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Abstract

This thesis examines the settlement patterns located in the vicinity of the Late
Classic Maya site of Las Cuevas, Belize, a midsized center found 14km southeast of the
large polity of Caracol, in order to examine the site's usage as a possible pilgrimage site.
Using LIDAR data gathered in April and May of 2013, models were run to examine the
population of Las Cuevas and its relationship to its neighbor Caracol. Based on the
results of this study into the surrounding populations using LiDAR-derived data, | argue
that a low-density population surrounding the site core and beyond supports the
interpretation that Las Cuevas functioned as a pilgrimage site. The sparse population base
would not have been able to sustain a typical polity consisting of a royal household
engaged in political competition or warfare. This thesis examines new territory in
settlement pattern models and is the first time that the patterns surrounding an ancient
Maya pilgrimage site has been investigated. It is my hope that my work will serve as a
model for future research.



Chapter One: Introduction and Organization
1.1 Introduction

In this study I will examine the settlement around the Late Classic (AD 700-900)
Maya site of Las Cuevas, Belize, nestled within the foothills of the Maya mountains just
east of the Guatemala and Belize border, and 14 km from the large polity of Caracol. The
Las Cuevas site is of particular interest because despite its close proximity to such a large
polity, there is little archaeological evidence that establishes a connection between the
two (Moyes et al. 2012, Moyes et al. 2015). The unique quality of Las Cuevas is that it
has a ritual cave complex running beneath the site core. This cannot be ignored as it
appears to have been of great importance, as demonstrated by the remnant artifacts and
extensive architecture found inside the cave, as well as a large construction built atop the
cave complex itself.

The site has been under investigation by the Las Cuevas Archaeological
Reconnaissance (LCAR) under the direction of Holley Moyes since 2011. During this
time, the site core was mapped, excavations conducted, and a preliminary settlement
survey taken. In 2013, an aerial LIDAR survey was flown (Moyes et al. 2015). It has
been suggested elsewhere (Moyes et al. 2015) that the site of Las Cuevas functioned as a
Late Classic pilgrimage center. In this thesis, | analyze the settlement patterns to explore
whether this interpretation can be sustained. Was Las Cuevas a pilgrimage site or was it
more likely to have functioned as a small/medium-sized independent polity like so many
others? While pilgrimage sites have been found by archaeologists, there have been few
models put forth standardizing their quantitative or qualitative attributes.

I will address the issue by examining the boundedness of the settlement, the
density of the structures, and will estimate the surrounding population using LiDAR-
derived data models. This thesis also seeks to help fill the gap in the development of
pilgrimage site models found within archaeology by examining the role of Las Cuevas in
the social landscape of the region.

This thesis is divided into two sections. The first includes two chapters and is
concerned with the ritual study of the site of Las Cuevas. In Chapter 2 | introduce the site
and discuss the cosmology of the Classic Maya and how the site's construction adheres to
a ritual landscape. In Chapter 3 I discuss pilgrimages and their traits, and model what a
pilgrimage site might look like in the archaeological record.

In section two, | address the question of site function posed in this introductory
chapter. | present research from other scholars on site populations within the region and
compare them to the site Las Cuevas. | discuss the methods of survey and identification
of sites around Las Cuevas as well as the use of LIDAR and its techniques. which greatly
aided my research. Ultimately 1 will discuss what place, if any, pilgrimage had at the site
of Las Cuevas.



Chapter Two: The Setting
2.1 Introduction

In this chapter I discuss the site and setting of Las Cuevas to set the stage for my
research. Although this chapter deals chiefly with the Maya lowlands, | emphasize that
this region is but a small part of the Maya area and of a larger system extending through
Central America as a whole.

2.2 Climate and Topography

The site of Las Cuevas can be found in the central Maya Lowlands in the
Chiquibul Forest Reserve of western Belize (Figure 2.1). Similar to much of the region,
Las Cuevas enjoys distinct wet and dry seasons in a moderate sub-humid climate.

L
Figure 2.1. Map of Maya region. Arrow points to location of Las Cuevas.

Roughly 500m above sea level, the site experiences hot mornings and cool
evenings. Annual precipitation averages roughly 1,500 mm a year, although it may vary
as much as 500mm in either direction for a particular year (Coultas, et al. 1993, 1994).

The area surrounding Las Cuevas lies in the limestone foothills of the Maya
Mountains. The terrain is uneven with hills and ridges undulating over the landscape. The
elevation varies due to the hills, ranging between 450-550m (Murtha 2004: 94). The



limestone found within the region is comparatively pure calcite and the vegetation is
mostly formed of dense, broad-leafed forest with a closed canopy and numerous palm
trees also occurring in the area (Coultas, et al. 1993, 1994). There are a number of rivers
that flow in the lowlands including the Rio Usumacinta, Rio Motagua, the Belize River,
the New River, and the Rio Hondo (Morton 2007).

The average temperature of the region hovers around 23 degrees Celsius (73.4 F),
with it ranging from as low as 10 degrees Celsius at night, reaching to almost 40 degrees
Celsius during the day (Murtha 2002: 207). The rainy season begins a little before
summer either in late May or Early June, and lasts until October or November (Morton
2007). Although infrequent to the area, there have been episodic droughts in the region
(Murtha 2002: 93). While this data does not exactly model the environment during the
time in which Las Cuevas was inhabited, particularly due to the proposed drought seen
during that time it does provide context to the conditions that the site occasionally
sustained.

While the exact length and severity of the drought(s) during the Maya collapse are
still debated within the field, archaeologists do agree that there was a significant climate
change during the Late and Terminal Classic Period. Some models depict be a
"megadrought” to have occurred during that time, while more recent research depicts the
drought phases between 800 to 1000 AD to have drier and wetter periods (Curtis et al.
1996, Hodell et al. 2005, Kennett et al. 2012; Leyden et al. 1998). No matter the exact
length, the droughts during these times placed extreme stress on the Maya who relied
heavily on an unirrigated horticultural system to sustain themselves.

2.3 The site of Las Cuevas

Nestled within the foothills of the Maya mountains, the mid-sized center of Las
Cuevas is found 14km southeast of the large polity of Caracol (Figure 2.2). In four field
seasons, the LCAR mapped 26 structures situated around two plazas, a ballcourt, a sacbe
leading to a hillside, and an elite plazuela group set on a platform just to the north of
Plaza A (Moyes 2014, Moyes et al. 2015). The surface architecture sits above a 15m deep
dry cenote (sinkhole) with a massive cave entrance at its base on the east side amidst a
dense and thorny jungle (Figure 2.3). Found within the cave's large entrance is an
underground river that surfaces at the base of a sinkhole, which fills during heavy rains.
The river is surrounded by plastered platforms, stairways, and terraces that ascend to the
cave walls creating an amphitheater-like space. Although construction in caves is not
rare, Las Cuevas is significant in the fact that it boasts the largest amount of architectural
construction in any cave site within the Maya Lowlands (Moyes 2012). This suggests that
the chamber was used for well-organized ceremonies catering to large numbers of
participants and was most likely an important site in the Late Classic period (A.D. 700-
900). A 335m cave system runs beneath Las Cuevas Plaza A and directly underlies
Structures 1, 3, and 4 as well as the plazuela group (Moyes 2014).



Figure 2.2. Map of western Belize showing Las Cuevas.
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Figure 2.3. Map of Las Cuevas site core.

Plaza A contains a set of east/west twin structures of similar height (8m based on
post- excavation and cleared of debris), as well as a northern palace and a low southern
structure. Correlations can be drawn between the Las Cuevas' Plaza A and of Tikal's
North Acropolis. Both have east/west oriented twin structures which are believed to mark
the path of the sun as well as a northern palace and a low southern structure thought to
represent the underworld (Moyes et al. 2015; Ashmore 1991:200-203). Although it has
not been excavated, the large northern range structure (Structure 3) is suspected to be an
elite palace (Moyes 2014). Another similarity between Plaza A and Tikal's North
Acropolis that it is oriented on a north/south (axis is 23° east of north) with the ballcourt
to the south of the eastern structure. The ballcourt is the western structure of Plaza B and
has steps off the back protruding into the plaza (Robinson et al. 2013).

