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Abstract 

 
The ancient Maya site of Las Cuevas, in Western Belize features a cave system 

that runs beneath the main plaza. Investigations by the Las Cuevas Archaeological 
Reconnaissance project suggest that the site functioned as a Late Classic ritual pilgrimage 
venue and that the cave was used for large public centrally-organized performances. The 
cathedral-like cave entrance contains monumental architecture consisting of at least 76 
plastered platforms. I hypothesize that the level of managerial oversight should be 
correlated with the consistency of building materials employed in their construction. 

Plasters from both cave and surface contexts were analyzed using geochemical 
methods including XRF (pXRF), XRD, SEM, EDS and FTIR to examine their chemical 
make-up. Results demonstrate considerable variation in plaster recipes in the cave and on 
the surface. In this thesis, I discuss these findings and their implications. 
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Chapter One: Introduction 
 

This thesis expands on a growing body of literature of both ritual use of caves in 
the Maya area, as well as lime-plaster construction. The Las Cuevas Archaeological 
Reconnaissance (LCAR) has been investigating the site of Las Cuevas in the Chiquibul 
Forest Reserve in western Belize since 2011. The Late Classic (700-900AD) site consists 
of a small to medium-sized surface site with a cave system that runs beneath the main 
plaza. Elsewhere, Moyes and her colleagues (Moyes et al. 2012; Moyes et al. 2015) have 
suggested that it functioned as a Late Classic pilgrimage center that hosted large public 
performances within the cave. This is based on evidence from the cave entrance, which 
was heavily modified with architectural features that included 76 plastered platforms, 
terraces and stairways.  But, who could have built this site and what was its 
socio/political nature? The monumental architecture indicates a great deal of managed 
labor and planning, and therefore a centralized managerial component, but were cave 
rites also centrally organized? 

 
To investigate this question, I have undertaken a study of plasters from both cave 

and surface contexts. I hypothesize that if the platforms located within the cave were 
contemporaneous and if they were built as a single-phase building program sponsored by 
an organized and heavily centralized political entity, then there should be considerable 
similarities in the plaster fabrics. Variation in plaster fabrics would also be informative 
and could indicate that platforms were constructed by different groups or that they were 
not built as a single program but rather accumulated over time. Using geoarchaeological 
analyses, I will demonstrate that small batches of plaster were created for each plastering 
episode and localized changes existed in plaster quality through time. This is an 
unexpected finding, but this added complexity gives us better insight into the nature of 
leadership at the site and hence Maya leadership during the Late Classic period. 

 
This thesis begins with a literature review and background information about 

lime-plaster studies and the history of Maya cave studies in Chapter 1. Chapter 2 is a 
description of the site and provides both the geological and geographical background, as 
well a description of the cultural modifications to the natural landscape of the cave and 
the surface site. Chapter 3 introduces and explains the different geochemical analyses 
used for this research. A brief description of the analysis types and their justification are 
included in this chapter. Chapters 4 and 5 present the results, analysis, and discussion of 
the samples from both the surface site of Las Cuevas and the cave. Finally, a summary of 
the research and suggestions for future studies are outlined in Chapter 6. 
 
1.1. Maya Cave Studies 
 

Maya cave sites have been studied for over 150 years but it was not until 
relatively recently that research began to focus on caves as sacred spaces. J. Eric 
Thompson’s relatively unknown article The Role of Caves in Maya Culture proposed a 
whole new idea in Maya archaeology and cave archaeology (Thompson 1959). He 
rejected the notion that people were living in caves at any point in the past, the first to do 
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so, and he recognized the vital role that caves play in the ritual life of the ancient Maya 
(Mercer 1975). This work was rewritten and published as an introduction to Henry 
Mercer’s The Hill-Caves of the Yucatan (1975). Originally published in 1895, Mercer’s 
introduction argued that humans did occupy and reside in caves for several generations 
before abandoning them for different settlements. Therefore, Thompson’s introduction in 
the later edition, which lacked any mention of habitation in the caves proved to be 
somewhat revolutionary.   
 

In the latter publication, Thompson outlined eight uses or functions of cave use. 
These included: 1) drinking water, 2) zuhuy ha (pure water used for rituals), 3) religious 
rites, 4) human remains, 5) art galleries, 6) ceremonial trash, 7) refuge, 8) other uses. Just 
over half of the proposed functions were ritual or sacred in nature. This is important 
because Thompson recognized the sacredness of the landscape that was at the heart of the 
ancient Maya cosmology. Indeed, Vogt and Stuart (2010) demonstrate the replication of 
sacred mountains and caves through the erection of temples with cave-like rooms at their 
summit. Ancient Maya rulers legitimized their power by linking themselves with the 
supernatural, either through ritual or the reproduction of the sacred landscape in their site 
constructions (Brady and Veni 1992; Moyes 2006; Moyes et al. 2009; Moyes 2012). 
Given the importance of caves and their connection to the deities, caves were and 
continue to be exclusively ritual venues (Christensen 2004; Brady and Prufer 2010; 
Moyes and Brady 2013).  
  
 
1.1.1 Previous studies in Maya Lowlands 
 

Since the establishment of caves as ritual spaces, Mayanists have reexamined 
caves, and studies within this context have proven informative as to the types of ritual 
behavior taking place inside caves. The following are just a few examples that have been 
influential in the field. James Brady (1989) was one of the first to focus exclusively on 
caves as ritual sites. His dissertation (1989:5) at the cave site of Naj Tunich, Guatemala 
made the argument that this cave and others were not used for habitation. The 
morphology of the cave (i.e. sloping floors and narrow passages) made it impossible to 
live in for any extended period of time (Brady 1989: 401).  
 

Once he demonstrated that these were ritual spaces, he considered the spatial 
aspect of ritual both private and public. Based on artifact distributions it was obvious that 
small niches and secluded spaces were important for ritual practice within the tunnel 
system. This would, as Brady argues, suggest small intimate performances perhaps with 
only a few people (Brady 1989: 404). However, the entrance chamber of Naj Tunich is 
quite large and able to accommodate hundreds of people. Drawing on ethnographic 
examples of public cave ritual, Brady argued that the entrance chamber may have served 
a different, more public, function than the rest of the tunnel system reserved for smaller 
more controlled performance (Brady 1989: 405). 
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Holley Moyes’ (2006; Moyes et al. 2009) work at Chechem Ha cave in Western 
Belize demonstrates the importance of caves as ritual spaces particularly for the 
establishment of elite power. Her excavations and radiocarbon dating of charcoal deposits 
demonstrate changes in ritual practice through time that can be correlated with the rise 
and fall of Maya kingship in the region. Charcoal accumulation was used as a proxy for 
use-intensity and compared to the ceramics found in the cave. Using detailed analyses of 
cave deposits and correlating them with paleoclimate data, Moyes demonstrated that 
changes in ritual practice were a response to environmental stress and drought that she 
and her colleagues refer to as the “Ancient Maya Drought Cult” (Moyes et al. 2009).    
 

Ann Scott’s (2009) ethnographic work examined the materials and methods of 
modern Kaqchikel Maya cave ritual. Previously research had focused on prehistoric ritual 
and ignored most modern ceremonies. However, her research gives archaeologists a 
much better understanding of the archaeological record and some of the intervening 
behavior practices shaping these sites. For example, Scott demonstrates the importance of 
brooms, and sweeping or clearing, of altars for modern Maya ceremonies, a practice that 
likely has a long history.  
 
1.2 Lime Plaster 
 

The creation of lime plaster is a multi-step process starting with the procurement 
of raw material such as limestone or shell. The raw material is then burned to 
approximately 900 °C to drive off CO2 (Murakami et al. 2013). The resultant quick lime 
is then rehydrated to make slaked lime and at which point aggregates are added to 
stabilize the mixture. Then as it sets, exposure to atmospheric carbon dioxide transforms 
the slaked lime back to calcium carbonate. The process can be summarized by the 
following chemical reactions: 
 
CaCO3 + heat   CaO quicklime +CO2 
CaO + H2O   Ca(OH)2 slaked lime + aggregates 
Ca(OH)2 + CO2  CaCO3 + H2O 
 

Variations in plasters can be accounted for by differences in raw material 
procurement, preparation, and quantity and types of aggregates. The raw material used 
for plasters can vary among different limestone sources including degraded limestone, 
known locally as sascab, dolomite, micritic limestone, as well as the addition of 
carbonate-based shells. The temperature at which the calcium carbonate source material 
is initially burned can also play a large role in the quality of the plaster. In general, lime 
fired at a higher temperature tends to be of a higher quality due to the fact that this 
process will make sure that all of the lime is completely broken down and properly 
calcined. As the firing temperature of raw material increases, the quality of the finished 
product also increases in terms of appearance, but it also loses some of its mechanical 
strength as the aggregates break down (Wernecke 2005). Finally, the choice and quantity 
of aggregates have an influence on the final plaster product.  
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Aggregates can change the physical properties of the plaster such as the addition 
of amorphous silicate materials to create pozzolonic lime plasters or hydraulic lime 
plasters. Hydraulic lime plasters are plasters capable of setting or hardening underwater 
(Regev, Zukerman et al. 2010a). Though these plasters were first identified in Ancient 
Rome, they have now been identified at several sites in the Maya region (Villaseñor 
2008; Villaseñor and Graham 2010). Villaseñor (2008) also argues that hydraulic lime 
plasters may have been used to line the insides of cisterns or chultuns for improving 
water storage in the northern lowlands. 

