes between pots of different wares is possible in these two scenarios. 

Hypothesis No. 3: There are multiple pottery producers supplying Mayapán and 

there are multiple producers per ware or variety. Data supporting this hypothesis 

presents a variety of compositions per ware or variety. Multiple compositions points to 

multiple producers per ware and to more competition. 
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Chapter 5

 

 : ANALYTICAL METHODOLOGY 

 
There are two main analytical techniques for studies that aim to define pottery 

compositional groups: elemental chemical analysis and mineralogical analysis. 

Techniques such as X-ray fluorescence or electron microprobe (EMP) provide 

information about a sherd’s elemental chemical composition (Sen 2001:159). However, 

looking at the elemental composition in isolation can be misleading in cases where clays 

present similar composition but in which the potter added other materials to the clay 

modifying the chemical composition. For that reason, a complete characterization of 

ceramic material is usually done taking together chemical and mineralogical composition. 

Techniques such as petrographic analysis and x-ray diffraction provide such combined 

mineralogical information.  

Petrographic analysis was selected as the main analytical technique for this 

research because it allows, first, the reliable measurement of the volumetric proportions 

of the coarser materials present, and second, a characterization of the textural properties 

of the fine (clayed) portion. Even though the petrographic microscope is useful for the 

characterization and grouping of the major inclusions, in the case of very fine grained 

minerals, such as clay, petrographic analysis cannot be used to identify the minerals 

present. For that reason, x-ray diffraction was performed in four sherds in order to 

determine the minerals present in the fine portion. 
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Considering that the immediate goal of this research is the definition of 

compositional groups, I first determined the set of attributes most relevant to the study. 

This set of attributes is what defines compositional groups. As stated earlier, a study of 

the attributes involved in a compositional analysis of pottery goes more in accordance 

with Sackett’s and art historians’ definitions of pottery style than with a more traditional 

archaeological definition of style based in decoration. I’ll expand on this here and discuss 

those definitions as they are relevant for the selection of attributes and creation of 

petrographic groups performed in this study. Following the discussion on attribute 

selection, I present the issue of how groups are to be found.    

5.1 Ceramic Petrography: Definition of Terms 

For the most part, ceramic petrography’s goals are the identification, 

quantification, and description of the individual inclusions, usually pieces of minerals, 

found in a thin section cut from a potsherd. When observing a thin section under the 

petrographic microscope, it is evident that, based on size, there are two main components. 

The first is coarser material, or aplastics, composed of mostly individual mineral particles 

that seem to float in a second very fine textured mass, of which the major component is 

clay minerals. The clay minerals are so small (< 0.002 mm, or 2 microns) that no 

individual crystal can be seen with the petrographic microscope and the petrographer 

perceives it as having a homogeneous appearance.   

There is no unique way to approach a petrographic analysis. Most ceramic 

petrographers in the field of archaeology focus on aplastic (those bigger bodies floating 

in the clay) determination following petrographic procedures such as the one proposed by 
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Stoltman (1989), which is based on sedimentary petrology and the study of sands. 

Contrastingly, Whitbread (1995: Appendix 2), developed an approach, based on research 

on soil morphology, in which, in addition to the study of aplastics, observations on the 

“look” of all the components is also included. The term “fabric” refers to the compound 

result of look and composition of ceramic material. Descriptions of the ”look” include 

descriptions of texture and spatial arrangements of plastic (the fired clay) and aplastic 

components. I found it necessary for the completeness of this study to, in addition to the 

aplastic identification,  include descriptions of the fabric as proposed by Whitbread, 

taking into consideration characteristics related to the micro-morphology present in the 

thin section.  

An explanation of the terminology as used by Stoltman and Whitbread is 

necessary for the comprehension of the rest of this paper because, as is clear from the 

previous paragraphs, ceramic petrography research is a patchwork of terms from other 

fields (mainly geology, sedimentary petrology, and soils), making the terminology used 

by different ceramic petrographers often confusing, and sometimes contradictory. I 

compile here a list of petrographic terms as they will be used in this thesis.  

Inclusion. There are a number of definitions for the commonly used term 

“inclusion”. In this study, I am following Whitbread (1991:374) who defines “inclusion” 

as any discrete particle of any origin, naturally occurring or added by the potter.  Fig. 5.1 

shows a cross-section of a sherd in which white inclusions are visible to the naked eye. 

 



  

 
Figure 5.1 Sherd’s cross-section showing white inclusions. 

 
 
Temper. Whitbread (1991:374) and Stoltman (1991:109) define “temper” as those 

inclusions that, for well-defined reasons, are believed to have been added to the clay by 

the potter. Archaeologists’ recognition of what qualifies as temper has been based, 

mostly, on shape, size, and origin. Angular grains are usually considered the result of 

intentional crushing (Rye 1981:52). Others go much further: Bishop (cited by Whitbread 

1991:374) considered temper any non-plastic material larger than silt.  

Body. The term “body”, as defined by Stoltman (1991:109) includes the clay and 

all other larger mineral particles. Those particles could be naturally occurring - what 

Stoltman calls “sand” - or intentionally added by the potter: “temper”.   

Matrix. All more or less agree that “matrix” contains the continuous phase – fired 

clay - that makes the fine, plastic, clayey part that surrounds the coarser material 

(Whitbread 1991:371).  The upper limit for the grain size of the matrix is usually taken as 

less than 2 microns. However, it is common that ceramic petrographers refer to coarser 

materials as part of the matrix, as when matrix is described as “silty matrix” (Whitbread 

1991:371).   
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Paste. Stoltman (1991:110) uses the term “paste” for that part of the “clay body” 

that is naturally occurring – clay and naturally occurring inclusions of any size. This 

definition contrasts with Shepard’s definition who considers it more as a synonym for the 

geologists term “fabric”, encompassing natural and added inclusions plus the clay part. 

This definition will be used in this study.  

Whitbread, based on soil morphology studies, provides the terms “micromass” 

and “fabric”, which are useful when trying to describe differences not only of the larger 

inclusions but also of the “look” of a thin section. During the analysis of the thin sections 

in this study, I noticed that there was a clear distinction between some of the thin sections 

based not only on inclusions but also on the “look” of the matrix.  

Micromass. The “micromass” (Whitbread 1995:381) is composed of the clay part 

plus all the material that is less than 10 microns.  

Fabric. Ceramic petrographers who use soil morphology terminology prefer the 

use of the term “fabric” to the term “clay body”. Even though many times they are used 

synonymously (Stoltman 1991:109), the terms are not perfectly equivalent, for a “clay 

body” does not consider textural issues such as optical activity, the presence of 

crystallites,  or the relative spatial arrangements of the particles in a thin section.  The 

term “fabric”, on the other hand, considers those distinctions.  

5.2 Sample Selection  

The sherds used in this study were taken from the excavations conducted by Dr. 

Clifford Brown (1999). Brown excavated outside the ceremonial center, in the residential 

area of Mayapán. In the Maya lowlands, residences often occurred in groups that faced a 
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common patio (Brown 1999:132). When a group of residences and other structures were 

enclosed by a boundary wall, we call this arrangement a houselot (also known as a 

“solar”). As stated by Brown, in Mayapán, some contiguous houselots were separated 

from other houselots by walls and open space. Houselots clustered and isolated in such a 

way form what is known as a “cluster”. Dr. Brown excavated in three clusters and one 

separate houselot. The clusters were named Polbox (7 houselots), Chacsinkin 1 (6 

houselots), and Zuytun Cab (10 houselots). The additional houselot is known as 

Chacsinkin 2 houselot.  The excavations yielded more than 25,500 sherds which Brown 

identified to type-variety level.  From this pool, I selected 129 sherds for characterization. 

The sherds mostly came from houselots 130 and 199 of the Chacsinkin 1 cluster. They 

were selected because of the variety of wares identified by Brown in houselots 130 and 

199. 

The sample selection was driven by the variety of wares identified by Brown and 

by the size of the sherd. In petrographic analysis, the preparation of thin sections requires 

that the samples selected for sectioning be at least 1 cm across and 3 cm long. Because 

the sherds recovered in the residential areas were mostly of small size, this requirement 

eliminated many of the sherds from the selection process making impossible a 

statistically random selection.  Fifty one sherds were selected for thin sectioning. Only 38 

(Appendix 4 lists specimens and provenance) were analyzed using the petrographic 

microscope because many of the thin sections were too small for point counting. Six 

more sherds recovered from the ceremonial center by Carlos Peraza Lope were also 

included for comparison purposes. Unfortunately, it was not possible to obtain local clay 
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to analyze, which would have provided a reference as to the type of inclusions on the 

local clays. 

5.3  Petrographic Analysis and X-Ray Diffraction 

Preliminary inspection under the microscope of all the thin sections showed that 

there are similarities among them in relation to their constituents: the coarser aplastics are 

calcareous sediments made of calcite and some dolomite resting in a mostly calcareous 

clay. Ceramics presenting coarse and fine calcareous particles floating in a calcareous 

clay (most probably a marl) present great challenges to ceramic petrographers trying to 

determine whether the coarse pieces were naturally occurring or added as temper by the 

potter.   Those calcareous inclusions could be the result of reworked pieces from the 

adjacent limestone rocks that usually accompany marls. The particles can also be the 

result of “in situ” formation from the calcareous clay, or from a potter’s decision to add 

calcareous particles to the clay. Because of these difficulties, the methodology selected 

here is a descriptive one in which particles are described but no attempt is made to 

discern origins. Interpretations will be done at a later phase. 

The similarity of calcareous particles among the thin sections made very attractive 

Whitbread’s approach of introducing other factors in addition to composition for the 

characterization of the thin sections, for Whitbread’s approach works well when 

composition alone is not very diagnostic. Therefore, not only the inclusions but also the 

textural characteristics were examined. The inclusions were identified and counted. The 

textural characteristics recorded include color under the plane polarized light of the 
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microscope, particle size and form, and optical characteristics such as abundance of 

crystallites and speckled areas in the micromass.  

Not all the characteristics recorded were selected for statistical analysis. For the 

sake of simplicity and clarity, only those variables related to composition and textural 

characteristics that were considered the most diagnostic were included in the 

compositional and textural group formation using the statistical package SSPS (v.12). 

The variables introduced to the statistical package are of two types:  those related to the 

counting of major inclusions – composition - and those related to the characteristics of 

the micromass. 

5.3.1 Petrographic Analysis Process 

The petrographic microscope was used to perform a qualitative assessment (or 

survey) of all the thin sections and to perform a petrographic analysis. Middleton et al. 

(1991) gives examples of how to work with thin sections with the use of statistical 

analysis. He starts with a survey of all the thin sections to assess the presence of attributes 

useful in the characterization and select a small number of those attributes. He 

recommends keeping the number of attributes small, five or less. Following Middleton, 

inventory of the minerals present was conducted to determine the main inclusions and 

main matrix’s textural characteristics.  This assessment was important because it 

provided the list of attributes and variables considered relevant to this research.  

The petrographic analysis of a thin section was a two part process. The first part 

consisted of the measurement of textural attributes - crystallites, speckled, and oxidation 
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degree - which are attributes that belong to the micromass. The second part of the 

petrographic analysis consisted of the point counting of the inclusions. 

The measurement of crystallites and speckled areas was done using the 

petrographic microscope and comparison charts for the visual estimation of percentages 

of content. The one provided by Matthew, Woods, and Oliver (1991) is used here.  The 

color observed under planar light was codified using Table 6.1, in which: 1= white; 

2=buff; 3=reddish; 4= moderately Brown; 5=moderately Gray; 6=dark.  

The next step, point counting, consisted of a petrographic process in which the 

inclusions were identified using their optical characteristics and then counted, requiring 

the use of a microscope with a crosshair and a stage that moves the thin section at fixed 

intervals (usually one half mm or one mm). If the space under the crosshair was empty, it 

was classified as a void (voids, however, as proposed by Stoltman (1989) were not 

included in the calculation of percentages). If the space under the crosshair was occupied 

by clay or by a particle less than 10 microns, it was considered micromass. Coarser 

particles were identified and counted. Nonetheless, individual calcite crystals (usually of 

10 to 20 microns) floating in the micromass were not included in the count because they 

are not present in isolation but accompanied by sparite, indicating that they are the result 

of the breaking down – depletion - of the sparite bundles, and counting them would have 

the effect of double counting, inflating the relative proportion of clear sparite. This 

process was repeated for each thin section.  Fig.5.2 contains a picture of a thin section at 

10-20X magnification under natural light. 

 



  

 
Figure 5.2 Thin section, low magnification (20X), natural light 

 
 
The raw frequencies resulting from point counting the thin sections were 

converted to percentages, following Chayes (1954, 1956:4-15), who in his research on 

the statistical theory behind thin-section point counting, demonstrated that percentages 

give an unbiased estimate not only of the relative composition of the thin-section’s area 

but also of the relative volumetric composition of those particles in a rock.  

The variables selected were divided into two datasets. The first dataset includes 

the textural attributes that describe the micromass plus one type of inclusion that most 

probably also came with the clay, the calcified organic remains of micro fossils.  The 

second dataset includes the variables of composition or percentage abundance of the 

major inclusions.  

The reasons for dividing the data into two datasets are multiple. First, I considered 

that a potter makes two main decisions when preparing the clay: one is the decision 

related to the selection of the clay to use, and the second is the decision of what additives, 
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if any, he or she will use to improve the clay. There is an archaeological advantage when 

we are able to group the types of micromass present in addition to group by bigger 

inclusions: it allows the independent analysis of clay groups and compositional groups, 

which may have different sources. The second reason to divide the data is that most 

statistical packages handle better data of a homogeneous data type, and here we have the 

case that the micromass-only data is ordinal while the compositional data is interval or 

ratio scale.   

5.3.2 X-Ray Diffraction Methodology 

X-ray diffraction (XRD) is used to identify crystalline substances (minerals are 

“crystalline”), mainly in extremely fine-grained substances such as clay (Sen 2001:177).  

Powder XRD is the most widely used x-ray diffraction technique. In powder XRD, the 

mineral or rock is powdered to a fine size and thinly and evenly spread on a glass slide 

(Sen 2001:176).  The idea behind XRD is that when a crystalline substance receives an x-

ray beam, its reflection always produces the same pattern. These patterns are matched 

with known patterns already stored in the instrument, identifying the substance.  

Four sherds were selected for x-ray diffraction. The main goals of this test were, 

first, to corroborate the identification done using the microscope regarding the major 

inclusions, and second, identify the type of clay (which is so finely grained that 

identification cannot be done with the microscope) and other components that might be 

present in the clay. Therefore, I selected four sherds that combined seemed to contain all 

the major inclusions.       
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The Laboratorio de Arqueometría del Occidente (LARQUEOC), Morelia, 

México, kindly performed powder x-ray diffraction on four sherds at no cost, using an x-

ray diffractometer Siemens D500.  In preparation for the analysis, from each sherd a 

small piece was broken, lightly ground, and then divided into two portions. A portion of 

the ground powder was put in a glass container to which water was added.  After repeated 

agitation, the non-clay minerals, if present, were deposited on the bottom while at least a 

small portion of the clay or fine part remained in suspension.  Using a pipette, the fine 

part was then suctioned out from the walls of the container at about 1 cm from the 

bottom, put on a glass slide, and set to dry. From the second portion of the ground 

powder, and using a magnifier and tweezers, the different coarse inclusions were 

separated in order to perform x-ray diffraction per type of coarse inclusion. The 

inclusions observed and separated were of three types: white particle, grey particle, and 

macro crystals. Fig. 5.3 shows an example of a lightly ground piece of sherd showing 

chalky white and gray inclusions as well as clay glomerules. 

 



  

 
Figure 5.3 White and gray inclusions in lightly grounded sherd. 

 

5.4 Classification and Group Formation 

A ceramic compositional group - a group with a common recipe – is formed 

establishing petrographic similarities between thin-sections. This section shows that 

groups formed by petrographic similarities conform to Sackett’s and to art historians’ 

definition of a common style.  