Despite their close proximity, Plaza A and Plaza B are distinct. While they are
similar in that both have long and low linear structures along their north and south
borders, Plaza B’s orientation has a northwest/southeast axis. The northern structures hug
the circular rim of the sinkhole outside of the cave entrance (Moyes 2014). While
typically an ideal Late Classic Maya site plan should have the two plazas set on a
north/south or east/west orientation depending on the site's political leaning (Ashmore
and Sabloff 2002), with particular site layouts being more common with certain polities



over others, Plaza B is to the southeast of Plaza A. The cenote appears to dictate that the
architecture not follow Maya constructional norms, defining the shape and size of Plaza
B instead of orientating the plazas on cardinal directions like many other sites. Another
interesting thing to note is the orientation of the plazas to the cave system itself. Structure
1 is arranged so that it sits directly above the cave entrance and the cave tunnels run
below the three largest structures of Plaza A. The ceramic analyses and accompanying
AMS dates indicate that the site was constructed during the Late Classic period (post AD
700) and with a few Terminal Classic ceramic markers. Therefore, the site was most
likely in abandonment by AD 950 to 960 (Moyes et al. 2014).



Chapter Three: Cosmology, Caves, and Pilgrimages
3.1 Introduction

In this chapter I discuss the religious and political setting of Las Cuevas. Maya
cosmology, Maya cave use, and Classic Period Maya social and political organization.

3.2 Maya Cosmology

The cosmology of the Classic Maya has in large part been reconstructed from
iconography and inscriptions on ceramics, monuments and murals as well as a multitude
of ethnographic resources ranging from written accounts from the Spanish and
Postclassic codices, to even present day narratives and practices of the contemporary
Maya. While much of the Postclassic belief system appears to share many of the same
practices and beliefs as its predecessors in the Classic period (Freidel et al. 1993), it must
be noted that the Maya beliefs most likely did not remain entirely the same over time.
What follows integrates broad ideas of Maya cosmology that are widely accepted and are
reinforced by overwhelming evidence that these beliefs were practiced in the Late Classic
period.

The Maya cosmology is laid out as a three tiered universe, consisting of a middle,
upper and underworld (Coe 1999). The middle world was where humans lived, believed
to be a rectangular plane floating in a large ocean, which during the Classic period was
depicted in art as being on the back of a water creature, such as a crocodile, turtle or
peccary floating in the 'Primordial Sea' (Freidel et al. 1993; Schele and Freidel 1990).
The four sides of the world were oriented in the four cardinal directions (Coe 1999,
Freidel et al. 1993) and the four corners were believed to be marked by the rising and
setting of the sun during the solstices (Freidel et al. 1993).

The upper world lies above the middle world and was often represented in art as a
'sky band' where the gods of creation resided (Christenson 2003). It was also believed
that the royal ancestors would also reside in the upper world upon death (Coe 1999).
While the sky represented good and light, the underworld represented darkness, death and
evil but was an ambiguous place that also stored riches, wealth, bounty, and fertility
(Thompson 1970). The nine-tiered underworld also known as Xibalba (Tedlock 1985)
existed below the middle world and acted as the land of the dead inhabited by the twelve
lords of Xibalba who presided over disease and death (Schele and Freidel 1990). The
Maya also believed the souls of the dead were forced to journey through Xibalba and
partake in tests of wisdom and courage similar to that faced by the 'Hero Twins' in the
Popol Vul, a sixteenth century book on Maya creation (Christenson 2003).
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Figure 3.1: The multi-layered model of the Maya cosmos (Coe 1999)

The Maya also believed there were particular locations that served as connection
between the different worlds. The principal location was the axis mundi, a giant ceiba
tree which grew in the middle of the middle world and connected all three worlds, with
the canopy reaching the upper world, and the roots penetrating Xibalba (Freidel et al.
1993). Geographical features were also seen as connections to other worlds, with
mountains allowing people to communicate to the heavens and caves as entrances to the
underworld.

3.3 Maya Cave Use

Aside from the negative connotation caves had in the Maya cosmology in their
connection to the underworld, there was and still is also a positive association with caves.
The Maya believed caves were connected with life, fertility, and rain, and it is likely that
caves were multi-purpose ritual spaces (Brady and Prufer 2005; Moyes and Brady 2012;
Thompson 1959). Ethnographic and ethnohistoric sources such as the Popul Vuh indicate



that caves were also associated with particular deities (Christenson 2001) and ancestor
worship (Thompson 1959). Ethnographic research has detailed rituals requesting rain and
crop fertility as well as preventing illness or disease (McNatt 1996; Christenson 2001).
Due to the porous geology of many of the caves and the humidity of the region, caves
have been used as a source of virgin water (zuhuy ha), a ritualized water believed to be
pure as it dripped from the interior of caves (Thompson 1970; McNatt 1996). Death
rituals are also believed to have taken place in caves, as Maya human burials have been
found in a number of caves in Belize (Brady and Prufer 2005; McNatt 1996; Moyes and
Brady 2012; Prufer 2005).

3.4 Site Planning

Based on ancient Maya cosmological principles, one cannot help but recognize
the full salience of the site’s layout at Las Cuevas. The entire site is constructed to
manifest the Maya three-tiered universe, containing the underworld, earth and sky
(Moyes 2014) as well as the cave/water/mountain complex important in Maya cosmology
(Brady and Ashmore 1999). While each domain has their own set of associated earth
deities, caves were seen as locations where Lords of the Underworld as well as the rain
god Chac could be contacted (Moyes 2012). Cave rituals were likely conducted by kings
or elites, and it is no surprise that caves in the Maya region during and after the Classic
period became political spaces (Moyes 2006; Moyes and Prufer 2013, Stone 1995). The
extent of monumental architecture inside the cave entrance of Las Cuevas only enhances
that idea, as resources needed to construct and maintain such a site suggest polity-
sponsored ceremonies (Moyes 2014). Furthermore, the entrance to the site, which leads
from Plaza B appears to be heavily restricted, indicating that attendance of rites
conducted inside of the cave were restricted with access granted only to the elites and
their entourages (Arksey 2014; Arksey et. al. 2015). Based on the configuration, size,
labor investments and monumentality of the cave, both Moyes and Arksey conclude that
the ceremonies held at Las Cuevas were performed by and for elites.

Caves are known to be an important factor for Maya communities in settlement
location (Moyes and Prufer 2013). Ethnohistorian Angel Garcia-Zambrano noted in his
study of mid-16th century Town Land Titles (Titulos de Pueblos y Tierras) that the
landscape's ability to act as and recreate the cosmological ideal landscape was an
important aspect that immigrants took into account when deciding where to settle. To
emulate their cosmology, the ideal location required a centrally located mountain that
could represent the center of the cosmos. It was also ideal for the mountain to be covered
with caves and springs, preferably with water coming out of caves. He also noted that
should the landscape not provide an area that mimicked the ideological model, manmade
modifications could be undertaken in order to recreate it (Garcia-Zambrano 1994:217-
218).

There is almost no doubt that with its particular attributes that Las Cuevas
attracted settlers. While there is no central mountain in the region, Structure 1 directly
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above the cave entrance appears to have been constructed as a manmade substitute to
recreate the ideal landscape. This is similar as to other ancient Maya constructions that
recreated their ideal cosmological landscape such as temples representing sacred
mountains and their rooms found on their summits acting as caves (Vogt and Stuart
2005). Furthermore, the river running through the cave entrance chamber roars with life
during heavy rains, which could be seen as the cosmological life-giving water as well as a
marker of rainy season. Besides the architectural features and the site plan, there are other
reasons why we believe Las Cuevas was a relatively important site. A ceramic
assemblage containing non-local materials has been found within the site, with styles
originating from both southern Belize and the Belize Valley (Kosakowsky et al. 2013).
Compounded with the fact that Las Cuevas is isolated from any large population center
and is over an hour's walk from any nearby river, this suggests people went a great
distance to visit the site and to bring offerings.