 
Lime-plaster is a large-particle composite material. This means that its 

mechanical properties are affected and indeed enhanced by large particles included in the 
plaster recipe (Callister 2007). These large-particles help to strengthen the material itself. 
For our purposes, these large-particles are called aggregates and the matrix in which the 
particles are suspended is called the binder.  
 
1.2.1 Analysis of Plaster Production 
 

Previous lime-plaster research has focused on many different aspects of plaster 
production including raw material procurement, firing temperatures, and aggregates or 
recipes. Though each of these studies focused on different properties of plaster, all used 
similar geoarchaeological techniques. Most raw limestone materials for construction are 
quite ubiquitous on the karstic landscape of the Maya Lowlands. For that reason, building 
materials are locally sourced, usually within a distance of ten kilometers (Sidrys 1978, 
Wernecke 2005). Potential aggregates include: shell, clay, ash, organic matter and 
recycled materials. Likewise, these aggregate materials would be locally sourced. If these 
plasters were painted, similar to those found in major temple complexes, then the 
materials for the red paint may have been non-local in origin. The hematite or red ochre 
used to make red paint, though common, is not ubiquitous in the Maya area.  
 

Murakami and colleagues (2013) used cathodoluminescence and carbon isotope 
analyses to determine the carbonate phases present in the plaster samples. The presence 
of certain phases should help to determine the firing temperature of the raw materials and 
therefore the quality of the resulting plaster. They found diachronic changes in the firing 
temperatures and suggest this is due to changes in the organization of labor. Finally, there 
have been many studies of aggregates and binders that are added to increase the strength 
and volume of plaster (when source material or firewood was scarce), or to change some 
of the physical properties of the plasters, such as the addition of volcanic material 
(Littman 1957,1958, 1959, 1960, 1962; Hansen et al. 1997; Hansen 2000; Villaseñor 
2008).  
 
 María Isabel Villaseñor’s doctoral dissertation (2008) was primarily focused on 
the development of plaster production in the Maya Lowlands and socio-political, 
economic, and environmental factors that influenced plaster production at three sites. The 
analytic techniques included: optical reflected microscopy, petrography, scanning 
electron microscopy/energy dispersive spectrometry, x-ray fluorescence, x-ray 



	

	
	

5	

diffraction, and Raman spectroscopy. The results of Villaseñor’s pXRF and FTIR show 
evidence of dolomitic source material at two of the three sites. She argues the source is 
likely local dolostone (Villaseñor 2008). Statistical analysis of the elemental data from 
Calakmul and Lamanai showed differences in source material especially in the Terminal 
Classic, Post Classic and Colonial periods (Villaseñor 2008).  
 

Previous pXRF and FTIR analyses have been used to identify surface residues on 
the plaster. Several of these studies have identified hydroxyapatite on the surface of the 
limestone or lime-plasters (Regev, Poduska, et al. 2010; Ray and Moyes 2015). This is 
likely a result of diagenetic bat guano or the presence of other organic material (Ray and 
Moyes 2015).  
 

Visual inspection of plasters can suggest differences in plaster quality. This can 
be quantitatively identified through observation of properly calcined and slaked lime. 
Meaning parent material was completely burned to approximately 900° C for a long 
period of time to completely calcine the calcium carbonate to form CaO from CaCO3. 
Then reintroduction of H2O to the calcium oxide forms Ca(OH)2 or slaked lime. If the 
parent material is not heated completely, it will not break down into small particles and 
will not be as smooth as it could be.  
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Chapter Two: The Site of Las Cuevas 
 
2.1 Geology, Geography and Climate of the Region 
 

The small country of Belize is located on the Yucatan Peninsula, just south of the 
Mexican state of Quintana Roo and east and north of the Guatemalan departments of the 
Peten and Izabal, respectively (Figure 1). Belize is bounded by the Caribbean Sea to the 
East. This portion of Central America is located on a karstic Upper Carboniferous 
peneplain (Ower 1928). Las Cuevas is located on Cretaceous and Lower Tertiary 
Limestone, however just to the east is Paleozoic argillites called the Santa Rosa Group 
(Bateson 1977).  

 
Most of the caves in Belize are solution caves which creates a karstic landscape 

(Miller 1996). Solution caves are formed by the dissolving of limestone or dolostone with 
carbonic acid at or just below the water table (Gillieson 1996). The carbonic acid is 
formed from the percolation of rainwater through the soil as it equilibrates with the 
dissolved CO2 in the soil water. 
The process takes thousands of 
years and is one of several types 
of speleogenesis. This type of 
speleogenesis forms what is also 
known as karst landscapes.  
Pseudokarst is created through 
non-solution processes such as 
“weathering, hydraulic action, 
tectonic movements, melt water 
and the evacuation of molten 
rock (lava)” (Gillieson 1996). 
Relatively recently, sulfuric acid 
speleogenesis has been proposed 
as another method, though its 
mechanisms are not yet well 
understood (Engel et al. 2004). 
 

The Maya Mountains are 
the closest mountain range and 
form the southern boundary of 
the region. These are unfolded 
granitic mountains, unlikely to 
suffer much change other than 
erosion. This is the closest 
source of granite that was used 
for food processing artifacts and 
was heavily used by the Classic 
Period Maya.  

Figure	1.	Map	of	Belize 
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The climate in Belize is dominated by two seasons, the wet season (June – October) and 
the dry season (November – May). Within the wet season, two peaks in rainfall occur in 
June-July and again in October. These peaks relate to different weather patterns of 
tropical waves or tropical hurricanes, respectively (DOE 2006). In the Cayo district the 
average annual rainfall is 1460 mm (Wright et al. 1959). 
 
2.2 Las Cuevas Surface Site 
 

The site of Las Cuevas is located in the Chiquibul Forest Reserve in the Cayo 
District of Western Belize. The site was first investigated in 1957 by then commissioner 
of the Department of Archaeology A.H. Anderson and Adrian Digby from the British 
Museum (Moyes et al. 2012). More recent research began in 2011 by the Las Cuevas 
Archaeological Reconnaissance Project (LCAR) under the direction of Dr. Holley 
Moyes. The site lies north of the Maya Mountains and west of the Vaca Plateau, 
accessible by road from the nearest large town of San Ignacio, Cayo (Figure 1). 

 
The site features 26 structures including a ball court, surrounding two main plazas 

and a nearby plazuela group (Moyes 2014) (Figure 2). Plaza A is bound to the north, east, 

Figure	2.	Map	of	Las	Cuevas.	Courtesy	of	Las	Cuevas	Archaeological	Reconnaissance	Project. 
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and west by three large structures ranging 4-11 m in height. A long range structure forms 
the southern boundary of Plaza A. Plaza B is larger than Plaza A but contains fewer 
large-scale structures. Moyes (2012a) has argued that the large sinkhole at the cave 
entrance determined the orientation of the plazas and demonstrates the importance of the 
cave.  Moyes and her colleagues (2015) have argued that although people were likely 
living on the landscape by the Late Preclassic period; the temples on the surface site and 
the constructions in the cave were erected in the late facet of the Late Classic. Despite its 
proximity to the colossal site of Caracol (14 km to the southeast), Las Cuevas bears little 
resemblance to its neighbor and no evidence uncovered thus far demonstrates any 
relationship between the two sites (Moyes et al. 2015).  

 
Analysis of the ceramic material from the site has yielded interesting results. As 

stated earlier, the ceramics of Las Cuevas do not match those from Caracol and the 
Central Peten (Kosakowsky et al. 2013). In fact, they are not similar to any assemblage 
found in Belize. Kosakowsky argues that the ceramics found at the site represent a 
number of ceramic spheres with styles from the Peten, Belize Valley, and Southern 
Belize. If these are imports, then this further supports the idea that Las Cuevas functioned 
as a site of pilgrimage.   
 
2.3 The Cave 
 

The cave at Las Cuevas is located directly beneath the Eastern Structure of Plaza 
A in the main site core (Moyes 2011; Moyes et al. 2015; Moyes 2012a). Although caves 
are very important spaces on the landscape, rarely do we see such a direct connection 
between a cave and a Maya site (Moyes and Brady 2013). It is a relatively large cave 
system consisting of ten chambers. The Entrance Chamber is massive, measuring 
approximately 105 meters deep and up to 40 meters wide (Figure 3). A cenote lies at the 
center and is accessed by descending a series of stairways that were plastered in 
antiquity. An underground river that rises in times of heavy rain flows at its base. 
Currently this water is pumped out by the local research station, as part of their plumbing 
system.  
 

In the entrance chamber, the project mapped and recorded 76 platforms, seven 
staircases and three sets of terraces. The terraces are found near the entrance leading 
down to the cenote. Some plaster has been found on the terraces near the southwest 
corner of the cave mouth. The entrance chamber is connected by a series of small 
constructed doorways and walls leading to Chamber 8 (Moyes 2012a). Chamber 8 ends at 
a small window overlooking the entrance chamber approximately eight meters above the 
ground surface of the cave, forming a loop. A constructed wall and doorway demarcate 
the entrance to the dark zone and separate the dark zone from the cave entrance (Moyes 
2012a).  
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Figure	3.	The	Cave	at	Las	Cuevas,	Entrance	Chamber,	courtesy	of	the	Las	Cuevas	Archaeological	Reconnaissance	
Project 

Platforms are arranged in clusters throughout the entrance chamber that suggest 
well-thought-out construction plans that are interconnected and feature staircases to 
facilitate navigation between individual platforms and platform complexes. Based on the 
size and scale of the constructions, Moyes and her colleagues (2015) have argued that the 
cave was utilized for public ritual performance. Furthermore, they argue that this was an 
elite-sponsored activity and was created and maintained for the benefit of elites, sub-
elites, and possibly their retinues (Moyes et al. 2015: 246). Using crowd size calculations, 
200-500 people could have been easily accommodated on the platforms (see Moyes et al. 
2015:243 for further discussion).  