5.4.1 Framework for the Formation of Compositional Groups  

For an art historian, style describes a set of similar but varying attributes in a 

group of artifacts (Davis 1990:29).  The presence of those attributes can only be 

explained by the history of the artifacts because they have a common descent from a 

given production system. For an artifact to belong to that set of similar attributes it has to 
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possess a large number of the total number of attributes in the group and each attribute of 

the group is found in a large number of artifacts. From this follows that no attribute is 

necessary and sufficient to show membership in the group. For an art historian, that the 

attributes are similar but of varying states is a necessary condition of style: “artifacts must 

have been made in the same but for the maker potentially variable way” (Davis 1990:29). 

This definition conforms to what traditionally is considered as petrographic 

similarities between thin-sections.  For example, for one of our specimens - a potsherd 

thin section - to belong to a compositional group it has to have many of the mineral 

inclusions or other attributes (could be textural attributes) of that group. In addition, those 

attributes have to be present in many of the thin sections in that group. This also means 

that a component, a particular mineral for example, could be absent in one sample and 

present in the rest, and that sample still could belong to a given compositional group. 

This definition also states that the values of each set of attributes, belonging to one 

sample, are not necessarily uniform throughout the compositional group because a range 

of variability introduced by each individual artisan is expected. Lastly, there is the 

assumption that the existence of those “similar but varying attributes” that meet these 

conditions is explained “because they have a common descent from a given production 

system”. This framework is the foundation for the generation of mineral compositional 

and textural groups.  

5.4.2 Compositional and Textural Group Formation 

What technique should be used to determine fabric related groups? In an 

inventory of 97 articles reporting archaeological composition of artifacts, Baxter 
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(1994:13) found that cluster analysis has been the most commonly used technique for the 

purpose of defining groups in compositional data. However, it is important to clarify that 

the groups identified by any cluster technique have to be inspected taking into 

consideration the information from the qualitative petrographic analysis. That is, a group 

may be an apparently homogeneous group (a cluster) as defined by the quantitative 

attributes, while some of the thin sections within the group might present different 

qualitative attributes. In such cases, the group is divided according to those attributes.   

For the purpose of group formation (aided by the statistical package), I broke the 

data into two sets:  the textural attributes of the micromass and the compositional 

proportions or percentages of inclusions. Here I will only discuss the variables involved 

in each dataset and the process of group formation, leaving for later, Chapter 6, the 

detailed description of the attributes.   

The textural variables – crystallites, speckled areas and oxidation degree – were 

measured using abundance charts (Matthew, Woods, and Oliver 1991) and the Munsell 

color chart. Therefore, from the start, the values represent a range of possible variation. 

For example, 10% abundance in the abundance chart is, depending on the user of the 

chart, any amount between 10% and the next value 15%. Middleton et al. (1991) gives 

examples of how to work with ranges of variation in thin sections with the use of 

statistical analysis. He sets up scales – bands – of relative abundance. For example, a 

trace value is considered between 0%-2% of abundance to which the score of zero (0) is 

given; a rare value  is considered to be between 2 to 5 % to which a value of One (1) is 

given; a high value  is considered between 30-40% to which the maximum score of 5 is 
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given. These scores he records in a data matrix that is the base of the similarity matrix 

used with cluster analysis to derive groupings in the data. 

Following Middleton et al. (1991),  I set up the following scale for crystallite 

variation: a value of  1 (absent or very-rare crystallites) for absent (0%) to 2% crystallite 

abundance; a value of 2 (very-few)  for 3%-5%; a value of 3 (few) for 6%-10%; a value 

of 4 (common) for 11%-20%;  5 ( frequent ) for 21%-25%; and a value of 6 ( abundant) 

for >25%. A similar scale was created for the speckled areas. Crystallite and speckled 

area abundance were then converted to ordinal values using the scale. The percentage 

abundance obtained for organic remains during point counting was converted into an 

ordinal value using the following scale: 1=0-1%; 2=1-5%; 3=5-10%; 4=10-15%; 5>15%. 

Color under planar light was codified using Table 6.1. The resulting data matrix (Table 

7.2) contains the micromass scaled data that was fed to the statistical package SSPS 

(v.12). As I considered the variables all equally important, no further transformation was 

performed.   

In the case of the compositional data, the raw counts of inclusions and matrix 

from the point counting process were transformed into percentage abundance of coarser 

inclusions and matrix. In contrast to the micromass data, I decided against applying a 

scale to this data that was obtained through point counting, because after applying a 

tentative scale to it and running clustering tests, obvious discrimination among the data 

seemed to be blurred by the scaling.  Appendix 3 contains the data matrix with the thin 

sections and the percentage abundance used for the clustering of the compositional data. 

The matrix’s percentage is excluded because it is a variable that could be derived from 

the other variables.  
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The clustering method used in this research is k-means, a non-hierarchical, 

relocating, and convergent method. In contrast to archaeological studies that may expect 

hierarchical methods to be used, I do not expect a hierarchical structure in petrographic 

data. Instead, as expressed by Baxter (1994:155), in compositional data “the general 

expectation, or hope, seems to be that artifacts of different origin will form externally 

isolated clusters”, therefore “the main purpose is then the definition of boxes within 

which to locate the specimens”.  In the case of compositional data, Baxter (1994:155) 

advocates the use of k-means.  

The use of k-means requires that the number of clusters be known.  To decide 

about the number of clusters, I used Wards method which creates a dendogram from 

which the number of clusters, k, can be determined.  The use of Wards method (using 

squared Euclidean distance (Baxter 1994:156)) in combination with k-means is favored 

by Baxter (1994:147) because both methods amalgamate clusters “on the basis of 

similarity between groups rather than just between a pair of individuals” (Baxter 

1994:146).    

K-means is an algorithm that starts with an initial partition of the data into k 

clusters, taking the first k data units in the specimens as clusters of one member. Then, 

each data unit is used to calculate distances to all the clusters centroids; if the nearest 

centroid is not the parent cluster, the data unit is reassigned and the centroids updated 

taking into consideration the data units lost and gained. This last process is repeated until 

the criteria established for convergence is reached. In this study, the assignment to 

clusters is terminated (convergence criteria met) when the largest change in any cluster is 

less than 2% (I used SSPS default convergence criteria) of the minimal distance between 



  

77 
 

the initial centers, or if the maximum iterations that I established, ten (10), is reached. I 

next ran tests using k-1, k, k+1 as number of clusters to k-means. These tests showed that 

k was indeed a satisfactory number of clusters. They also showed that outliers - 

ceremonial center data as well as two of the residential samples - were better left out of 

the analysis. After the groups were formed, I inspected the results finding that, indeed, 

the groups formed constitute a logical formation when trying to group petrographic data.   

For comparative purposes I also ran a series of tests using hierarchical techniques. 

I found that complete linkage and k-means produced somewhat similar groups. The 

results presented in this thesis correspond to k-means because its tabular SSPS output is 

easier to interpret and provides more information than the complete linkage’s dendogram.  
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Chapter 6

 

 : RELEVANT CHARACTERISTICS     

 
This Chapter presents a detailed description of the attributes considered relevant 

for the determination of groups based on the characterization of the micromass and the 

inclusions. Those attributes are divided into textural and compositional. 

6.1 Textural Characteristics 

The textural characteristics selected for study belong to the micromass - that part 

of the thin section that includes the clay or matrix plus those particles of 10 micros or 

less.  The selected properties are a result of my observation that some areas of the 

micromass present faint optical activity and colors different from the surrounding 

micromass. These areas are known as “speckled areas”. Some of these areas look like 

dissolved calcareous prisms in which only a faint outline of those prisms remains.  In 

addition, some thin sections present small impossible-to-count calcareous crystals less 

than 10 microns in size, a type of small crystals known as crystallites. These types of 

matrix are most probably marls in which, even though there is a high percentage of 

calcareous material, there is also a plastic component, or clay.  I consider a matrix with 

crystallites and a more “clayey” looking matrix as originating from two different sources, 

which indicates different choices made by the potter.   

In summary, the variables selected to help characterize the matrix are the 

abundance of crystallites, the abundance of speckled areas, the abundance of organic 
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remains (all of them are micritized), and the degree of oxidation as indicated by the 

matrix color. A description of those characteristics is presented next, with the exception 

of the organic remains’ which was described earlier as a limestone component.  

6.1.1 Crystallite Degree 

In Mayapán ceramics, some thin sections have very fine and well defined 

calcareous prisms that are less than 10 microns. These very small crystals correspond to 

what Whitbread (1991:383), in his list of attributes useful to characterize a thin section’s 

micromass, defined as small crystallites made of material different from the clay. In the 

case of Mayapán’s thin sections, they present the higher interference colors characteristic 

of calcareous minerals – a bright creamy white in which specks of pastel green and pink 

are sometimes visible. They are usually optically active, showing a faint extinction 

(darkness) on rotation of the thin section. They indicate calcareous clays, and that most 

probably the potter used a marl as source material for the clay.  

A variable was introduced to measure the relative abundance of crystallites. 

Counting was impossible. Instead, the comparison charts for the visual estimation of 

percentages of mineral content proved very useful for an estimation of percentage 

abundance. From the many charts available, I selected the ones provided by Matthew, 

Woods, and Oliver (1991) for they considered the combination of prismatic and rounded 

particles and for the choices of background colors given which result in easier and more 

accurate estimation. The bands of relative abundance scale created for this variable have 

six ordinal values: a value of  1 (absent or very-rare crystallites) for absent (0%) to 2% 

crystallite abundance; a value of 2 (very-few)  for 3%-5%; a value of 3 (few) for 6%-
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10%; a value of 4 (common) for 11%-20%;  5 (frequent ) for 21%-25%; and a value of 6 

(abundant) for >25%. 

6.1.2 Speckled Micromass Degree 

Speckled areas are listed by Whitbread (1991:383) as useful attributes to 

characterize a micromass. A clay speckled area is that area in which the clay components 

are arranged in a parallel manner and then exhibit certain optical behavior.  Whitbread 

(1997:382) uses the terms optically active and inactive to describe that behavior; terms 

that are valid only when the clay is not “opaque”, meaning that light goes through under 

the crossed polarized light of the microscope. The areas show more or less simultaneous 

interference colors (the interference color is an optical characteristic used to help 

distinguish substances under the microscope). An area is recognized by the differences in 

interference colors between the suspected area and the adjacent clay.  

In Mayapán’s micromass, the speckled areas, when observed under the non 

polarized (planar) light of the microscope are not colorless but of pale color, and more 

translucent than the surrounding clay.  The speckled areas’ colors observed under 

polarized light show colors characteristics of calcareous material –bright whites or 

highlighted areas in pale pastel green and pink colors. Some thin sections present usually 

elongated zones of speckled appearance in which could be observed very faint outlines of 

prisms, showing a “dissolved” appearance, with no clear separation between the clay and 

these “speckled” areas. The size of the speckled areas observed ranges from small areas 

of few microns to 50 microns.  When they present the characteristic calcareous colors, 

they are good indication of calcareous clays. 
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That we are able to see these speckled areas is the result of many factors: the 

amount of oxides in the clay, firing temperature, and the arrangement of the sub-

microscopic particles in the clay. The speckled areas are not visible if a clay is opaque 

due to high presence of organic materials or oxides. If the clay is not masked by organic 

materials or by oxides, the clay then lets light through, and interference colors are seen 

under the microscope.  Raw clay with speckled areas will lose those areas as temperature 

rises.  When clay is fired, the degree to which the source material is altered is reflected in 

changes to the optical state of the clay’s speckled areas. If the clay is fired at such 

temperature that it vitrifies it will become opaque and the speckled areas will disappear. 

The clay part of Mayapán’s pottery is not opaque. It is apparent from observation under 

the petrographic microscope that the oxide concretions are low. That the matrix retains 

speckled areas of high birefringence tells us of low firing temperatures. 

An ordinal variable was introduced to measure the relative abundance of speckled 

areas as a percentage of the micromass. Measurement was done using comparison charts 

for the visual estimation of percentages of mineral content. The one provided by 

Matthew, Woods, and Oliver (1991) is used here for the reasons given earlier. The 

relative abundance scale has six ranges: a value of  1 (absent or very-rare) for 0%- 2% 

speckled area abundance; a value of 2 (very-few)  for 3%-5%;  a value of 3 (few) for 6%-

10%; a value of 4 (common) for 11%-20%; 5 ( frequent ) for 21%-25%; and a value of 6 

(abundant) for >25%. 

6.1.3 Oxidation Degree  
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Owen Rye, who extensively studied ancient pottery making, considered that a 

“classification based on color alone is culturally and technologically meaningless because 

pottery from the same tradition, the same potter, the same firing, and even the same 

vessel can vary considerably” (1981:119). However, he also thinks that ceramic color 

could provide useful information when studied together with other attributes.  

The color of pottery is mainly the result of two variables: clay composition and 

firing temperature. Shepard (1963:105) affirms that those two variables vary 

independently; therefore, inferences about one variable alone cannot be drawn unless the 

other is controlled. How does this affect this project? Because in this study it was not 

possible to collect clay at the sources, I did not attempt to cross-reference clay source to a 

specific piece of pottery. Thus, the clay composition variable could not be controlled. In 

addition, the very small size of the Mayapán samples precluded the realization of firing 

tests, which require breaking a piece into as many pieces as the different temperatures to 

be reached. However, I think that even within this research’s limitations color still could 

give useful information because trends on pottery color can give an idea of selections 

made by the potter related to their desired end result - the combined effect of composition 

and firing temperature.  

Potter’s intentions could be studied using fired pottery color. An example is 

Shepard’s observation (1963:82) that even though low fired pottery, such as that 

produced by open fires, did not need all the organic material to be burned off (or total 

oxidation) in order to avoid bloating during vitrification, nevertheless potters still gave 

attention to oxidation because of its effect on pottery color. Therefore, Shepard (1963:82) 

states that it is not unusual in ethnographic work to find that the color of pottery is used 
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as the basis for judging when firing is completed. Shepard (1963:86) and Thompson 

(1958) relate that potters knew that the pottery was hot enough and had attained a 

temperature at which the clay had hardened by its color. That sometimes ancient potters 

were guided by color indicates a working knowledge of the clay’s characteristics, 

including the composition of a given clay. Because of this relation composition/firing-

temperature/pottery-color as a basis for potters to decide when to stop the firing, I 

consider color an important factor indicative of decisions made by the potter.  

Kemp (1985:27) studied the colors of soils (which are unfired) in relation to 

possible composition and observed that grey colors correspond to the natural pigments of 

carbonates and clay minerals as well as the absence of ferric, manganese or organic 

compounds. To Kemp, yellowish brown to orange colors tend to indicate dispersed ferric 

oxides, while dark brown to dark gray tend to indicate organic pigments. Manganese 

compounds, which Kemp invariable associates with ferric compounds, also cause shades 

of brown. From Kemp’s studies we can conclude that the main impurities in raw soils or 

clays are organic material and iron compounds, that unfired clays with organic materials 

usually present black or brown colors, dispersed iron compounds give colors ranging 

from buff to reds and reddish browns, and carbonates or clays give light gray or gray 

colors in the absence of oxides and organics.    

What changes in color result when the raw clay used to form a pot is fired? We 

cannot make predictions about color changes without a carefully controlled set of 

variables, but there are some generalizations that allow us to surmise. When pottery is 

fired in an environment with enough oxygen, and if there are organic materials in the 

clay, the carbon in them combines with the oxygen (oxidation) forming carbon monoxide 



  

84 
 

or dioxide, a gas that escapes from the clay.  As the carbonaceous material is burned off 

and the gas escapes, the color of the clay becomes lighter.  The burning off of organic 

material starts as low as 255ºC (Shepard 1963:21) but it is not all burned off until about 

900ºC, which is at the very high end for the temperatures reached in open fires. 