3.5 Pilgrimage

To understand whether Las Cuevas functioned as a pilgrimage place, it is
instructive to define pilgrimage since it has been defined in as many ways as there are
people defining it. Some claim that it is religious tourism (Saayman et al. 2014) while
others argue that any secular site with a strong enough place attachment to draw in
individuals could also be defined as a pilgrimage (Coleman 2013). The traditional
definition of pilgrimage defines it as "a journey to a sacred place as an act of religious
devotion™ (Sykes 1982). This topic of pilgrimage is important to our question as to how
the site was used as recent research in human behavioral ecology states that pilgrimages
can be established as a way to institutionally reinforce social hierarchies via costly
signaling, or as a method to promote social solidarity (Moyes 2014). If Late Classic ritual
practices included pilgrimage, it would allow us to examine the function of religion and
beliefs in the Late Classic politics and it effectiveness in creating cohesion and indicate
cooperation among the Maya people in a time of social and environmental stress (Moyes
2014). The following section examines certain aspects of what a pilgrimage entails in
order to see if the site of Las Cuevas meets such requirements.

3.5.1 Liminality

Pilgrimage is travel by an individual to a particular location, usually a sacred site
(Stoddard 1997). Liminality, or how divorced something is from normal social life
(Bowen 2013), often depends as to how far the person has traveled. This prompts the
question of how far one much travel to call the journey a “pilgrimage,” but this has yet to
be addressed by scholars.

Pilgrimages force the individual to remove themselves from the homogenization
of their daily social life and enter a sacred and different space. | would argue that it is not
distance that defines the pilgrimage, but the mental state of the pilgrim. . While most
travel is not considered secular, pilgrimage forces the individual to enter a mental state of
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consecration, allowing the person to experience something not as an individual, but as
part of the shared identity of a pilgrim (Bowen 2013). By removing their normative
identify and donning that of a pilgrim, the individual is able to experience something that
they would normally not be able to in their daily lifes. This social aspect of pilgrimage
allows one to separate those who are merely tourists looking for entertainment and those
who travel to leave the mundane and experience the profane.

Another attribute of caves which make them attractive pilgrimage places is their
physical and environmental liminal location. It is incredibly dark once one has traveled
into a cave and away from the entrance. The natural geomorphology of the cave is
different from what most people experience in their daily lives. The 3-dimensional
shadowy aspect of caves can be confusing, with corridors and chambers appearing and
disappearing in all directions. Natural obstructions and constrained pathways are
disorienting, and shadows and lighting create a confusing environment (Montello and
Moyes 2012).

3.5.2 Rituals

Rituals throughout the journey and at the destination play a factor in separating a
pilgrimage from a more quotidian trip. Unique to the pilgrimage, rituals give pilgrims
agency in the act of entering and acting out while traversing the liminal space of their
journey. The rituals themselves can be a wide range of actions. For some religious
pilgrimages special outfits are worn and normal habits are cast aside in order for the
pilgrim to separate themselves from the mundane. For some, such actions are done in
order appease a deity and show humility, for others it is a way for the individual to tell
those around them that they are on an important journey (Bowen 2013). Similar to rites of
passage, the rituals performed while traveling during a pilgrimage can be labeled as a rite
of separation, allowing the pilgrim to remove him or herself from ordinary social life and
take on the distinct role as a pilgrim (Turner 1978).

Another set of rituals that typically occur during pilgrimages happen once the
individual has finally arrived at the sacred location. These rituals are often done in order
to transfer materials, gifts or substance to a supernatural power in order to receive
something in kind. We know that contemporary Maya still travel to caves to leave
offerings while performing rain calling rituals in hopes of bringing rain for their crops
(Christenson 2008). For some pilgrimages, the transfer of blessings from supernatural to
the pilgrim is then passed on further when the pilgrim travels back home to share their
new spiritual wealth with friends and family. This is often done by the pilgrim by
returning with items imbued with power from the pilgrimage site that can be shared at
home (Nordin 2009).

The material culture found at Las Cuevas clearly indicates that the site was used
for ritual purposes and the site plan suggests a physical representation of an idealized
sacred landscape (Moyes et al. 2015).  Additionally, the architecture found within the
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cave indicates that rituals were conducted for a large audience. The ceramics found
within the cave also appear to have been imported from far and wide (Kosakowsky et al.
2013), suggesting that the ceramics were most likely used as an offering of some sort.

3.5.3 The Sacred

Another aspect of pilgrimage is the sacredness of the destination. Similar to the
liminality argument, the sacredness of the site separates it from the normal and forces the
pilgrim's journey, both spiritual and physical, to a destination they have not been to.
Much like an initiate, a pilgrimage exposes the traveler to something new about their
existence that they would not have experienced otherwise.

There is a modern argument as to whether or not traveling to certain secular sites
would be considered a pilgrimage because place and group identities are not found only
in religion (Proshansky et al. 1983; Reader 2007). There are many who claim taking a
pilgrimage to Graceland to pay their respects and experience the life of Elvis Presley.
There are others who claim yearly festivals and conventions such as Burning Man or
Comic Con have many similarities to the Muslim pilgrimage known as the Hajj. They
both draw incredibly large crowds of people on a yearly basis. They both play an
important role in their respective group's institutions. Traveling to such events is often
spoken of as life changing to those who participate. While the decision to go on a
pilgrimage is an individual choice, the journey and experiences is done with fellow like-
minded souls (Turner and Turner 1978). For this reason, the sacredness of a site does not
rely on where the site falls on the secular spectrum, but is defined instead by how sacred
the journey is to a group of individuals.

Much like a social institution, a pilgrimage is defined by the actions of like-
minded individuals. Rituals and rules are defined are governed or dictated by a few but it
is up to the individual to participate in the rites associated with a particular pilgrimage.
By partaking in the same actions as their peers and those before them, the pilgrim is able
to commemorate a particular belief and join in the history of that particular group's
"metasocial commentary” on the mundane world around them (Bowen 2008, Geertz
1973). It is this desire to take part in something important and larger than the individual
which gives these sites the sacredness that they are revered for.

3.5.4 Political Organization

John Kanter and Kevin Vaughn (2012) have proposed a model which states that
pilgrimage centers can arise when there is climatic unpredictability and where religious
leaders are thought to influence environmental, subsistence, and/or societal success. They
predict that there would be an increase in investments of extravagant ceremonial events
correlated with climatic instability and sustained poor conditions as well as an increase of
construction of monumental infrastructure (p.70). Pilgrims could display their dedication
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to the religious and political institution of divine kingship with the costly behavior of
going on a pilgrimage. The ancient Maya royalty were seen as both religious high priests
and political leaders within their society, somewhat similar to imperial cults as seen in
Japan or Egypt (Sabourin 1973). Besides the royalty however, iconography and
epigraphy also suggest of a class of politically powerful religious leaders who also
existed at the time (Zender 2004). Either group creating a religious center in the Late
Classic period would signal a weaker central political authority due to social stress
caused by deteriorating environmental conditions and or population pressure (Moyes
2014).

Freidel (1981) also argues that festivals and fairs would also serve the local
community by systematically integrating it into a larger regional network, allowing a
scheduled time frame for people to trade across a broad sacred network. There is the issue
however that intertwining trade with a sacred act does remove the pilgrim from the
liminality of the pilgrimage, as trading economically was usually obligatory compared to
the liminal experiences of the rituals performed on the pilgrimage. The elite members of
society who organized the possible fairs and festivals would have tax the distribution of
goods through these centralized exchange events while still ensuring the sacred and
liminality of the event stayed intact (Freidel 1981). While it may seem difficult to balance
the religious and economic undertones of pilgrimages, the two institutions of trade and
religion may have been able to symbiotically coexist in large part to the fact that many
Maya centers were believed to be themselves liminal spaces removed from the daily life
of the dispersed residents living around them. Although many of the Late Classic period
Maya centers had urban residential areas around them (Chase et al. 2011, Harrison 1970),
there is evidence to suggest that the first substantial lowland public buildings were not
places of residence (Freidel 1979, W. R. Coe 1965). If Las Cuevas were to fit such a
model, we would expect to see a relatively low population both at and surrounding the
site.

