2 LIDAR, LANDSCAPE ENGINEERING, AND LANDSCAPE HISTORY

AT CHAN CHICH, BELIZE

Brett Houk, Amy Thompson, and Francisco Estrada-Belli

Although archaeologists have long recognized Chan Chich as a major ceremonial center in northwestern Belize, recently acquired
lidar data reveals new information about the extent of the site and degree of landscape modification surrounding it. The data reveal
extensive terraces, field walls, canals, wetland channels, and other enduring landscape modifications still visible 1,200 years after
the Maya abandoned the site. Some of the modifications represent landesque capital, or permanent agricultural improvements that,
once built, only required maintenance to endure, while others are more extensive landscape engineering features that may have
been centrally coordinated. By the Late Classic period, Chan Chich and its peri-urban sprawl formed an arc of dense settlement
around a large bajo at the base of the La Lucha Escarpment. Five minor centers with ball courts likely represent district nodes
within the larger polity. Situated at the headwaters of the Rio Bravo, Chan Chich’s success may have related to its location, which
was well-suited to facilitate trade between sites in Petén and the Caribbean coast.

Introduction

Chan Chich is a major ceremonial center
in the southern Orange Walk District, only 4 km
east of the border with Guatemala. Guderjan
(1991) first recorded and mapped the site over the
course of two field seasons in 1988 and 1990. In
1996, the Chan Chich Archaeological Project
(CCAP) mapped approximately 1.6 km? around
the site core, documenting 253 structures. The
CCAP began excavations at Chan Chich in 1997
and completed the sixteenth season of
archaeological research at the site in 2024.
During that time span, the project refined the
site’s chronology, excavated multiple burials and
structures, documented lithic workshops, and
investigated a Late Classic marketplace, among
many other lines of inquiry, but never expanded
the map of the site beyond the original 1996
limits.

In 2022, the National Center for Airborne
Laser Mapping at the University of Houston
collected 650 km? of lidar data covering the entire
Belize Estates Archaeological Survey Team
(BEAST) permit area, including the site of Chan
Chich (Figure 1). From fall 2022 to spring 2024,
researchers at Tulane University’s Middle
American Research Institute (MARI) digitized
archaeological features visible in the data. These
lidar data have revealed new information about
the extent of site and show the incredible degree
of landscape modification surrounding Chan
Chich. Here, we discuss the landscape history of
the area around Chan Chich, considering the
evidence for landesque capital as well as more

extensive, and likely centrally planned, landscape
engineering.

Landesque Capital, Landscape Engineering,
and Landscape History

Landesque capital is a concept Harold
Brookfield (1984:36-37) introduced into
archaeology in 1984. Essentially, landesque
capital describes agricultural improvements that
are intended to last beyond the current crop. In
other words, if a farmer builds a terrace to retain
soil on a hillslope, that terrace is landesque
capital; once created it will last, only requiring
occasional maintenance (see Widgren 2007).
European archaeologists have used the concept
for a couple of decades (see Hdkansson and Mats
Widgren 2014), but it is becoming more
frequently applied to the Maya and other pre-
Columbian Latin American cultures (Fedick et al.
2023; Garrison et al. 2019). One of the most
valuable contributions of the concept of
landesque capital “is its recognition of the
significance of anthropogenic transformations to
agricultural landscapes and their often-beneficial,
long-term  effects”  (Morrison  2014:63).
However, the Maya built more enduring
landscape-altering infrastructure than just long-
lasting agricultural improvements. The Maya
constructed houses, temples, palaces, and
causeways, things that Kathleen Morrison
(2014:49) calls “enduring forms of landscape
modifications.”  Considering specifically the
long-term effects of human alterations to the
landscape allows archaeologists to study
landscape history, which includes natural
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survey area, Three Rivers adaptive region (TRR) physiographic provinces, the limits of the BEAST permit area, and the closest
major sites in Guatemala. The inset shows the BEAST lidar block in relation to the TRR and modern borders. Visualization is a
singleband pseudocolor DEM (multiply) over a hillshade. The larger basemap is a 30m STRM DEM publicly available from the

EarthExplorer website.

changes to the landscape and “hard” forms of
enduring landscape modifications like terraces,
structures, and causeways (Morrison 2014:63),
things visible in lidar data and on the ground. In
this way, landscape history embraces the
palimpsest of features and natural changes that
may span thousands of years and which a static
lidar image captures.