Regarding the color of fired pottery, Shepard (1963:16) listed some 

generalizations that help to point to broad clay groups. One of those generalizations is 

that white pottery could not have been made from colored clay and that it only could be 

produced from white, or gray or black clay due to the presence of organic material. A 

white pottery was made of clay that was free of oxides, which she considers a rare 

occurrence (1963:107). Buff colors are not obtained from dark-colored clays and that 

gray or black pottery may result from carbonaceous clay among other reasons.  Shepard 

(1963:104) also adds that under oxidation and low temperatures iron compounds do not 

suffer drastic changes: hematite, or any type of ferric oxide, is reddish in raw clay and 

remains unchanged after firing. Yellow or brownish limonite and related hydrous ferric 

oxides change to reddish ferric oxides at low temperature, thus yellow or yellow ochre 

color is never due to those oxides (Shepard 1963:104). Sheppard concludes that fully 

oxidized iron-bearing clay fired at low temperature presents reddish ferric oxide as a 

normal form of iron. In summary, iron-bearing minerals and organic materials both affect 

the final colors, and depending on which one dominates one can mask the other. 

In this study, each sherd’s color was observed under the non-polarized (planar) 

light of the microscope, the color recorded, and given an ordinal score. This ordinal score 

basically measured the level of oxidation experienced by the pot when fired. Table 6.1 

presents the oxidation degree scale used. 
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 Table 6.1 Oxidation Degree Scale 

 
Va
lue  

Category  Munsell Colors (fired) Munsell Color Description 

1 Whites  
 

5YR, 7.5YR, 10YR Whites 
(value 7/8;  chroma 1-2) 

White: white, pinkish white 

2 Buff   
 

2.5Y, 10YR Buffs colors  
(values 7, 8; chromas 3,4,6,8) 
 

Buff: very pale brown, yellow, 
yellowish brown, brownish 
yellow. 

3 Reds  
 

5YR, 7.5YR, 10YR Reddish 
colors (values >4; chroma >3 

Reddish: reddish brown, red, 
reddish yellow 

4 Moderately
oxidized 
Browns 

10YR, 2.5Y Moderate browns 
(values 5-7; chroma 3,4,6,8);  
Olives; 
7.5YR (values5,6; chroma 3,4) 

Browns include brown and 
pale brown.  

5 Moderately
oxi. Grays 

Moderate Grays (values 6; 
chroma 1-2) 

Grays include   gray, brownish 
gray 

6 Poorly 
oxidized 

10 YR to 5Y Blacks and very 
darks grays (values 1-4; chroma 
1,2,3,4) 

Very dark grays, browns, and 
black. Dark grays include dark 

 

6.2 Main Inclusions 

Inspection of the thin sections under the microscope shows that the main 

inclusions found are bundles and masses of calcite crystals and some dolomite. Dolomite 

and calcite are both carbonates with similar crystalline structures and optical 

characteristics under the microscope. The similarity of the optical properties of calcite 

and dolomite makes their distinction unreliable using the petrographic microscope alone. 

The differentiation requires tinting with a dye called alizaring red that dyes calcite red but 

not dolomite. Due to the calcareous nature of Mayapán sherds, tinting with red makes it 

difficult to detect the optical and textural characteristics required for this research and the 

differentiation of micritic inclusions from the calcareous matrix, thus making the thin 
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section almost useless for the purposes of this research. Therefore, I used alizarin red 

sparingly in some areas of a few thin sections just to help me identify some particles.   

For the classification of the calcareous crystals and masses observed under the 

microscope, I used Folk’s classification (Greensmith 1989:105; Scoffin 1987:8) of 

limestone, which groups by textural characteristics. Because dolomite is present in 

limestones, dolomitic limestones, calcitic dolomite, and dolostones with textural 

characteristic undistinguishable from calcite in hand specimen, Folk’s classification 

applies to dolomite.  This, together with the fact that not all the thin sections were tinted, 

implies that the petrographic analysis did not differentiate dolomite from calcite and that 

any dolomite present was classified and counted as calcite. 

Folk classifies limestone into one of three main groupings: micrite, spar or sparite, 

and discrete grains. Micrite and sparite are textural classifications that refer to the 

predominant crystal size present in the rock, while discrete carbonate grains encompass 

the whole variety of calcareous entities such as shells or peloids that may be present in 

sediment. Preliminary inspection under the microscope of all the thin sections showed 

that Folk’s classification of limestone perfectly described the main inclusions found in 

Mayapán - micrite, sparite, and discrete carbonate grains. I divided those categories 

further into subcategories. The observed subcategories of micrite are chalky-white 

micrite and gray micrite. The subcategories of sparite are clear sparite and a micrite-

coated sparite. The main discrete carbonate grains found were micritized (calcified) 

organic remains and peloids. Other non carbonaceous inclusions, such iron concretions 

and silicates, were not present in amounts significant enough to fall consistently under the 

crosshair of the microscope.   
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The following sections contain the detailed descriptions of the types of grains 

observed in the thin sections - micrite, sparite, and discrete grains - as well as the 

subcategories I created for this research.  

6.2.1 Micrite  

Micrite (short for microcrystalline) refers to aggregates of calcite crystals in 

which each crystal has a size, on its longest axis, between 0.001 mm (1 micrometer or 

micron)  and 0.004 mm (4 microns) (Scoffin 1987:122). Unlike clay size crystals, a tiny 

four micron spec of a crystal can still be seen with the petrographic microscope, but its 

optical characteristics cannot be resolved. Depending on crystal size, the appearance of 

micrite under the microscope ranges from almost homogeneous for the finer grain size 

(under 2 microns ) to finely granular (and many times speckled) for the coarser range of 

grain  size (2 to 4 microns), which some writers call cryptocrystalline.  

 Micrite can be present in large masses or in discrete calcareous aggregates. When 

present in mass, it is the principal component of rocks referred as limestones, calcite 

mudstones, and of a type of rock that is known as micrite (Greensmith 1989:105). Micrite 

is usually formed by a process of micritization in which the margins of carbonate grains, 

such as the ones that form some marine skeletal remains, are replaced by another type of 

very fine grained carbonate or micrite (Adams 1998:186). Micrite may show relicts of the 

original skeletal structure. However, continue abrasion and re-crystallization can produce 

grains that are unrecognizable as altered mollusks, fecal pellets, etc. This process of 

micritization is also the one that transforms and compacts lime mud (marine skeletal 
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remains disintegrated to mud-size particles but not lithified yet) into the rocks known as 

micrite and limestone (Scoffin 1987:122).  

There are two main types of micrite found in this study. Under natural light, one 

looks chalky white and the other looks gray. 

 

Chalky-white micrite 

Chalky-white micrite looks chalky and white under natural light( Figure 6.1). 

Under the polarized light of the microscope, chalky white limestone lets light pass 

through, looking translucent to semi-translucent.  Some of the grain’s areas may be 

denser and look opaque, but it is sufficient that light goes through in some of the areas for 

the grain to look white under natural light. They are often in the coarser size range of 

micrite (2-4 microns), appearing under the microscope to have finely granular texture, 

with a non homogeneous appearance due to visible tiny specks.  

Micrite is found in masses forming the rock usually called limestone or forming 

glomerulus in the form locally known as “sascab”. White-chalky micrite corresponds to 

Shepard and Smith’s description of “cryptocrystalline” calcite (1971:(1)269). Smith 

explains that present day potters obtain this not from the limestone rock but from 

“sascab”.   

Plane polarized light. Under the planar light of the microscope, this type of 

micrite looks translucent, not clear, with some light passing through, mainly when 

viewed at high magnification (400X). It is not colorless but light gray or light brown 

usually with a pinkish tint. 
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Crossed polarized light. Under crossed polars it is mostly a light bluish gray 

(Gley N7 in the Munsell Color Chart) or pinkish light brown, with light passing through. 

An opaque center is typical of many grains. Many times grains have a speckled 

appearance that at high magnification (400X) shows the characteristic high birefringence 

pastel colors of calcite. Extinction: The micro crystals of micrite from limestones (in 

contrast to some micritic skeletal remains), are usually not oriented in the same direction. 

Thus, micrite fragments do not show unified extinction.  

Natural light (10X). Chalky-white micrite is opaque and white with a friable, 

chalky texture.  

 

Gray Limestone  

Some of the micrite found in the thin sections looks gray under natural light. 

There are two types of gray limestone:  chalky-friable and indurated. 

Some fragments look chalky-gray under natural light. Under the polarizing 

microscope, chalky-gray micrite appears almost homogeneous, with no speckles, mostly 

opaque where almost no light passes through.  The main difference from the semi-

translucent (under the microscope) chalky-white micrite is the level of translucency or 

“opaqueness”. High levels of opaqueness are related to higher levels of micritization, 

with crystal sizes approaching clay size, resulting from a more complete alteration of the 

original grain structure.  

Some of the fragments found in the sample sherds are rounded to sub-rounded 

indurate calcareous bodies that are dark to very dark gray and that are probably peloidic 

in nature (see section about peloids below). Testing with cold hydrochloric acid shows 
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that they are made of calcite, having a bituminous center which indicates an organic 

origin.  

The characteristics that gray micrite impart to a pot as opposed to white micrite 

are not well documented.  We may look at Shoval’s experiments (1993) on the effects of 

calcite’s grain size on the speed of conversion to lime for a possible explanation that may 

indicate the reasons for the  preference of gray limestone over the white one for unslipped 

jars, thought to be cooking pots, in places like Uxmal and Chichén Itzá. As mentioned 

earlier, Shoval proved that there is a correspondence between higher surface area and 

conversion to the detrimental lime which could re-hydrate, expanding and destroying the 

pot. Indurate gray limestone with its high level of compactness may reduce significantly 

the fragment’s surface area, delaying conversion to lime. 

Plane polarized light. Color ranges from light to medium dull gray; also from pale 

brown color to brown. 

Crossed polarized light. On the Munsell color chart, the colors include pale 

brown, gray, light brownish gray, and the ones called light gray in 5YR, 7.5YR, 10YR, 

and 2.5YR which have a touch of brown. They are mostly opaque with almost no light 

passing throughout. The higher level of micritization confers upon these grains with 

almost homogeneous appearance. Extintion: Distinct from chalky-white micrite in which 

some micritic skeletal remains show extinction, these almost opaque grains never show 

extinction. 

Natural light (10X).  Under sunlight, they look gray to dark gray and from chalky 

to indurated  in texture.  

6.2.2 Sparite 
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Sparite, spar, or sparry refer to a mass or bundle of calcite crystals that are at least 

0.01 mm (10 microns) in size (J.T. Greeensmith 1989:106), and if the crystals are large 

they can  reach 1 mm. Each prism is then coarser than a micrite crystal, which ranges 

from 1 to 4 microns (0.001-0.004 mm). These bundles of calcite crystals are sometimes 

referred as saccharoidal or sucrose calcite because under the magnification they have the 

appearance of a sugar lump.  

Under natural light and low magnification (10X), sparite has a different texture 

from chalky-white micrite, looking “cemented” together giving the impression of a 

translucent or semi-translucent single crystal; however, it break downs into the individual 

crystals with some grinding. 

In the samples analyzed from Mayapán, sparite was found forming two types of 

aggregates. One is a bundle of clear sparite crystals. The second type is a bundle of 

sparite enveloped in a coat of finer, almost homogeneous, micrite.  

 

Clear Sparite  

The size of each prism in Mayapán’s bundles of clear sparite ranges between 10 

(0.01 mm) and 40 microns (0.04 mm), and judging by its abundance in Mayapán’s 

sherds, sparite was easy to obtain by the potters. Ancient Mayapán potters may have 

found sparite where it usually originates, as a cement filling rock pores and interstices; 

however, it can also be found in masses for López Ramos (1975:266) in his description of 

the surface geology of Yucatán tells us that “along the Mérida-Chichén Itzá railroad and 

near the towns of Libre Unión, Chumbec, and San Isidro there are massive white 

saccharoidal limestones”.  
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As mentioned earlier, ancient potters in many parts of the world recognized the 

beneficial effect of mono-crystalline calcite on cooking pots. Its large crystal size allows 

for the use of calcite with minimum conversion to lime (Shoval 1993).  Sparite 

(saccharoidal), with its intermediate grain size, is next best choice.   

Plane-polarized light. Under plane-polarized light, we can observe the outline of 

the rhombohedral prisms that form each sparite bundle. Each prism is colorless or light 

grey, and some show the characteristic pink or pastel colors of calcite. 

Crossed-polarized light. Mayapán’s sparite forms fined grained aggregates in 

which each grain size ranges from 10 to 40 microns. The single crystals are easily 

differentiated. Characteristic pinks and greens colors could be seen, but not always. 

Extinction: Distinct from mono-crystalline calcite (described later), the sparite bundles of 

calcite do not extinguish at once, probably because the individual crystals are not oriented 

in the same direction. In addition, no extinction was observed in the individual crystals. 

Natural light (10X).  The size of the individual crystals determines the appearance 

under sunlight and low magnification (10X). When the crystals are small, the sparite 

bundles resemble more microcrystalline calcite, while a bundle of compacted larger 

crystals look more continuous and translucent or semi-translucent, giving the impression 

of being mono-crystalline.  When the spar bunch is intact, it can be detected 

macroscopically because it has a different appearance from chalky calcite. It is almost 

clear to translucent or even whitish (Figures 6.1 and 6.2).  Even though inferior to mono-

crystalline calcite, sparite has a satisfactory thermal shock resistance.  This, and its easy 

of procurement in relation to clear calcite, makes clear sparite-calcite a good candidate 

for the use in cooking pots.  



  

The fact that mono-crystalline calcite sometimes looks semi-translucent or even 

whitish can make it sometimes hard to differentiate from sparite at low magnification.  At 

high magnification the individual crystals that make up the sparite bundle are evident. 

 

 
Figure 6.1 Top: chalky-white micrite grain; bottom: semi-translucent piece of sparite  

 

 
Figure 6.2 Top: semi-translucent compacted sparite ; Bottom :whitish  sparite 
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Micrite-coated sparite 

Some sparite bundles are coated with fine micrite.  Through this coating the 

calcite crystals or sparite are still visible due to “erosion” or “holes” on the coat. Under 

high magnification of the polarizing microscope they look like lumps of sugar enveloped 

in a coat of confectioner’s sugar. I classified them as “micrite-coated sparite”. The 

differentiation from plain sparite aggregates is due to the possibility that a micritic 

coating may be the result of a weathering process. A possible explanation for the origin 

of this type of coated grain is that they originated from skeletal grains (which many times 

are infilled with sparite) or from reworked adjacent saccharoidal rocks in which exposure 

to the elements micritized the grain’s exterior.  

Coated sparite found in the Mayapan ceramics is probably sascab produced by the 

weathering and reworking of nearby rocks made of saccharoidal calcite. Depending on 

the level of outside micritization, coated sparite may look semi-translucent or it may look 

very chalky. In advanced micritization it looks like chalky-white calcite.  At the other end 

of the range of micritization, when micritization is low, it is whitish, semi-translucent, 

with the smoother texture of clear sparite. In this case, and depending also on the level of 

“cementation”, it may look like a semi-translucent stone, somewhat similar in 

translucency to clear sparite.  A clear advantage of the use of this type of calcite is that it 

is naturally procured as small individual bundles, making grinding unnecessary.  

This last advantageous property makes me think that micrite-coated sparite is the 

same substance called “cuut” that Thompson (1958:71), in his ethnographic work, 

explains was used as temper in Yucatán pottery, and that he describes as a type of 

compact fine-grained variety of sascab. He also thinks that sascab (the cryptocrystalline 
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type, or what I call chalky-white micrite) and hi’ (clear mono-crystalline calcite) are 

usually ground but that it is doubtful that “cuut” is ever ground before use. That the 

micritic coat remains intact in the observed grains seems to corroborate the idea that 

micrite-coated sparite was not ground but used as found.  

Planar-polarized light. A very fine grained micrite surrounds each bundle, 

appearing opaque and homogeneous. However, the bundles have small areas with no 

surface micrite throughout which the rhombohedral, colorless sparite prisms forming the 

bundle can be observed.  