 
 
2.4 Structure 1 
 

Structure 1 is an 11 m tall eastern temple in Plaza A that is positioned directly 
above the cave entrance. Based on the number of plaster floors present, Structure 1 was 
built in at least five construction phases indicated by five plastered floors (Robinson 
2012; Carpenter 2013). The structure was constructed using dry-laid fill and contained 
very few ceramic artifacts. Those that were present date to the late facet of the Late 
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Classic (700-900AD) (Kosakowsky 2012; Kosakowsky 2013). The floors were underlain 
by small cobbles to create smooth 
surfaces to accommodate the plasters 
(Carpenter 2013; Robinson 2012).  

  
Excavations of structure 1 began 

in 2012 under the supervision of Mark 
Robinson (2012). The excavation 
consisted of a 3x3 m “telephone-booth” 
styled unit at the summit of the building 
oriented to the structure (Figure 4). A 
total of four floors were uncovered, 
though the excavation only reached a 
depth of 5.42 m below ground surface. 
The plaster floors averaged 8 cm in 
thickness though they varied from 5 cm 
(Floor 3) to 12 cm (Floor 1). Bulk 
samples were collected from each of the 
floors and additional samples were taken 
when visual differences were noted (i.e. 
burning episodes).   

 
Investigations into the 

construction history of structure 1 
continued during the 2013 field season under the supervision of Maureen Carpenter 

(Figure 5). Her excavation 
incorporated the earlier 
unit into a 2 m wide trench 
through the structure with 
a length of 19 m 
(Carpenter 2013). She 
uncovered three 
construction phases and 
revealed information about 
the style of construction. 
Three sets of outset 
staircases were uncovered 
and, while they were built 
using similar construction 
techniques, they were all 
unique, allowing the 
excavator to identify 
specific construction 
phases. Samples from this 
excavation were obtained 

Figure	4.	Unit	9	Profile,	courtesy	of	Las	Cuevas	
Archaeological	Reconnaissance	Project 

Figure	5.	Unit	20	Profile,	courtesy	of	Las	Cuevas	Archaeological	
Reconnaissance	Project 
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from the sidewalls of the excavation unit. Plaster was collected from each of the floors, 
the plaster cap, the oldest set of stairs, and the plaza floors.  
 
2.5 Platforms 
 

Of the 76 platforms located in the Entrance Chamber of the cave at Las Cuevas, 
16 platforms were selected for at least one type of geochemical analysis and 8 were swept 
cleared for systematic testing (Figure 6; See Table 1 in Chapter 3). The sediments 
covering the platforms likely consist of bat guano, air-borne particles, and calcite 
sloughing from the ceiling above. Platforms for this project were chosen for analysis 
based on percent completeness and location within the cave (Ray 2014). Several different 
platform complexes were sampled to incorporate spatial variation. Additionally, those 
with multiple plastering episodes and clear edges were targeted. Excavation and clearing 
(sweeping) of the study platforms yielded several artifacts, including jute (Pachychilus 
sp., freshwater gastropod), animal bone, lithics including obsidian blades, and ceramics.  

 

	
Figure	6.	Map	of	sampled	platforms,	courtesy	of	Las	Cuevas	Archaeological	Reconnaissance	Project 

Some platforms in the cave are tiered, with the largest tier at the bottom and one 
to two smaller platforms on top, similar to a wedding cake. These tiered platforms are 
usually built against the wall. It is currently unclear if these were built in a single phase, 
or if the upper platform tiers were constructed later. As such, all platforms in the tier were 
given their own platform number. What follows is a description of each platform that was 
sampled and a summary of the artifacts found on the platform, if it was excavated.   
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Platforms 4 and 5 are located in the southern portion of the entrance chamber near 

the dripline. Both retain much of their original plaster, although platform 5 has been used 
as the base for the water pump’s electrical system. Platform 4 measures approximately 
2.3 m by 2.3 m. The average thickness of the plaster is 2.3 cm. In contrast, platform 5 is 
much larger measuring approximately 1.9 m by 4.2 m. The plaster is also much thicker, 
6.1 cm on average.   

 
Platform 14 is the largest and most intact platform in the cave entrance. Platform 

14 is located near the cave mouth along the north wall and in the light zone. It is the 
uppermost platform in a three-tiered platform and is nearly complete measuring 
approximately 3.3 meters long by 2.6 meters wide. The plaster surface is approximately 5 
cm thick. Although the second-tier platform is no longer intact (Platform 14A), it was 
approximately 23 cm below platform 14. Platform 13 the basal platform, lays 1.2 meters 
below platform 14. The northwest portion of Platform 14 is directly beneath a large 
overhang that inhibits standing. It is also characterized by several dark spots, which have 
been attributed to burning (Figure 7). The lithic assemblage from Platform 14 included 
two chert bifaces, slate and two obsidian blade fragments. Obsidian blade fragments were 
found on or near all of the excavated platforms, as well as throughout the cave system. It 
has long since been suggested that obsidian was used for bloodletting among the ancient 
Maya (Schele and Miller 1986: 175). 
 
 

	
Figure	7.	Platform	14,	areas	of	burning,	photo	courtesy	of	Las	Cuevas	Archaeological	Reconnaissance	Project 

 
 Platform 26 is located in the cave Entrance Chamber on the north side of the 
cenote. It is in the light zone of the cave, built on a retaining wall that at its maximum 
stands approximately 2.3 m tall. The wall was built up on a large piece of breakdown that 
was modified with large boulders. The platform was leveled with smaller cobbles, then 
the plaster was applied to the surface. Steps lead down the east side of the platform and 
appear to be plastered; however, these were not excavated. The west side may also have 
steps, but are not well preserved. The north side of the platform is bounded by another 
retaining wall that stands approximately 1.5 m above the plaster surface.  
 

Most of the Entrance Chamber can be viewed from Platform 26, which includes a 
clear view of the window. Additionally, the ceiling is several meters above the platform 
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so mobility is not restricted. The platform is wet from multiple drips and the surface of 
the platform had at least six dead speleothems that have not been active in some time, as 
well as active flowstone and a small, empty pool along the western edge of the platform. 
During clearing a small piece of slate and a conch disk were found. A total of 31 ceramic 
sherds were also recovered during cleaning. These include three from Spanish Lookout 
and/or Tepeu 2 ceramic complexes and 28 from Tepeu 2. The majority of the cultural 
material was found along the northern portion of the platform and was not found directly 
on the plaster surface. Therefore, it is possible that these items were not originally placed 
on the platform but are from the fill in the retaining wall that forms its northern boundary.  
 

Platform 29 is located near the center of the cave entrance in the twilight zone. 
Platform 29 is the middle tier of a three-tiered platform. The smallest is more shelf-like in 
size than a platform but appears to be part of the same complex. Plaster is approximately 
3 cm thick although there is a gradient; the thinnest is approximately 2.5 cm on the 
eastern side to 3.5 cm on the western side.  A pile of ash was discovered above the burnt 
plaster surface, along the western boundary of the platform. The view of the cave 
entrance is partially obscured by the large overhang covering a portion of the platform to 
the east. This overhang limits mobility and inhibits standing on most of the platform.  
 
 Platform 30 is located along the southeast edge of the cenote. The platform 
measures 4.5 m by 5.8 m. A large boulder sits on top of the platform, which was likely 
there in antiquity. After exposing a portion of the edge of the platform it was determined 
that the platform was constructed in two phases. Small cobbles separate the two 
construction phases. The plaster on the lower platform is 3.8 cm thick on average and the 
average for the upper platform is 4.7 cm. This platform is in the main walkway of the 
cave. Therefore, the edges of this platform have been damaged though the plaster is thick 
enough to endure much of the foot traffic.  
 

Platforms 31 and 32 are located along the south wall of the Entrance Chamber. 
Platform 31 sits on modified breakdown approximately 3.2 m above the cave floor and 
above Platform 32. The east side of the platform may have been modified to provide 
easier access to the platform but one must climb up either the east or west side of the 
breakdown in order to reach the surface. It should be noted that the window in Chamber 8 
that overlooks the cave entrance is not visible from this platform. The platform itself is 
approximately 2.5 m long by 2.6 m wide. The plaster was well preserved on the surface, 
probably because it is unlikely to have been disturbed. The southern edge of the platform 
abuts the cave wall. Along this wall, there is a small natural shelf 20 cm above the 
platform surface. A calcite crust has formed from within the shelf and extending 30 cm 
onto the platform itself. Along the central eastern portion of the platform, an ash deposit 
was discovered. The ash from this deposit was collected for further lab testing. The 
platform was cleared from debris and guano and in some cases calcite crust. In some 
places the crust was quite thick and was subsequently left intact. Only two artifacts were 
recovered when clearing Platform 31: a Late Classic Vaca Falls Red bowl base and a 
cave pearl were recovered from the sediment above the plaster. While the presence of a 
cave pearl is certainly not remarkable, it was not found in a drip where cave pearls 
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naturally form, and was therefore moved to this location. Platform 32 extends from the 
base of platform 31 to the edge of the cenote. This platform is much larger than platform 
31, measuring 7.2 m by 2.2 m, though the plaster is quite thin at 3.5 cm on average.  
 