This project uses a comparative approach to study the strength of production
based on population density found around the site of Las Cuevas to determine if a model
of pilgrimage could be sustained. By estimating the population density of Las Cuevas and
comparing it to other settlement sites locally, | seek to determine if the site may have had
enough population to support a typical Maya polity with a dynastic ruler. While 1 do not
have specific estimates for a minimum population size, I will rely on relative estimates
based on comparative data. Should the settlement of Las Cuevas indicate that the
surrounding area was not likely to be able to sustain a polity, the site would be expected
to exhibit a low population. This would suggest that tribute or tithe by those visiting may
have helped to support the site. High density would suggest that that Cuevas functioned
as an independent polity, supporting a kingship, similar to many others.

| will also be evaluating settlement patterns to establish the relationship between
Las Cuevas and the nearby polity of Caracol. If the settlement between Las Cuevas and
Caracol is a continuous distribution during the same period it would suggest that Las
Cuevas was either under the control or an extension of the Caracol polity. Therefore, it
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would be unlikely that it was independent. A low population and continuous population
distribution could suggest a pilgrimage site controlled by Caracol, whereas a high
population separated from Caracol suggests a functional independent polity. A low
population separated from Caracol's population would be an expectation for an
independent pilgrimage site.



Chapter Four: Methodology
4.1 Introduction

Due to the lack of data and the short time frame, | was not able to conduct a full
ground survey of the region surrounding Las Cuevas. However, a preliminary settlement
survey was conducted in 2011 and | was part of the LCAR ground survey in 2014. Using
the information from the preliminary settlement survey as well as the more recent one as
a model for ground truthing the LIiDAR data as a whole, we are better able to calibrate
our LIDAR image to real-world structures. LIDAR data has come a long way since its
inception into the field of archaeology and its high accuracy has proven to be adequate in
comparison to the time consuming and labor intensive task of ground-truthing. In this
chapter | describe how the LiDAR data was collected and how the survey was conducted.
| also discuss how the border of the Las Cuevas was defined as well as discuss how the
density of Las Cuevas compares with other sites.

4.2 LCAR LiDAR Survey

The majority of the data gathered for this research was done using LIiDAR (or
Light Detection and Ranging). LIDAR encompasses many techniques that use different
types of lasers to construct images of objects. While some of the earliest forms of the
technology relied on satellite data, it proved too course-grained for Mesoamerican
archaeologists, as it did not allow researchers to examine anything through the dense
canopies that plagued most of the sites (Chase et al. 2011). Until recently LiDAR,
particularly airborne LiDAR, has allowed researchers to see through the foliage (King
1994; Pope and Dahlin 1985). These data can then be displayed by a Geographical
Information System (GIS). When combined with the vast amount of resources and data
gathering techniques we now have, many fields including the humanities have been able
to spatially examine their data in ways we could have only dreamed of in the past.
Analytic techniques such as least cost path analysis, which was first based on watershed
analysis, prove that even highly advanced forms of GIS can be used and implemented in
ways that further the study of archaeology (Howey 2011).

To appreciate the usefulness of the technology, it is important to comprehend just
how far surveying methods have improved due to new methodology. From the earliest
studies in settlement archaeology done in Belize such as those by Gordon Willey (Willey
et al. 1978), pedestrian survey has been the for the most part the main technique used to
survey a large landscape. This methodology is incredibly time and labor intensive,
requiring people to cut transects often through dense jungle foliage. Once a number of
transects have been cut, the methodology then calls for additional and often times smaller
transects to be cut off the originals. Although somewhat effective, this method can
sometimes prove to be misleading as projections based off of the sites and structures
found can in some cases severely under or over-represent the actual densities of these
features (Murtha 2002).

15
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Compared to LIDAR, pedestrian survey does not come close to accomplishing the
same tasks. What once took decades of ground mapping can now be done in a few days
of LiDAR flyovers and a few weeks of post processing (Chase et al. 2011). LiDAR
proves incredibly useful in determining the size and relative height of sites on the
landscape, as it is able to largely ignore the vegetation and soil that has covered the sites.
Despite it being an undeniable wealth of information, LIDAR does not make ground-
truthing obsolete (Moyes and Montgomery 2016). Pedestrian survey still provides other
information such as confirming the presence of structures and features. Test pitting can
help determine the time in which the structures were used.. Due to the importance of the
temporal aspect of the data, a settlement survey was conducted to examine some of the
structures that were located on the LIDAR, and excavate test pits to determine their
chronologies (Robinson et al. 2014).

Prior to the 2014 survey conducted using maps derived from the LiDAR data, a
limited survey was conducted in 2011 which included systematic shovel test pitting along
transects radiating from Plaza A and exploration of the surrounding area of Las Cuevas
(Moyes et al. 2012). A number of structures were located during this survey but there was
no time for broad systematic sampling of the settlement. In 2014 the co-director of the
project Mark Robinson led a settlement and household archaeology survey program in
which we were able to locate house mounds to target them for excavation using the
LiDAR data, but we did not conduct a systematic ground survey to estimate the accuracy
of the LIDAR (Robinson 2014). This did prove to be useful in that we were better able to
calibrate expectations for images that were seen in the LIDAR with those on the ground.

The LiDAR data used for this research which included the west-central portion of
Belize was acquired by the National Center for Airborne Laser Mapping (NCALM) in
April and May of 2013 through a collaborative effort between multiple archaeological
researchers. The campaign covered approximately 1050 km?2 (105,000 hectares) within
the Vaca Plateau and along the Belize River Valley. NCALM used an Optech Gemini
Airborne Terrain Mapper (ALTM) mounted on a twin-engine Cessna 337 aircraft, flying
at 600m AGL and a ground speed of 60m per second. Three hundred and twenty-five
north-south survey flight lines were flown spaced approximately 137m apart, which
resulted in triple swath overlap. The laser was operated at a pulse rate of 125kHz with a
beam divergence of 0.8mRad and a scan frequency of 55Hz. The nominal scan angle was
18 degrees with an edge cutoff of 1 degree. NCALM post-processed the data to remove
modern structures and delivered point cloud data to us as .LAS files containing three
dimensional x, y, and z values (Moyes and Montgomery 2016).

Our analyses are based on a 222 km? area surrounding Las Cuevas, a region
spanning both sides of the Monkey Tail Branch of the Macal River. Data analysis was
conducted using ESRI ArcGIS 10.2 and QCoherent’s LP360. While ArcGIS was used to
examine the data on the macro level, LP360 allowed us the ability to view possible sites
in greater detail. Although the resolution was set by the LIiDAR data, LP360 allowed a
more user friendly experience in examining the possible sites both zoomed in and from a
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side profile view. This began with the creation of a meter-resolution LiDAR-derived
digital elevation model (DEM) based off identified ground-return points (.LAS files).
DEMs were rasterized (gridded) models that smooth the point data by averaging points
within each grid cell (Bonham-Carter 1994:25). Hillshades are the most common DEMs
used to look at LIDAR derived data. To accentuate the area’s topography, hillshades were
generated and displayed using ArcMap 10.2. The advantage of hillshading is that it
produces a 3-dimensional effect, casting light from a single direction. The illumination
angle can be changed so that features are highlighted or suppressed (Bonham-Carter
1994:129-132). The disadvantage of hillshades is that they are technically a 2.5
dimensional model that do not allow us to directly measure features in the image, though
each rasterized cell has a coded elevation. This elevation averages the points within that
cell as a single value but does not account for the variation between single points.
Measurements for z values (elevation) are best taken directly from the point cloud itself
because those values are definitive for each point. Additionally, it is sometimes difficult
for the eye to distinguish positive vs. negative relief structures in hillshade models.
Therefore, is it prudent to consult other models to interpret LIDAR points such as
viewing data in cross-section.

4.3 Ground Survey Area and Methods

The goal of the 2014 settlement survey was to locate house mounds based on the
LiDAR data and to test them for chronology. A small area of the LIDAR was selected for
this purpose. We assumed that all sites were Late Classic, but were curious as to the time
depth of the settlements. In spite of having 222 km2 of LiDAR mapping, the short field
season of 2014 compounded by the thick vegetation and lack of established pathways
forced us to focus our survey in an area that optimized our time spent. For those reasons,
in area approximately 1.5 x 1km to the west of Las Cuevas was chosen as the target area.
The zone contained a number of sites identified from the LiDAR ranging in size from
single structures to plazuela groups with internal courtyards over 20m wide. This area
allowed us to examine just how accurate our lab analysis of the LIDAR data was based
on a number of sites of various sizes so that we could better calibrate our skills in
assessing the LIDAR data (Robinson 2014). The zone's proximity to the site proper also
allowed us to be relatively close by to the rest of the crew for safety in case of bad
weather or a medical emergency.