Crossed-polarized light. Under the microscope, a micrite-coated spar bundle is 

recognized by the micrite’s “eroded” areas through which prisms show. There are many 

variations of this type of grain. Some grains, as in Sample #70, have a very micritized 

dark gray exterior, showing linear “fractures” in the micrite envelope through which 

microspar is visible and some light goes through. Because of these fractures that let the 

light pass through, the grain looks white under natural light. Another variation also found 

in sample #70 is a sparite patch covered with micrite at the center of the grain while 

edges are of clear spar, resembling a hill covered at the top with micrite “snow” and a 

“foothill” of prismatic rocks.  I found an instance in sample #72 in which micritization is 

so advanced and the micrite envelope is so dark gray that even though it has an eroded 

area through which prisms can be seen, the grain looks pale gray under natural light.  

Natural light (10X). Usually, each fragment looks white and opaque but the level 

of opaqueness varies with micritization.  Unlike clear sparite, usually it does not have a 

smooth appearance, presenting some porosity.  
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6.2.3 Mono-crystalline calcite  

Mono-crystalline calcite refers to transparent (clear) or sometimes translucent 

variations of calcite that when observed under the microscope look like one crystal unit. 

Under natural light, mono-crystal calcite presents a continuous, smooth surface. It is 

mainly translucent (Figure 6.3 and 6.4), but it can also be semi-translucent, even 

porcelain-like with a grayish or whitish tint (Figure 6.4). Inspection with the 

microscope’s polarized light reveals multiple variations. Some present a smooth 

porcelain-like surface with high creamy white interference colors in which no cleavage is 

observed. In others, the surface is bumpy with the melt, flowing, or pumice appearance of 

a stressed calcite showing extreme colors. And then, there are others, showing clear 

rhombohedral cleavage in two planes and some even showing twining. Micritization 

affects many of the latter fragments making them to look whitish and somewhat opaque 

under natural light. All these variations on the crystal structure observed under the 

microscope may indicate that we are dealing with multiple varieties of “clear” calcite that 

may correspond to multiple sources.   

Even though clear calcite was commonly used in Yucatán during the final stages 

of the Classic and during the Early Postclassic, during Mayapán’s Late Postclassic it is 

not found as frequently. In his study of the pottery of Mayapán, Smith (1971) did not 

report its existence. It was Brown (1999:350) who first reported the presence of clear 

calcite in Mayapán.  

Plane polarized light. This rock fragments look colorless under planar non 

polarized light. Fragments with micrite around them have a pale brown color.   



  

Under crossed polars.  There are various textures represented. Some sherds 

contain fragments that show a continuous surface in which no cleavage is observed; 

others present rhombohedral cleavage with or without very bumpy ridges, white or low 

gray colors, usually showing characteristic calcareous colors along surface irregularities; 

and others are homogeneously speckled single crystals. Some are dark gray, perhaps due 

to their orientation.  Tinting with alizarin shows they are made of calcite; the more 

pristine, the deeper the red. Extintion. The fragments are one optical piece that goes 

extinct at once or in big sectors. 

Natural light (10X). They show a continuous, smooth surface. They are 

transparent (clear), or translucent. They can also be semi-translucent, even porcelain-like 

with a grayish or whitish tint. 

 

  
Figure 6.3 Clear mono-crystalline calcite fragment (20x) 
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Figure 6.4 Top: porcelainous mono-crystal calcite; Bottom: clear mono-crystals (20x). 

 

6.2.4 Dolomite  

Also present in Mayapán samples is a mineral called dolomite. Dolomites, mostly, 

form from calcite, which could undergo replacement of some of its calcium for 

magnesium and iron, creating dolomite and variations of it such as ferroan dolomite. 

Therefore, calcite and dolomite are many times found together in limestone, dolomitic 

limestones, and in a rock called dolostone or simply dolomite (Nesse 1986:144).  

Dolomite crystals are most commonly found in prismatic mono-crystalline form and in 

sparite bundles.  

Nesse (1986:138-144) considers that it is difficult to distinguish calcite from 

dolomite in hand specimens and under the microscope. In hand specimens, calcite is 

mostly colorless but it can also be white, and sometimes it may have some color due to 

Fe, or Mg that may be present. Dolomite is usually colorless or brownish due to minerals 
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present.  Dolomite and calcite are both carbonates with similar crystalline structure and 

optical characteristics under the microscope.  

Dolomite textural forms found in this research are mono-crystalline, sparite, and 

micrite-coated sparite. The description and optical characteristics of dolomite textural 

varieties coincide with the ones for calcite given earlier in this document.   

6.2.5 Discrete carbonate aggregates 

 The last of Folk’s groups is formed by those rocks in which there is a 

predominance of  discrete carbonate aggregate or entities “floating” in a structureless 

calcareous matrix, made of micrite, or less often sparite.  

Skeletal Remains 

In this study, I classified points as skeletal only when part of the original structure 

- a relic or a cast – is still observed. The sherds present skeletal remains in various stages 

of micritization and sparite infilling, but not as intact remains. When these remains have 

spar that is coarsely grained, they look translucent to the eye.  When they have micrite or 

fine sparite, they look like limestone. Figure 6.5 shows an example of micritized shells. 

 
Figure 6.5 Micritized shells 
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Peloids 

A peloid “is a more or less rounded grain of homogeneous micrite (clay-size 

calcareous material)” (Adams and MacKenzie 1998:23), hard (indurated), difficult to 

crush, and of a color ranging from dark gray to black under natural light. In thin sections , 

under the microscope, because of the fine grained micrite, these grains look dark, opaque, 

mottled to totally homogenous (Figure 6.6). Their origin is varied. Many marine 

organisms excrete calcium carbonate with their waste products -fecal pellets- which 

harden or lithify, and which consist of very fine microcrystalline (micrite) calcite (Scoffin 

1987:56). But not all dark rounded microcrystalline bodies are of fecal origin.  

In particular, the dark, hard bodies in Mayapán samples lack an internal aggregate 

structure, making it impossible to know whether they are of fecal origin. They also could 

be from finely micritized and indurated grains, calcified algae, cements formed with 

microbial involvement, or simple rounded fragments of carbonate mud. Scoffin (1987:57) 

asserts that peloidal micrites, differentiated from fecal pellets by their lack of 

microscopically recognizable aggregate structure, are very common in the sedimentary 

rocks.  

  
Figure 6.6 Opaque, indurated peloids (20X). 
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 In order to determine the mineralogical composition of these dark bodies, I 

performed tests with cold hydrochloric acid showing that they are made of calcite.  The 

residual bituminous substance that was left after the acid dissolved the calcite shows that 

the core is of organic material. 

Plane-Polarized light. Peloids are hard, rounded or subrounded, opaque, gray or 

dark gray. 

Crossed-Polarized light. Peloids are opaque, very dark brown to black (10YR low 

values   4/2, 4/3, 3/2 to 3/6 in the Munsell color chart). 

Natural ligh (10X).  Peloids are rounded or subrounded, hard, and of very dark 

blue gray.  
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Chapter 7

 

 : RESULTS AND DISCUSSION 

 
This section compiles the results of the three main analyses performed in this 

research: x-ray diffraction of four samples, petrographic analysis of the micromass, and 

petrographic analysis of the major coarser inclusions.  

7.1 Micromass and Inclusions : X-Ray Diffraction Results 

Four sherds were selected for x-ray diffraction tests. One set of tests was 

performed on the micromass and another set of tests on the white, gray and clear coarser 

inclusions.  

7.1.1 Results  

X-ray diffraction (XRD) revealed that halite (salt or NaCl) and palygorskite are 

common in the micromass, while the coarse inclusions are made of calcite and ferroan 

dolomite. Table 7.1 contains a summary of the XRD results. The x-ray diffraction output 

of each Test# in Table 7.1 is found in Appendix 6.  

Table 7.1  X-Ray Diffraction Results 
Analyzed Portion or Grains 
(appearance at 20X)  

Sample 
(*)  

Test # 
(**) 

Minerals Found 

Micromass # 60 Mayap-60 Calcite , Palygorskite 
Micromass #133 May-133F Halite, Palygorskite   
Micromass #82 May-82F Halite , Calcite, Palygorskite  
Micromass #15 May-15F Halite , Calcite, Palygorskite  
Clear prismatic particle # 60 May-60A Calcite   
Micrite coated sparite particles #60 May-60B Calcite , Ferroan dolomite 
White chalky and sparite #133 May-133B Calcite, Ferroan dolomite 
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particles 
Micrite-coated sparite particles #15 May-15B Calcite 
White, chalky particles #59 May-59B Calcite 
Gray, chalky particles #60 May-60G Calcite , Ferroan dolomite 
Gray particles #133 May-133G Calcite 
Gray, chalky particles #15 May-15G Calcite 
(*) #60=Calcite-temp-Unslipped Variety; #133=Tecoh(ceremonial center); #82=Yacman;  #15=Yacman; 
#59 = Calcite-temp-Unslipped. (**) The XRD output for each test # is presented in Appendix 6. The tests 
names in Table 7.1 correspond to the test names found in each one of the XRD results. 
 
 
Palygorskite 

 The micromass’ x-ray diffraction shows that the clay present in the sherds is 

palygorskite, (Mg,Al)5(Si,AL)8O20(OH)28H2O, having been found in all four analyzed 

sherds. Palygorskite (formerly known as attapulgite) is described as a fibrous, white, 

gray, or brownish gray clay that forms in “veins and cavities in altered or weathered 

carbonate rocks and mafic igneous rocks” (Nesse 1986:235).  Figure 7.1 (40X, non-

polarized light) shows fibrous and needle-like palygorskite filaments (Appendix 7 

contains additional photos belonging to samples 60 and 82).   



  

 

     
Figure 7.1 Fibrous, needle-like palygorskite filaments (sample #60).   

 

Figure 7.2 presents an instance of the results given by the micromass’ x-ray 

diffraction of sample #82 (Test # May-82F), showing that in this particular sample halite 

(highest, in green color), palygorskite (second highest, in red), and calcite are present. 
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 Figure 7.2 Sample 82, micromass’ x-ray diffraction     
 

Halite 

 Figure 7.2 shows that halite (NaCl), commonly known as salt, is present. Salt was 

found in three of the four micromasses. Salt was not found in the thin sections during the 

petrographic analysis because the preparation of a thin-section involves polishing and 

washing, and salt is highly soluble in water (Nesse 1986:119).  Figure 7.3 shows sample 

133’s micromass presenting salt’s characteristic cubic or rectangular lattice.  
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  Figure 7.3 Halite (salt) at 40X  in sample 133’s  micromass 

 

Calcite 

 X-ray diffraction showed that calcite (CaCO3) is present in many forms – in the 

micromass, as clear crystals, as sparite bundles, and as white and gray chalky particles.  

 

Dolomite 

 Ferroan dolomite, Ca(Mg,Fe)(CO3)2,  a type of dolomite in which iron has 

replaced some of the calcium, is also present in the forms of sparite, micrite-coated, and 

coarse mono-crystals. Figure 7.4 shows the XRD results of Test # May-133B (Table 7.1) 

of chalky-white and sparite coarser inclusions.  The results clearly show the presence of 

ferroan dolomite and calcite. 
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Figure 7.4 Sample  133  x-ray diffraction of white inclusions. 
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7.1.2 Discussion: Palygorskite 

The consistent presence of palygorskite in the four analyzed sherds is significant 

because there are not many proven instances in which palygorskite have been found in 

Yucatán’s archaeological material (Arnold 2005). On the other hand, palygorskite has 

been found in various regions of Yucatán (Isphording 1984, Morales Valderrama 

(2005:123), Arnold 2005). For example, Isphording’ study (1984) of the clays of Yucatán 

shows that kaolinite, montmorillonite, and palygorskite-sepiolite clays are found in the 

northern areas (1984:65-67). Isphordine describes Yucatán’s palygorskite as white to tan 

in color, found in lenses of size ranging “from a few millimeters to over one meter in 

thickness and do not contain any macroscopic detrital components” (1984:65-67).  
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The results of the x-ray diffraction conducted for this research in which 

palygorskite was consistently found in the finely grained portion (clay) of all four 

analyzed sherds indicate that palygorskite was used by ancient potters and that, in 

Mayapán, palygorskite most probably was not used as temper but as pottery clay. 

Arnold’s ethnographic work (1979,2005) in the areas of Ticul and Sacalum indicates that 

the use of palygorskite by modern potters in that region is mostly restricted to tempering. 

Results from Ticul contrast with Morales Valderrama’s ethnographic work (2005:123) in 

which she makes an important observation regarding the clay preferences of Mama 

potters. In the town of Mama, she says, the artisans use two types of clays, el k’an k’at o 

yellow clay to build large pieces and chak k’at, or red clay used for smaller pieces. 

Mineralogical analysis (Morales Valderrama 2005:122; Fig.2, reproduced in Appendix 8 

for easier reference) shows that those clays are made of palygorskite. In addition, 

Morales Valderrama’s comments show that, in Mama, palygorskite is used not as temper 

but as clay for the construction of pots and that palygorskite has the necessary plasticity 

and strength for the construction of pots.  

The presence of palygorskite in Mayapán sherds does not preclude the existence 

of other clays, for only a small number of specimens were analyzed and not all the 

varieties were included in this small number, in particular the Mama variety. In addition, 

even though XRD showed that palygorskite was the only clay present in the micromass 

of the four analyzed specimens, there is still the possibility that other clays were present 

in the unfired pots. Because x-ray diffraction technique only detects crystalline structures, 

the absence of other types of clays does not preclude their existence in the pre-fired clay, 

for clay’s crystalline structure may be lost with firing (Shepard 1963:21).  The 



  

109 
 

temperatures at which the crystal structure change takes place differ depending on the 

clay’s composition. Shepard (1963:20) presents the example of kaolin clays in which the 

clay’s crystal lattice is destroyed at low temperatures, with most of it destroyed at about 

600ºC. However, Dr. Jasinto Robles (Laboratorio de Arqueometría del Occidente 

(LARQUEOC), personal communication) states that, if kaolinite were present, traces of it 

should be detectable by XRD.  Montmorillonite, another type of clay, has its crystalline 

lattice destroyed starting at about 600ºC and being fully destroyed at about 900ºC.   

Regarding the sources of palygorskite used in Mayapán, Morales Valderrama 

(Appendix 8) provides mineralogical analysis of various substances used by present day 

Yucatecan potters in various areas.  She shows that, in addition to the palygorskite 

sources reported by Arnold (1971, 2005) close to Ticul and Sacalum, there are possible 

palygorskite mines in Uayma, Mama, and Yaxcabá. Therefore, the palygorskite used by 

Mayapán potters could have been obtained at the Mama or Sacalum mines, for they are 

equally close to Mayapán (about 20 km).  

7.1.3 Discussion: Salt 

The presence of salt is an important finding in this study because it has a 

beneficial effect during the firing of calcite tempered pottery.  As noted in previous 

sections, salt increases the temperature at which calcite changes into lime, reducing the 

chances of this undesirable transformation. How does salt end up in the clay?  Even 

though Mayapán is located inland, far removed from the Gulf of Mexico’s salt beds, it is 

possible that salt used in Mayapán originated at the coast, because as was mentioned 

earlier, ethno-historical accounts tell us of salt being transported throughout the Yucatán 
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Península. A second possibility is the existence of inland salt beds. However, López 

Rendón (1975:265) in his summary of the geology of Yucatán states that there are no 

known evaporite deposits that out crop on Yucatán’s surface.  And lastly, Mayapán’s clay 

could be naturally high in salt content, for salt can naturally occur in marine deposits in 

association with clay, calcite, dolomite, gypsum, and other materials (Nesse 1986:119). 

Nonetheless, the abundant and consistent presence of salt in Mayapán pottery 

opens the possibilities that it was deliberately employed to increase the firing range and 

avoid the undesirable byproduct – lime- when using calcite, or that potters discriminated 

between clays selecting salty ones. Research that compares chemical analysis of 

micromass at other sites of the same region is useful to determine the extent of this 

practice. Salt on the clay reduces the number of mistakes caused by spalling and 

weakening of pots. Research that relates the presence of salt and mistakes is also useful. 