Platform 37 is a subsurface platform located within excavation Unit 4 along the 
north wall of the cave entrance near the light zone/twilight zone boundary. It is the upper 
platform of a two-tiered platform. Platform 70 is the lower tier sitting approximately 20 
cm below Platform 37 (for a discussion of its construction and relationship to Platform 37 
see Arksey and Voorhies 2014). Platform 37 was not well preserved and perhaps even 
collapsed in antiquity; however, its boundaries were well defined. It is approximately 2 m 
by 2 m. A portion of the plaster extends into a small alcove into the north wall of the cave 
and was given the feature designation 4K-8. Burnt areas of the plaster and associated ash 
piles were identified in the center of the northern edge of the platform and inside the 
small alcove. The plaster of this platform was on average 2 cm thick.  
 

During excavation of this platform, 176 ceramic sherds were recovered. Ceramics 
were given type-variety classification; most were assigned to Spanish Lookout and/or 
Tepeu 2 (n=164), one Aguila Orange (Tzakol Complex; Early Classic) bowl body, and 11 
non-diagnostic sherds. Additional recovered artifacts include a metate fragment, a 
hammer stone, jute, a shell bead, quartz, possible bone needle, a mano, a donut stone, and 
an obsidian blade. There were substantially more artifacts found on this platform than any 
of the other platforms previously excavated. This could be due to the fact that it is a 
subsurface platform and is located in an area that may be subject to alluvial deposits, or 
due to its association with the small alcove.  
 

Platform 42 can be found just to the east of excavation Unit 4 along the north wall 
of the cave entrance. The platform measures approximately 2.9 m by 1.1 m. This 
platform is unusual in that it features two distinct floors. Platform 42, like some of the 
other platforms sampled, is the uppermost platform in a set of tiered platforms. However, 
the lower tiers have been completely destroyed and we cannot estimate their height. The 
plaster was laid over a tamped earth floor, which is unusual because most of the 
platforms were constructed on cobble fill. The plaster of the lower floor is approximately 
5cm thick and the upper floor 6 cm thick. Much of the original platform was destroyed; 
however, the northwestern portion was covered by a calcite crust and was therefore in 
good condition. Twenty-two ceramic sherds were recovered from Platform 42. All but 
one were dated to the Late-Classic Spanish Lookout complex. Most of these ceramics 
were found within the layers of calcite crust in the northwestern edge of the platform. 
They appear to have washed down from a large boulder that bounds the western edge of 
Platform 42 and the eastern edge of Platform 37.  
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Platforms 48 and 59 are located in the twilight zone of the cave near the entrance 
to the darkzone, as part of complex of interconnected platforms. Platform 48 is a 
rectangular platform measuring 2.6 m by 1.8 m. The plaster is 4 cm thick on average and 
it sits on a bed of small cobbles. Platform 59, in contrast, is a unique round platform 
measuring approximately 2 m x 2.2 m. It is surrounded by a set of upright stones, a 
construction technique unique to this platform. The plaster on this platform is noticeably 
thicker than the others, measuring on average 15 cm. As opposed to most of the other 
platforms, 59 was built directly on tamped earth rather than cobbles. Some speleothems 
appear to have formed on the surface, but were broken off and covered in antiquity. 
Excavations of Platform 59 yielded several artifacts including 58 Late Classic Spanish 
Lookout/Tepeu 2-3 ceramic sherds, a medial obsidian blade fragment and slate, though 
none were found in direct association with the floor. Most of the artifacts were located 
along the edges of the platform and may have washed down onto the platform.  

 
Platforms 60, 61, 62, 63, and 64 are also located in the rear portion of the entrance 

chamber, near Wall 1, which marks the cave’s dark zone. All of these platforms located 
within excavation Unit 3 were subsurface and were nearly or completely intact (Voorhies 
2014). They were found under a thick alluvial deposit, therefore their plasters showed 
signs of degradation. Interestingly, the excavation of platforms 60 and 61 did not yield 
any artifacts on the platform surfaces, but many unique artifacts were recovered from this 
unit. Voorhies (2012) argues that this is the result of sweeping the platforms clean after 

Figure	8.	Platform	42	after	sweeping,	photo	courtesy	of	Las	Cuevas	Archaeological	Reconnaissance	Project 
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rituals similar to the Kaqchikel Maya. Excavation through a portion of platform 60 
revealed a dense jute deposit used as the subfloor matrix for the platform. The jute were 
placed directly on the floor beneath and were contained by larger stones that formed the 
boundary of the platform. Platform 61, located just northwest of platform 60, is the only 
other platform that is bounded by standing stones. This alignment was visible above the 
modern surface. Excavations of this platform demonstrated a different construction 
technique than Platform 60, but Voorhies argues that these were likely constructed at the 
same time based on stratigraphic evidence.   
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Chapter Three: Methods 
 

In total, eight platforms in the cave at Las Cuevas were cleared for systematic 
surface collection. First, the surface sediments were removed and the floors were swept 
to ensure that those data collected were from the surface itself. Plaster floors were lightly 
swept to avoid unnecessary erosion. To control sample location and ensure that the in situ 
and lab data came from the same sample, a physical grid was placed on top of the 
platforms in 20 cm increments (Figure X). Then, using the grid as a guideline, the 
surfaces of the platforms were mapped making sure to record all features including 
cracks, burnt areas, and speleothem formation on the surface.  
 
Table	1.	List	of	all	samples	taken	for	analysis	

Samples	 pXRF	 XRD	 FTIR	 Petrography	 SEM	
LC-S3	 x	 	  x	 	
LC-S5	 x	 	    

LC-T1	 x	 	    

LC-T2	 x	 	  x	 	
LC-P4	 x	 	    

LC-P5		 x	 	    

LC-P14	 x	 x	 x	 x	 x	
LC-P26	 x	 	  x	 	
LC-P29	 x	 	  x	 	
LC-P30	 x	 	  x	 	
LC-P31	 	 x	 	  x	
LC-P32	 x	 x	 	 x	 	
LC-P37	 	 x	 	   

LC-P42	 	 x	 	 x	 x	
LC-P48	 x	 	  x	 	
LC-P59	 x	 	    

LC-P60	 x	 	    

LC-P61	 x	 	    

LC-P62	 	 x	 	   

LC-P63	 	 x	 	   

LC-P64	 	 x	 	   

LC-F1	 x	 x	 	 x	 	
LC-F2	 	 x	 	 x	 	
LC-F3	 x	 	    

LC-F4	 x	 x	 	 x	 	
LC-2013F4	 x	 x	 	   

LC-F5	 	 x	 	 x	 	
Bedrock	 x	 	  x	 x	
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All of the methods utilized 
provide different yet complementary 
results. Starting with mapping the 
platform surface and then overlaying 
the elemental analysis from the 
pXRF, spatial relationships start to 
emerge. FTIR analysis provided 
further organic compound 
identification. XRD helped to 
identify the crystal phases of the 
binders and aggregates. Visual 
identification at a larger scale 
(microscopical analysis) and small 
scale (electron microscopy) of 
binders, aggregates, particle size, 
and surface treatments round out the 
analysis of the plaster matrix and 
recipes. 
 
3.1 Petrography 
 

Plaster and bedrock samples 
were sent for petrographic analysis 
conducted by Dr. Linda Howie at 
HD Analytical Solutions (see 
Appendix I for report). Platforms 14, 
26, 29, 30, 32, 42, and 48; stairway 
3; terrace 2; and Structure 1 floors 1, 
2, and 4 were sent for analysis. 
Before preparing thin sections 
samples were first examined under a 
stereomicroscope in cross section to 
document structural, textural, and 

compositional characteristics. The structural and textural examination looks for the 
overall homogeneity, presence or absence of voids, microstrata or layers, overall 
appearance, and possible presence of any surface treatments such as paint. The 
compositional analysis identifies presence of different carbonate phases through visual 
analysis and effervescence as the result of interaction with hydrochloric acid. The full 
petrographic analysis has not been completed so only data from the preliminary report is 
included here. 
 
3.2 Portable X-Ray Fluorescence 
 

Portable x-ray fluorescence or pXRF was used to identify both light and heavy 
elements on the plaster surface. A Bruker Tracer III-V handheld XRF, on loan from 

Figure	9.	Platform	14	grid,	photo	courtesy	of	Las	Cuevas	
Archaeological	Reconnaissance 
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California State University, Long Beach courtesy of Dr. Hector Neff was used for 
analysis. Though commonly used for obsidian sourcing in archaeology, pXRF in 
conjunction with other techniques can be very useful in identifying the elemental 
assemblage of the plaster surface. The method allows field archaeologists to work 
quickly and its portability allows non-destructive work in situ. It works by bombarding an 
atom with x-rays that have enough energy to displace inner-orbital electrons. Outer-
orbital electrons than fall to take their place, releasing energy in the form of x-rays. The 
energy of these x-rays is element specific. Meaning, each element releases x-rays with a 
characteristic energy that allows us to identify most elements in the sample. Within 
several minutes, elemental concentrations can be measured in parts per million (Shackley 
2010:9). However, this does not tell us what compounds are found in the sample.  
 

