TRAVERSING THE TERRAIN: A LEASTCOST ANALYSIS ON INTERSITE
CAUSEWAYS IN THE MAYA REGION

ALEXANDER ERNESTO RIVAS
B.A University of Central Florida, 2010

A thesis submitted in partial fulfilment of the requirements
for the degree of Masr of Arts
in theDepartment of Anthropology
in the College of Sciences
at the University of Central Florida
Orlando, Florida

Spring Term
2014



© 2014 Alexander ERivas



ABSTRACT

The study of ancient Maya causeways is crucial for understanding Maya social and
spatial organizizon. Archaeologists have been interested in Maya causeways for decades,
specifically documenting their locations. More recently, the use of Geographic Information
Systens, or GIS, has been used for understanttirgpatial organization of archaeolodisées.

GIS analyses on ancient Mayauseways however have been very limited. This thesis aims to
evaluate ancient Maya causeways through GIS analysis. Specifically, five intersite causeway
systems are looked:dhe Mirador Basin, Yaxun&obalxil, UxmalNohpatKabah, Ake
IlzamatKantunil, and UciKancabUkana Cansahcab. These causeway systems were evaluated
usingleastcost paths based on the terrain.this thesis, | argue théte intersite causeways do

not follow a lastcost path based on tam andthatthe purpose of these roads variestween

sites and regions.
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CHAPTER 1: INTRODUCTION

Studies of causewagprsacbeolf i whi t e r o a@ybtends inithe Madyarggaon ,
have been very important for understanding social, spatial, and political organization. Questions
such awerediavingye way sd biAimihlatt? & odne or function does
Maya society?0 have been continuously invest:.
causeways also inform archaeologistdiow travelers move acroadandscape, whether it is for
economic, plitical, or ritualistic purposesUnderstanding mobility in the archaeological record
includes physical interaction between people, interaction between different socioeconomic
classes, and access lack thereafto restricted areas. This perspectivaravbility has not been
heavily researched among Maya archaeologists (RiclRisgetto and Landau 281366).

Mobility can be very difficult to document in the archaeological record, so hypothetical
paths areised many timet make assumption©ne waythis is done is through the use of
Geographic Information Systems, or GIS. GIS analyses allow for the integration of software and
data for evaluating and displaying geographic information in a digitized format. Maps can be
manipulated, created, adéspayed using a GlSand thishas been increasingly beneficial for
archaeologists. For understanding movemeastcost path analyses in a GIS can be very
useful. Leastcost paths are hypothetical paths created by thewsbrthe right data, research
guestios, and softwargthey can provide archaeological interpretations (see SuEeaes and
White 2012). Because Maya causeways are a physical expression of movement that can be seen
and quantified, researchers are at least able to conclude thaityrtobk place among these

roads. However, researchers still disagree as tosoimg of these causeways were built.



Contrasting leastost paths with causeways can help determine or debunk hypotheses on why
specific causeways were built.

This thesis studs Maya intersite causewsyas well as leasiost path analysisintersite
causeways are the longest among ancient Maya roads most of them found in the (¢aeatan
Figure 1) The research question that this study addresses is: Do Maya intersiteaymusew
follow a leastcost path based on terraim answer this question, the intersite®aways are
compared with leastost paths to determine if their routes diffeargue that intersite causeya
systems do not follow a leasbst path in terms of ghterrain. For the most part, causeways
follow relative straight and direct lines and werglt for many purposesAvoiding the terrain
between two centers was not one of themthe conclusion, | speculate on why this is, implying
that causeways wetesed for political integration and economic purposes.

An understanding of energetics and the increased cost it would take to build causeways to
travel cost paths based on the terrain is also helpful for understanding why these routes were
primarily used ér political integration and economic purposes. Architectural energetics
represents one of the best ways possible for archaeologists to make inferences about patterned
human behavior from the structures themselves (Abrams and Bolland 1999: 267)ealt tha
some regions may have used these roads for ritual purposes, such as albixpaaKabah,
but a comparison of artifactual remains between the termini is also necessary to understand the
purposes of these causeways, but much of this has not tseen Although this study does not
calculate the labetime investments used in energetics, it still uses some of the basic concepts to

interpret why some of these causeways follow specific routes.
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Chaptertwo discusses the background information on causeway research. It begins with
an overview of previous solarship on Maya causeways.eggriptiors of what causeways are
andof their potential functns arethenprovided. An archaeological and anthropological
discussiorof road theory in the New World is then discussexithis immecessary for
understanding Maya causeways. The chapter ends with background information angsprevio
scholarship on GlSenergetics, ankgastcost analyses. Chapti#reegives an overview of the
sites with thantersite causeways systems that are the focus of this research. Specifically, the
background on the social organization, cultural ecologyeandomic and pdical integration
pf these road systensreviewed. Chapter fowxplainsin greater detail how the leasbst path
analyses were conducted. This includes the type of spatial imagery and software used, the
variables inputted to conduct the analyses,lewl the actual data, or site locationere
obtained. Chapter five pesents the results of the leastt analyses, as well as the maps that
were produced. Chapter six ends with a discussion and conclusion of the analyses, as well as

possible avenuesff future research.



CHAPTER 2: BACKGROUND INFORMATION ON CAUSEWAYS

This thesigyives attention to many different archaeological and anthropological studies
on Mayasocial organizatioand road systemslo answer the research question on why Maya
causewsgs were built previous research on Maya causeways must first be considered. An
understanding of thehysical construction, form, and function of sacbeihenpresented
Because this thesis undertakes a GIS analysis opetiss, a reviewf GIS andcostpath
studies in the Maya region e®nducted This section concludes with the larger theoretical

framework of landscape theorglative to these road systemsarchaeology and anthropology.

Previous Research on Maya Causeways

Initial work and documetation of Maya causeways was done tigtosurveys and
mapping, after accompanied bycavations o$ectiors of the road for profile views. Early
effortsfor the analysis of Maya sacbeob began with the expeditions of the Carnegie Institution of
Washingtm (C.1.W). The Yaxun&oba causeway was of particular inteteghe C.I.W.

Thomas Gann (1926) wroédoutthe site of Coba, notintipata long causeway to the wesdtthe
site J.E.S Thompsoand his colleagugd.932)visited the site after Gann andreectly

predicted thaCauseway 1 at Yaxuna leads to the site of Cdbd 933, Alfonso Villa Rojas
(1934)finally conducted a more complete analysis of the causeamalyalso hypothesized about
the function and meaning of theauseway

From the 1960¢hroughthe 1980s there wassurgence in sacbeob studiégitonio
Bustillos Carrillo(1964)synthesized Yucatec causeways ataas of architectural features

detailing manyof thecauseways Silva Garza Terrazona de Gonzasew Edward Kurjack



(1980) éso began the Archaeological Atlas of the Yucatan projeathich a large scale
systematic survey was cameted in the Yucatan peninsufRuben Maldonado Carden@d®79a,
1979b)also analyzed the 1zamake and UciCansahcalntersite causewaydavid Feidel and
Jeremy Sabloft1984)also wrde on the causeways on Cozumel.