A more effective firing with fewer mistakes reduces production costs and makes the pots 

more cost-competitive, durable, and aesthetically pleasant.  

7.2  Micromass: Petrographic Analysis   

 This section contains results and a discussion of the groups formed when 

considering the micromass’s attributes (abundance of crystallites, speckled areas, and 

oxidation degree) plus skeletal remains embedded in the micromass.  Each thin section 

was examined with the microscope, and ordinal values were assigned that corresponded 

to the relative abundance of crystallites, speckled areas, oxidation degree, and skeletal 

remains. Table 7.2 contains the resulting data matrix that was fed to the statistical 

package.  
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Table 7.2 Micromass Data into the Statistical Package  
 
Sample# Crystallite(1) Speckled(2) Oxidation(3)

 
Organics(4) 

 

1 1 4 3 1  
6 1 3 4 1  

10 1 6 3 3  
15 2 4 3 1  
16 3 3 3 3  
17 1 1 4 1  
18 1 3 3 1  
22 1 4 3 4  
25 3 4 2 4  
29 1 2 5 5  
32 1 4 2 3  
38 1 3 1 2  
43 1 4 4 1  
44 1 1 4 1  
46 1 2 1 4  
56 1 1 4 1  
62 1 1 4 1  
64 1 1 1 2  
65 1 1 4 1  
66 1 1 4 1  
70 1 2 4 1  
72 1 3 1 1  
27 3 5 3 3  
39 1 2 4 1  
53 1 3 4 2  
60 1 4 4 1  
2 6 5 3 1  

35 3 4 1 1  
68 1 1 4 1  
82 1 1 4 1  

127 2 6 4 1  
76 3 4 3 1  
78 1 2 3 1  
79 2 5 2 1  
80 1 6 1 1  
88 1 1 4 1  
85 1 3 2 1  

129 3 6 3 1  
 

(1) 1=0-2%; 2=3-5%; 3=6-10; 4=11-20%;  5=21-25%; 6= >25% 
(2) 1=0-2%; 2=3-5%; 3=6-10; 4=11-20%;  5=21-25%; 6= >25% 
(3) 1=white; 2=buff; 3=reddish; 4= moderately Brown; 5=moderately Gray; 6=dark 
(4) 1=0-1%; 2=1-5%; 3=5-10%; 4=10-15%; 5>15% 
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Summarizing the findings we can say that in Mayapán most clays were 

calcareous, sourced probably at nearby marls. We can also say that based on the groups 

formed by cluster analysis (Table 7.3) and suspected impurities (Table 7.4) there were at 

least seven types of clays in Mayapán. Regarding clays and wares, Kukula variety (Peto 

Cream Ware) consistently falls into the non-calcareous yellowish brown clay, while 

Mama falls under the iron-bearing buff or reddish calcareous clays. 

7.2.1 Results 

Table 7.3 presents the micromass groups formed by k-means (Wards method was 

used to estimate the number of clusters). The cells present the final cluster centers:  the 

mean of all the data units of a given micromass attribute that were assigned to that 

cluster. The data units were the percentage abundances observed under the microscope 

transformed into the scaled values explained earlier.  Table App-2.A in Appendix 2 

shows the specimens and the assigned groups.  

Mayapán pottery seems to have two main categories of clays used: one with clear 

indications of being calcareous and those for which we cannot know with certainty. 

Because Lopez Ramos (1973:265) reports the existence of marls - a sedimentary deposit 

consisting of a fine-grain, friable mixture of clay and calcite (35-65%) – in the area, most 

probably calcareous clays found in Mayapán pottery were sourced at marls.  

 
Table 7.3 Micromass k-means Groups Formed and Cluster Centers  
  Groups  

  1 2 3 4 5 6 7 8 
Crystallites (1) 1 2 1 1 1 1 3 6
Speckled (2) 2 5 5 4 2 1 4 5
Fossils (3) 5 1 3 1 2 1 3 1
Oxidation (4) 5 2 3 3 1 4 3 3
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(1) 1=0-2%; 2=3-5%; 3=6-10; 4=11-20%;  5=21-25%; 6= >25% 
(2) 1=0-2%; 2=3-5%; 3=6-10; 4=11-20%;  5=21-25%; 6= >25% 
(3) 1=0-1%; 2=1-5%; 3=5-10%; 4=10-15%; 5>15% 
(4) 1=white; 2=buff; 3=reddish; 4= moderately Brown; 5=moderately Gray; 6=dark 

 
 
Calcareous Clays 

 Combinations of crystallites, speckled areas, and marine organic remains flag the 

presence of calcareous clays. The presence of micritized organic remains including 

calcispheres and micritized shells embedded in the clay is specially telling because they 

are not embedded in other inclusions that could have been added by potters.  From Table 

7.3, Groups 1, 2, 3, 5, 7 and 8 are considered calcareous.  

Under the microscope, these calcareous clays usually present crystallites ( crystals 

10 microns or less) made of prismatic material different from the clay, differentiated by 

their higher interference colors proper of calcite – some specks of pastel green and pink.  

In many of the thin sections, the matrix glitters with white bright specks of 1-2 microns, 

making the micromass very similar to micrite.  

These micromasses also present areas of around 30 to 60 microns that have 

speckled areas (defined in earlier sections), with no clear separation between the clay and 

these “speckled” areas.  In Mayapán’s thin sections, the speckled areas present 

characteristics of calcareous material – mostly highlighted areas in pale pastel green and 

pink colors. That calcareous clays present speckled areas, crystallites, and semi-

translucency in the micromass (properties related to an optical property called 

birefringency, lost when soils or clay are fired at high temperature) indicates relatively 

low firing temperature. It also indicates that the oxides, which are opaque, in these 

calcareous clays are dispersed and not in high enough amount to mask birefringency.   
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Mayapán’s calcareous clays consistently present a post-firing buff color 

(oxidation degree of 2, Table 6.1) or reddish color (oxidation degree 3, Table 6.1) under 

the planar light of the microscope. These colors are due to the presence of oxides 

(dispersed iron concretions were observed in these sherds during the petrographic 

analysis). These light colors and the signs of relatively low firing mentioned earlier also 

indicate a low presence of organic material in the raw calcareous clays: in order for the 

buff or reddish color to show, it is required that the organic material, which is dark, 

completely burn off, requiring sustained relatively high (for open fires) temperatures of 

up to 800ºC (Shepard 1963:21).   

Based on Table 7.4, the calcareous groups formed are the following:  

Micromass Group 1: This group is formed by calcareous clays with high presence 

of micritized organic remains, presenting a moderate gray after-fire color.  

Micromass Group 2: This group is formed by calcareous clays that were fired to a 

buff color and in which no or very little microfossils or other marine organic remains are 

present. Regarding the buff color obtained in these clays, it can be suggested that buff 

sherds came from clays with little color, such as gray or very pale brown marls 

containing some iron concretions. This suggestion is based on the proposition that the 

organic material must be low for the reasons given earlier and that buff colors cannot be 

obtained from dark colored (Shepard 1963:107) or red clays.  

Micromass Group 3 and 7: Groups 3 and 7 (from Table 7.4) can probably be 

combined into one calcareous clay group containing around 5 to 10 percent microfossils 

and firing to mostly reddish color. Samples presenting light red or red fired colors most 

probably came from reddish, red, yellow-brownish, or gray marl colors, given the 
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proposition that the amount of organic material is not significant in these calcareous 

sherds and that iron oxides at low temperatures either do not change (hematite) or 

changes from yellow or brownish (limonite) to red.  

Micromass Group 5: Group 5 is formed by those calcareous clays fired to a white 

color and contained from 1 to 5% microfossils.  These white firing sherds in Group 5 

could not have come from raw clay that has iron or any other oxide.  

Micromass Group 8: This group is characterized by a very high abundance of 

crystallites, more than 25 percent, and of speckled areas, between 21 and 25 percent.  

These clays mostly fire to a reddish color and microfossil are mostly absent. 

 
Other clays  

For the Groups 4 and 6 in Table 7.4 no definitive judgment can be made regarding 

the calcareous content in the micromass.  

Micromass Group 6: This group is most probably formed by non-calcareous clays 

This fabric consistently showed, under the planar light of the microscope, a brownish 

yellow color (10YR 6/6 in the Munsell scale), looking semi-opaque and almost 

homogeneous. That this group consistently fired to a brownish yellow color, indicates the 

probable presence of iron compounds like limonite that due to low firing temperatures 

have not oxidized fully to a reddish color.  The most probable color for the raw clay is a 

light-yellow brown color. 

Micromass Group 4: This group is characterized by the absence of crystallites and 

organic remains and by a reddish fired color.  

Table 7.4 presents a summary of the previous discussions and the clay groups 

formed. 
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Table 7.4 Micromass Groups Formed and Suspected Impurities 
Calcareous 
Matrix 

Suspected 
Impurities 

Fired 
Color  

Probable 
Raw Clay 
Color 

Fossil Content Micro
mass 
Groups 

Calcareous unknown Moderate 
Grey 

unknown >15% 1 

Calcareous Iron  Buff  Buff, yellow, 
gray 

None or v. low 2  

Calcareous  Iron Reddish  Yellow, red, 
brown, gray 

5-10%  3,7 

None or v. low   8  

Undetermined Iron Reddish Yellow, red, 
brown, gray 

None or v. low 4 

Calcareous none  White White, gray  1-5% 5 
Probable 
noncalcareous   

Iron as 
Limonite  

Brownish
-yellow 

Brownish-
yellow 

Non or v. low 6 

 

Regarding micromass groups versus wares and varieties associations, there are 

some broad relations observed between the type of clay and stylistic varieties. Kukula, a 

Peto Cream Ware variety, consistently falls under Micromass Group 6. Another stylistic 

variety sharing that clay type with Kukula is Tecoh of San Joaquin Buff Ware. On the 

other hand, most of Mama falls under the iron-bearing clays, firing to a buff or reddish 

color.  

7.3 Major Inclusions: Petrographic Analysis 

This section contains the results and discussions from the qualitative and 

quantitative petrographic analyses of the inclusions in the thin sections. Summarizing the 

findings here we can say that the minerals found are few: calcite and dolomite. Iron 

concretions and silicates were also present but in such small amount that they 

consistently did not fall under the crosshair of the microscope. On the other hand, the 

compositional groups were many. These groups were not based on different minerals but 
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on calcite’s (and dolomite) textural varieties. The counts of calcite textural varieties 

reported here include both, calcite and any dolomite that may be present. The 

compositional groups formed are clear cut, presenting a general pattern in which each 

group is characterized by a much higher percentage of one textural variety or set of few 

textures over the rest, showing potters’ preference relating to textures. 

7.3.1  Major Inclusions: Petrographic Qualitative Assessment 

A survey of the inclusions found that the main mineral present is calcite in a 

variety of textures: white or gray micro-crystalline (micrite), sparite, micrite-coated 

sparite, and mono-crystalline forms. The mineral dolomite occurs to a lesser degree in 

sparite, micrite-coated sparite, and mono-crystalline forms.  Also present are traces of red 

and reddish-brown iron concretions as well as what looks like stressed or shocked silicate 

crystals of 0.1 mm or less in such small amounts that they consistently escape falling 

under the crossed-hair of the microscope.  

Because petrographic observation of optical characteristics is not a reliable method 

for differentiating calcite from dolomite, tinting with alizarin red - a dye used to 

distinguish calcite from dolomite but that masks optical properties –  was performed in 

corners of a few thin sections. The results are shown in Table 7.5.  

 
Table 7.5 Results from Dyeing a few Thin Sections for Dolomite Recognition 
Sample# Variety Inclusion Type  Reaction to Tinting  Mineral 
2 Mama micrite tinted calcite 
6 Mama micrite tinted calcite 
  micrite-coated sparite   

       micrite 
       sparite 

                           
tinted 
tinted 

 
calcite 
calcite 

   sparite tinted calcite 
15 Yacman micrite  calcite 
  micrite-coated sparite   

       micrite 
                           
tinted 

 
calcite 
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       sparite tinted calcite 
16 Yacman micrite tinted calcite 
  clear sparite tinted calcite 
  micrite-coated sparite   

       micrite 
       sparite 

                           
tinted 
most tinted, but some    

 
calcite 
calcite,  
few 
dolomite 

  scattered  silt  no tinted  dolomite 
18 Unslipped 

Exterior 
micrite-coated sparite   
       micrite 
       sparite 

                           
tinted 
most tinted, but  some  

 
calcite 
calcite,  
few 
dolomite 

  scattered  silt  most tinted, but some  calcite,  
few 
dolomite 

60 Unslipped 
Calcite-
tempered 

micrite tinted calcite 

  micrite-coated sparite   
       micrite 
       sparite 

                           
tinted 
tinted  

 
calcite 
calcite 

  mono-crystals most tinted, but some calcite,  
few 
dolomite 

  scattered  silt  most tinted, but some calcite,  
few 
dolomite 

130* Chen-Mul mono-crystals tinted calcite 
131* Chen-Mul micrite tinted calcite 
  Chen-Mul clear sparite  tinted calcite 
  micrite-coated sparite   

       micrite 
       sparite 

                           
tinted 
tinted  

 
calcite 
calcite 

  scattered  silt  tinted calcite  
133* Tecoh micrite tinted calcite 
  clear sparite tinted, v. few are not  calcite, few 

dolomite 
  micrite-coated sparite   

       micrite 
       sparite 

                           
tinted 
most tinted, but some 

 
calcite 
calcite, few 
dolomite 

  scattered  silt  many tinted, many  not calcite,  
dolomite 

* From ceremonial center  
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7.3.2  Major Inclusions: Petrographic Quantitative Analysis 

The petrographic quantitative analysis consisted of the identification and point 

counting of the inclusions floating in the thin section’s micromass. Table 7.6 contains the 

results of the point counting. The percentage abundance of each component was 

calculated for each sample. The percentage of clay matrix (or micromass) is excluded 

from this table.  