In situ analysis was performed on Platforms 14, 29, 59, 60, and 61 using the 
Bruker Tracer Handheld pXRF. All of these samples were run on high energy and 
Platform 14 was also run on low energy following the same specifications listed below. 
Running the samples at low energy provides information about light elements (Mg to Cl). 
Physical samples were collected from each intersection from the platforms, with 
assistance from Andrew Neff, Daniel Neff and Hector Neff. These samples were brought 
back to the field lab for bulk and subsurface pXRF analysis. The pXRF samples were 
homogenized in the lab and run on high and low energy. Bulk samples were collected 
from platforms 4, 5, 26, 30, 32, and 48 and brought back to Kathleen Hull’s lab at UC 
Merced for high energy analysis. The high energy was run using a green filter at 40 kV 
and 26 µA, and the low energy was run using a blue filter at 15 kV and 27 µA with a 
vacuum pump.  
 
3.3 Fourier Transform Infrared Spectroscopy 
 

A Fourier Transform Infrared Spectrometer, or FTIR, was used to determine the 
structure of the elements on the surface. This method of analysis allows researchers to 
obtain information about crystalline and amorphous materials, as well as organic 
materials. Infrared waves interact with the sample during which a portion of the radiation 
in the infrared spectrum is absorbed by the materials, causing the chemical bonds to 
vibrate. This leads to a peak in the absorbance spectrum. The location, shape and size of 
an absorbance peak are indicative of specific chemical bonds. When combined with other 
peaks, the set is characteristic of specific materials (Bruice 2011:519). This provided data 
about the form of the elements located in the sample. Therefore, the FTIR supplemented 
the pXRF data in order to get the “big-picture” view of the chemical composition of the 
plaster surface. A Bruker Alpha Diamond-ATR FTIR located at California State 
University, Long Beach was used for the analysis. Samples were systematically collected 
in the field and were analyzed in the lab. They were homogenized and run in solid form. 
This particular type of FTIR uses minimal sample preparation and allows the user to 
process large amounts of data in a short amount of time. 
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3.4 X-Ray Diffraction (XRD) 
 

Preparation for XRD consisted of homogenizing samples using an agate grinder. 
They were then placed in a sample holder and compacted into the sample holder with a 
small pestle. This was done to try to ensure that every orientation of the crystals found 
within the sample are represented, so that the diffraction pattern is complete, making it 
easier to identify the phases present, or the different crystal structures of the calcium 
carbonate present. 
 

Plaster samples from 13 unique contexts were analyzed using XRD. Seven 
different platforms and one surface structure were examined (Table 1). The samples were 
run at 45 KeV and 40 µA using a PANalytical X’Pert Pro Theta. Analysis of the 
diffraction patterns was completed using X’Pert HighScore Plus software with an 
automated ‘Search & Match’ to identify the different phases, or crystal structures, present 
in each sample. 
 
3.5 Scanning Electron Microscopy – Energy Dispersive Spectroscopy 
 

The Scanning Electron Microscope was utilized to provide information about the 
binder and aggregate particle sizes. The particle sizes of the carbonate binders are a 
reflection of the firing temperatures. Powdered samples from Platforms 14, 31, and 42 
were prepared on carbon tape and then sputter coated with gold. Small bulk samples from 
Platform 14 were selected based on size in order to fit inside the sample area within the 
SEM. To stabilize small samples, they were attached to carbon tape on an SEM stub. 
Finally, a bedrock sample was placed directly in the sample chamber for SEM-EDS 
analysis.  
 

Powdered plaster samples were run in high vacuum mode using an FEI Quanta 
200 ESEM with a tungsten filament. On average, vacuum pressure was 10-5 Torr. Three 
different platforms from different areas of the cave were examined using powdered 
samples. Using secondary electrons, the surface morphology of the samples was 
examined and the particle sizes measured.  

 
Bulk samples were run in low pressure mode at 0.68 Torr using the same FEI 

Quanta 200 ESEM with a tungsten filament and the addition of the EDAX Genesis 
energy-dispersive x-ray spectrometer. Using the backscatter detector, areas of high 
contrast were selected for additional analysis as they may represent different elemental 
signatures. One platform and a bedrock sample were analyzed using the SEM-EDS. 
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Chapter Four: Results 
 

 
4.1 Petrographic Analysis 
 

Preliminary analysis of plaster samples sent for petrographic analysis 
demonstrated a high amount of variability. This included differences in the color of clasts 
present, ranging from pink to green; the presence of amorphous or gel-like areas which 
could indicate hydraulic properties; and differences in clast shape and size suggesting 
variation in aggregates or source material. Microscopic analysis also identified several 
painted surfaces that were not recognized macroscopically, in addition to replastering 
events (Linda Howie, personal communication, 2017).  

 
4.2 pXRF 
 
High iron content on Platform 14’s 
plaster surface was present on large 
portions of the platform. Initially, clay 
binders were thought to be the source 
of the iron. However, further analysis 
has called this assumption into 
question. Figure 10 demonstrates the 
clustering of the iron spikes further 
away from the overhang. In general, 
iron content was lower underneath the 
overhang, suggesting the iron was not 
part of the plaster fabric, but was 
deposited through activity on the 
platform. If we assume that iron is not 
part of the plaster matrix but on the 
surface and use iron concentration as a 
proxy for activity areas, then we see a 
similar pattern matching the elevation 
map from the platform surface.  
 
4.3 FTIR 
 

FTIR data was interpreted 
using the comparative data published 
by the Kimmel Center for 

Archaeological Science Infrared Standards Library from the Weizmann Institute of 
Science (2014). As expected, the most predominate material came from the calcite 
mineral from the calcium carbonate plaster matrix. Analysis has shown that it is indeed 
pyrogenic calcite made from heating limestone to high temperatures, which was hardly 
surprising. However, one large peak and several smaller peaks, around the 1050 cm-1 

Figure	10.	Concentrations	of	iron	in	ppm,	courtesy	of	Las	
Cuevas	Archaeological	Reconnaissance	Project 
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wavelength, remained unidentified (Figure 11). This particular wavenumber can be 
related to either phosphates or silicates. The presence of silicate clays could be possible 
based on the analysis of the XRF data; however, it lacks the broad peak expected at the 
high end of the spectrum. Surprisingly, these peaks were completely absent from 
subsurface samples, suggesting that a different source of the iron had been introduced 
onto the platform surface.
 

	
Figure	11.	FTIR	spectra	of	surface	and	subsurface	from	platform	14,	note	the	absence	of	some	of	the	peaks	from	the	
subsurface 

 
4.4 XRD 
 

Though many of the samples produced the same or almost identical spectra, 
several of the samples from the cave were not homogenous. Two samples showed peaks 
at 31°, one from the cave (Platform 62) and one from the surface (Structure 1 Floor 2). 
This indicates the presence of dolomite instead of the normal calcite. Though both are 
forms of calcium carbonate they are often associated with different source material.  
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Figure	12.	XRD	spectra	of	Platform	62	zoomed	in	to	characteristic	dolomite	peak 

4.5 SEM-EDS 
 

Analysis of the three platforms showed a distinct difference in particle size 
distribution. Platform 31 had a more varied and larger particle size (Figure 13c). This is 
suggestive of a lower firing temperature that would not allow the limestone to slake 
properly. Platform 42 exhibited smaller particle sizes but some small variation (Figure 
13b). Using the bulk sample from Platform 14, crystals of many sizes were examined 
though again they appeared to be more homogenous in size (Figure 13a). 
 

	
Figure	13.	Carbonate	particles	at	500x	magnification,	a)	Platform	14;	b)	Platform	42;	c)	Platform	31 

 
Several points of interest were examined using the EDAX Genesis energy-

dispersive x-ray spectrometer though in the bulk plaster sample both the surface and 
subsurface. On the surface, several pieces of lead and possibly iron and zinc were 
identified. Though the presence of iron and zinc were already identified in the bulk XRF 
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analysis, lead was a new discovery. The origin of the lead is currently unknown. No lead 
was found in analysis of bat guanos from Chechem Ha, also located in Western Belize 
(Moyes 2006). The subsurface of the plaster appears to be homogenous, constructed of 
calcium carbonate. These findings are supported by previous XRF analysis. 

 
Finally, EDS was used to analyze a bedrock sample from the surface. The 

bedrock is likely calcite based on internal crystal formation and the lack of magnesium, 
though further tests should be used to determine the phase since XRD results suggest the 
presence of dolomite elsewhere (Figure 14a). On the surface of the bedrock, a small 
titanium sphere was identified (Figure 14b).  
 

	
Figure	14.	EDS	spectra.	a)	Bedrock	sample	from	site	core;	b)	Titanium	sphere	found	on	the	bedrock	surface 
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Chapter Five: Discussion and Conclusion  
 

Results of the FTIR analysis suggest that the peaks at 1050 cm-1 wavelength 
represent a phosphate mineral created through the interaction between phosphoric acid 
from bat guano and the plaster surface. As explained by Hutson and Terry (2006), 
residues can remain imbedded in the plaster in the ‘reactive zone’ just below the surface 
by migrating there through trampling of the plaster surface. Though in the case of the 
cave, trampling is not the only type of post-depositional modification; acidic-bat guano 
and drip water interacts with the basic calcium carbonate plaster.  Therefore, the results 
suggest that it is a phosphate mineral created through the interaction between phosphoric 
acid from bat guano and the plaster surface. According to cave research from Romania, 
conducted by Giurgiu and Tāmas (2013) and Dumitras and colleagues (2008), 
hydroxyapatite is the most common phosphate mineral in bat guano deposits, especially 
in drier caves as could be considered the case with the cave at Las Cuevas.  
 