In the edited volumé&ncient Road Networks and Settlement Hierarchies in the New
World by Charles D. Trombold (1991), researchers exathioad systems in North, Central,
and South Ararica, including theoretical and methodological discussions and site specific
analysesTrombold also introducetthe idea oflandscape archaeologin the first chager; this
will be discussed in further detail later in this chapfilliam J. Folan(1991) wrote a chapter
in this edited book on sacbeob in the Maya region, outlining their form and possible functions,
usingCoba ashis primary case study

More recently, sacbeob have been incorporated into the understanding of spatial and
social organizatio of Maya sites (Chase and Chase 2001; Cobos and Winemiller 2001; Shaw
2001). Justine Shag2008)haswritten extensively on the role of sacbeob in Maya so@aty
also conductetier own excavations on causeways in the Yucatdme use ofemote sensing
technologiesor doaumenting and surveying roads leso been a very recetévelopment The
site of Caracol, Belizéor examplehas been mapped using LIDAR, which has uncoverady

archaeological features, includibgildings, terracescaves, and caewayqChase et al. 2013)

Form and Function of Maya Causeways

Ancient Maya causeways (also knowrsasbeor sacbeolfor plural) have been found

throughout the entire Maya regiofacbds a Yucatec Maya word that can be broken into two

mo r p h esnaeasd,l eédGadf or t he most part can be transl
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variations including o6clean6é, déartifiBeal 6 an
for the most part is transl atedr ais|l @r o@adés twii n
O6pé&t h Ot her wasgchéd odr e pall 4 dsakhelbed dasakiisluoc h B sl l6es al
Folan(2001)have also researched the linguistic aspects of Maya roads, specrégaliging
Colonial period usage. Bolles and Fol@001: 299)acknowledge that that sacbe became the
preferred Yucatec Mayan term for these words in the late 1800s, which may have affected its
usage adie primary word for causeways$ijs may not have beehé case in pr€olumbian
times.

Trombold(1991:3) states that roadgenerally havéhree basic characteristics: a
definable width, a more than casual construction, and a defined linear farfailure to deviate
due to the topgraphic environmentMaya sacbeob follow these general characteristinsient
Maya causewaywereinitially constructedy placing retaining walls designed to contain
interior fill. The retaining wallsverecomposed of cut or uncut stones, depending on the section
of the causeway beirgkamined The interior fillwasusually composed of boulder fill with
gravel and pebbles asdscabor powdered limestone. A final lime plasteasput on the
surface to provide a final concretapping Variation of this style of sacbeob does exsist, as well
as evidencéor resurfacing andnodifications(Shaw 2008: 6467).

The argued functions for causeways viamydifferent sites.Some functions may have
occurred throughout the Maya arspgcifically practical transportation accessovRling a
transportatiomoute through difficult terain and providing a means to transpanariety of
goods through these difficult terraimgay have served &lse main reasofor causeway$Shaw

2008: 106) Long intersite causeways may have been useful for practical transport, with shorter



causeways wsul for practical transport through densely populated arg@mseasing practicality

and ease of transport was particularly important for economic exché@rigereconomic

functions may have been more site specifit Muyil and Xelha, some causewaygm used to
connect settlements to lagoons (Shaw 2008: 107). The dendritic causeway system at Caracol
served a primarily administrative, politicaind economiéunction (Chase and Chase 200The
causeway termini that werelikelyeocoriomit distriiligon points | 6 s
and the road system was usédgailitate andnanage exchange between the two areas.

The political functios of causewayserve similar roles to its economic functions. The
causeways at Chichen Itza may have firstesgtofacilitate economic exchange, with an
increasing dendritic system of sacbeob sertiegolitical and ritual functiosof a centralized
government.Some polities may have used their intersite causeways for boundary maintenance.
This has been argdfor the IzamalAke and the UciCansahcab causeway systgiksrjack and
Andrews V 1976) This will be discussed in greater detail in the next chapter.

Causeways alsgerved a ritual anslymbolic functiorfor many sites.Some researchers
argue that manilaya centers were arranged to express statements about cosmology as well as
political order. Maya concepts of directionality wengany timesmulated through civic
architecture (Ashmore 1991; Ashmore and Sabloff 2002). Since causeways are integrated in
civic centerssome of themnmay reflect statements of cosmology as wBlinning (1992: 147
148) argues that thatersite causeway system of UxatdbhpatKabahrecreated the celestial
serpent on theahdscape The sacbeob at Cozumel connected templesusehold shrines
(Freidel and Sabloff 1984)There is also an association with dieties and causeways in Maya

iconography. The goddess Ix Chel is considered the guardragtbblogical personages

ep



associted with causeways. Ix Zac Beliz, translatedinti She Who Wal kos itshe Wh
the maternal grandmother of the god Chac, who is being céyiedChel walking on a raised
road in a mural at Tulum (Bolles and Folan 2001: 3@9)Coba, Ix ChebeYax and Itzam Na
are related to sacbeob associatéti water. Bolles and Folan also mention a mythical passage
route between the Cendsagrado and the CenoteT%loc that passes underneath the Temple of
Kukulcan at Chichen Itza, Mexico. This may also be a physical manifesag@isacbe
connectthe Templ e of t he HimahdegrtionseobKukiilsanvithitha v e, whi c
Cenote XToloc (Bolles and Folan 2001: 310)

Justine Shaw also defindgee major types of sacbeblased on language, form, and
system variabilityThis typology created by & will be used to understand the causeways in
this thesis, specifically those based on form and system variability.

Shaw uses a tripartite typology for causeways based ontlfiatns specifically based on
length causeways may becal intrasite, cor@Lutlier, and intersiteLocal intrasitesacbeolare
the most common and found throughout the Maya region. Local intrasite causeways run for less
than one kilometeand constitute about 78 percent of causeways that have been recorded (Shaw
2008: 85).These auseways tend to be found in the epicenters and urban cores of Maya sites.
Coreoutlier causeways connect architectural groups and features to the core or epicenter of a
Maya site. These causeways may be as long as intersite causeways, but are fiiedctesssuch
because they are still outliers connecting to a central group.-cdDtrer causeways occur in less
frequency than local intrasite, batgreater frequencthan intersite.

Intersite causeways are the longest among the ancientafap@ut Kilometers or

longer. Intersite causeways extend very far from the site aftenwith settlement densities



lowering towards the outskirts (Shaw 2008:88%heyhave beemostly found in the Yucatan,
with Caracol and El Mirador in the central and seathLowlands classified astersite
causeways. Caracol may have causeways the length of those classified as intersite, but still
follows a dendritic system typeélhis is because Caracol follows the classification of a low
density agrarian city (Chaseat 2011 Fletcher 200 EI Mirador does have intersite
causeways, but it may albe found tdollow a dendritic systerwith more resarch in the
Mirador Basin dliscussed in the next chapteOther intersite causeways may have also been
utilized pria to modern developments. A possible causeway running over 300 lelsnaatg
has been proposed in the northern Yucatan running from Ichcantiho to Puerto N®hales
2008: 90) Modern development, railroad construction, and poor preservation magrasee
most of the evidence of this possible sacloefact, Shaw also proposed that many of these long
intersite causeways may have been destroyed or been used as the basis for historic roads and
railways (Shaw 2008: 90).

Another classification systemrfoauseways is based system variability. This
typology is used for sites witlmultiple causewayandcharacterizetheir spatial layout. The
four basic systems are linear, cruciform, radial/solar, and dendviacy of these causeway
systems initidly takethe form ofonetype of systenand then change throughout tim€oba for
example has adendriticsystem at its urban core, but a linear intersite system is created with
sacbeob leading to Yaxuna and Ixdditionally, many sites may actuallyhe more complex
causeway systems than are currently visible, dwariablepreservation and modern impacts in
theMayaarea. Thetypology based on system variabil@dgn be used to understand hierarchical

and nonhierarchical groups, as well as the adsgical landscape of different siteSacbe
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system variability caprovidea more specific function of the causeways than describing them as
local intrasite, cor@utlier, or intersite.