The creation of enduring landscape
modifications may be incremental and de-
centralized—a farmer may make gradual
modifications to his fields without someone else
directing him. However, some of the
modifications the Maya made required advanced
planning and organized labor to implement and
fundamentally altered the landscape. The latter
degree of landscape intervention falls under the
widely used but poorly defined category of
“landscape engineering.” Zedefo and colleagues
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(2014:24) define landscape engineering in the
context of North American bison hunters as “the
intentional modification of place and resource
networks through sequences of actions and
inscriptions. Such modification aimed to
increase permanence, manage the flow of people
and resources, and thus plan for the future.”
However, as the term is used in the context of
complex archaeological  societies, most
researchers apply it to extensive landscape
modifications related to agricultural systems such
as terraces and canals (Zaro et al. 2010),
technological innovations that transform a
landscape (Freeman et al. 2021:372). Projects
that required careful planning and scheduling of
labor and resources to complete are examples of
“high-investment  landscape  engineering”
(Freeman et al. 2021).



Archaeological Background

Geographic Setting

Chan Chich is in the eastern half of the
Three Rivers adaptive region (TRR), which
draws its name from the Rio Azul, the Rio Bravo,
and the Booth’s River. The TRR is characterized
by a complex, irregular, and fractured horst-and-
graben—or valley-and-range—Ilandscape shaped
by southwest-to-northeast trending faults
(Dunning et al. 1998). Because the underlying
strata dip from east to west, “the surfaces of the
horsts and grabens also tend to dip toward the
west and the western margins of the grabens are
typically defined by sharp scarps” (Dunning et al.
2016:111). Springs occur along the bases of the
escarpments, feeding wetlands, streams, and
small rivers in the grabens (Dunning et al. 1998).

Chan Chich sits on the left bank of a
small waterway, which begins as an intermittent
stream near Tikal in Guatemala, flows past other
Classic Maya sites like Naranjo and through
Nakum, before passing the site of Holmul where
it is known as the Holmul River. It crosses into
Belize and then becomes a perennial stream
known as the Rio Bravo at the site of Chan Chich.
This small river flows north-northeast and joins
the Booth’s River 40.5 km northeast of Chan
Chich. Immediately west of the site is a large,
oblong bajo, one of many in the TRR. Bajos are
structural and/or karstic depressions that typically
flood during the rainy season, ranging in size
from small pocket bajos covering a few hundred
square meters (Dunning et al. 2015) to features
like the Bajo de Azficar in the western half of the
TRR, which is the largest bajo in the Petén,
covering approximately 600-km? (Dunning et al.
2016).

The minor center of Kaxil Uinic, long
known to archaeologists (see Blom 1928;
Thompson 1939), sits on the western edge of the
bajo, due west of Chan Chich, and near the base
of the La Lucha Escarpment. This escarpment
rises abruptly 100—125 m and fronts the La Lucha
Uplands, a rugged zone of ridges, hemispherical
hills, and bajos extending west into Guatemala.
The La Lucha Uplands are part of the Petén Karst
Plateau, a vast karstic region home to many of the
largest Maya sites, stretching from south of Tikal
in Guatemala to just north of Uxmal in Yucatan,
Mexico (Dunning et al. 2012).
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Chronology