Preliminary petrographic analysis of the plaster surfaces suggests that many of the 
platforms may have been painted red. Additionally this pigment appears to be of different 
manufacture. So far, it is evident on all of the earlier phases (when two construction 
phases are present). This suggests that either this was an earlier practice that was later 
abandoned or the presence of the pigment on exposed surfaces has since disintegrated. It 
is likely to be the latter and the iron on exposed surfaces associated with the phosphates 
comes from these pigments. The petrographic analysis proved to be the most useful in 
identifying the variability the plaster recipes. pXRF and FTIR data did not really identify 
and differences between the plasters. Chemically the plasters are all very similar and the 
high carbonate content masked some of the variability. However, XRD analysis 
demonstrated variation in carbonate phases meaning that different source material was 
utilized for cave and surface constructions. Although the petrographic analysis is not yet 
complete, preliminary results from the thin sections suggest that multiple carbonate 
phases were used in the plaster recipes (Howie, personal communication, 2017). While 
this is supported by other evidence from the XRD analysis, this new data demonstrates 
that multiple phases were used within one batch of plaster, perhaps suggesting the use of 
specific kinds of calcite that produce hydraulic properties. Finally, the visual variation in 
the clasts and aggregates reveal the differences in plaster recipes.  

 
Changes in firing temperature, as indicated by the variation in particle sizes, is 

possibly due to the availability of firewood. In this region, a series of droughts occurred 
during this period that may have effected tree growth. Thus, either as a conscious 
decision to mitigate the effects of their own deforestation and farming practices or as a 
result of the loss in availability of firewood, less wood was used to fire the limestone in 
order to make plaster. It follows that this changed through time and likely the 
temperatures continued to decrease, which results in larger and more varied particle sizes. 
Particle sizes can be quickly and accurately measured using a laser scattering technique 
and a powdered sample. Future work will employ this technique to definitively measure 
differences in particle size distribution amongst the samples. 
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The identification of many unique plaster recipes at the site was an unusual and 
unexpected find. The bedrock that has been examined near the cave and the calcium 
carbonate that has been analyzed thus far from the cave has all been calcite rather than 
dolomite. This suggests that some of the source material, at least at some point in time, 
was coming from elsewhere. It could be that these materials were found in a nearby 
outcrop that was used for building materials elsewhere at the site core, especially since 
the cut stones used in Plaza A are visually distinct from the underlying bedrock.  
 

Geologic maps of the country are not highly resolved. I had expected to see 
homogeneity in raw material based on the assumption of local procurement. Though it is 
likely that procurement was still local, the results of the microscopic and XRD analyses 
suggest variation in the landscape. Geological survey of the area around Las Cuevas 
began in the 2017 field season which confirms this variability. I plan to further explore 
this variation chemically and microscopically. 
 

The variation that has been identified is likely the result of small batches of 
plaster. Moyes et al. (2015) argued that the cave was constructed by and for elite use, 
however these results suggest that labor was not conscripted by elites. It is obvious based 
on the organization of the constructions in the cave that these were organized. Some sort 
of centralized authority oversaw platform and plaster manufacture, although the work 
groups might have been cooperative rather than conscripted. However, it is also possible 
that the sampling strategy employed for this project may have also masked some of the 
similarities in plaster recipes if the architecture was built up in sections. To summarize, 
the variations in plaster recipes and source material from these data could be the result of: 

1.) Small workgroups bringing in different materials from the local area. Their plaster 
could be created either as a type of offering or as an individual contribution to the 
religious project.  

2.) The platform was built up over time as the site became more popular. This 
accretionary building practice means that as platforms were sampled from 
different clusters, differences were only identified between clusters, rather than 
potential similarities within clusters if they were constructed at the same time.  

Further research should seek to understand the relationship of these platform complexes 
both architecturally and chemically.  
 
  Las Cuevas was only occupied for a short time during the Late to Terminal 
Classic Period (AD 750- AD 850). It was a politically tumultuous period for the Ancient 
Maya across the Maya Lowlands and the elite were losing power and control at many 
Classic Period sites. However, based on our current understanding of the massive 
constructions at the site of Las Cuevas and in the cave at Las Cuevas, it has a different 
story to tell. The scale and organization of the constructions, despite the variation in 
plaster recipes, suggest a centrally organized production. When those micro-analysis data 
are combined with ceramic evidence suggesting ceramic influence from as far as the 
Central Peten to the north, and Southern Belize to the south, we see that Las Cuevas may 
have functioned in a different manner than other Late Classic sites, perhaps serving as a 



	

	
	

27	

pilgrimage site with less political authority but more stability than others (Moyes et al. 
2015; Kosakowsky 2013). 
 

The complex constructions in the cave, including the interconnected platforms are 
evidence of centrally organized construction. Because there is a clear organization to 
these constructions it seems unlikely that it was the result of individuals coming in to 
build their own platforms. The most parsimonious explanation for the variability in 
plaster recipes as well as evidence of multiple construction phases for individual 
platforms is that the architecture was augmented over time.  Structure 1 consisted of at 
least five construction phases, the project obtained only relative dates for the floors based 
on the stratigraphy alone as the ceramic materials could not be further refined other than 
to say they are from the late facet of the Late Classic Period. Except for the dolomitic 
source material, none of these recipes seem to match with recipes from the cave. If Las 
Cuevas functioned as a pilgrimage site then cooperative groups or lineage groups could 
have supplied the labor and construction efforts necessary to erect the massive temples 
and complex network of platforms in the cave, bringing their own source materials from 
the site’s surrounds. Further research should involve mapping variation in the local 
landscape. 
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Introductory	Comments	
	
	1	-	Conceptual	Basis	of	the	Preliminary	Characterization	Study	of	Las	Cuevas	Samples	

Maya	 plasters	 are	 understood	 as	 a	 particular	 type	 of	 building	 material	 made	 using	 a	 basic,	
fundamental	set	of	raw	material	ingredients:	

Lime	+	aggregate	+an	aqueous	solution	

Some	variations	of	this	recipe	reported	in	the	literature	include	(this	list	is	no	means	exhaustive):	

Variations	on	lime	component	specifically:	
Ca	(OH)2	(sascab	deriving)	+	aggregate	+	water/organic	solution	
Ca	(OH)2	(sascab	deriving)	&	wood	ash	+	aggregate	+	water/organic	solution	
Ca	(OH)2	(shell	deriving)	&	wood	ash?+	aggregate	+	water/organic	solution	

Variations	on	aggregate	specifically:		
Lime	+	sascab	+	water/organic	solution	
Lime	+	quarrying	debris	+	water/organic	solution	
***Lime+{sascab	+	quarrying	debris}	+	water/organic	solution	

Variations	involving	additional	ingredients:	
Hydrolic	plaster	=	+clay	or	siliceous	sand	
Lime	+	aggregate	+clay	+water/organic	solution	(e.g.	Hanson	1997:215)	
+	siliceous	sand	or	a	component	containing	siliceous	sand	(e.g.	Littman-		

Pozzolanic	plaster	=	+	volcanic	ash	
Lime	+	aggregate	+volcanic	ash	+water/organic	solution	(Barba	et	al.	2006)	
Use	recycled	materials	=	+	recycled	plaster		
Lime	+	aggregate	+aqueous	solution	+	recycled	plaster	(Villasenor	2010)	

Compositional	components	and	specific	ingredients	that	can	be	characterized	via	microscopical	
analysis	include:	

• Lime	component	
• Aggregate	component	
• Sascab	
• Shell	
• Wood	ash	
• Clay	
• Siliceous	component	(independent	ingredient	and/or	naturally	occurring	constituent	

of	another	component)	
• Volcanic	ash	or	other	volcanoclastic	sediment	or	rock	
• Recycled	materials	

2	-	Immediate	questions	concerning	some	assumptions	about	plasters	

Is	predominant	use	of	calcareous	aggregates	a	reasonable	assumption?		
Villasenor	and	colleagues	(e.g.	2010	:62)	assume	a	universal	use	of	calcareous	aggregates	
to	make	plasters	–	i.e.	sascab,	or	equivalent	products	of	deep	weathering	of	limestone.	It	
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is	 also	 assumed	 that	 sascab,	 regardless	 of	 the	 geographic	 area	 in	which	 it	 occurs,	 has	
uniform	 compositional	 characteristics.	 This	 is	 simply	 not	 true.	Deep	weather	 products	
retain	the	compositional	characteristics	of	the	underlying	limestone	bedrock.	Limestone	
compositions	 vary	 greatly	 throughout	 the	 lowland	 region;	 their	 compositions	 reflect	
specific	time	periods,	environments	and	processes	of	formation.	It	is	necessary	to	know	
something	about	the	compositional	characteristics	of	limestones	and	related	sediments	
available	locally	to	link	building	materials	to	geological	resources	on	the	landscape	based	
on	raw		material	ingredients	and	to	understand	processing	and	fabrication	strategies.	The	
regional	geological	scale	used	in	plaster	studies	is	problematic,	as	it	ignores	considerable	
local	variability	in	geological	raw	materials	that	is	fundamental	to	reconstructing	plaster	
recipes	and	fabrication	processes.		