Linear causeway systertend to connect architectural groups of éamscaleand tend
to show equal relationships between the groups. Most linear causeway systems are local
intrasite, connecting groups within an urban cdbaw considers the UxmblohpatKabah
causeway as a largeeale version of a linear system (Sh2008: 97). This thesis evaluates the
intersite causeways used for the goath analysis as linear syste(@gcept for perhaps El
Mirador), even though they might not show homogenous relationships.

Othercauseways follow a cruciform system, with fouttlmee roads radiating from a
central locationall havingceremonial or cosmological significandéis pattern possibly relates
to the path of the syas well ago cardinal directionsandmay be related to the quincunx and
the axis mundi, or a quadripie concept.The site of Yaxhom has a cruciform system type for
example, and the central architectural group is interpretetiasceremonial architectureAt
t he s i ttlee center offtie icraciform system is a cendtgrly implyingceremonal
purposes.At Seibal, the central architectural uisitat a lower elevatiothanthe termini of the
causewayspunning (1992) sees this center as possibly bemegresentationf the underworld
The Formative period local intrasite causeways atuviaxalso follow aariation of a cruciform
systemand were used to primarily to define sacred space (Stanton and Freidel 2005: 227).

The next two causeway system types are the most complex: radial/solar system and
dendritic system typesRadial sacbe sysins radiate from a central location similar to cruciform
causeway systems, excéipatthese urban centers tend to have more than four causeways and do

not follow apossiblecosmological or cardinal routél.he site of Ichcantiho (Merida) may have
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followed a radial systemalthough, much of the causeway system may have been destroyed due
to postconquest developme(Bhaw 2008: 101).

Similar to radial causeway systems, dendritic systems also have arranged causeways in
multiple directiors leading to a siteare. The difference between the two types is that dendritic
systems have causeways leading to architectural gemgpdifferent distance intervals or
concentric rings The dendritic causeway system at Caracol, Belize exhibitpaiisrn with two
geneal distances of 2:3.0 km and at 4:5.5 (or 9.5) km. The shorter causeways may have
served follocal exchange, as well as administrative and social functions. The longer causeways
may haveconnected previousrban areasito that became part of the lgg of Caracol in later
years (Shaw 2008: 102Y.he causeways of Chichen Itza similarly doiha dendritic causeway
system with causeway termini ending at different concentric rteguvals(Cobos and

Winemiller 2001)

Landscape Archaeologand Roadl'heory

Road systems in the P@olumbian Americas gained interest wéth edited volume by
Charles Trombold, in whichrchaeologistbegan to use landscape archaeology to understand
ancient roads. Trombold991:1)def i nes | andscapedyaracfhaccioviolgiyz a
imprint on or modification of the natural environménRoads are a mode of adaptation to the
environmentput they forcahe environment itsetb change Roads aralso representative of
cultural valus, since intensive labor inviesents including construction, engineering, and
maintenanceare required to connect at least two termdnroad system then becomes a

preferred mode of transportation for a group of pepmia selective group of people
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Historical approaches to thertstruction of roads are problemadige to limited reliable
historical documents and accounts. Functional approaches are more approprilags,rbay
not provide the proper emic view of the purpose of the rasithjs approach may be based on
our undestanding of economicsThe economic and political reasons behioad systems need
to be first explained through transportation mecharitisads selectively create tiestween
specific areaswvhich is donghrough conscious decision makingoss Hasgj (1991: 19)
proposes three factors that affect why New World roads were built: road linkages, road
construction and its transportation system, tedsize of the roads

Road linkages pu focus on termini locations, as well as the settled communities an
regions surroundinthem The road then alters the social situation of the area, whether it is
political, economic, or ritualTypes of travel on a road also afféfoe construction of the road.
Roads designed for wheeled vehicles and pack animalsItavg and gentle routessually
avoidingtopographical issues. Without wheeled vehicles and pack animals, the Maya
constructed their roads for human foot travel, which emphasizes directness of a route, whether it
is tough terrain or not, over ease @el. The construction of roads over harsher rugged terrain
and weather galitions signifies large labor investments, whack usuallycontrolled by
complex, urban centers and citiefhe same goes for road modification and maintenance;
continual constictionon anyroad strengthens the ties that the road facilitates as well as the
centralized polity controlling it. Understanding road size allows researchers to determine the
traffic volume of people and goodMore specifically, topographic obstackesd road usage

determines the size of the rogéassig 1991: 124). These perspectiveBowever focus on
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economic and political functionn the case of the Maya, causeways also performed a ritual
function.

Theuseoft he fAaeri al p ealdg19H c7desarigedas alsobeeT r o mb
important in the history of the study of road systems and landscape. Its initial usability was
discoveredy O.G.S Crawford duringvorld War 1l, when distinctive patterns were seen from
the airthat was not visible &m the groundCrawford 1929) Aerial survey and photography
then became popular in archaeology in European and New World studies. Aerial photography
has been specifically resourceful foterpretinglow-relief features and for areas that are not
obscued by vegetationAerial photography is great for areas with low vegetatsis the case
in the northwest Yucatan. Kurjack and Andrewg§1976),for examplewere able to use aerial
photography to survegreas in the northwest Yucatdhese images @ed in the identification of
causeways connecting large centers to satellite communities or minor cértensstudy also
showed that aerial photography not only aides in identifying features, but also ¢hables
interpretations of political organizati, as well aanunderstanding the settlement patterns of a
given region. Theerial perspective has also influedcgher techniquespecificallythe use of
digital remote sensingDigital remote sensing is particularly useful in extreme environmental
conditions, including arid regions and tropical rainfore3ise SRTM and ASTER Digital
Elevation Models used in this thesis are examples ofabimique; thewill be discussedh
further detail in Chapter.4More recently, the use of LIDARpatherremotesensing technique,
hasshowngreat promise in improving archaeological survey through the aerial perspective.
LiDAR used at Caracol, Belize gives a resolution of the landscape of under 1 Gieise et al.

2012, 2013. LiDAR, short forfillight detction and ranging produces point cloud data which in
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turn can be transformed into high resolution DEMs. This allows a coonglete image of the
landscapend has the ability to transforanchaeological survayethods in the Maya region.
Different reslution in spatial data also affects the output of Gi&lyses, in this case the least

cost paths

Architectural Energetics

Architectural energetics is a method of quantifying buildings or building episodes in
terms of cost (Abrams and Bolland 1999: 26@pst in this case is the same as expenditure of
human energy in terms of persdays or persaours and this unit of measurement is used to
comparatively assess power or status in archaeological terms. Cost in architectural energetics
must be regardeals an estimate since it is based on inferred behaviors. What is required to
conduct these analyses is a general knowledge of the elements of the building itself and an
identification of the major activities responsible for those elements (Abrams anddB&E0:

267).

Using architectural energetics may also be used to analyze social power in terms of
differential access to human labor force. Expansion and emergence of new societal institutions
and polities requires the construction of new architectumcektze scale and complexity of new
types of architecture may also reflect the scale and complexity of the new polities. Ancient
Maya intersite causeways are new architectural forms that represent emerging and expansive

societal institutions.
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LeastCost Aralyses

Human travel must walk through and deal with terrain features such as slope, vegetation,
and waterways (Anderson 2012: 240).Humans also do not always take optimal routes for their
travel and destinations. The availability of resources also atfeetsurpose for travel in a
specific route, as well as the location of other people, sacred areas, asémegio reinforce
status (Anderson 2012: 241). Cost path analyses rarely result in straight line patheyaad/
greatlywith difficult terrain. Leastcost path analyses allow for the possibitifydiscovemg
routes taken by humans in terms of efficiency and rationality. These hypothetical routes could
possiblylead to new archaeological sites and features. When partial routes arerdigcovst
path analysis can be used to determine the missing extensions of the route.