The survey was supervised by Mark Robinson, with myself, Nicholas Bourgeois,
John Walden, Antonio Mai and his brother Javier assisting. Our survey team was
equipped with printed LIDAR maps, UTM coordinates extracted from the LIDAR data
via ArcGIS, two handheld GPS units, compasses, excavation equipment and machetes.
Basic information was collected to confirm the presence of sites and features and records
of the number and size of structures encountered. Groups of structures that were not well
defined on the LIiDAR were mapped using a compass and distometer (Robinson 2014).
Seven of the groups were selected for excavation in order gain insight as to the basic
form and material culture of the settlements surrounding Las Cuevas. The six groups
were all confirmed to Late Classic (600-900 A.D.) based on the ceramic assemblages
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(Robinson et al. 2014). Aside from noting potential points of interest, areas without
features were also chosen in order to confirm the presence/absence of structures and
assess possible landscape features such as terraces and water features.
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Figure 4.1: Survey region of 2014 Survey

In order to ground truth as much area as possible, movement between targets was
often done with the group spread across with roughly a few meters separating each other.
Trails were established and repeated in order to have quick access for excavation sites, to
bypass certain areas of dense vegetation, and circumnavigate rough terrain. Sixty-nine
settlement targets were visually identified as definite sites with an almost equal amount
labeled as points of interest. With many of the points of interest being possible single
structured sites, we were unsure as to whether or not the points were merely part of the
undulating geography.

Sixty-nine groups located on the LIDAR were confirmed by ground truthing, with
a further 45 architectural groups documented in the western survey area (Robinson 2014).
Forty of the 45 sites were known points had been noted in our LiDAR imagery as those
of possible interest, while the remaining four groups were found as part of the survey
without LiDAR assistance. As most of the smaller sites were discerned on the DEM and
labeled as points of interest, ground truthing helped us calibrate our LiDAR analysis with
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the real-world data to aid in finding additional sites on the rest of the LIDAR image
(Robinson 2014). Furthermore, several targets that had been labeled as potential sites
were confirmed to instead be natural features. This also aided in our LiDAR analysis
calibrations because we were able to better grasp the shape of the structures. While most
of them were rock outcrops, one of the features to our amusement was an incredibly large
tree stump the size of a small car. Overall, a total of 114 groups were positively identified
at the end of the season adding 10 to the 104 structures located on the LIiDAR image
(Robinson 2014). Furthermore, other features such as caves, aguadas, terraces and
causeways that appeared on the LIDAR were also ground-truthed and recorded.

Although only a small portion of the LIDAR was ground-truthed, the data that we
were able to collect proved paramount. The survey gave us a firsthand experience as to
the uniform shape that many of the structures had, as well as a few possible outlier shapes
that were seen on the LIDAR. Understanding the visuals both in person and on the
LiDAR image allowed us to further calibrate the overall LIDAR data and increased the
number of sites found from roughly 600 to 855. While many of the added sites were
labeled as points of interest, we were able to reliantly label many of them as sites due to
the better understanding of what we were reading on the LIDAR data. Furthermore,
thanks to the ground truthing we were able to use QCoherent’s LP360 to examine the
profiles of points of interest to increase our future accuracy. While it would be preferable
to ground-truth the remaining points of interest on the LIDAR map, their sparse locations
across the 219 km? coupled with limited field time make it impossible at this time.

4.4 Structure Labeling

The settlement data of the 222 km2 LiDAR map was analyzed using both ESRI
ArcGIS 10.2 and QCoherent’s LP360. Using 200 m? grids, ArcGIS was used to examine
the LIDAR data and scan for sites and structures. Hillshades of different light angles were
used in order to find structures that were hidden within the shadows of hills. While most
of the sites were located and categorized with ArcGIS, those that were difficult to discern
from the topography had their side profiles examined via LP360. Thanks to the ground
truthing survey that | took part in during the 2014 field season, | felt much more
comfortable with the accuracy of the sites that were defined on the LIDAR map. Once all
the sites were defined and labeled they were then categorized into types (See figure 4.2)
in order to understand where the higher density areas were as well as where
administrative centers were located.
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Figure 4.2. Settlement sites and their types around the site of Las Cuevas and their
kernel density

Using both ArcGIS and LP 360 a total of 855 sites were located on the Las
Cuevas LiDAR and are illustrated in Figure 4.3 We conducted a density analysis of the
groups using ArcMap’s Kernel Density tool. This analysis examines the density of
chosen features around each output raster cell based on a predetermined neighborhood
size area. In the case of the Las Cuevas data, the density magnitude was established to
reflect the normal value over any given 50 square meter area. Density analyses were run
on one shapefile containing the location of all sites found on the Las Cuevas LiDAR data.
The density model was displayed employing a 9 ramped color display manual
classification scheme that highlighted both moderate and high concentrations throughout
the landscape. Results illustrated in Figure 4.2 show two distinct area of higher settlement
density (shown in yellow and red), one to the north and one to the south. A karstic ridge
running from east to west divides the two areas create a natural boundary between the
two. The highest density of settlement surrounding the site core at Las Cuevas was found
to be a 28 km? area around the site.
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4.5 Investigation of Household Density with Comparative Data

In order to compare the household density of Las Cuevas to others, two sites were
chosen, Caracol and Baking Pot. Caracol was chosen for comparison because of its close
proximity to Las Cuevas and having an almost identical topography and environment. It
is Las Cuevas' nearest neighbor and extensive research has been carried out both in the
site core and periphery (Chase and Chase 2001, Chase et a. 2011, Murtha 2002).
Furthermore, the relatively high population density surrounding Caracol presents this
research with an arguable maximal ceiling in terms of the possible population
expectations of Las Cuevas. With Las Cuevas being a much smaller site, | argue that it
would quite unlikely for Las Cuevas to sustain a population density higher than Caracol,
but that the nature of the site’s function would also be a determining factor in site density.
To test this notion, a second site was chosen for comparison.

The second site | chose to compare to Las Cuevas was the site of Baking Pot. The
mid-sized polity of Baking Pot was chosen largely in part of its location. Baking Pot is a
positioned between the dynastic kingdoms of Caracol to the south and Naranjo to the
west. The site of Baking Pot was located in an area of very fertile soil, making it capable
of producing a significant agricultural surpluswhich made it highly desirable to those in
power (Hoggarth 2012). This surplus agricultural center was chosen because it
represented an example as to the type of settlement one would expect see around Las
Cuevas if it were a small agricultural producing polity typical of other Maya mid-sized
sites. What follows are brief overviews of each site.

4.5.1 Caracol

One cannot discuss Las Cuevas without mentioning Caracol., which was one of
the largest Maya polities and is the largest archaeological site in present day Belize. It
was first reported to the Belizean government in 1927 and initial investigations were
carried out by Linton Satterthwaite of the University of Pennsylvania. After a research
hiatus of 30 years Drs. Arlen and Diane Chase began their program in 1983 (Chase and
Chase 1987). Caracol has a rich history of occupation dating as early as the Middle
Preclassic (~600 BC) all the way up to the Postclassic (AD 1100) (Chase and Chase
1987; Chase and Chase 1994). Las Cuevas, which has so far only dated to the Late
Classic (AD 700-900) appears to have been occupied around the same time as Caracol's
florescence in AD 500-850 (Murtha 2002).

Caracol is distinct when compared to other large Maya cities in that the settlement
for the most part is dispersed throughout the region, with no clear settlement density
around the site epicenter (Murtha 2002). Chase and Chase (2001) argue that the large
causeways which radiate out of Caracol, some as far as 12km, were most likely used to
incorporate the expansive settlement found throughout the region in terms of economics,
politics, and even rituals. Besides connecting the surrounding area to the Caracol
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epicenter of more than 150 structures, the causeways themselves terminate in large plazas
and sometimes other epic buildings with elite and sometimes ritual constructions. These
administrative and ceremonial centers acted as 'nodes,' which Caracol used to practice its
‘administered economy' (Chase and Chase 2001). While still debated, the Chases argued
that this system allowed Caracol to grow to a central polity population to at least 115,000
people during its apogee (Chase and Chase 1994b).