Is	it	reasonable	to	view	clay	as	an	independent	raw	material	ingredient?		
Sascab	can	have	a	clay	component	(Howie	2012).	Therefore,	clay	need	not	be	a	separate	
ingredient.	Additionally,	 If	 the	clay	 component	of	 sascab	 is	 smectite	 (e.g.	Belize	Valley	
Cretaceous	 sascab),	 it	 will	 overlap	 with	 silica	 on	 spectra,	 leading	 false	 high	 silca	
characterizations		

Is	there	a	limited	range	of	secondary	mineral	formation	that	could	influence	chemical	variability	
?	

Villasenor	(2010:63)	notes	that	crystal	formation	occurs	after	lime	carbonation	during	the	
hardening	process:	 new	 crystal	 formation	occurs	 in	 developing	 cracks.	 Is	 this	 the	only	
secondary	crystal	formation	that	could	affect	chemical	signatures?		

What	else	could	potentially	contribute	to	chemical	variation?		
There	 seems	 to	 be	 an	 assumption	 that	 concentrations	 of	 organics,	 phosphorous	 and	
metals	relate	specifically	to	use	or	postdepositional	alteration.	Terry	et	al.	(2004)	is	used	
an	analogy	 (e.g.	Villasenor	2010).	What	about	presence	of	organic	constituents	as	 raw	
material	ingredients?		

Objectives	of	the	Preliminary	Microscopical	Assessment	of	the	Las	Cuevas	samples		
The	objectives	of	 the	 initial	microscopical	characterization	study	of	 the	Las	Cuevas	plaster	and	
geological	samples	was	to		

1) Gauge	similarities	and	differences	in	textural,	structural	and	compositional	characteristics	
according	to	criteria	provided	by	the	researcher		

2) Identify	 potential	 mineralogical	 variation	 relating	 to	 geologic	 source	 of	 raw	 material	
ingredients	(matrix	and	aggregate)	

3) Identify	compositional	features	to	target	for	assessment	and	characterization	
4) Identify	secondary	mineral	formation	that	might	affect	chemical	variation	
5) Guide	sample	preparation	methods	and	better	anticipate	behavoural	characteristics	
6) To	provide	a	 framework	 for	 the	petrographic	 study	and	assist	 selection	of	assessment	

criteria	appropriate	to	the	research	questions	central	to	the	broader	study.	

Methods:	
The	cross	sectional	profile	of	each	sample	was	assessed	with	a	stereo-microscope	at	50x-220x	
magnification.	 Structural,	 textural	 and	 compositional	 characteristics	 were	 documented	
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photographically.	 Descriptive	 characteristics	 (Table	 1)	 were	 systematically	 recorded	 for	 each	
sample	and	summarized	in	an	excel	spreadsheet.		
	
All	samples	were	subjected	to	a	hydrochloric	acid	test	(10%	solution	in	distilled	H2	O),	 in	which	
one	 to	 two	 drops	 of	 the	 solution	were	 dripped	 onto	 the	margin	 of	 the	 cross	 section	 using	 a	
micropipette	whilst	 the	area	was	being	viewed	under	 the	microscope.	This	 test	confirmed	the	
presence	 of	 calcium	 carbonate,	 providing	 evidence	 of	 the	 presence	 lime.	 It	 also	 enables	 an	
unobscured	view	of	non-calcareous	rock	and	mineral	clasts	and	other	stable	constituents,	as	well	
as	their	abundance.		
	
Table	1:	Descriptive	characteristic	recorded	for	Las	Cuevas	samples	
Structure and Texture 
 Homogeneity  

General appearance 
Presence of cracks 
Conspicuous void structures 
Evidence of multiple strata  

reflects compositional differences in plaster 
recipes, behavioural differences in plasters 

Identification of compositional components 
 Aggregations Evidence of nature and compositional 

characteristics of raw material ingredients; 
may reflect incomplete mixing  

 Rock/mineral clasts (variability 
in type, size*, roundness)  

Attributable to raw material components of 
the mixture; reflect geologic source or raw 
material 

 Other particles Additional ingredients or a component of a 
raw material ingredient 

 Burnt plant matter Evidence of lime production using a plant 
material or addition of wood/plant ash 

 Amorphous, gel-like areas Evidence of fluxing as a result of the 
presence of hydraulic or pozzolanic 
materials 

 Secondary crystalline 
formations (nature and 
location)  

Indirect evidence of structure, potential 
source of chemical variation  

Surface Characteristics 
 Presence of pigment, visual 

characteristics 
Potential evidence of decorative treatment  

*assessed using image analysis software; reflects approximate mode size of clasts and largest 
clast size within field of view 

Results	
The	 results	 of	 the	 macroscopic	 assessment	 are	 presented	 in	 the	 attached	 Excel	 spreadsheet	
(Appendix	1)	and	pictographic	table	(Appendix	2).	Significant	aspects	of	compositional	variation	
that	will	help	structure	the	petrographic	study,	as	well	as	sample	preparation	protocols	are	as	
follows:	

1	–	General	Comments	
Samples	identified	as	a	plaster	based	on	compositional	characteristics	that	reflect	the	definitional	
lime+aggregate+water	recipe	include:	
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• Las	Cuevas	cave	samples:	LCC-2,	LCC-3,	LCC-4,	LCC-5,	LCC-6,	LCC-7,	LCC-8,	LCC-10,	andLCC-
11		

• Las	Cuevas	surface	site	samples:	SLC-1,	SLC-2,	SLC-3,	SLC-4,	SLC-5		
• Bird	Tower	Cave	sample:	BTC-1	
• Zuhuy	Che’en	Cave	sample:	ZCC-1	

All	plaster	samples	can	described	as	complex	inhomogeneous	mixtures	comprising	a	lime-based	
matrix,	chalky	and	sometimes	sandy	and/or	sugary-textured	aggregations,	and	rock	and	mineral	
clasts	 (in	part	 reflecting	an	aggregate	 ingredient).	Amorphous,	gel-like	areas	were	observed	 in	
some	samples	and	the	extent	of	these	varies.		

Samples	that	are	not	plasters	include:	
Las	 Cuevas	 cave	 sample	 LCC-1:	 This	 sample,	which	was	 identified	 as	 a	 plaster	 sample,	 can	 be	
described	as	a	fine-grained	sedimentary	rock,	possibly	metamorphosed.	It	is	not	a	plaster	based	
on	its	compositional	characteristics	and	is	clearly	different	from	the	plaster	samples.	

Las	Cuevas	cave	samples	LCC-9:	This	sample,	which	was	identified	as	a	rock	from	the	cave	wall,	
can	 be	 tentatively	 described	 as	 an	 ‘anthropogenic	 sediment’,	 comprising	 as	 solidified	 clay	
containing	subrounded	to	rounded	rock	and	mineral	clasts	and	carbonized	plant	matter.	

Las	Cuevas	surface	site	samples	SLC-6:	This	sample,	which	was	identified	as	a	bedrock	fragments,	
can	be	tentatively	described	as	a	breccia	(a	sedimentary	rock	containing	angular	rock	and	mineral	
clasts).	

2	-	Aspects	of	Compositional	Variation	in	Plaster	Samples	
The	plaster	 samples	 are	 surprizing	 variable	 in	 their	 textural	 and	 compositional	 characteristics.	
Main	aspects	of	this	variation	are	summarized	below.	The	petrographic	study	will	investigate	the	
nature	of	characteristics	and	features	at	a	higher	level	of	resolution,	permitting	interpretation	of	
contributing	factors.		

General	textural	characteristics	–	The	general	texture	of	the	plaster	samples	varies	from	chalky	to	
crumby	or	sandy,	and	may	at	least	in	part	reflect	differences	in	the	proportional	amount	of	matrix	
vs	aggregate.	The	nature	of	the	specific	raw	materials	used	-	e.g.	a	sand	vs	quarrying	debris,	or	a	
consolidated	calcareous	material	with	a	high	vs	a	low	rock	content	-	would	also	influence	textural	
characteristics.		

Mineralogy	 -	 Considerable	 mineralogical	 variation	 was	 observed	 with	 the	 samples	 set.	 This	
variability	 is	 highly	 significant	 as	 it	 may	 reflect	 differences	 in	 the	 geologic	 source	 of	 the	 raw	
materials	used	to	make	specific	plasters.	Interestingly,	mineralogical	differences	were	observed	
among	the	samples	from	both	the	surface	site	and	Las	Cuevas	Cave.	In	other	words,	there	is	good	
evidence	even	at	this	stage	that	the	plasters	at	different	sites,	and	at	different	sites	situated	close	
to	each	other	are	not	 the	same.	For	example,	 samples	containing	distinctive	 rock	and	mineral	
clasts	which	were	not	observed	in	any	of	the	other	samples	at	this	level	of	magnification	include:	

• LCC-2	and	LCC3	–	pinkish	clasts	
• LCC-4	–	greenish	mineral	
• BTC-1	–	mineral	with	a	platy	habit	

Another	aspect	of	mineralogical	variation	relates	to	the	composition	of	sandy	and	sugary-textured	
aggregations	 and	 pockets	 of	 sand.	 In	 some	 cases,	 these	 ‘sandy-textured	 features’	 comprise	
multiple	rock	and	mineral	types.	In	samples	containing	sugary	aggregations,	mineralogy	appears	
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to	be	comparatively	homogeneous.	Quartz	is	hypothesized	as	a	main	constituent	in	both	cases,	
however,	 it	appears	to	be	altered	in	the	mineralogically	varied	sand,	and	comparatively	‘clean’	
and	‘pristine’	in	the	sugary-textured	aggregations.		