Leastcost analysis ia relativelynew tool used in archaeologyeastcost pathwayare
the assumption that humans will economize aspects of their behaadi limit he costs of
traveling across a landscape (Surtas@ans and White 2012: 2 hus, when cost increases in a
specified area, the likelihood of travel to that area decreas#gesasteraction in the area.
When patk are known to be of leasbst, then athaeologists are able to hypothesize networks
of travel, as well as estimate other locations where paths, trails, or roadscnayWhen
conducting a leastost pathanalysishrough GIS softwardghe problem that the cost path
addresses is how to gedbi point A to point B in the most effiaig or leastcost, way possible.
The two most important aspects to consigben performing a cost path analyisisravel
direcion and distance accumulation.

In order to use leastost analyses for archaeolodidata, four general considerations

should be taken in to accoufit) which variables are messary to include in the model; (2)
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which type of data will be needed; (3) how cost will be measared(4) which software tool
will be used(SurfaceEvans andVhite 2012: 4) These four considerations will be discussed
more in chapter 4.

There are issues with leagtst analysethatmustalsobe acknowledgedLeastcost
paths aredealized paths of least effoend may not reflect actual ancient paths. Cammg
them with actual roads, such as what this thesisiisg, can solve this issue if the cost paths
follow the same routes of the roadseastcost paths also assume that those traveling have
perfect knowledge of the landscape, allowing them to ttaékenost efficient route. Travelers do
not always know the most efficierdguteor all of the possible routes available to them.
Traveles also do not always travel in the most efficient manner; they sometimes travel on
simply a satisficing routeSpatal data als@ffects the outcome of a leasist pathwaysuch as
using different resolutions of Digital Elevation Models (DEMsLIDAR or SRTM (Branting

2012).

GIS and Leas€ost Analyses in the Maya Area

The use of GIS as a tool in archaeology haseghprominence over the years, especially
due to the decreasing cost of computer software and the availability of geospatial data. This has
allowed for more elaborate models and sophisticated questions on human behaviasked
(SurfaceEvans and Wha 2012). GIS analysis in the Maya region has very recently gotten more
attention. Chase and Chgq2001)used LANDSAT data to interpret the causeway system at
Caraco] Belize at a large scal@homas L. Sever and Daniel E. Irn(003)wrote on using

remote sensing data for landscapehaeology in the PeteMheir goal was to investigate large
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scale landscape modifications using rens®asing, GIS, and GPS, as well as using the imagery
for detecting unrecorded archaeological featugevér and Irwirf003: 113).

The use of the SRTM and the ASTER DEMOs
Doyle et al(2012)applied cossurface analysis to understand travel and exchange in the
Buenavista Valley Corridospecifically cospath and viewshed aryals. Charles Golden and
Bryce Davenpor(2013)used these imagess well as AirSARfor conducting viewshed and
costpath analyses in the Western Maya Lowlands (2013). Golden and Dav@@id&t145)
argue that the construction of political power amthority in Classic Maya kingdoms occurred
throughcontrol ofmovement and vistascross the landscap®therMaya archaeologists have
used cost path analyses in their research as well.

For the site of La Corona, Guatemalasheeologists developed a $¢aost path radel to
determine a Calakmiila CoronaCancuen trade rou{€anuto and Barrientos 2013They used
aleastcost path radel developed from the SRTM 90eter DEM. For cost, the archaeologists
used speed of travel, or travel time. The reslitaved thathe leastcost route followed a roat
that wasmportantto knownallied sitesn the southern LowlandsThis possible royal route
however was most likely not formed by a constructed road, or s@elpeitp and Barrientos
2013:2). Heather RibardsRisséto and Kristin Landai2014)have also conducted cogth
analyses in the Maya area at Copan, Hondufagy used leastost analysis to measure social
integration between four groups in the urban core at Copan, Honduras. Instead offtmoking
travel routesthe researchers calculated average travel time to and from specific locations to
measure social interactioRiChardsRissetto and Landa2014: 368). Four surfaces were

created to create the cost pathgriction surface to represeintet difficulty to cross aell; a
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speed surfacéetermining speed across a callravel cost surfagcand a minimum accumulated
cost surface to determine cost from a start location to a destingigira(dsRissetto and

Landau 2014368-369). Their resits showed thatobility among architectural groups suggests
heterarchical relationshifpg a middle classvithin a larger hierarchical polityThus, movement
across the urban core is related to social status. The research conducted by-Rishatiis

and Landau differs from the cost paths created in this thesis in that the routes focus on long

distance interactions rather than focusing on an urban center.
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CHAPTER 3: SITES WITH INTERSITE CAUSEWAYS

This chapter provides an overview on the sites witérgite causeway systems. Justine
Shaw(2008: 173)ists other sites to have intersite causeways. However, many of these
causeways have not been grodndhedor actually follow a different form. Thproposed
CalakmutEl Mirador causewayfor example, bs not been grounamduthed The Caracol and
Chichen ltza systeafollow a dendritc causeway system, not a lin@atersite system that the
sites in this thesis follow

The causeway system in the Mirador Basin is an anomaly compared to the other intersite
causeway. The research conducted in the Mirador Basin has not focused on spatial
organizationand the causeway system mightuallyfollow a dendritic form. Still, the research
in the Mirador Basinas well as aCobaYaxuna, and in the Puuc regiar, Uxmal, have been
very well studied and researched for a few decadas.regions and sites of Izarm@ke and
Uci-KancabCansahcalhowever does not have the longevity of research as the other sites, but

much can still be said about these causeways.

The Mirador Basin

Research iicl Mirador Basin began with the CIW with the identification of the site of El
Mirador (Ruppert and Denison 1943:49%te maps of El Mirdor and Nakbe&vereproduced in
the 1960s by lan Grahaf@raham 1967) Excavations begamithe 1970s and 1980s with Ray
Matheny, Bruce Dahlin, and the New World Archaeological Foundation (Matheny 1980). These
excavationshowever did not contributelata orother sites in the Mirador Basih.t  wa s n ot

the work by Richard Hansen and fRegional Archaeological Investigation of the North Peten,
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Guatemala (UCLA RAINPEGhatexcavations and survey have been conducted continuously in
the Mirador Basin (Hansen 2012)

The Mirador Basin is located in the notantral area of the Peten in Guatda,and
overlaps into the Campeche regiorMexico. The Basircurrentlyconsists of seasonal swamps,
or bajos with soils of poor to medium fertility compared to the soils outside of the basin
(Hansen: 2012:1442). The landscape may initially havedreperennial wetlands and shallow
lakes, but were eventually transformed into seasonal swamps by its inhabitants (Hansen et al.
2002).

The Mirador Basin in Guatemala contained perhaps the earliest Maya kingdom in the
Preclassid®®eriod Early Mayastudiesviewed the PreclassiceRod as therabefore the great
construction efforts, stratified societies, and rifilatescence The discovery and excavations of
large sites such as El Mirador, Cival, Nohmul, and San Bartolo changed the theories on the
origins of Maya civilizations These siteshowed evidence of large centers during the Late
Preclassic perio(EstradaBelli 2011:52). El Mirador specificallyexhibitsthe largest complexes
knownin the Maya area, as well as having causeways connectingderttexs of Tintal and
Nakbe(see Figure 1) ElI Mirador is considered by some to be the first Maggesand theise of
kingship begaterein the Early Middle Preclassic with the site of Nakbeansen and Guenter

2005)
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The Mirador Basin
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Figure2: Map of the Mirador BasinThe map is using the SRTM DEM as a background.
Map adapted after (Hansen et al. 2011: 188).