The use of lidar has made it possible to
map vast areas of forested terrain quickly,
revealing landscape modifications and settlement
patterns at scales not previously possible (Chase
et al. 2011; Canuto et al. 2018). What the lidar
data reveal is a palimpsest of natural and human-
constructed features accumulated over centuries,
but, generally, lidar data lack chronological
information (but see also Garrison et al. 2019).
However, using previous excavation and survey
data from multiple sites, Canuto and colleagues
(2018: Supplementary Materials, pp. 2-3)
propose that between 80 to 95 percent of the
visible structures in the Pacunam Lidar Initiative
I survey areas in Guatemala date to the Late
Classic period. Decades of research in the TRR
and adjacent areas have demonstrated that most
visible mounds and features date to the Late
Classic period, circa AD 600-810 (Adams et al.
2004; Houk and Lohse 2013), but excavations at
Chan Chich, Kaxil Uinic, and elsewhere in the
BEAST permit area provide more detail.

Excavations by the CCAP suggest the
Maya settled Chan Chich by 800 BC, if not a
century before (Houk 2015). Chan Chich grew
steadily during the Middle Preclassic, and, by the
beginning of the Late Preclassic, the residents
constructed the first ceremonial structures at the
site (Gallareta Cervera et al. 2018; Houk 2015).
They buried the first king of the site near the end
of Terminal Preclassic period (Houk et al. 2010).
The site continued to grow gradually during the
Early Classic period (Gallareta Cervera et al.
2018). During the Late Classic period, beginning
in the mid-seventh century, the rulers at Chan
Chich oversaw explosive growth at the site as the
site plan took on its final form with a massive
main plaza, a marketplace, multiple lithic
workshops, elite courtyard groups, multiple
causeways, and dense settlement (Houk 2015;
Houk and Booher 2020; Houk and Zaro 2015).
The Maya abandoned the site center during the
Terminal Classic around AD 850 (Houk 2016;
2020). The pattern is similar at other sites in the
BEAST permit area including Kaxil Uinic (Harris
2013) and Punta de Cacao (Robichaux et al.
2015): founding in the Middle or Late Preclassic,
followed by gradual growth or stasis in the Early
Classic, and rapid expansion in the Late Classic
period, with abandonment ca. AD 810 to 850.
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Figure 2. Lidar visualization of the Chan Chich site core showing various landscape engineering features. Modified hilltops: 1)
Upper Plaza, with Structure A-15 south of the number and Structure A-1 north of the number; 2) Main Plaza; 3) ball court; 4)
Norman’s Temple complex; 5) Courtyard B-1 with ramp or stairs leading down the north face of the hill. Causeways: CP) wide,
parapet-lined intrasite causeways; CR) raised causeway; 6) Courtyard D-3 raised causeway; 7) raised intersite causeway connecting
to Kaxil Uinic. Other features: R) reservoir. Visualization is slope (multiply) over VAT.

Other sites, however, appear to have been
founded in the Late Classic in one massive
construction event (Houk et al. 2019). While
there is evidence of earlier occupation and
construction throughout the area, in almost all
cases, Late Classic construction covers it (Houk
2015).

Historically, the Maya began to reoccupy
this forest around AD 1850. In the 1880s, a group
of San Pedro Maya settled a small village called
Kaxil Uinic 500 m south of the pre-Columbian
site with the same name (Bonorden and Houk
2019). Maps from the late-1800s show trails
connecting this village to other communities to
the east as well as in the Petén and Mexico (see
Miller 1887).

Enduring Landscape Modifications at Chan
Chich

The earliest villagers who occupied Chan
Chich around 800 BC would have found the
location ideal, with year-round fresh water and
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ample land for milpa farming. As the site and its
population grew, however, effectively managing
water and agricultural land, along with other
resources, would have been increasingly
challenging. The features visible in the lidar data
represent the accumulation of responses to the
long-term challenges of feeding, housing, and
governing a growing population from about 800
BC to about AD 800. The most extensive types
of enduring landscape modifications created by
the pre-Columbian Maya include monumental
architecture, residential architecture, agricultural
terraces and stone alignments, and hydrological
modifications including, reservoirs, canals, and
wetland channels. Overlayed on top of the
ancient landscape are perhaps two centuries of
historic and modern roads, trails, and railway
beds; many of which are visible in the lidar data.