Not much is known about Caracol's Preclassic and Early Classic time periods
other than that the site was inhabited, albeit by a much smaller population of between
9,000 to 19,000 people (Chase 1997). Although a small percentage of features, artifacts,
and burials are dated to this time period, the Chases advocate that the site of Caracol did
not become an important political player in the Maya area until the Late Preclassic (100
BC to AD 250) and beginning of the Early Classic (250 AD-600AD, Chase 2000). Their
notion is based on the large documented ritual deposits and architecture built during this
time. This is when Caracol became a warring powerhouse and adversary of the large
kingdoms of Tikal and Naranjo (Mart and Grube 2000). The Chases argue that due to a
multitude of victories in war, Caracol saw a huge increase in its population, growing from
19,000 to over 100,000 people (Chase and Chase 1994). On top of the population boom,
the construction of architecture, both mundane and monumental exploded at this time
with terraces, plaza groups, causeways, and causeway terminus structures all built during
the Early Classic (Chase and Chase 2001).

During the Late Classic, the site center of Caracol shifted to Caana ('Sky House'"),
a large palace structure that stands more than 40m high (Chase and Chase 1987).
Although the structure was built as early as the second century AD, the Chases argue that
major construction and modifications were added to it around A.D. 500 to 600 (Chase
and Chase 1994). Caracol continued to flourish, until a war event occurred in A.D. 680 in
which the site of Naranjo attacked Caracol, sending Caracol into a 118 year decline
(Martin and Grube 2000). Although Caracol does show life again during the eighth and
ninth centuries, it does not come close to its former glory and is apparently short lived.
By A.D 890, a massive decline in settlement occurs and construction in the center of
Caracol nearly ceases. While there is evidence of settlement use of Caracol up until A.D.
1100, the elite institutions disappeared for quite some time, as seen with many other
Maya sites (Webster 2002).

4.5.2 Baking Pot

The site of Baking Pot, located 10km to the east of the modern day town of San
Ignacio, rests on the southern bank of the Belize River. Baking Pot also experienced a
long period of occupation similar to Caracol, lasting from at least the Middle Preclassic
(Audet and Awe 2004) (~600BC) into the Postclassic period (AD 1100) (Hoggarth
2008). Similar to Caracol, Baking Pot reached its height as a small kingdom towards the
end of the Late Classic period (Helmke and Awe 2008).
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There is a distinct settlement epicenter at Baking Pot centered around the site core
and radiating out 1.5km (Hoggarth et al. 2008). Although there is settlement outside of
this area that is considered part of the Baking Pot polity, the more remote settlement is
considered to be peripheral (Hoggarth 2012). The ceremonial center of Baking Pot is
made up of two groups connected by a sacbe, and two more sacbes which radiate
outward. In addition to the many plazuela groups and house mounds surrounding the site,
archaeologists have uncovered elaborate burials and believe there to be a royal palace at
one of the groups (Audet 2006). Due to this, Audet argues that the site of Baking Pot
could have been a part of the Naranjo kingdom during the Classic period, later becoming
an independent capital during the Late Classic period (Audet 2006). Baking Pot is
estimated to have had a population of approximately 3,047 during its height in the Late to
Terminal Classic period, encompassing 554 mounds that made up 416 house groups over
a 9km? (Hoggarth 2012).

4.5.3 Typology for Settlement Groups

Using our LIiDAR-derived models, we generated maps of individual structures
and settlement groups that allow us to examine the distribution of settlement in our area,
evaluate settlement density, and create preliminary population estimates based on these
remotely sensed data. Although there are many ways to classify the variation found in
ancient Maya house compounds or other structural groups, we chose to use a modified
version of the classification scheme proposed by Timothy Murtha (2002) for his work at
Caracol so that our analyses would be comparable and compatible. In his study of the
Cohune Ridge, an urban area located 5 km north of the site core, Murtha surveyed a
4.1km? area representative of Caracol’s urban population and settlement dispersal. We
compare the Caracol settlement density data as well as his projected high and low
population estimates of this area to those at Las Cuevas. Murtha categorized his
residential settlements into 4 categories for his pedestrian survey (2002:115):

Type 1. Single or multiple structures constructed around an open space without a
formally constructed plaza.

Type 11. Single or multiple structures constructed around a formally constructed or
modified plaza.

Type 11I. Multiple structures constructed around multiple formally constructed or
modified plazas.

Type IV. Large multiple structures constructed around a series of large formally
constructed plazas. This type varies from previous groups as these units required
more labor in their construction. These units often contain causeways, ball courts, or
monuments, typically associated with elite architecture in the lowlands.
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Because we are using remotely-sensed data we modified our types to be roughly
commensurate with Murtha’s. For instance, Murtha specifies whether plazas are
“formally” or not formally constructed, but from remotely-sensed data this is impossible
to determine. Therefore, our typology is based on what can be viewed in the LIDAR:
Type I. Single structures
Type Il. Multiple structures constructed around a plaza

Type Il1. Multiple structures constructed around more than one plaza

Type 1V. Large structures in height constructed around a series of plazas that may
contain causeways, ball courts, or monuments.

Type I: Type II:
Group 72 - Group 1

Figure 4.3. Examples of each Group Type as seen in the LIiDAR data using
ArcGIS

The Baking Pot data set required some work in order to compare it to the other two sites.
Using a different methodology albeit with the same arguments, the Baking Pot structure
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data was separated into three categories instead of four. Because Baking Pot had a
different typology for their sites, it was impossible to do a direct correlation between the
data sets of it and Las Cuevas and Baking Pot. The low status commoner structures
match up to the combination of Type | and Il structures of the other data sets. Due to the
correlation, the data from Baking Pot was examined using 3 categories, with the first one
representing the equivalent of Type | and Il of the four categorical data. Baking Pot's
typology was as follows:

Low Status Commoner: Structures with a minimum volume 8m? and a maximum
volume of 199m?

High Status Commoner: Structures with a minimum volume of 200m® and a
maximum volume of 699m?

Noble: Structures with a minimum volume of 700m? and no maximum volume

Table 4.1: Comparative data of residential site types for the Las Cuevas LiDAR,
Timothy Murtha’s (2002:116, Table 4.2) survey on the Cohune Ridge area of Caracol,
and Julie A Hoggarth's (2012:57, Table 3-4) survey on the center area of Baking Pot.

Settlement Type Area (km?) | Number Found Total | Percent of Total
All LiDAR Clusters 219 km? n=855

Type | 119 14%
Type Il 718 84%
Type Il 9 1%
Type IV 9 1%
(N:?J;theergn LIDAR 135km?>  n=514

Type | 60 12%
Type II 444 86%
Type Il 4 1%
Type IV 6 1%
Southern LIiDAR

Clusters 84 km? n=339

Type | 59 17%
Type Il 274 81%
Type Il 5 1%
Type IV 3 1%

Cohune Ridge Survey 4.1 km? n=103
Type | 22 22%
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Type ll 78 75%
Type Il 1 1%
Type IV 2 2%
Baking Pot Survey 9 km? n=416

Type | & 11 347 83.4%
Type Il 44 10.6%
Type IV 25 6%

4.5.4 Comparative Population Densities

The final stage of our analyses compares the population estimates between a 28
km? area surrounding the site core at Las Cuevas, which is our highest area of density, to
the 4.1km? population estimates for the Cohune Ridge as well as the site core (9 km?) of
Baking Pot. Note here, that we are comparing our area of highest density area to one of
Caracol’s areas of lower density. While much of the Caracol region has yet to be ground-
truthed, preliminary LIiDAR work has shown the populations directly surrounding
Caracol’s site core to be much higher than the Cohune ridge urban population (Chase et
al. 2011). Population estimates for all three site data sets were computed by assuming that
between 3 (low estimate) and 5 (high estimate) numbers of people occupied each house
structure. While some prefer to use the higher numbers between 6 and 10 based on
sixteenth-century Spanish tax documents (Sanders 1981), the constant of five is the most
commonly used constant (Murtha 2002). While these numbers are considerably lower
than Table 4.2 details the comparative results. For the Cohune Ridge population estimate
Murtha (2002:135-135, Table 4.4) counted all structures in the area (358), reduced that
number by 25% for the number of structures that would have not been used as
residentials (268), and multiplied that number by 3 persons for a low estimate (805) and 5
persons for a high estimate (1345). Due to the broad approximations of percentages of
small structures being labeled as something else besides residential at a multitude of sites,
ranging from 16% (Haviland 1970:193) to 40% (Tourtellot 1970:412), Murtha's
approximation of 25% was used both as a rough average and in order to compare our data
to his. By dividing the total number of persons by the area (4.1km? we estimate a
population density of 196 people per square kilometer on the low side and 328 on the
high side.