22



Nakbe is located southeast of El Mirasath most of the research conductezteby
Richard Hansen (1992; 1998; 2012; Hansen et &l.2Q . Nakbeds epicenter
large groups, a western group and an eastern group. The majority of construction and occupation
occurred during the Middle Preclassic, between 4BOB.C. Nakbe is one of the earliest sites
with monumental consiction as well as a civic ceremonial center (Sharer and Traxler
2006:251259). Stratificabn, hierarchy and early kingshipereshownto existwith the
importation of shell, evidence of agriculture, elite residential architecture, intrasite causeways,
and anE-Group.

The site of Tintal wafirst visited during the 195sy Hei nri ch Ber |l i n,
the 1980s that ceramics and monuments Wenedthat dateo the Late Preclassic and Late
Classic respectively. Excavatiobegan again at Tiatin 2004 (Hansen et al. 2006: 74@1).

The site of Tintal idocated southeast of El Miradand is connected todhbsite by a 20
kilometer intersite causewayl.intal also contains many local intrasite sacbeob connecting
different architectural groupsThe sitehasmany large structures including triadic architecture,
as well as a ballcourt and an artificial moat surrounding the civic center (Hansen et al. 2006:
739). Like El Mirador, this site was a major center during the Late PredRessoe The
population of Tintal diminished during the Early Classic, and Hansen(@086)suggests that a
resurgence in occupation occurred during the Late Classic period.

During theLate Preclassic, a Maya state began to flourish in the Mirador Basig&with
Mirador as theprobablecenter. The Mirador Basirhas the largest monumental architectural
found in the Maya area as well as evidence of hieroglyphic texts (Hansen 2012:154). The triadic

architectural style becantmminant, with over 26 structures ingtstyle. The site of El Mirador
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contains at least six causeways, with at least two intersite causeways connecting to Tinal and
Nakbe. These causeways helped facilitate traversing through the bajos, adhestlaas of
political and economic homogengitlliances, trade and transport, and ideological concepts
(Hansen 2012: 155)Causeways to the sites of Nakbe and Tintal werestructed during the

Late Preclassic once El Mirador was established as a large polity in thesssngvar 1994:
286-287)

In general, the causeway system in the Mirador Basin has not been very well Stbdied.
Crossroads aeat El Miradotr where three roads conjoivas investigated, specifically the three
termini and the end of the causew@ysnes 1985) These causeway®wever were not
followed out to the other termini, so much speculation still east® the form of the road
system Thepossiblentersite causewalyetweerEl Mirador and Calakmul has also not been

groundtruthed nor isthe date of this causewéyr even its existenceertain

CobaYaxuna Ixil

The site of Coba was originally investigated by the CIW and was classified as a Peten
style site with many stelae, monuments, and causeways. The intrasite causeways were of
specific interest in the 1970s ah@80s whenthefocus was on settlement ansilyandhe

mapping of the monuments and causeways.
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Yaxuna-Coba-Ixil
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Figure3: Map of the Yaxund&oba intersite causeway systeBackground is the SRTM DEM
and the map is at 25% to the other maps.

Adapted after VillasRojas 1934.

The site of Coba ia large Mayairban center with distinct administrative, ceremonial,
and habitational zone$he urban area is approximately 63 sqg. km with over 40 causeways, two
of which are the intersite causeways @x¥na and Ixil. The urban center of the site can be
represented by the area between Lake Coba and Lake Mac&wiog.during the Preclassic
Periodconsisted of distinct communities that eventubgame conjoinedue to population and

urbanism The intrasitesacbeob were constructed to integrate these distinct communities into
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one weltdefined communitywhich Cobaduring the Late Classiéeriod The majority of the
causeways, as well as the albarradas (houselots surrounded by stone walls) vireigetbns
during the Late Classieeriod Cobads subur ban ar eakmtatheended ap,]
northeast of the centegndingin a more rural area with a scatter of small administrative
ceremonial center@olan 1977: 383). Coba reached its greatestdi#i during the Late
Classic, at about A.D. 68800 (Loya Gonzalez and Stanton 2013:28J. The coreoutlier and
local intrasite causeways follow a dendritic form, similar to Caracol, BeGoda has two
concentric ring intervals of causeway terminieat 23 km from the site core and another
approximately 46 km from the core (Chase and Chase 2003: 1T6¢ Coba causeways are
also associated with four types of ramps. The first type is associated with administrative
architecture. The secomygpe casists of huge ramps thiout architectural associatiamd is
found near the termini of causewayxluding the two intersite causeways. The tiygk is
used to pass over and provide access to sinkholes and water. The final typewasamp
possibly sed for a ceremonial functioasa stela fragment and shewereassociated with it
(Folan 199: 223). These causeways were a means to organize the Coba polity into structured
unitsthat includechouseholds, neighborhoods, g&hdcity and state, but Fan (1991: 226227)
also argues that these causeways may have also been astronomically aligned, possibly mirroring
star maps.Somecausewaysit Coba may have been used to organize sociopolitical units, while
othersappear tdhave led to family shrines amesidence¢Folan1991: 227-28).

Yaxuna representmne of the most important sites in the Central Yucatan during the Late
Formative(Preclassicand Early Classicétiods. During this time period construction efforts at

Yaxuna included large triadic aqalis groupsjocal intrasitecauseways, and an@&roup. The
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local intrasite causewayas well as the architecture in the center of Yaxuei@ built to help
create an earlgeomantiglan or cosmogram, specifically the Kan Cro&anton and Freidel
(2005)argue thathe northsouth core axis was defined by the intrasite causewaysothign
structures defining an eastest pattern The Egroup at the site core is also oriented towards a
causeway running eagfestthatconnects a structure the Easacropolis and dance platforms,
creating the eastest axis of the cruciformplan The site continued to have major occupation
theearlypart ofthe Early Classic. However, the focus of construction shiftede North
Acropolisand the north end dfie axis. New intrasite sacbeob were construahetbthers were
modified to provide a new focus on the North Acroptiit was nothe Kan CrossStantam and
Freidel2005:237).By the end of th&arly Classi¢cYaxuna experienced a reduction in
populaton and constructianThe Late Classic at Yaxuna is defined by the construction of Sacbe
1 (the intersite causeway to Coba) and the appearance of Arena red cefaemesred
ceramics are restricted to the Late Classic at Yaxuna, during the sameriodethpse
monumental architecture was decreasing in construction ( Loya Gonzalez and Stanton 2013: 28).
The expansion of Coba at the same time as the construction of Sacbe 1 and Arena red ceramics
suggests that Yaxuna was integrated and possibly sub@dliiméo the Coba polit During the
Terminal Classic €iod Yaxuna continued to be occupjdritwithout the use ofacbe 1 and
with evidence of Puuc architeceu By the end of the Classieod, most of Yaxuna was
abandonedalthoughsome Late Postatsic burials and shrines.

At almost 100 km,le CobaYaxuna causeway is the longest recorded causewég in t
Maya region.Constructed during the Late Classscac be 1 became physical

controlof Yaxuna. An idea of subordination exiskecause of the erecti@Cobaof stelae and
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civic architecturecombined withY a x una 6 s | a ¢ k Yaguha wasats® produciegtthie o n .
Arena red ceramics, artkis was one of the products exportastto Coba. Coba thus
maintained economic ties the north coast of the YucatthroughSacbe YLoya Gonzalez and
Stanton2013 38-39). Based on the investigations conducted, researchers argue that this intersite
causeway functioned primarily for economic purposes that included trading with the west.
Political function may havbeen a factoas well, if subordination of Yaxuna into Coba is the
case.Sacbe 1 was then abandoned during the Terminal Classic and the arrival of Puuc
architecture.Ritual purposes of the causeway anty evident during théate Postclassic, with
the causeway serving apigrimageroute andvith noevidence of domestic occupation.