Monumental Architecture
The major civic-ceremonial architecture
at Chan Chich occupies a series of hills on the left



bank of the Rio Bravo. The heart of the city is a
450-m long, north-south line of plazas and
courtyards built on a modified hilltop (Figure 2).
The Upper Plaza, where occupation extends back
to the early Middle Preclassic period, sits in the
middle of this line. Structure A-15 occupies the
southern end of the plaza; it is the tallest structure
at the site, rising approximately 15 m above the
Upper Plaza and 22 m above the Back Plaza.
The Main Plaza covers approximately
13,000 m? and one of the largest plazas in the
TRR (Houk 2015). Situated on the southern side
of the plaza is Structure A-1, a 70-m long, 13-m
high, tandem range building dividing the Main
and Upper Plazas. Two wide causeways enter the
Main Plaza from the east and west and form part
of the processual architecture at the site (Houk
and Booher 2020). The site’s ball court sits at the
eastern end of Structure A-1, with the western
structure attached to the base of Structure A-1.
The lidar data illuminate new details
about the degree of landscape engineering
involved in the construction of the site core,
revealing that the Maya squared off the corners
and edges of the broad hill as part of the
construction of the site core, likely through both
cut and fill processes. This is most evident on the
eastern edge of the platform near the ball court
and southwest of the Upper Plaza (see Figure 2).
Beyond the main public architecture, the
Maya heavily modified two other hilltops to
construct elite residential groups. The Norman’s
Temple complex, where the CCAP worked for
multiple seasons (Houk 2020), occupies a 115-x-
60-m wide artificial platform, constructed atop a
25 m tall hill, west of the Upper Plaza. To the
southeast of the Upper Plaza, Courtyard B-1 sits
atop a 15-m tall hilltop that appears to be
artificially leveled and shaped (see Figure 2).
Three intrasite causeways radiate from
the site core to the west, the east, and the
southeast. The third of those creates a formal link
between the site core’s monumental platform and
Courtyard B-1; a ramp or stair connects the
courtyard’s platform to the causeway (see Figure
2). The MARI team identified a fourth small
causeway extending from Courtyard D-3 to the
northeast, toward the Rio Bravo (see Figure 2).
Finally, the lidar data confirmed a fifth causeway
runs 2 km from its start near Norman’s Temple at
Chan Chich to the main plaza at Kaxil Uinic to
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Lidar visualization of the Chan Chich area
showing minor centers with ball courts within 6.5 km of
Chan Chich and individual structures as points. The clipped
lidar area covers 130 km2. Visualization is DEM (60% linear
burn transparency) over a slope (30% linear burn
transparency). The larger basemap is a 30m STRM DEM
publicly available from the EarthExplorer website.

Figure 3.

the west—for most of its length this causeway
crosses a densely vegetated bajo. Although it is
only 12 to 15 m wide and 1 m high, at 2 km long,
it represents a major construction project.
Furthermore, it is an indication of economic and
political integration (see Canuto et al. 2018:13).
While both sites began as small villages during
the Middle Preclassic, Chan Chich outgrew its
smaller neighbor and likely integrated Kaxil
Uinic into its polity by the beginning of the Late
Classic period. The causeway is a physical
expression of this political relationship. This
method of integration and political consolidation
is well documented at Caracol, among other sites,
albeit on a larger scale (Chase 2023; Chase and
Chase 2017).