The Baking Pot estimates calculated their population with a different coefficient. |
took their structure count during their apogee in the Late Classic period and extrapolated
from there. While the other two data sets reduced the structure count by 25% for
analyses, the structure count at Baking Pot removed groups with volumes below 8m? as
they were classified as being non-residential (Hoggarth 2012). Instead of reducing the
structure count further, I left the Baking Pot numbers of house structures as they were as |
felt that the classification reduction was a suitable substitute for the logical reduction
done by Tim Murtha. Baking Pot consisted of 554 mounds. Assuming 5 people per
structure, there were 2770 people occupying the 9 km? and assuming only 3 people per
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structure there were 1662. By dividing the number of people by the area, this leaves us
with a low population density of 185 persons per square kilometer and a high density of
308.

In the area surrounding Las Cuevas there were 255 settlement groups that
contained a total of 756 structures, which reduced by 25% for purposes of the analyses
totals 567. Assuming 5 people per structure, there were 2835 people occupying the 28
km? area and assuming only 3 people per structure there were 1701. By dividing the
number of people by the area, this leaves us with a low population density of 61 persons
per square kilometer and a high density of 101 persons. This is considerably lower than
that of the urban area of Caracol as well as the site of Baking Pot.

Table 4.2: Table showing the highest population estimates for the Las Cuevas surrounds,
the Cohune Ridge area of Caracol (Murtha 2002:132), and the Baking Pot center
(Hoggarth 2012:54).

Low High Low High Low High
Population Population Population | Population | Population Population
Estimate Estimate Estimate Estimate Estimate Estimate
Surrounding | Surrounding | for for Surrounding | Surrounding
Las Cuevas | Las Cuevas | Cohune Cohune Baking Pot | Baking Pot
(3 persons | (5 persons | Ridge Ridge (3 persons | (5 persons
per per (3 persons | (5 persons | per per
structure) structure) per per structure) structure)
structure) | structure)

Number of | 1701 2835 805 1345 1662 2770

People

Number of | 756 756 358 358 554 554

Structures

Number of | 567 567 269 269 554* 554*

Structures

-25%

Area (km?) | 28 28 4.1 4.1 9 9

Population | 61 101 196 328 185 308

Density /

km?

*The numbers for Baking Pot were left alone due the removal of structures below 8m? as they were
considered too small to be residential.

4.6 Investigation of Site Boundaries

Most of the boundaries of Las Cuevas are apparent when examining both the
geography of the region and the LiDAR data. There are natural boarders all around the
site, with hills to the north and west, and the Macal River to the south and east. The
settlement data also depicts the natural border to the east and south as the site density
drops off precipitously as one gets near of the river. Perhaps due to the heavy and high
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flow of the river during the rainy season, it is interesting to note that there appears to be
almost no sites on the other side of the river embankment.

Another method that helped define the boundary between Las Cuevas and Caracol
was the kernel density plot done on the settlement sites found on the LiDAR map. The
methodology is discussed below, but it is important to note here that the kernel density
map depicts two distinct groups of settlements. Compounded with the fact that Caracol's
sacbes are constructed right up to the west of the northern group on our kernel density
(Chase et al. 2011), it appears that the northern group is likely a continuation of the large
Caracol settlement population. The stark population drop off between the two groups and
the presence of a natural ridge line separating the two as illustrated in Figure 4.3
suggests, that this was the border between the two political units.

Legend
* Las Cuevas
* Monkey Tail

® Type 4 Sites
Thiessen Polygons

Region
A [ soutn
] Nortn

Figure 4.4. A map depicting the Thiessen polygons of the Type 4 Structures
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Thiessen Polygons of Type 4 Structures
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Figure 4.5. Map showing results of Theissen Polygon analysis juxtaposed with
Caracol’s road system. The division between the north and south areas is defines by
polygon boundaries that follow a natural east/west oriented karstic ridge.

4.6.1 Thiessen Polygons

To further explore these data, a set of Thiessen polygons were constructed (Figure
4.4). This analysis creates polygons from a set of sample points to define area boundaries
or an area of influence around selected sample points, so that any location inside the
polygon is closer to that point than any of the other sample points. They are
mathematically defined by the perpendicular bisectors of the lines between all points. In
this case, we wanted to examine the relationship of Type 1V, the largest sites found on the
Las Cuevas LIDAR, to each other. While Thiessen polygons cannot precisely tell us
exactly where the sphere of influence of each type IV site starts and ends, it does allow us
to examine the relative borders between sites. The Thiessen tool found in ArcGIS v10.2,
generated 7 polygons for the Cuevas LIiDAR area (Figure 4.4). Note that the polygon
boundaries reiterate the density analyses in that the east/west ridge forms a clear
boundary between the northern and southern polygon sets. The conclusion is that the
ridge acts as a physical boundary separating the sphere of influences of the type IV sites.
Compounded with the data from the kernel density, the ridgeline north of Las Cuevas
appears to be a natural boarder between the Las Cuevas and its related sites and the
northern settlements. When I juxtapose the Caracol polity and its known causeways with
our model, it appears that the northern polygons are close to Caracol’s boundaries and
may therefore be part of the Caracol sphere (Figure 4.5). In our model, | suggest that the
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five polygons to the north of the ridge are part of the Caracol sphere of influence,
whereas the two polygons to the south are likely to represent a separate political unit.



Chapter Five: Results
5.1 Introduction

This project uses a comparative approach to study the population density found
around the site of Las Cuevas to determine if a model of pilgrimage could be sustained.
By estimating the population density of Las Cuevas and comparing it to other settlement
types locally, I hope to evaluate whether or not the site may have had enough population
to support a typical Maya polity with a dynastic ruler. While | do not have specific
estimates for a minimum population size, | will rely on relative estimates based on
comparative data. Should the settlement of Las Cuevas indicate that the surrounding area
was not likely to be able to sustain a polity, the site would be expected to exhibit a low
population. This would suggest that tribute or tithe by those visiting may have helped to
support the site. High density would suggest that that Cuevas functioned as an
independent polity, supporting a kingship, similar to many others.

| also evaluated settlement density patterns to establish the relationship between
Las Cuevas and the nearby polity of Caracol. If the settlement between Las Cuevas and
Caracol proves to be continuous, it would suggest that Las Cuevas was either under the
control or an extension of the Caracol polity. Therefore, it would be unlikely that it was
independent. A low population and continuous population disbursement could suggest a
pilgrimage site controlled by Caracol, whereas a high population and boundedness
suggests a functional independent polity. A low population and boundedness would be an
expectation for an independent pilgrimage site.

5.2 Density comparison of Las Cuevas with Comparative Data

The population density of Las Cuevas demonstrates a contrast with the
comparative data. Las Cuevas had a population density of roughly 61 to 101 people per a
square kilometer, while the Cohune Ridge of Caracol had 196 to 328 and Baking Pot had
185 to 308. Despite having a similar ratio of structure types, Las Cuevas had a much
lower population density when compared to both Caracol and Baking Pot. This could be
in large part due to the drought(s) which were occurring during the time of Las Cuevas'
site usage.