The site of Ixil and its intersite causeway to Coba is not as well understood as Sacbe 1.
Ixil does not havéhe continuous research that thees of Yaxuna and Coba havH. Pollock
was the first archaeologist to begin the study of the ruins of Ixil. Attempting to understand the
settlement area around Coba, Pdlsaggested that Ixil possibly had a causeway connecting it
to central Coba. ltar that decadeesearchers attemptéalfollow a causeway outside of Coba
towards Ixil, but only made it to two kilometers south of Coba. The site was not visited for
archaeological purposes until 19¢8obles Castellanos 1976)18The resesarctoaduced
during this expeditiomoncluded that there was a causeway connecting Ixil and Coba, and they
datedit andthe site to the Lig Classic Briod. In 1974, INAH (Instituto Nacional de
Antropologia e Historiapegan conducting field research at Coba amdattiement arg@&obles
Castellanos 1976)This research was geared towards studying éteark of causeways and

termini and the topography of the Coba area.
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The site of Ixil contains five major plazas, Pla2athrough E. Structure 1 is the largest
structure at Ixil and is located in Plaza A. Plaza A is also the terminus locatlmazuseway
thatconnects to the site of Coffaobles Castellanos 1976: 24llhe excavations that took place
in Plaza A contained predominantdf/Late Classic ceranmsgthus confirming thamost of
construction, including Structure 1 and Sacbgedie to the Late Classié&kobles Castellanos
(1976: 39)argues that based on the structures at Ixil and the aguada and cenotes along the
causeway, the site of Ixil was anragltural center.

The Cobalxil causewayruns for approximately 20 km with a width ranging from .8
to 6.4m. The elevation of the causeway from the ground varies throughout the path, with
Arampso being associ abheedre twitypeb of tampes assdciated avithe d
the causeway, those that fuoct for administrative purposesid those thaitheravoid or
provideaccess to natural featureBhe Cobalxil causeway represents political contadlthis
area bythe Coba polity. The inersite causeway of Ixil that leads to Coba may have been
primarily for economic purposglut it may also have servéar water managemepurposes
Along the causeway to Coba aguadasgrainage areasnd cenotes (Folan 1977:-36). This
systemdiffers from the Yaxun&oba causeway, which was primarily usedh@intain economic

ties within theNorthern Yucatan.

UxmalNohpatKabah

The UxmalNohpatKabah intersite causeway system is the most complex system found
in the Puuc region. The Puuc regionhdl country, located in the drthern Yucatan contains
some of théest agricultural soils in the Northern lowlaradsl was possibly the reason for

settlements in the area. Researchers also suggest that theedauuasupplying the
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northwestern coadtplain with food, due to evidence of a population higher than local
agriculture could suppo(bunning and Kowalski 1994: 66)Access to water was much more
difficult; with only a few deep cave systems, limited rainfall during six months out of the year,
and a few constructed aguadas, itthabitants relied on chultsifior access to wateDunning
and Kowalski(1994)argue that the communities that controlled the prime agricultural soils
would also control the surrounding communities as well, creatiggr@enters that took
advantage odgricultural surplus fnm smaller surrounding centers.

The distinct Puuc architecture was fully developedaigspreadiuring A.D. 771 A.D
790. Late Preclassic remaiaeevident in the region but have oridgen faind in basal and
residential platforms. The distinct Puuc architecture consists of lime concrete and veneer
construction, with stucco and mosaic ornamentation. Puuc communities consisted of numerous
platform groups of a variety of sizes with vaulted and-vaulted architecture. The site of
Uxmal is relatively lé&e compared to other Puuc sites. Thendegration of the complex
development in th@uuc region occurred after A.D. 90@ng after the Nunnery Quadrangle and

the House of the Governor struearat Uxmahad beerbuilt (Dunning and Kowalski 1994: 67).
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Uxmal-Nohpat-Kabah
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Figure4: Map of the Uxmal region with the intersite causew@iie background uses the SRTM
DEM as the background.

Adapted after Carrasco 1993: 200.
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Architectuml groups at Puuc sites are organizecdtompact courtyard complex#gsat
take advantage of topography and fertile resources. The architectural complexes in major centers
contain pyramidal structure®njoinedwith nonresidential structuresdsurroundedy elite
residential compounds; sorabte residenceare connectetly causeways. Causewaysrealso
used to link distinct architectural noddsarge sites havtheir elite architecturahodes centered
on areashat hadgood agricultural soil, which researcheuggest is how the elites controlled
intensivegarden agriculture. Stratification of households may haveoalsarred as gesult of
access to prime soils and scarcity of good land in the réBinning and Kowalski 1994: 69)
Puucsites alsdhave ones of rubble mounds (also known as chich mounds). These mounds are
found at the limits of architectural features, with some found near the outer limits of settlement at
Kabah near the intersite causeway to Nohpat. Rubble mounds are also found ot@r thege
of formal architecture at the site of Sayil.

Uxmal is the largest site the Puuc area, with a settlement area of at lEasg) km
(Dunning 1992: 168) The site contains a massive epicenter with monumental architecture, as
well as two ball carts and at least 17 stela€he site is also situated among the best agricultural
soils in the Puuc regioand hasight aguadas iits central area.The aguadas were probably
used for construction purposes, but potable water was stored in the chatunes the site. In
a one square kilometarea at Uxmal, 122 chultarhave been found, suggesting this was the
major form of rainwater storagd.he epicentral area of Uxmal is organized on a reotiith
axis,with an acropolisstyle arrangement of cayardsbounded byhe North and South Groups.
A low encircling wall helps taefinethe core areand may have been used to limit where the

elite lived, as well as defining the seat of government and center of economic .adtnatyvall
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is irregularandelliptical in shapefrom north tosouth it measures approximatédlkm long; on
its eastwest axigt measures approximately 6@@ Settlement outside of éhcentral wall is also
evidentandis strategically located on the best soils availabéengadapted to the irregular
terrain of the Puuc hillsResearch conducted by Alfredo Barrera Ry&®78)has determined
that all residential complexes were located in the Pusluum soil areial, is the most fertile
soil in the region ant found on hillsiees and naturaises with good drainagel'he more elite
residences with vaulted buildings also lehdltuns while only a few of the noelite, non
vaulted buildings contained chultsnThe site wa initially a much smaller sitend only became
very domnant and massive late in its occupational histdiye majority of the ceramic content
found during Barrera Rubi obds reseé@helargestal s o
structures at the site, the House of the Governor and the Nunnery Quadtateggbetween A.D.
895907, making them somef the last buildings congtcted at the siteThe architecture and
iconography at Uxmal also supports the idea that this site was a regional capital during the
Terminal Classic.Uxmal also had a relationghwith Chichen Itza, whether it was in
cooperation or competitive. Somesearctsugges that the two sites were competing for trade
routes and agricultural land, whileonographic evidence implies a cooperative tie between the
two regiongDunning 192: 150152) Nonetheless it is clear that Chichen Itza and Uxmal were
the largest polities in the Yucatan during the Terminal Cld&simd

Uxmal 6s role in the intersite causeway
found atKabah and NohpatEarly Puuc architecture is associated with the intersite causeway at
Kabah and Nohpat, suggesting that this causeway was in plaee twh the rise of Uxmal and

thatthat sitewasa later addition.Nohpat may have also been the primary centéris aeaat
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one point, with as much Early Puuc architecture at its core as Uxmal. Nobyater only has

one late Puuc style structure, while Uxmal and Kabah have many, suggesting that Uxmal took
over politically and became the regional center of the arbaa.terminus of the Nohp#tabah
causeway at Kabah is markieg anarchitecturabrchthatalso marks thedgeof the sitecenter
Other gateways are also found along the Nohpahal section of the causeway, demarcating

the existenceof varioussettlemats along the sites.