Other nodes of monumental architecture
pepper the landscape around Chan Chich, and, by
the Late Classic period, the Chan Chich area
included not only the main site core but five
minor centers with ball courts within 6 km of the
site center (Figure 3). Three of these are
previously unknown sites revealed by the lidar
data. These minor centers vary in size and site
plan (Figure 4). Sak Mut, which BEAST
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Figure 4. Centers with ball courts in the Chan Chich area. A) Chan Chich, B) Aik’al Nahoob, C) Kaxil Uinic, D) BE-22, E) Sak
Mut, F) Tiho’witz. Visualization is VAT.
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Figure 5. Examples of landscape modifications near Chan Chich with lidar visualizations on the left and digitized features
highlighted on the right. A) and B) Terraces and linear stone features east of Aik’al Nahoob, C) and D) terraces and linear stone
features west of BE-22, E) and F) canal draining a bajo into the Chan Chick Creek valley, and G and H) terraces and linear stone
features and modern or historic roads east of Chan Chich. Visualization is VAT.
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recorded in 2018, is the southernmost minor
center and outside of the permit area, and Aik’al
Nahoob, which BEAST visited in 2024, is the
northernmost.  The smallest is BE-22, an
unnamed minor center with a well-defined plaza
surrounded by small structures and a diminutive
ball court on top of the La Lucha Escarpment.
The minor centers likely maintained both
administrative and ceremonial functions for the
surrounding settlement, forming districts (sensu
Smith 2010; Chase 2016; Prufer and Thompson
2014; Thompson and Prufer 2023) and smaller
communities in the Chan Chich polity.

Residential Architecture

Surrounding Chan Chich, Kaxil Uinic,
and the other minor centers, dense settlement arcs
around the bajo. There are over 8,000 structures
in the 130 km? around Chan Chich (see Figure 3)
with a structure density of approximately 62
structure/km?. Canuto and colleagues
(2018:Table 8) categorize structure density as
urban (151-300 structures/km?), periurban (60—
150  structures’km?), and rural (<60
structures/km?). Although the immediate Chan
Chich area is on the low end of the periurban
range, the large bajos and area in the Chan Chich
Creek/Rio Bravo valley, which would have been
seasonally inundated and unsuitable for
habitation, skew the overall settlement density
lower. Using the traditional calculation
parameters (see Canuto et al. 2018:2-3) to
estimate the Late Classic population suggests that
between 15,890 and 36,193 people lived around
Chan Chich, with a conservative middle estimate
of 25,360 people.

Terraces and Linear Stone Features

Supporting a large population with a
periurban settlement density likely required
investments in agricultural improvements at the
household level as well as at the polity level. The
most common types of landscape modifications
visible in the lidar data are apparent agricultural
terraces and other stone alignments (Figure 5).
Within the 130-km? area, there are nearly 25,000
such features, totaling 860 linear km. This
equates to, on average, 6.6 km of constructed
terraces and stone alignments per 1 km?
Individual families or collectives composed of
kin groups may have constructed many of these
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features gradually and without oversight from the
polity or an administrative district. However,
some terraces may have been planned and
centrally directed, as has been argued for Caracol
(Chase and Chase 1998, but see also Chase 2024),
particularly in areas farther away from house
mounds, where the patterning of these features
appears more regular and coordinated (see also
Beach et al. 2002; Garrison et al. 2019).
Surprisingly, the amount of investment in the La
Lucha Uplands significantly exceeds the average
observed in the Peten by the 2016 Pacunam Lidar
Initiative T (PLI I) survey in areas adjacent to
urban settlement like Tikal, Uaxactun, and El
Pert-Waka’. However, equally high density of
features occurs in areas closer to the Mexico-
Guatemala border, such as Naachtun, and just to
the southwest of Chan Chich, near Holmul
(Canuto et al. 2018), associated with periurban
settlement density, as well.

Wetland Channels and Canals

The lidar data also reveal that the Maya
of Chan Chich constructed raised or drained
fields in bajos. In the 130-km? area, there are 175
linear km of wetland channels. Unlike many of
the agricultural terraces, these wetland features
represent high-investment landscape
engineering, requiring preplanning (see Beach et
al. 2009; Lentz et al. 2022:62-66), scheduling
labor and resources around the wet and dry
seasons, and taking into consideration how any
artificially constructed channels would affect the
hydrology of the bajos.