Table 7.6 Percent Abundance of Major Inclusions 
 
Sam- 
ple # 

White 
micri 
te 

Gray 
micri 
te 

Spar 
(*) 

Coated-
spar(*) 

Mono 
crystl 
(*) peloid fossil

Chalky 
white 
(*) (**) 

Gray 
(*) 
(***) 

Variety 
 

 
1 20 0 0 10 2 0 1 21 0 Mama 
6 2 22 11 0 2 6 1 3 28 Mama 

25 15 0 5 0 0 0 13 27 0 Mama 
27 0 0 18 11 0 0 10 10 0 Mama 
2 36 0 3 2 0 0 0 36 0 Mama 

10 9 1 1 7 0 0 7 16 1 Navula 
32 0 0 0 18 1 7 5 5 7 Navula 
62 7 6 2 6 0 4 0 7 10 Kukula 
64 3 11 1 5 0 4 1 4 15 Kukula 
65 2 3 0 10 0 16 0 2 19 Kukula 
88 4 5 7 15 0 2 0 4 7 Kukula 
72 6 6 2 16 0 2 0 6 8 Xcanch 
85 0 5 0 20 0 1 0 0 6 Xcanch 
38 3 3 13 1 8 1 2 5 4 Polbox 
70 1 2 0 37 0 1 0 1 3 Polbox 
79 4 15 6 11 0 3 0 4 18 Polbox 
68 15 7 3 4 1 3 0 15 9 Tecoh 
17 7 18 1 5 0 7 1 7 24 Tecoh 

43 6 0 2 49 6 0 0 6 0 
Str-
Calcite 

39 15 11 3 4 3 2 1 16 13 
Str-
Calcite 

22 7 9 9 5 0 1 12 19 9 Sulche 
29 1 0 16 0 5 8 16 17 8 Sulche 
66 4 7 0 7 0 4 0 4 12 Sulche 
80 10 11 4 8 3 1 0 10 12 Sulche  
18 3 3 3 22 0 0 0 3 3 Uns-Ext 
76 0 3 0 25 4 1 1 1 4 Uns-Ext 
78 5 2 9 11 5 1 1 6 3 Uns-Ext 
15 0 3 0 42 0 0 1 1 3 Yacman 
16 6 0 30 15 1 1 10 15 1 Yacman 
56 0 24 0 10 0 2 0 0 26 Yacman 
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35 2 3 0 1 0 7 0 2 10 Yacman 
82 9 3 0 2 0 18 0 9 21 Yacman 

127 1 0 8 8 14 1 0 1 1 Yacman 
129 0 2 20 15 5 0 0 0 2 E Navula 

44 37 5 2 5 0 2 0 37 7 
Uns-
Calcite 

60 29 0 0 0 13 1 0 29 1 
Uns-
Calcite 

53 2 9 3 15 0 1 5 7 10 Chapab 

46 0 0 2 7 11 7 12 12 7 
Chen-
Mul 

130 0 0 0 0 40 0 0 0 0 
Chen-
Mul 

131 0 2 29 15 5 0 0 0 2 
Chen-
Mul 

132 0 3 30 5 0 0 0 0 3 Tecoh    
137 5 0 0 40 0 0 0 5 0 Mama     
133 19 6 7 0 19 0 0 19 6 Tecoh 
134 8 9 0 23 1 3 1 9 12 Pele 

 
(*) Variables used in SSPS. The others are intermediate results 
(**) Chalky-white =  white micrite + fossil 
(***) Gray = gray micrite + peloids 

 

Table 7.7 contains the final compositional groups formed using k-means cluster 

analysis in which the number of clusters was approximated using Wards method (Table 

App-3.A in Appendix 3, shows specimens and assigned groups).  The cell’s values 

contain the average percent abundance (cluster centers) of a given inclusion within a 

compositional group. As an example, twenty one was the average percent abundance of 

chalky-white calcite for the samples in compositional Group 1.  Pottery in Group 1 

presents an average of 37 percent of the total volume occupied by major inclusions.  The 

rest, 64 percent, is occupied by the clay matrix or micromass (not shown in Table 7.7). 

Groups 2 and 6 were combined into one group, Group 2, eliminating Group 6.  
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 Table 7.7 Compositional Groups showing average % abundance 

  Compositional Groups 
  1 2 3 4 5 6 7 8 
Chalky-White 21 4 3 13 37 7 3 3
Gray 4 23 3 1 4 12 2 6
Sparite 5 3 13 24 3 2 1 2
Coated-Sparite 4 6 9 13 4 5 43 19
Mono-crystal 3 0 8 1 0 1 2 1

 

 

The convention taken for a descriptive naming of the groups is simple: the 

frequency label (from Table 7.8) corresponding to the most abundant component in the 

group goes first in the name followed by that component’s abbreviated name as shown in 

Table 7.7. For example, in Group 1 the most abundant component is chalky-white calcite 

with an abundance of “Frequent” (21%); therefore the resulting name for Group 1 is 

“Frequent-Chalky-white”. This type of simple naming works because the selection of the 

combination frequency and component is unambiguous, with one exception explained 

later. The resulting group names are Frequent-Chalky-white for group 1, Common-to-

Frequent-Gray for combined groups 2 and 6, Few-Monocrystal-Common-Sparite for 

group 3 (exception to the naming rule explained later), Frequent-Sparite for group 4, 

Abundant-Chalky-white for group 5, Abundant-Coated-sparite for group 7, and 

Common-Coated-sparite for group 8.  

Table 7.8 Frequency Labels  
 

Frequency Group Percent Abundance 
(of total thin section’s area) 

Dominant  > 50 % 
Abundant >30 – 50 %  
Frequent >20 – 30 %  
Common >10 – 20 %  
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Few >5 – 10 % 
Very-Few >2 – 5 % 
Rare > 0.5 - 2 % 
Very-Rare <= 0.5 
 

The format for the description of the groups consists of the breakdown per 

frequency (abundance) of each of the textural varieties within a group, following 

Whitbread’s approach (1995:385) in which there is one paragraph for each frequency or 

abundance present in the compositional group. In the one paragraph per frequency, only 

those compositions whose maximum frequency falls within that group are included. In 

addition, the various compositions discussed are presented in decreasing order of 

minimum abundance.    As stated earlier, groups 2 and 6, are combined into one group, 

group 2 or Common-to-Frequent-Gray, eliminating group 6.  The detailed description of 

the breakdown of each group per component is presented next (descriptions of the 

different textural varieties mentioned here are found in previous sections in this 

document).  

7.3.3 Compositional Group 1: Frequent-Chalky-white 

This group is characterized by frequent (20-30%, from Table 7.7) chalky-white 

micrite very few of the rest of the components. The breakdown per frequency (or 

abundance) is as follows: 

Frequent chalky-white micrite.   

Very-Few gray; Very-Few sparite. Very-Few micrite-coated sparite; Very-Few 

mono-crystalline calcite. 

7.3.4 Compositional Group 2: Common-to-Frequent Gray 
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This group is the combined result of groups 2 and 6 and is characterized by 

common to frequent gray particles ranging from a friable light gray micritic limestone to 

the indurated, opaque, dark to very dark gray particles that are most probably peloidic in 

nature. The abundance of the rest of the components range from rare to few.  

Frequent gray limestone.  

Few micrite-coated sparite; Few chalky-white micrite. 

Very-Few clear sparite. 

Rare mono-crystalline  

7.3.5 Compositional Group 3: Few-Monocrystal-Common-Sparite 

This group is heterogeneous, characterized by common bundles of clear sparite 

and few micrite-coated sparite. This group shows significant amounts of clear crystals in 

comparison to the other groups. In order to highlight this condition, it did not followed 

the naming convention and was named after mono-crystalline calcite/dolomite. The 

component breakdown is as follows: 

Common clear lumps of sparite.  

Few clear mono-crystalline calcite/dolomite. Few micrite-coated sparite bundles.  

Very-few chalky-white micrite; Very-Few gray limestone. 

7.3.6 Compositional Group 4: Frequent-Sparite 

This is a heterogeneous group characterized by frequent sparite, common chalky-

white and micrite-coated sparite while gray limestone and mono-crystalline are rare. The 

breakdown is the following: 

Frequent sparite.    
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Common chalky-white micrite; Common micrite-coated sparite. 

Rare Gray limestone; Rare clear mono-crystalline. 

7.3.7 Compositional Group 5: Abundant-Chalky-white 

This group is characterized by the abundance of chalky-white micrite while there 

are the rest of the components range from very rare to very few. 

Abundant chalky-white micrite.   

Very Few Gray; Very Few sparite; Very  Few coated-sparite.  

Very Rare mono-crystalline.  

7.3.8 Compositional Group 7: Abundant-Coated-Sparite 

The group is characterized by presence of abundant bundles of micrite-coated 

sparite, while the rest of the components are very few or rare.  

7.3.9 Compositional Group 8: Common-Coated-Sparite 

The group is characterized by common (10 – 20 %) bundles of micrite-coated 

sparite/dolomite with much less of the rest. 

Common micrite-coared. 

Few Gray 

Very Few Chalky-white 

Rare  Sparite; Rare Mono-crystalline 
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7.4 Discussion of Compositional Groups and Wares  

This section presents the relations found between the compositional groups 

formed by cluster analysis and Mayapán’s wares and varieties. I did not find clear-cut 

correlations between most of the varieties and compositional groups. However, the data 

hint at general trends. Those general trends are better explained with the help of Table 7.9 

that presents compositional groups and varieties. In this table, only Mama, Unslipped 

Exterior, Yacman, and Sulche varieties are shown (tables for other wares and varieties 

follow).  Each cell of the table contains the number of specimens of a given variety in a 

given compositional group.  As an example, three Yacman potsherds belong to the 

compositional group Common-to-Frequent-Gray. 

 

Table 7.9 Compositional Groups and Stylistic Varieties 

  Mayapán Red 
Ware 

Mayapán 
Unslipped 
Ware 

Mayapán 
Black 
Ware 

Group 
Main 
Component 

Group’s Name  Mama  Unslipped 
Exterior 

Yacman Sulche 

Chalky-
white   

Frequent-Chalky-white   2    3 
Abundant-Chalky-white 1    

Grey   Common-to-Frequent- 
Grey 

1  3 1 

Sparite 
 

Common-Sparite    1  
Frequent-Sparite 1  1  

Coated-
Sparite 

Common-Coated-sparite   2    
Abundant-Coated-
sparite 

  1  

Mono-
crystals   

Few-Mono-crystals    1 1   
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This discussion is organized by varieties within Mayapán’s wares.  Before we 

start, let us remember few points: (1) based on Smith’s typology (1971), Mayapán’s 

ceramic periods are the Hocaba complex followed by the Tases complex, (2) a Hocaba 

variety’s name is also commonly used in the Tases complex, and (3) the sherds used in 

this study are thought to belong to the Tases complex. The decorative varieties discussed 

are those for which there are at least three thin sections. Given that conclusions regarding 

Mayapán’s increase on number of ceramic producers and competitiveness are necessarily 

comparisons to previous periods, I also mention trends and ceramic traditions that existed 

at the earlier sites of Uxmal, Kabah, and Chichén Itzá. 

7.4.1 Mayapán Red Ware 

Mama. Mama is a smoothed, slipped, and burnished variety that starts during the 

Hocaba complex and belongs to the Mayapán Red Ware.  Defects such as lime popping 

and lime spalling are rare on Mama (Smith 1971:(1)23).   

From Table 7.9 we can see that three out of the five samples fall into groups 

having common or abundant chalky-white micrite and having much lower percentages of 

the other components. Mama pots rarely present clear monocrystals of calcite. Given the 

ethnographic information presented earlier (Section 2.6) on the use of slipped pots it 

seems that ancient potters did not see the need to add the hard-to-obtain clear calcite to 

pots that were not going on the fire.  

Mama is not a compositionally homogeneous group. The fact that in this small 

sample of Mama sherds there are three different compositional groups points to many 

pottery producers manufacturing Mama pots.  
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A comparison of Mayapán’s tempers to the tempers found at earlier sites (see 

Smith’s tables 41, 42, and 43 in Appendix 1) indicates that Mayapán and Puuc’s tempers 

for slipped pots have commonalities reflected in the use of chalky-white calcite and 

sparite. On the other hand, Chichén Itzá and Mayapán’s tempers for slipped pots do not 

intersect.  Slipped pots in the Puuc area contained ash, ground potsherds (grog), clay 

lumps, chalky-white calcite (Smith’s cryptocrystalline), or sparite (saccharoidal).  

 If Puuc pottery technology had any influence in Mama pottery it is reflected in 

the fact that even though in Mayapán the use of grog, ash, or clay lumps disappeared, 

slipped pots such as Mama are preferentially tempered with white-chalky calcite and 

sparite. Volcanic ash was replaced by more sparite and white micrite in these slipped 

vessels.  In this case, ancient potters were not interested in the pot being thermally 

resistant. They probably found that the new recipe made the clay more workable. In 

contrast, Chichén Itzá’s and Mayapán’s tempers for slipped pots do not intersect at any 

point: Table 43 in Appendix 1 shows that, generally, white-chalky calcite and sparite (or 

any calcite varieties) were not present in Chichén’s slipped vessels.  

Mayapán Unslipped Exterior. As described earlier, this variety is slipped and 

burnished on the interior but not on the exterior. It belongs to Mayapán Red Ware and, in 

contrast to Mama, it starts late, during the Tases Complex. The samples in this study 

differ from the Mama variety in that, in this small sample, we see that sparite - coated or 

clear - dominates. That pots of this variety were not slipped on the exterior suggests a 

different function than Mama variety pots; perhaps one that involved the heating of the 

exterior wall, which in turn explains the differences in temper.  

7.4.2 Mayapán Unslipped Ware 
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Yacman.  Yacman is an unslipped variety of the Mayapán Unslipped Ware in 

which the main form is a jar presenting striation on the outside walls. Yacman pots are 

thought to be cooking pots.  

In this sample of six sherds, three belong to the group Common-to-Frequent-Gray 

micrite. The other three sherds present high proportions of sparite or of clear monocrystal 

calcite.   A preferential use of gray micrite for unslipped jars is also seen in the tests taken 

by Smith in Chichén Itzá, Uxmal and Kabah (Appendix 1). The technological reasons for 

this preference are not clear. It is possible that chalky gray limestone presents the same 

disadvantages for the construction of cooking pots as chalky-white limestone, and that if 

any advantage is to be found it may be related to the presence of coarse gray indurated 

peloids. These dark-gray particles are so compacted that probably are difficult to 

decarbonate into lime. Further experiments are needed to resolve this issue. 

In the Yacman jars of the residential areas in Mayapán, we observe in Table 7.9 

that there are two main recipes or techniques for their construction. One technique adds 

gray limestone. Another recipe or technique for the construction of Yacman jars does not 

use gray micrite but, instead, uses clear crystalline calcite in the forms of either mono-

crystalline calcite or as bundles of cemented sparite.  

Taking a look at Puuc Unslipped Ware temper distribution (see Smith’s tables 41, 

42, and 43 in Appendix 1), we observe that for unslipped jars (Yokat striated type and 

Chum Unslipped type) clear calcite is preponderant followed by gray limestone. The 

same pattern is also true for the unslipped jars from Chichén Itzá (Piste and Sisal types) 

in which clear calcite and gray limestone are the main aplastics. In Chichén Itzá, Uxmal 
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and Kabah, gray limestone was totally absent from the slipped samples in Smith’s tests 

(Appendix 1).   

The materials added to the clay to temper slipped pots could not be more different 

between Chichén Itzá and the Puuc area. However, regarding, unslipped pots, it is clear 

that potters at Chichén Itzá, Uxmal, Kabah, and Mayapán thought that gray and 

crystalline calcite made for better cooking pots.   

7.4.3 Mayapán Black Ware 

This ware begins production during the Hocaba Complex and presents similarities 

of forms and finishes with Mama variety (Mayapán Red Ware) except for the color of the 

slip that ranges from a brownish black to a strong black (Smith 1971:(1)22). Because the 

difference between Mama and Sulche has been based on the color of the slip, it has been 

suggested (Smith 1971) that they are the same varieties and that the black slip color is 

just a reduced or charred version of Mama’s slip.  The compositional distribution of the 

Sulche variety does not show great similarities with Mama, giving support to the notion 

that they are different varieties.   

7.4.4 Peto Cream Ware 

Smith (Smith 1971:(1)253) considered Peto Cream a transitional phase due, 

mainly, to the ceramic associations he found in Chichén Itzá y Dzilbilchaltún, which 

indicated to him an earlier beginning than for Mayapán Red Ware. In addition, even 

though Peto Cream shares forms and decoration with Chichén’s Sotuta ceramic complex, 

Smith considered it to represent a new method of manufacture that corresponded with 

what he calls the coarseness of the Late Postclassic. 
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Table 7.10 contains the groups formed for Peto Cream Wares.  Table 7.10 also 

contains the Mayapán Red groups formed (Table 7.9) for easier comparison. From 

inspection of Table 7.10, we gather that the Peto Cream sherds in this study belong to two 

compositional groups, Common-to-Frequent-Gray and Common-Coated-Sparite. It seems 

that Peto Cream was manufactured by at least two pottery groups: one group preferred 

gray micrite and the second, micrite-coated sparite. 