The intersite causeway may have been constructed for ritualistic and religious purposes
as well. Initially researchers believed that there was an astronomical alignment between the
House of the Governor at Uxmal and Structure 1 d&tgddgDunning 1992: 146) This
alignment delineated the azimuth of the Venus rise at its maximum southerly declination around
A.D. 850. Research undertaken by Ivan Sgi&80)determined that the House of the
Governer 6s Pal ace Vligwith a stracture gt thenstenof Cemtaus Cehtzucu a |
lies between the Uxmadlohpat causewaypproximately 4.5 km southeast of Uxmal. A
geomantic linas created with this alignmeanhd Dunning1992: 147148)believes that this
creates the mouth of thelestial serpent and the earth mensnanifested in the landscape;

Thus he intersite causeway may also be a representatiorsajgbimantic alignment.

Ake-lzamalKantunil

The site of Izamal is one of the largest sites in the Norflogvlands. Recentstimates
of the ste claim that the city of Izamal covered 53 square kilomes@,oximately a circle with
a radius of over four kilometer&xcavation, restration, and surface collectiaf ceramics
indicate that the sitdates to the Terminal ClassiBeriod. Scott R. Hutsof2012: 119)rgues

that this has more to do with taphonomy and the organizaticeramic production Recent

34



researclalsosuggests that Izamal became urbanized in the Early Classic, consolidating control
over labor and othertsis. Ceramic analysis df z a mianicld Kak Moo, the second largest
constructed building in the Maya Lowlandsdicated that it was constructed during the Early
Classic Periodgther structures in the main plaza of Izamal distto this time Hutson(2012:
112)also argues that Izamal follows a low density urban city plan, similar to Tikal and Caracol,
which differs from other Northern Ldand settlemensuch as Chunchucmil and Caibat are

much denser in settlemeriEarier research has suggestédt swidden farmingvas produced

and that maize may have been imported from the sse#tipodvasa staple food source as well
(Andrews V and Kurjack 1976: 324)n terms of architectural styleghmegalithic style is

strongly prevalent at this site the western coras well at AkgHutson 2012: 125) This style is
defined by platforms with retaining walls that contain large, dressed facing stones with rounded
corners. This style is alsstronglyprevalentatthe core of El Naranjal. Megalithic d&itecture

is also found in the settigent areas near the site of Uci, but Hut€2012)suggests that this

style of archicture originates from the Izamal area.
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Ake-lzamal-Kantunil

S Kantunil

Figure5: Ake-lzamatKantunil intersite causeway systefhe backgound is the SRTM DEM

Adapted after Garza Terrazona de Gonzalez and Kurjack 1980.
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The site of Ake was first intensively investigated by Lawrence Roys and Edwin M.
Shook. In their initial report, eight total causeways were recorded, with Sacbe 1 canteectin
the site of Izamal. Edwin Shook was the first archaeologist to discover thiz@kal intersite
causeway (Roys and Shook 1966:48). Ake is also a walled site, with the walls possibly
being built from the remains of causeways. Kurjack and Anslé(1976: 321322)argue that
the construction of the Akizamal causeway dates to the Late Classic, with the Ake wall
constructed as a later addition during Teeminal Classic

Theintersitecauseway system of Izamal is very compieih two intersitecauseways
connecting Ake and Kantun Izamal also has at least two intrasite causewagstwo core
outlier causeways, with more that legeossibly been destroyed impdern occupationThe
Ake-lzamal causeway rurier approximately 32 kmThe causewaio Kantunil runs
approximately 15.5 krto the south. Information on the site of Kantuhdwever is very
scarce. Researchers suggest that the Karlzamal sacbe was the first intersite causeway of
this sacbe systerthen the Akelzamal causeway, Wi the minor center of Sitpach as a medial
stop was constructed (Shaw 2008: 6®jutson(2012: 120)argues that the causeway system
may havemore closely resemblédio b a 6 s ¢ a u s Fhavakglzasgl catsewals
approximately 12 m wide with a heigt ranging from 0.3 to 1.5 shhigh(Roys and Shook
1966: 44) The Akelzamal causeway is argued to have been an early form of boundary
maintenance, witstone walls constructed at a laterdieriod Kurjack and Andews V(1976:
323324)argue that contiualboundary maintenance is evidenceolitical instability, between

two major centers focused at the sidé lzamal and Uci, approximately ¥2n apart. The
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florescence of polities in the Puuc arsach as Uxmal during the Terminal Classmay have

also weakened the polities of Izamal and Uci.

Uci-Kancab-UkanaCansahcab

Similar to Izamalthesite of Uci also contains megalithic construction. Uci and Kancab
both have megalithic architectuadthoughnot as large as at Izamalggesting that Izaahhad
control or influence over the Uci polityJci is the largest site along this causeway, with Kancab
and Ukana being similar in size and layokurjack and Andrews \{1976)estimated the size of
the site at 4 sq knbut recehresearch suggests theesof thesite is at 7.5 sq krar 11.2 sq km
Uci is sourrounded by many aresh depressions, presumably used for water storage or for
guarrying limestone Much of the large architecture at the center of Uci has been destroyed by
modern developmentpjects(Hutson and Covarrubias Reyna 2011:1291We site of
Cansahcab is now currentiygulfed witln modern occupation, with a church situated on top of
one of the original structures. Cansahcab may have been similar in size to the other tesmini site
of Kancab and Ukanar he first observation of the U€ansahcab causeway was reported by
Kurjack and Andrews \(1976) with aerial photographyThe first archaeological investigation
of this regionhowever, was conducted by Ruben Maldondd¥9a, 199b). More recently,
Scott Hutsor{(2009)has been directing the U€iansahcab Archaeological Project (PASUC)
which began ir2008. As previously statedearlier interpretations of this causeway system
suggested that Uci was the center of one of the geliti the northwest Yucatanith the other
beingat Izamal These interpretations also suggest batwas atone poimp ar t of | z amal

control of special function@&urjack and Andrews V 1976:323).
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Figure6: Uci-Cansahcaintersite causeway systerihe background is the SRTM DEM.

Adapted after Garza Terrazona de Gonzalez and Kurjack 1980.
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The intersite causeway of Uci rufts approximately 18 kmending at Cansahcadmd is
8 mwide and 0.5n high. Ruben Maldonad@97% and 1979bargues that this intersite
causeway was not initially constructed as one long sacibeatheras two smaller sacbeob,en
connecting Uci and Kancamdthe other connecting Cansahcab with Uka@ace the polity of
Uci started tayrow in siz, the two segments becanwnected with another causewesym
Kancab to Ukanalnterestinglythe termini for the intersite causeway do not end at monumental

architecture at the center of the sifidsitson and Covarrubias Reyna 2011: 1:2289)
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CHAPTER 4: METHODOLOGY

Before conducting the leasbst path analysis, the four considerations that Suzeas
and White (2012: 4) proposé&dve beemaken into accounthe archaeological dateve been
analyzedthevariables needed for the model/mapredefined the type of cost that will be
measuredvas assessednd the softwarased to create the leasist pathsvas selected

In this thesis(Google Earttwasemployed to displathe archaeological site locations.
Google Earth pinpoints exact site ltioasand these weracquired from thé&lectronic Atlas of
Ancient Maya Sites: a Geographic Information Sysféfitschey and Brown 2@). All of the
sites used in this thesis for the epath analysis were taken from the EAAMBdinclude: El
Mirador, N&be, Tintal, Uxmal, NohpatKabah, Yaxuna, Cob#xil, Uci, Kancab, Ukana,
Cansabab,Ake, Izamal, and KantunilThe pinpoints for EI Mirador and Nakjdgowever, were
adjuged due to a more accurate image of them from Google Bedbs for eaclof the
causeway systeswere digitized and georeferenced into ArcGIS 10.0, which was the GIS
software used in this thesis.