5.3 Population Estimates

The population of the Las Cuevas area is roughly estimated to be about 1701 to
2835 people. While the population appears to match the size of Baking Pot's 1662 to
2770, it completely ignores the fact of the density, which illustrates Las Cuevas
sustaining roughly the same amount of people but with three times the amount of land.
This suggests that the population was much more highly dispersed over the landscape.
Added to the fact that the Cohune Ridge nearby Las Cuevas was able to sustain a
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population density roughly the same as Baking Pot with nearly identical geographical
variables as Las Cuevas and the data suggests that the Las Cuevas area was much less
productive.

5.4 Discussion

Despite its close proximity to Caracol, there appears to be a distinct separation
between the settlement surrounding Las Cuevas and the settlement to the north. While the
northern sites have sacbe's connecting some of Type IV sites to Caracol (Figure 4.5), as
well as stela such as those found at the site of Mountain Cow and the Cohune Ridge,
neither of those are found in the Las Cuevas region. Furthermore, the LiDAR Kkernel
density analysis (Figure 4.3) depicts a distinct separation between the northern and
southern populations, which interestingly follows both the natural boundary of the east to
west Kkarstic ridge that divides the groups, as well as the Theissen polygon border
separating the north and southern Type IV administrative centers (Figure 4.4)

The settlement density data pertaining to the immediate high density area
surrounding Las Cuevas was then compared to the Cohune Ridge of Caracol and the
midsized polity of Baking Pot. Even though it residing next to the high density region of
Caracol, Las Cuevas had roughly one third of the population of both the Cohune Ridge
and Baking Pot. A less dense sustaining population suggests that the site of Las Cuevas
must have relied on an import of goods entering the site. This observation supports a
pilgrimage model.

Despite the possible influx of goods, Las Cuevas' economic model does not
appear to match those of other civic or ceremonial sites. While most sites would act as a
trading center for imported goods with what was being made locally, Las Cuevas does
not appear to have any particular physical exports (Moyes et al. 2015). Instead, as Moyes
and her colleagues suggest the commodity that Las Cuevas appears to have exported was
of ideology and ritual, making the site a location of high devotional expression (LHDE).
Renfrew argues that such locations suggest that their sites were used by large numbers of
people who came to witness or participate in the rituals or ceremonies (2001). The large
sinkhole at the entrance to the cave of Las Cuevas combined with the wide and relatively
moderate decline of the cave entrance chamber does form a natural amphitheatre of sorts,
which would have allowed a large group to view any rituals taking place deeper into the
cave (Arksey and Moyes 2015). This attribute of Las Cuevas would have allowed a large
gathering of pilgrims to take part in the sacred economy, allowing the pilgrims to receive
the benefits socially gained by partaking in the religious experience. While the incoming
resources of material goods or possibly labor for Las Cuevas was most definitely
physical, the outgoing resource of sanctified experience(s) would have been entirely
nonmaterial.

The site of Las Cuevas has many of the attributes one would expect to find at a
pilgrimage site. First, caves are well known ritual spaces for the ancient Maya. Viewed as
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an entrance to the Maya underworld, caves played an important role in rain calling and
other agricultural rites (Brady 1989; Moyes and Brandy 2012). Because of their ritual
importance, ceremonial caves such as Las Cuevas appeared to have only been entered
when there was something important to conduct when it dealt with the Maya cosmology.

The material culture found at Las Cuevas does indicate the site being used for
ritual purposes. The architecture found within the cave indicates that the site was used for
large public ceremonies, and the site plan was a physical representation of as an idealized
sacred landscape (Moyes et al. 2015). While the exact performances and rituals cannot be
defined, there is little doubt that there were rituals conducted at the site of Las Cuevas.
Pilgrimage sites are noted for their ability to draw in a transient population (Silverman
1994) and the ceramics found within the cave appear to have been imported from far and
wide (Kosakowsky et al. 2013). Sadly, due to the site being heavily looted, it is difficult
to say as to just how wealthy the artifacts were left (Moyes 2014).

By encouraging individuals to prove their commitment to the religious system by
these acts of costly signaling would have most likely instilled the devotees with social
benefits such as a beneficial reputation within their community or even trade with others
while one is traveling on a pilgrimage (Kantner and Vaughn 2012). Kantner and Vaughn
argue that this costly signaling reinforces the importance of the pilgrimage center, as
people traveling long distances to visit such sites only demonstrates the influence of the
site leaders' over both the supernatural and natural phenomena they claim to manage
(2012).



Chapter Six: Summary, Conclusion and Future Research
6.1 Summary and Conclusion

The primary goal of this study was to better understand cave site usage of the Late
Classic period Maya site of Las Cuevas, Belize. Specifically, my main intention was to
examine as to whether or not the settlement patterns surrounding the site of Las Cuevas
could support a pilgrimage model. An analysis of the settlement data surrounding Las
Cuevas suggests that there was a low population density around the site, making the site
unusual compared to other sites. It is argued that the individuals living around Las
Cuevas appear to have no particular export, despite having a large non-local artifact
assemblage during the drought that devastated Maya agriculture. This is also
compounded with the fact that survey also found nothing that indicates an export
economy. Furthermore, there was no evidence of roads, stela, symbols or artifacts
associated with Caracol, despite the close proximity. It is argued that these facts suggest
that Las Cuevas may have exported intangibles such as rituals and ideology, making the
site a LDHE. Results of this study also suggest that the site of Las Cuevas was not a part
of the Caracol polity and instead appears to be an independent entity, albeit short-lived.

In addition to exploring the question as to the site usage of Las Cuevas, this thesis
also highlights the occurrence of pilgrimage in prehistory. Pilgrimage as a social
construct of humanity is a well-known phenomenon, yet few pilgrimage sites are posited
in the archaeological record. While the exact models and reasoning as to why those who
partake in pilgrimages continues to be debated, one cannot deny that the people who
choose to go on these journeys do so in order to accomplish a task that is inherently
important to them. Ranging from merely being a religious form of tourism (Saaman et al.
2014) to acting as a means of social cohesion to construct a shared identity of a pilgrim
(Bowen 2013), pilgrimages have played a role in human cultures. Pilgrimage practices
are incredibly complex and pose a difficult task for archaeologists who wish to try to
understand the behavior and economics of it within the material remains. This thesis
contributes to a growing body of data on ancient pilgrimage and in methodologies
designed to identity these sites.

6.2 Future Research Considerations

This study left several questions unanswered and suggests several avenues for
further research. These include investigating the large sites (Type 1V) to examine as to
whether or not the ones labeled as Caracol's truly do depict the polity's far reaching
influence, as well as further ground truthing and survey, and excavations of the many
sites surrounding Las Cuevas to determine if some sort of export slipped through the
cracks of the reconnaissance.

Another question that deserves further investigation is the relationship between
Las Cuevas and the other nearby Type IV sites. At this time, little is known with regard
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to the relationship between the sites despite their close proximity. While this thesis
labeled Monkey Tail as part of the Las Cuevas polity due to their similar architecture and
both surveyed sites have ceremonial structures, their proximity still proves perplexing.
Data pertaining to the relationship between the handful of sites would provide evidence
in regard to the sphere of influence Las Cuevas possibly had locally, as to what ritual
purposes each site participated in, and perhaps aid in understanding who ruled the sites.

In addition to exploring the question of how Las Cuevas was used, this thesis also
highlights the use of ethnographic data and theory in archaeological research. Pilgrimages
can be incredibly complex, and one can only determine so much of this type of social
construction through material remains before having to rely on inferences. It is only
through a wealth of data collecting and refined research can one begin to uncover
pilgrimage sites long lost and forgotten.
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Appendix A: Structure Group Data

The following table details the group 1D, number of structures, and the group types (See
Table 4.1) analyzed during this research.

Group Number of Structures Type
1 5 2
2 4 2
3 6 2
4 7 3
5 4 2
6 4 2
7 5 2
8 7 3
9 5 2

10 5 2
11 3 2
12 13 4
13 5 1
14 7 2
15 6 2
16 3 2
17 3 2
18 7 2
19 4 2
20 7 3
21 4 2
22 2 1
23 4 2
24 3 2
25 3 2
26 5 2
27 4 2
28 4 2
29 2 2
30 3 2
31 4 2
32 4 2
33 2 1
34 4 2
35 3 2
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