 

Table 7.10 Inclusion Abundance for Mayapán Red and Peto Cream Wares 
  Mayapán Red 

Ware 
 Peto Cream Ware 

Main 
Inclusion 

Compositional Group  Mama  Un 
slipped 
Exterior 

Kukula Xcanchacan 

Chalky-
white   

Frequent-Chalky-white   2     
Abundant-Chalky-white 1    

Grey   Common-to-Frequent- 
Grey 

1   3  

Sparite 
 

Common-Sparite       
Frequent-Sparite 1     

Coated-
Sparite 

Common-Coated-sparite   2  1 2 
Abundant-Coated-sparite      

Mono-
crystals   

Few-Mono-crystals    1    

 

Comparing Peto Cream compositional groups with the compositional groups 

found for Mama, in which frequent and abundant chalky-white micrite dominate, we can 

infer that Peto Cream’s Kukula and Xcanchacan were manufactured by groups different 

from the groups that manufactured most of Mama. Kukula compositional groups, with its 

preference for gray limestone, evidence the existence of a pottery group that concentrated 

on the use this limestone variety. In addition, white particles observed in Mama are 
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mostly chalky-white micrite while the ones observed in Peto Cream are micrite-coated 

sparite (micrite-coated sparite seems to correspond to the description of a type of temper 

call “cuut” decribed by Thompson as a finely grained but compact type of sascab that did 

not need to be ground).   

Puuc and Chichén potters did not select gray limstone for their slipped pots. 

Consequently, Kukula presents a selection of materials that is different from the 

selections made not only by most of the Mayapán Red potters (Smith 1971) but also from 

potters from the earlier sites of Uxmal, Kabah and Chichén Itzá.   

That Kukula’s material selection is different from Chichen Itza’s (where Kukula 

first appeared) selection concurs with Smith’s notion of Peto Cream Ware representing a 

new style or new people in Chichán Itzá. As expressed by Smith, Peto Cream was “the 

opening wedge of a new and certainly decadent era, that period that saw the 

establishment of Mayapán as an important center” (Smith 1971:(1)254).  More recent 

research on the chronology of Peto Cream Ware (Ochoa 1999:53) suggests a beginning 

of this ware that could be as early as AD. 750 in places such as Emal in Northern 

Yucatán. 

That Mayapán’s Mama potters preferred white microcrystalline and sparite 

(saccharoidal) calcite for the temper of slipped pots seems to associate Mayapán Red 

potters more with Puuc’s pottery technologies for slipped pots than with Chichén Itzá’s 

technologies in which calcite was not used for the tempering of slipped pots. This 

consideration plus the differences mentioned earlier between Kukula and Mama’s clay 

selection support Smith’s idea that Peto Cream and Mayapán Red were produced in 

different centers. We can speculate that, with time, even though Mama compositional 
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style seemed to be well defined by the use of chalky-white and sparite, Mama potters 

took to using some gray limestone, as is testified by one Mama sherd belonging to the 

Frequent-to-Common-Gray group.  

My conclusions are based on microscopic examination. Nevertheless, they concur 

with Smith’s macroscopic comparison (1971:(1)204) of Mayapan’s earliest ware, 

Hocaba, and with Chichén Itzá’s and Puuc’s wares. He observed that some Hocaba 

forms, decorative techniques and motifs are found in Puuc ceramics. On the other hand, 

he affirmed that Hocaba Complex and Chichén’s forms and decoration have little in 

common, mainly some decorative traits of Kukula of the Peto Cream ware.  

7.4.5 San Joaquín Buff Ware  

San Joaquín Buff Ware appeared late, during the Tases Complex. Of the five 

sherds analyzed (not shown in the tables),  two belong to the Common-to-Frequent-Gray 

group, one to Frequent-Chalky-White, one Few-Monocrystal-Common-Sparite, and one 

Abundant-Coated-Sparite. We can say that in this small sample, no pattern is discernible.   

 

7.5  Relation Micromass and Compositional Groups  

Table App-3.B in Appendix 3, presents the list of specimens analyzed in this 

project and the combination compositional and micromass groups that correspond to 

those specimens.  

Inspection of that table shows that Frequent-Chalky-white calcite inclusions 

(Group Frequent-Chalky-white) tend to be fired to buff or reddish colors (micromass 

groups 2, 3, 7, and 8).  Inspection of that table also shows that seven out of eleven, of the 
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sherds having Common-to-Frequent-Gray calcite inclusions, also present a micromass in 

Group 6, which is the darker yellowish brown, most probably non-calcareous clay. As we 

recall from the discussion on micromass and associations with wares, Kukula (Peto 

Cream Ware) consistently falls under micromass Group 6 and that another stylistic 

variety sharing that clay type with Kukula is Tecoh of San Joaquin Buff Ware. 

Contrastingly, no Mama sherds belong to micromass Group 6. On the other hand, most of 

Mama falls under the iron-bearing clays that fire to buff or reddish colors.  

7.6 Results from the Ceremonial Center 

For comparative purposes, the INAH provided six samples from Mayapán’s 

ceremonial center.  Those samples were not point counted but estimated using abundance 

charts.  Table App-5.A in Appendix 5 presents micromass characteristics.  Inspection of 

Table App-5.A does not indicate visible patterns. In addition, no associations are 

apparent between the ceremonial and residential micromass. 

 

Table 7.11 Percentage abundance in Ceremonial Center 

Sample 
Number 

White 
micrite 

Gray 
micrite Spar 

Coated 
sparite

Mono-
xtal Peloids Fossil

Chalky
White

(1)

 Gray 
 
 
Limesto
ne (2) Variety 

130 0 0 0 0 40 0 0 0 0  Chen-Mul 
131 0 2 29 15 5 0 0 0 2  Chen-Mul 
132 0 3 30 5 0 0 0 0 3  Tecoh    
133 19 6 7 0 19 0 0 19 6  Tecoh 
134 8 9 0 23 1 3 1 9 12  Pele 
137 5 0 0 40 0 0 0 5 0  Mama     

 
(1) Chalky-White  = white micrite + fossils  
(2) Gray Limestone = gray micrite + peloids 
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Table 7-11 contains the estimated abundance of inclusions. Inspection of Table 7-

11 shows that two Chen Mul Modeled (unslipped “ceremonial” variety) sherds presented 

unusual amounts of clear mono-crystalline calcite. One of them contained around 40% 

transparent mono-crystalline calcite, making it unique among all the thin sections. This 

Chen Mul sherd was also distinctive by its hardness. Mayapán pottery is easily chipped 

with fingers. This sherd was not easily broken with pliers. In comparison, a Chen Mul 

sherd from the residential area presented 11% of these clear crystals. It is important to 

mention here that the highest absolute percentage of mono-crystalline calcite found 

among all the residential area shreds is 14% in a Yacman sherd.  

The second Chen Mul sherd presented a high percentage of clear sparite (29%) 

plus 5% of clear-mono-crystalline. A concentration of 29% sparite is important, for there 

is only one sherd in the residential area with sparite abundance higher than 20%. This 

sherd was also unusually hard. 

 Two Tecoh samples from the ceremonial center also presented higher than 

residential area percentages of clear crystals, with one sample having 30% sparite and the 

other 19% of mono-crystalline dolomite (tinting with alizaring red revealed dolomite)  

that looks whitish and porcelain-like to the naked eye. That both sherds have very high 

relative abundance of sparite and mono-crystalline dolomite when compared to the 

residential areas suggest the idea of the ceremonial center having their own potters.  

The Mama sample from the ceremonial center is also a unique piece for there is 

no other Mama in the residential area’s sherds containing only micrite-coated sparite and 

in such amount (40%).   
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The unusual amount of clear single crystals found in the Chen Mul and Tecoh 

sherds suggest higher accessibility to the laboriously obtained mono-crystalline 

calcite/dolomite. The hardness of the ceremonial center sherds could be indicative of 

differences in composition or in firing temperatures with the ones obtained in the 

residential area. This, together with indications of higher accessibility to mono-crystalline 

calcite by some hint to the possibility that the ceremonial center had its own potters.  

7.7 Evaluation of Hypotheses  

Three hypotheses were tested in this research.  

“ Hypothesis No. 1: There are very few, one or two, pottery producers found in 

Mayapán. Results supporting this hypothesis consist of one or two compositional groups 

for the whole array of sherds analyzed from Mayapán.” 

The results and discussions presented earlier show that this hypothesis is false for 

there are more than two compositional groups.  

“Hypothesis No. 2: There are multiple pottery producers supplying Mayapán and 

there is a single producer per ware or per variety. Data supporting this hypothesis would 

show a single compositional group per ware that is not the same group across wares.” 

The results and discussions presented earlier show that this hypothesis is false 

because there are multiple compositional groups for the main wares.  

“Hypothesis No. 3: There are multiple pottery producers supplying Mayapán and 

there are multiple producers per ware or variety. Data supporting this hypothesis 

presents a variety of compositions per ware or variety.” 



  

136 
 

The results and discussions presented earlier show that this hypothesis is true 

because not only are there multiple compositional groups but also there are multiple 

compositional groups for the main wares. 
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Chapter 8

 

 : CONCLUSION 

 
The overall picture of the Late Postclassic is one of less political integration and 

control in which the government was unable or disinclined to move its population for the 

construction of monumental projects. Furthermore, the Late Postclassic seems to have 

been a time of more entrepreneurship and innovation. The societal energy liberated from 

the construction of monumental projects was diverted to the development of more 

efficient production strategies that improved the use of resources and lowered the cost of 

labor and of the materials used. Under this social, political, and economic context, and as 

it is summarized in the rest of this section, a more efficient resource utilization and an 

increase on the number of ceramic producers suggest that the motivation for these 

changes could have been to increase competition. 

 

Materials Used and their Significance 

The minerals found as additives to the clay are primarily calcite and some 

dolomite. It is doubtful that ancient potters could have been able to differentiate dolomite 

from calcite. That only one mineral was used does not mean that Mayapán potters did not 

have variety of tempers, for calcite (and dolomite) is found in chalky-white, gray, sparite, 

micrite-coated sparite, and coarsely crystalline forms. Ancient Maya potters from 

Chichén Itzá and Puuc areas (Appendix 1) were able to discriminate among those 

varieties and use them differently as is attested by the clear cut use of certain calcite 
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varieties with certain forms. Mono-crystalline calcite is more resistant to conversion to 

lime, followed by sparite (Shoval et al 1993). Mono-crystalline calcite was preferred in 

the Puuc region and in Chichén Itzá for the construction of undecorated pots thought to 

be for cooking. Mono-crystalline calcite is harder to obtain, though. In Mayapán, potters 

seemed to have compromised using less of the harder to obtain mono-crystal calcite and 

more of the next best thing, sparite. Micrite and micrite-coated sparite were most 

probably obtained from sascab, while sparite and coarse crystals most probably were 

taken from rocks, with coarse crystals requiring some heating during the procurement 

process.   

The consistent presence of salt in Mayapán pottery opens the possibility that it 

was deliberately employed to increase the firing temperature range and to avoid the 

undesirable byproduct of using calcite, lime. It is also possible that, if salt was not added 

but was present in the clay, potters discriminated between clays selecting salty ones.  

The presence of dolomite is also important because it expands the number of 

materials and corresponding sources used by Mayapán potters. Dolomite is present in 

what seems to be much smaller amounts mainly in sparite, micrite-coated sparite, and 

coarsely crystalline forms.  

The consistent finding of palygorskite, through x-ray diffraction, in the finely 

grained portion (clay) of all four analyzed sherds is significant because palygorskite is 

rare in Yucatán’s archaeological pottery. The results of this research indicate that 

palygorskite was used by Mayapán potters and that, in Mayapán, palygorskite was not 

used as temper but as plastic material.  It can also be concluded from Morales 
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Valderrama’s research (2005) that Mayapán potters may have mined palygorskite at 

mines located close to Mama.  

 

Compositional and Micromass Groups Found 

This research shows that petrographic analyses and more traditional analysis of 

style are not that different after all.   Based on an extended definition of style that 

includes the compositional and technological choices made by potters, each 

compositional group revealed a characteristic selection and processing of materials and 

variations of volumetric proportions at a given place and time. Variations in 

technological approach can then differentiate production groups, production processes, 

place, and time. Variations in ceramic composition and technological approaches also 

yielded information about the level of integration and competition of this ancient society. 

The compositional groups found are many, seven, and well defined. The recipes 

are simple, with each recipe containing a preferential amount of one inclusion, or small 

set of inclusion over the rest. That multiple groups exist and that each group is well 

differentiated from the rest indicate that there were a finite number of differentiated 

ceramic producers.  At exception of one or two most clays were calcareous sourced 

probably at nearby marls. There were at least seven types of clays in Mayapán. Regarding 

clays and wares, Kukula variety (Peto Cream Ware) consistently falls into the non-

calcareous yellowish brown clay, while Mama falls under the iron-bearing buff or reddish 

calcareous clays. 
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Association Compositional Groups and Wares 

There is no clear-cut correspondence between wares (or varieties) and 

compositional groups: compositional groups cross across wares and varieties, and a 

variety usually presents more than one compositional group. Nonetheless, there are some 

tendencies. For example, Mama variety leans toward the use of chalky-white micrite as 

temper and to the absence of mono-crystalline forms. Another example is Yacman and 

Kukula, which lean toward the use of gray limestone and to the absence of chalky-white 

micrite, with Yacman also showing a tendency for the presence of mono-crystalline and 

sparite forms.  

 

Organization of Mayapán’s Pottery Production 

The mineralogical information drawn from this research indicates the presence of a 

diverse ceramic production per ware. The fact that in Mayapán, varieties within wares 

present multiple recipes (Mama, as an example, presents three) has important 

implications regarding the organization of pottery production.  

How was the work distributed among producers, which would explain the 

associations between ware and variety and compositional groups mentioned earlier? 

Taking again Mama variety as an example, we notice that even though Mama inclusions 

mainly fall into groups where chalky-white micrite predominates, two more recipes (gray 

limestone or a combination of sparite and chalky-white) were also used.   

Those variations in ceramic composition point to two main possibilities regarding 

Mama manufacturing centers. One possibility is that there were as many producers as 

compositional groups. The second possibility, but the one that seems less likely, is the 
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existence of one Mama manufacturing center in which various tempering proportions 

were used.  An example of this type of reasoning is giving by Smith (1971:(1)191) when 

he suggested that Chichen’s Unslipped Ware had two production centers because there 

were two distinct types of tempering proportions. He makes the important clarification, 

though, that if the difference in temper is related to the vessels function or use – as in a 

vessel for storage as opposed to a vessel for cooking – then the two forms could have 

been produced in the same center by the same potter(s) but using different tempers.  

By the same line of reasoning, Kukula seems to have been produced at one or two 

centers in which the use of gray limestone predominated. The notion that Kukula was 

produced at different centers than Mama is strengthened by the observation that the clay 

used to produced Kukula  (Group 6 in Table 7.4) differs from the ones used to produce 

Mama pots (buff and reddish clays in Table 7.4).  Kukula shows compositional 

similarities to some Yacman pots, suggesting common production techniques. However, 

not all Yacmans are similar to Kukulas, also suggesting that a second production center 

existed for Yacman in which clear crystals in the forms of sparite and coarser crystals 

were used to temper the clay.  

The certain level of technique standardization observed in Mama and Kukula 

differs from what we see for San Joaquín Buff Ware, a later-appearing ware in which no 

pattern is discernible. The presence of such a variety of temper proportions indicates 

multiple centers and that - as expressed by Shepard (1958:452) when confronted with no 

compositional pattern for a decorative uniform ware: decorative style “was more 

established than technique”. 
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Mayapán in Context: Earlier Sites 

A comparison of Mayapán’s tempers to the tempers found at earlier sites indicates 

that Mayapán Red Ware tempers and Puuc’s tempers for slipped pots have commonalities 

reflected in the use of white-chalky calcite and sparite. On the other hand, Chichén Itzá 

and Mayapán’s tempers for slipped pots do not intersect. My conclusions, which are 

based on microscopic examination, concur with Smith’s macroscopic comparison 

(1971:(1)204) of Mayapan’s earliest complex, Hocaba, with Chichén Itzá’s and Puuc’s 

wares. Regarding slipped vessels, he observed that some Hocaba forms, decorative 

techniques and motifs are found in Puuc ceramics. Contrastingly, Hocaba’s and 

Chichén’s forms and decoration have little in common, mainly some decorative traits of 

Kukula of the Peto Cream ware.   