The variable used in this research was topography, specifically the slope of the terrain. In
order to conduct the analysesptDEMSs, or Digtal Elevation Malels were employedhe
SRTM 90m DEM and the ASTERG DEM. The SRTM, or Shuttle Radar Topography Mission
flew aboard the space shuttle Endeavour in 2000 for 11 days, acquiring radar data intended for
topographic mapdJSGS 2000) Specifially, the SRTM data uses radar interferometry, which
allows a comparison of two radar images taken at different angles. These two images are then
cali brated to allow cal cul atdthe DEMférdpbahe Ear t ho

coverae, whichis available at 3 arsecond resolution or approximately ®Qesolution per
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pixel. The Advanced Spaceborne Thermal Emission and Reflection Radiometer Global DEM, or
ASTER GDEM was released in 20q@9SGS 2009) The ASTER DEM uses higtesolution
imagesgainedfrom collecting intrack stereo using nadir and né@frared cameras. This newer
DEM gives a resolution of one asecond, or a pixel size of approximatelyrB0

The cost used for this analysis was to minimize or avoid rough terrain or slopgd area
The procedures for both of these DEMs were the same for this analysis. The two DEMs were
projected onto ArcMap 10.1. A slope raster layer was created foD&sdh Using this slope
raster, costlistanceastes werecreated for one site terminusexch intersite causeway. Once
these rasters were created, they wepeattedinto the ArcMap cospath function to create a
leastcost path between the site locabeghe intersite causeways. This was done for all of the
intersite causeways, so eachsmaway system has two hypothetical cost paths, one based on the
SRTM and one based on the ASTER DEMs.

Once the leastost paths were conducted, a table with associated information was created
to show descriptive differences (statistics) between them. abite shows the intersite causeway
lengths, widths, and heights, as well as the {east path lengths arah estimated area in sq km

between the causeways and leastt paths.

Limitations
This analysis is not without some limitationBhe SRTM and ASTEREMs are free for
download and available online for the pulflitSGS 2013)which is the reasotiey werechosen
for the research conducted in this thediore recent spatial imagery, such as LIDAR, has
recently been very useful in Mesoamerican arcluapedl projects.LIDAR applications used at

the site of Caracol, Belize projects a resolution of under 1 meter, giving a much more accurate
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image of the landscag€hase et al. 2012)This applicationhowever is not yet widely
available.

Another issueén this analysis is the problem of modern developrberit onthe
archaeological sitesThe sites of Izamal and Uci have been heavily modified or destroyed since
the Mlonial period and do not necessarily represent the ancient Maya landscape as &once w
However, the long intersite causeways that were chosen for this research are mangrsilome
long, as well as the leasbst paths, so the majority of the routes will not be affected by the

modified termini sites.
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CHAPTER 5: RESULTS

The results of ta least cost path analyses show tiaate of the irgrsite causeways
follow a leastcost path based on the terrain. The hypothetical cost path routes are not all
uniform, with the cost paths in the different regions following different routes. The AGM&R
SRTM leastcost pathways also differ, as the maps below will illustrate. EoMihador Basin
area, the leagtost path may actually folloancient paths that conneuinor centers, but more
investigations are needed to make that definitive coneaiusio

Once the paths were created, a table was assembled to organize the descriptive statistics
of the intersite causeways and leesst paths (see Table IJhe results of the analyses
conducted showed that all of the causeways were shorter in distangaredro the leastost
paths created with the SRTM DEM and the ASTER DEM. There was also no consistent
correlation for the differences in length between the SRTM DEM and ASTER DEMclesist

path routes.
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Sites with  Causeway Causeway Causeway LeastCost LeastCost Area Area

Intersite Length Width Height Path Path Between Between
Causeways (km) range (m) range (M) Length Length Causeway Causeway
SRTM ASTER and Least and Least
(km) (km) Cost Path  Cost Path
SRTM (sq ASTER (sq
km) km)
El Mirador 12.5 17-22 0.7-4 115 10.8 7 5.6
Nakbe
El Mirador 20 26.5 24.2 37.9 18.9
Tintal
Yaxuna 99 9.810.3 0.62.5 110 109.9 226.1 664.4
Coba
Cobalxil 20 5.86.4 21.7 27.3 19.7 63.6
Uxmal 7.3 4.5 -—-- 10.1 9.5 1.6 3.8
Nohpat
Nohpat 9.6 4.5 10.9 10.6 3.3 7.5
Kabéeh
Ake-lzamal 32 13.2 0.31.5 34.9 32.1 49.1 20.4
Izamat 15.5 -—-- -—-- 17.7 17.4 5.2 7.0
Kantunil
Uci-Kancab 8.2 5-10 0.51 8.8 8.8 3.7 5.7
Kancab 4.7 5-10 0.51 5.1 5.1 0.7 1.2
Ukana
Ukana 5.1 5-10 0.51 5.9 5.9 0.9 3.6
Cansahcab

Tablel: Descriptive statistics of thatersitecauseways and the leasist pathsThe sections
with dashes do not have their statistics available.
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The Mirador Basin

The results of the Mirador Basstnow that theausavays do not follow a leastost path
based on the terrain. Comparing the ASTER cost paths with the SRTM 90m DEM cost path do
show some similaritiesThe ASTER cost paths both follow a path west of the actual causeway,
while the SRTM 90m cost paths botillow a path east of the causeways.

The SRTM 90m path for El MiradéFintal also had interesting results. The path goes
around two minor centers along the route to Tintal. This may be an actual informal route taken
by the Maya, but grountfuthing woutl be necessary to test this hypothe#ishis is the case,
then there may be more minor centers that are still unidentlbed e route, which ground

truthing or more advanddechnologies such as LIDAR can identify.
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Figure7: Map of the Mirador Basin with leastost paths and intersite causeways.
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CobaYaxunalxil

The leasttost analyses for the intersite causeways of Coba, Yaxuna, and ihat do
follow leastcost paths.The SRTM cost paths are both north of the ASTER paths, but not
necessarily north of the causewayghile some of the other cost path analyses conducted in this

thesis follow a pattern, the paths here do not.

Yaxuna-Coba-Ixil

Ek{Balam

ChichenjItza

Yaxuna

A

ilizacauil

Xtelhu

Figure8: Map of the Yaxun&obalxil intersite causeways witkastcost paths
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UxmalNohpatKabah

The UxmaiNohpatKabah intersite causewaystem does not follow a leasbst path.
The SRTM and ASTER cost path routes travel north of the causeway from Uxmal to Nohpat,
with the SRTM route occasionally dipping soofithe causeway. From Nohpat to Kabah, the
cost path routes travebuth of the intersite causewajhere is also no association with the cost

paths to the minor centers in the area.
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Figure9: The UxmalNohpatKabah intesite causeway system with leasbst @ths. The SRTM
cost path is not in white, due to the fact that DEM is nearly white due to the elevation.
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