The	presence	of	a	prevalent	siliceous	component	is	significant	as	suggests	hydraulic	properties.	
Additionally,	use	of	siliceous	raw	materials	as	a	plaster	ingredient	does	not	appear	to	be	widely	
reported	for	the	Maya	area.	Exceptions	include	Villegas	et	al.	(1995)	and	Littman	1957.	

Roundness	of	clasts	–	There	are	observable	differences	in	the	roundness	(relative	roundness	vs	
angularness)	of	the	clasts	present.	Roundness	of	clasts	may	be	a	natural	characteristic	of	a	raw	
material	and	therefore	tell	us	something	about	 its	geologic	history	and	formation	processes.	A	
tendency	toward	angularity,	however,	might	also	reflect	raw	material	processing	(e.g.	crushing).	
The	 occurrence	 of	 both	 angular	 and	 rounded	 clasts	 in	 some	 plasters	 is	 interesting	 and	 is	
hypothesized	 to	 derive	 from	 the	 use	 of	 raw	 material	 ingredients	 containing	 morphologically	
different	 rock	 and	 mineral	 clasts	 –	 eg.	 a	 sand	 comprising	 rounded	 clasts	 +	 quarrying	 debris	
comprising	angular	clasts.	

Burnt	plant	matter	–	Carbonized	plant	matter	 is	not	present	 in	all	 the	plaster	 samples.	 It	was	
observed	in	both	cave	and	surface	site	plasters.	The	quantity	of	carbonized	material	appears	to	
also	vary	–	some	samples	appear	to	contain	more	of	it	than	others.	Presence	of	burnt	plant	matter	
might	 relate	 to	 the	presence	of	wood	ash,	 either	 as	 a	 raw	material	 or	 as	 a	byproduct	of	 lime	
production.	

Yellow	particles	and	staining	–	yellow	coloured	particles,	aggregations	and	staining	were	observed	
only	in	the	plaster	samples	from	the	caves.	What	are	these?		

Recycled	plaster	–	recycled	plaster	is	hypothesized	to	be	present	in	at	least	one	sample,	SLC-5.	

Amorphous,	gel-like	areas	–	these	were	observed	in	both	cave	and	surface	site	plasters,	but	were	
not	 conspicuous	 features	 in	 all	 of	 the	 samples.	 Additionally,	 gel-like	 areas	 appear	 to	 be	more	
prevalent	in	some	samples	than	in	others.	Do	these	relate	to	the	presence	of	hydraulic	phases?	

Secondary	Crystal	Formation	-	Three	types	of	secondary	crystal	formation	were	observed	
1) Crystalline	formation	in	microcracks	(formation	possibly	began	during	hardening,	but	this	

growth	 could	 have	 continued	 over	 time	 -	 cannot	 be	 viewed	 as	 just	 reflecting	 the	
hardening	process)	

2) Sugary	 textured	crystal	growth	on	the	exterior	of	samples	 (likely	 formed	as	a	 result	of	
exposure	of	these	surfaces	to	postdepositional	environment)	

3) Web-like	crystal	structures	on	specific	cave	samples	(likely	formed	as	a	result	of	exposure	
of	these	surfaces	to	postdepositional	environment)	

The	different	crystal	habits	 imply	significant	chemical	differences.	 It	 is	unclear	how	deeply	 the	
secondary	crystal	structures	penetrate	into	the	samples	and	how	porosity,	cracking	and	material	
composition	contribute.		

Pigment	 on	 plaster	 surfaces	 –	 pigment	 was	 potentially	 identified	 on	 two	 additional	 plaster	
samples,	LCC-7	and	LCC-10.	These	potential	pigments	are	qualitatively	different	 in	appearance	
and	textural	characteristics	than	the	pigment	identified	on	the	Bird	Town	Cave	sample.	In	the	case	
of	 the	 later,	 the	pigment	 is	 bright	 red	 in	 colour	 and	 contains	 red	particles.	 Particles	were	not	
apparent	in	the	other	two	samples	and	the	colour	of	the	pigmented	areas	in	these	instances	is	
dull,	earthy	red.		
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Recommendations:	
1	-	Analytical	Strategy	for	the	Petrographic	Study	
Petrographic	 studies	 of	 May	 plasters	 have	 not	 followed	 a	 standardized	 approach	 to	 sample	
analysis,	 description	 and	 interpretation,	 in	 part	 because	 only	 a	 handful	 of	 studies	 have	 been	
undertaken	 to	 date.	 As	 a	 consequence,	 the	 results	 of	 individual	 studies	 are	 not	 directly	
comparable	 and	 they	 often	 have	 limited	 value	 as	 a	 comparative	 information	 resource	 to	 aid	
understanding	of	new	sample	sets.	Plaster	compositions	also	tend	to	be	characterized	according	
a	very	generalized	set	attributes,	which	varies	from	study	to	study.	In	the	absence	of	standardized	
criteria	 for	 analysis	 and	 description,	 reconstruction	 and	 direct	 comparison	 of	 patterns	 of	 raw	
material	selection,	plaster	recipes	and	raw	material	processing	at	multiple	scales	and	across	time	
remains	 difficult,	 if	 not	 impossible.	 Additionally,	 the	 published	 petrographic	 descriptions	 of	
plasters	tend	to	focus	on	distinguishing	characteristics	alone.	These	can	reflect	broad	and,	often	
anticipated,	 geological	 differences	 relating	 use	 of	 local	 raw	 material	 resources,	 instances	 of	
deviation	 from	 the	 basic	 plaster	 recipe	 –	 lime+aggregate+water	 –	 and	 structural	 and	 textural	
characteristics	that	could	relate	to	either	natural	characteristics	of	the	raw	materials,	technical	
processes,	 or	 a	 combination	 of	 factors.	 This	 focus	 on	 specific	 and,	 often,	 non-equivalent	
differences	when	describing	plasters	ignores	the	evidence	of	similarities,	which	might	reflect,	for	
example,	shared	stocks	of	technical	knowledge.	Other	aspects	of	variation,	which	might	be	equally	
informative	when	thinking	about	distinctions	in	raw	material	ingredients	and	technical	practice,	
are	also	ignored.		
	
Plasters	are	complex	composite	materials	that	reflect	both	the	natural	geological	characteristics	
of	the	raw	materials	used	and	fabrication	processes,	including	raw	material	processing.	Since	a	
main	aim	of	this	project	is	to	investigate	the	contribution	of	both	of	these	influences	and	to	create	
a	baseline	of	compositional	information	detailed	enough	to	contextualize	the	results	of	analyses	
with	different	analytical	instrumentation,	a	systematic	descriptive	approach	to	the	petrographic	
study	 is	 recommended.	 The	 strategy	 that	 will	 be	 applied	 draws	 on	 comparable	 analytical	
frameworks	 employed	 in	 soil	 micromorphology	 and	 ceramic	 petrography	 (the	 Whitbread	
method).	 The	 objective	 is	 to	 undertake	 a	 standardized	 documentation	 of	 compositional	
components	and	features	at	a	level	of	detail	that	will	permit	investigation	of	their	associations	(in	
geological	 and	 technical	 terms)	 and	 interrelationships.	Working	 forward	 from	 this	 baseline	 of	
information,	it	should	be	possible	to	characterize	variability	relating	to	raw	material	sources	and	
technical	 practices	 and	 processes,	 as	 well	 as	 to	 investigate	 potential	 factors	 contributing	 to	
chemical	and	other	variation	documented	previously	for	the	sample	set.	Another	benefit	of	this	
strategy	 is	 that	 will	 enable	 future	 comparative	 studies	 of	 geological	 samples,	 other	 building	
materials	and	other	composite	materials	such	as	pottery.		

1	-	Sample	Preparation	Strategy	
Given	 the	 spatial	 scale	 of	 the	 plaster	 mixtures	 as	 architectural	 elements	 and	 the	 nature	 of	
compositional	 heterogeneity	 observed	 in	 the	 preliminary	microscopical	 characterization,	 large	
format	cross	sectional	thin	sections	would	permit	examination	of	an	appropriately	sized	sample	
of	the	material.	A	larger	sample	size	increases	the	likelihood	of	capturing	a	representative	range	
and	 of	 overall	 compositional	 characteristics	when	materials	 are	 internally	 heterogeneous	 and	
contain	 large	 features.	 Sample	preparation	will	 aim	 to	maximize	 the	viewable	 surface	area.	 In	
addition,	appropriate	precautions	will	be	taken	to	safeguard	against	the	alteration	and/or	removal	
of	water	and	heat	sensitive	constituents.			
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Interestingly,	sample	size	and	orientation	and	sample	preparation	procedures	are	not	described	
in	detail	in	any	of	the	studies	I	have	reviewed	thus	far.	Sample	preparation	methods	determine	
what	is	captured	in	the	thin	section,	and	can	alter	or	remove	constituents;	they	are	a	potential	
source	of	observed	variation	and	error,	as	with	any	other	analytical	technique.	Since	preparation	
procedures	have	a	direct	effect	on	the	nature	and	quality	of	the	data,	as	well	as	the	comparability	
of	thin	sections,	preparation	methods	should	always	be	appropriately	described.	
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Appendix	II.	Ceramics
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List of Abbreviations 
 
FTIR- Fourier Transform Infrared Spectroscopy 
pXRF- portable X-Ray Fluorescence  
SEM- Scanning Electron Microscopy 
SEM-EDS- Scanning Electron Microscopy – Energy Dispersive Spectroscopy 
XRD- X-Ray Diffraction 
 