Even though the existence of extensive networks of communication that 

influenced the potery forms and decorative motifs across the Yucatán Penísula is 

suggested by a pattern of stylistic standardization throughout northern Yucatán, paste 

analyses such as the one conducted in this research and by Rands et al. (1982; cited by 

West 2002:178) and Kepecs (1997) show a Late Postclassic period characterized by 

heterogeneous paste composition. A heterogeneous paste composition is not exclusive to 

the Late Postclassic. It is also observed, for example at Uxmal (Appendix 1). Strong 

economic connections were not exclusive to the Late Postclassic either. Strong economic 

connections are also suspected during the Classic and at Chichén Itzá during the Terminal 

Classic-Early Postclassic. The existence of a heterogeneous paste and multiple ceramic 

producers in Mayapán, however, should not be considered a return to a “Classic” way of 

doing things: Mayapán’s social and political environment had changed. There was further 
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decrease of the political integration between political units and a weakening of the state. 

In addition, the society had changed to one in which there was less emphasis on the 

construction of monumental and elaborate objects.  

 

Technological Efficiency, Skill, Cost, and Competition at Mayapán 

When compared to Puuc and Chichén ceramics, Mayapán presents evidence of a 

more efficient and cost-effective ceramic production. The evidence includes the use of 

fewer materials to attain better technological results.  The cost-savings are evident. 

Furthermore, the use of fewer materials requires greater technological skills. For 

example, in Mayapán’s unslipped jars, there was a replacement of mono-crystalline 

calcite by sparite.  The use of sparite was riskier because sparite changes into lime at a 

lower temperature. This means that potters were able to control lime formation and 

spalling - probably adding salt - showing a better technological knowledge of the 

materials involved.   

The consistent and abundant presence of salt indicates that it was most probably 

deliberately used.  Salt in the clay reduces the number of mistakes caused by spalling and 

weakening of pots. A more effective firing with fewer mistakes reduces production costs 

and makes the pots more cost-competitive, durable, and aesthetically pleasant.  

Competition could have been based on subtle terms such as technological 

performance or cost. Costin argued that it is sometimes impossible for potters to lower 

the cost because of the extra energy they have to put on the construction of pots that carry 

social information. However, potters can control the cost of items that don’t carry social 

information such as most undecorated utilitarian pots. In this case, potters are able to 
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compete lowering the cost. This cost is better measured - ethnographically or 

experimentally – in terms of the energy, materials, and time expended (Costin 1991:38). 

A technological factor in which producers of the same type of pot, but with different 

compositions, could have competed is the durability of pots, especially cooking pots 

which have to be put on or close to the fire. An ethno-archaeological study reported that 

limestone-tempered cooking pots survived without deterioration for longer periods than 

those tempered with quartz sand (Tite et al. 2001:321). The increased flocculation of the 

clay caused by the calcium in calcite and dolomite allowed vessels to be thinner, taller, 

and more globular. This implies that a technological factor contributing to the 

competitibility of different limestone-tempered pots could have been the weight of 

transport and water-carrying pots and the size of storage pots. This important factor 

benefited Late Postclassic short and long distance trade because limestome made better 

transport pots than other commonly used tempers due to their reduced weight and 

increased strength or resistance to initiate cracks.  

This research shows that the notion of a Mayapán ceramics uniformly tempered 

with “just limestone” needs to be revisited. The technological advantages that calcite 

imparts to pots could explain the increased use of limestone in Mayapán as having a 

technological component. The disappearance of other materials used to prepare clay 

recipes has been attributed to the collapsing of trade routes (no local volcanic ash sources 

have been found), to the simplification produced in the acquisition of materials by the 

lower resourcefulness of a decadent society (Shepard 1964: 518), and to the carelessness 

of a decadent society using just what geology readily provides. A different perspective is 

to credit the potters with a clear knowledge of materials that allowed them to reduce the 
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number of the types of additives to the clay, replacing them with more variations of 

calcite in such a way as to reap the benefits that calcite imparts to pots while avoiding 

undesired effects.  

The results of this research concur with Kepecs’s assertion that the changes 

observed during the Late Postclassic were the outcome of “reorganization but not 

‘decadence’” (1997:319). The Late Postclassic economic environment presented by 

ethnohistorical accounts is one of strong household and regional economic connections. 

On the other hand, the Spanish found a Yucatán with low political integration in which 

governments were unable or disinclined to move its population for the construction of 

grandiose projects.  Under this context, the main goal of this research was to test the 

notion of a more competitive Mayapán. Taken together, low political integration, the 

presence of multiple ceramics groups, and the selection by potters of a smaller set of 

ceramic materials, that nonetheless are more technologically advantageous, present us 

with the notion of a pragmatic and competitive people making choices more as the result 

of a desire to produce better pots and compete, and less as the result of the careless 

 selection of just what geology provides. 
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APPENDIX 1: Tempers Used at Other Northern Yucatán Sites 
Tables App1-41, 42, 43: From Smith 1971:(2) 169-172 
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APPENDIX 2: Micromass: Specimens within Groups 
 
Table App-2. A.  Specimens and Varieties within Micromass Groups Formed 

Sample # Variety 
Group 

Formed 
29 Sulche 1 
35 Yacman 2 
127 Yacman 2 
76 Uns-Ext 2 
79 Polbox 2 
80 Sulche 2 
129 E Navula 2 
10 Navula 3 
22 Sulche 3 
32 Navula 3 
1 Mama 4 
6 Mama 4 
15 Yacman 4 
18 Uns-Ext 4 
43 Str-Calc 4 
53 Chapab 4 
60 Uns-Calc 4 
85 Xcanchak 4 
38 Polbox 5 
46 Chen-Mul 5 
64 Kukula 5 
72 Xcanchak 5 
17 Tecoh 6 
44 Uns-Calc 6 
56 Yacman 6 
62 Kukula 6 
65 Kukula 6 
66 Sulche 6 
70 Polbox 6 
39 Str-Calc 6 
68 Tecoh 6 
82 Yacman 6 
78 Uns-Ext 6 
88 Kukula 6 
16 Yacman 7 
25 Mama 7 
27 Mama 7 
2 Mama 8 
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APPENDIX 3: Major Inclusions: Specimens within Groups 
 
Table App-3.A. Specimens within Compositional Groups 

Sample # Cluster Distance Variety 
Final 

Cluster 
1 1 8.960 Mama 1 
25 1 8.952 Mama 1 
10 1 8.036 Navula 1 
22 1 7.435 Sulche 1 
29 1 13.066 Sulche 1 
68 1 7.973 Tecoh 1 
60 1 14.745 Uns-Calc 1 
65 2 6.379 Kukula 2 
6 2 11.692 Mama 2 
79 2 7.259 Polbox 2 
17 2 3.962 Tecoh 2 
56 2 7.143 Yacman 2 
82 2 7.350 Yacman 2 
62 6 2.415 Kukula 2 
64 6 4.528 Kukula 2 
39 6 9.283 Str-Calc 2 
66 6 4.143 Sulche 2 
80 6 5.050 Sulche 2 
35 6 7.200 Yacman 2 
129 3 10.657 E Navula 3 
38 3 8.159 Polbox 3 
78 3 5.963 Uns-Ext 3 
127 3 7.941 Yacman 3 
27 4 6.837 Mama 4 
16 4 6.837 Yacman 4 
2 5 3.873 Mama 5 
44 5 3.873 Uns-Calc 5 
70 7 6.351 Polbox 7 
43 7 8.544 Str-Calc 7 
15 7 2.944 Yacman 7 
88 8 6.821 Kukula 8 
32 8 3.245 Navula 8 
18 8 4.106 Uns-Ext 8 
76 8 7.362 Uns-Ext 8 
72 8 4.953 Xcanchak 8 
85 8 3.898 Xcanchak 8 
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Table App-3.B Compositional Groups & Micromass Groups  
Sample 

# Variety 
Comp. 
Group 

Micromass 
Group 

10 Navula 1 3

22 Sulche 1 3

68 Tecoh 1 6

1 Mama 1 4

60 Uns-Calc 1 4

29 Sulche 1 1

79 Polbox 2 2

80 Sulche 2 2

35 Yacman 2 2

64 Kukula 2 5

65 Kukula 2 6

62 Kukula 2 6

39 Str-Calc 2 6

66 Sulche 2 6

17 Tecoh 2 6

56 Yacman 2 6

82 Yacman 2 6

6 Mama 2 4

129 E Navula 3 2

127 Yacman 3 2

38 Polbox 3 5

78 Uns-Ext 3 6

27 Mama 4 7

16 Yacman 4 7

2 Mama 5 8

44 Uns-Calc 5 6

43 Str-Calc 7 4

70 Polbox 7 6

15 Yacman 7 4

76 Uns-Ext 8 2

32 Navula 8 3

72 Xcanchak 8 5

88 Kukula 8 6

18 Uns-Ext 8 4

85 Xcanchak 8 4
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APPENDIX 4: Specimens and their Provenance 

Table App-4.A Provenance and specimens  
  

CLUSTER SOLAR LOTNO NSOLAR PIT LEVEL STRATUM QUAD sampleno variety 
Chacsikin 1 S‐130 97 8 11 8 I SE 39 Str‐Calcite 
Chacsikin 1 S‐130 87 8 11 3 I SE 6 Mama 
Chacsikin 1 S‐130 89 8 11 4 I SE 25 Mama 
Chacsikin 1 S‐130 89 8 11 4 I SE 27 Mama 
Chacsikin 1 S‐130 87 8 11 3 I SE 2 Mama 
Chacsikin 1 S‐130 87 8 11 3 I SE 10 Navula 
Chacsikin 1 S‐130 89 8 11 4 I SE 32 Navula 
Chacsikin 1 S‐130 89 8 11 4 I SE 38 Polbox 
Chacsikin 1 S‐130 87 8 11 3 I SE 1 Mama 
Chacsikin 1 S‐130 96 8 11 7 I SE 43 Str‐Calcite 
Chacsikin 1 S‐130 87 8 11 3 I SE 46 Chen‐Mul 
Chacsikin 1 S‐130 87 8 11 3 I SE 22 Sulche 
Chacsikin 1 S‐130 89 8 11 4 I SE 29 Sulche 
Chacsikin 1 S‐130 87 8 11 3 I SE 56 Yacman 
Chacsikin 1 S‐130 89 8 11 4 I SE 127 Yacman 
Chacsikin 1 S‐130 87 8 11 3 I SE 17 Tecoh 
Chacsikin 1 S‐130 87 8 11 3 I SE 18 Uns‐Ext 
Chacsikin 1 S‐130 91 8 11 5 I SE 44 Uns‐Calcite
Chacsikin 1 S‐130 87 8 11 3 I SE 60 Uns‐Calcite
Chacsikin 1 S‐130 89 8 11 4 I SE 35 Yacman 
Chacsikin 1 S‐130 87 8 11 3 I SE 16 Yacman 
Chacsikin 1 S‐130 87 8 11 3 I SE 15 Yacman 
Chacsikin 1 S‐130 86 8 11 2 I SE 53 Chapab 
Chacsikin 2 S‐139 147 14 17 2 I SE 129 E Navula 
Polbox 1 AA‐49 35 4 5 3 I SW 82 Yacman 
Polbox 1 AA‐49 35 4 5 3 I SW 78 Uns‐Ext 
Polbox 1 AA‐49 35 4 5 3 I SW 76 Uns‐Ext 
Polbox 1 AA‐49 35 4 5 3 I SW 80 Sulche  
Polbox 1 AA‐49 35 4 5 3 I SW 79 Polbox 
Polbox 1 AA‐55 58 6 8 2 I SW 85 Xcanchakan
Polbox 1 AA‐56 50 5 6 5 II SW 64 Kukula 
Polbox 1 AA‐56 50 5 6 5 II SW 62 Kukula 
Polbox 1 AA‐56 50 5 6 5 II SW 65 Kukula 
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CLUSTER SOLAR LOTNO NSOLAR PIT LEVEL STRATUM QUAD sampleno variety 
Polbox 1 AA‐56 51 5 6 6 III SW 88 Kukula 
Polbox 1 AA‐56 50 5 6 5 II SW 70 Polbox 
Polbox 1 AA‐56 50 5 6 5 II SW 68 Tecoh 
Polbox 1 AA‐56 50 5 6 5 II SW 66 Sulche 
Polbox 1 AA‐56 50 5 6 5 II SW 72 Xcanchakan
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APPENDIX 5: Ceremonial Cntr Inclusions and Micromass % 

 
 

 
Table App5-.A Micromass scaled characteristics   
sampleno Crystallitic(1) Speckled(2) Oxidation(3) Fossils(4) Variety 

130 1 3 3 1 Chen-Mul 
131 1 3 2 1 Chen-Mul 
132 3 6 5 1 Tecoh 
133 3 1 1 1 Tecoh 
134 1 1 4 1 Pele 
137 1 2 3 1 Mama 
 

(1) 1=0-2%; 2=3-5%; 3=6-10; 4=11-20%;  5=21-25%; 6= >25% 
(2) 1=0-2%; 2=3-5%; 3=6-10; 4=11-20%;  5=21-25%; 6= >25% 
(3) 1=white; 2=buff; 3=reddish; 4= moderately Brown; 5=moderately Gray; 6=dark 
(4) 1=0-1%; 2=1-5%; 3=5-10%; 4=10-15%; 5>15% 
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APPENDIX 6: XRD Results 
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APPENDIX 7 : Micromass’ microphotographs 

 
 

 
Sample 82. Micrograph of slide containing prepared micromass for XRD, under planar 
light, 40X, showing (1) clay glomerules and (2) needle like structures (over the slide’s 
g;ass) which are individual palygorskite crystals.  
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Sample 60. Micrograph of slide containing prepared micromass for XRD  showing clay 
glomerules. The isolated, individual, needle-like, brownish or grey particles over the 
slide’s glass are palygorskite crystals while the white shiny specs over the glass are 
calcite specs. 
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Sample 60. Micrograph of slide containing prepared micromass for XRD  showing clay 
glomerules. The isolated, individual, brownish or grey particles over the slide’s glass are 
palygorskite crystals while the white particles are calcite crystals 
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Sample 60. Micrograph of slide containing prepared micromass for XRD  showing clay 
glomerules. The isolated, individual, needle-like, brownish or grey particles over the 
slide’s glass are palygorskite crystals while the white shiny specs over the glass are 
calcite crystals 
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APPENDIX 8 : Clays and Soils Used by Modern Yucatecan Potters 

Table App-8. Clays and Soils Used by Modern Yucatecan Potters  
(from Morales Valderrama 2005:Figure 2) 

Español/Maya Procedencia Características Mineralogía (*) 
barro/K’at Tepakán, Camp. Color entre gris y café. 

Opaco con vetas de un 
material brillante. 

Caolinita, calcita 

barro/K’at Hacienda Yokat, 
Ticul, Yucatán 

Gris claro con vetas de 
color café claro. 

Caolinita, calcita 

barro/K’at Uayma, Yucatán Gris claro con vetas de 
color rojizo 

Palygorskita 

barro/K’at Mama, Yucatán Color Amarillo Calcita, palygorskita 
barro/chak k’at Mama, Yucatán Color rojizo Calcita, palygorskita 
barro/xluum jib Mama, Yucatán Naranja rojizo Calcita, palygorskita 
barro/K’ at Yaxcabá, 

Yucatán 
Café oscuro con granos 
blancos 

Calcita, palygorskita 

barro/K’ at Akil, Yucatán Color gris, café, rojizo y 
blanco 

Caolinita, calcita 

polvo/sakluum Ticul, Yucatán Color blanco, al quedarse 
sin humedad pierde peso 

Calcita, 
dolomite,palygorskita

Polvo/sascab Ticul, Yucatán Café claro, consistencia 
arenosa 

Calcita, dolomite, 
palygorskita 

jib/nenús Ticul, Yucatán Café claro con pedazos de 
material que brilla 

Calcita 

K’ankab/k’ankab Ticul, Yucatán Rojo Quemado Caolinita 
desordenada, calcita 

(*) Source: Instituto de Geología, Universidad Nacional de México, 1993 
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