The hydrologic modifications made by
the Maya are the most complicated features on
the landscape, from an engineering perspective.
In the wetlands east and west of Chan Chich we
see a variety of drainage solution, including
ditched fields and raised fields. The amount of
investment appears to exceed the average density
per structure of areas to the west mapped by the
PLI I survey (see Canuto et al. 2018). These
high-yield cultivation areas would certainly have
supported the dense periurban population of the
Chan Chich domain with a significant potential
for surplus production that could be destined for
trade or tribute (see also Canuto et al. 2018).

Besides wetland channels, the Chan
Chich Maya went to great lengths to manage
water in and around the polity, including
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constructing artificial reservoirs and canals. One
canal is visible in the lidar data 5 km south of
Chan Chich, outside of the BEAST permit area
(Figure 5). The canal cuts to the north through a
line of low hills to drain a bagjo into the Chan
Chich Creek (Rio Holmul) valley, which is about
20 m lower in elevation. The canal measures 8.5
m deep, 20 m wide (from bank to bank), and 720
m long. This large-scale feature represents a type
of high-investment landscape engineering that
likely required a coordinating authority and does
not appear to be historic or modern.

Roads and Trails

Historic and modern roads and trails
form another layer of enduring landscape
modification, draped across the pre-Columbian
landscape (see Figure 5). Within the 650-km?
BEAST lidar block, over 827 km of historic and
modern roads and trails criss-cross the landscape.
Within the area shown in Figure 3, there are 163
km of roads and trails. Only a handful of these are
still passable today, but they remain a legacy of
the landscape history of northwestern Belize.
Undoubtedly, some of these modern roads follow
historic trails. For example, maps from the 1800s
show trails connecting the village of Kaxil Uinic
to other Maya settlements including San Jose to
the southeast, Yalloche (today’s Yaloch) to the
southwest, the Peten to the west, and Icaiche in
Mexico to the north (Miller 1887). Early loggers
would have taken advantage of these existing
paths to explore the forests in search of
mahogany.

Pushing back even farther in time, some
of these historic trails likely followed even older
pre-Columbian trails, as Hammond (1978)
documented in southern Belize. Although the
Maya abandoned the area around AD 850,
Postclassic arrowheads and incensarios left as
offerings at the bases of stone monuments or on
the summits of ancient buildings indicate the
people passed through the forest in the centuries
following abandonment and prior to reoccupation
in the mid-nineteenth century (see Houk et al.
2008). These folks likely followed persistent pre-
Columbian trails and, in the process, helped
maintain these features through periodic use.

A future goal of the ongoing lidar
analysis of the BEAST data is to run Least-Cost
Paths to model and identify both potential historic
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routes and pre-Columbian paths. In the first case,
identifying where the nineteenth century roads
were can narrow down where to look for other
historic villages and logging camps. In the
second case, locating pre-Columbian paths that
climbed the La Lucha escarpment can perhaps
illuminate economic and political connections
between Chan Chich and cities in the Peten to
other cities in Belize. The two closest large
centers in the Peten are Xmakabatun and
Chochkitam, 13.25 km to the west and 14.2 km to
the northwest, respectively.

One such route may have used the natural
drainage that slices through the escarpment face
just west of Kaxil Uinic. There is even a small
causeway that exits the Kaxil Uinic site core in
the direction of this drainage. The drainage
stretches for approximately 2.5 km, with a very
gentle percent of slope of only 2.64 percent. This
would be walkable, even for someone carrying a
moderately heavy load. Chan Chich’s apparent
success, as measured by its surrounding
population, is likely due in part to its desirable
and ideal location. Situated at the headwaters of
the Rio Bravo and near a natural corridor into the
Petén, Chan Chich was well positioned as a
transshipment point, linking canoe-borne trade to
and from the coast to an overland route into the
Peten.

Conclusions

As revealed by lidar data and nearly two
decades of archaeological research, the landscape
history of Chan Chich is written in the landesque
capital of nearly 900 km of terraces, in the
monumental landscape of the site core and its
surrounding minor centers, in the traces of
ancient, historic, and modern roads, and in the
landscape engineering of wetland channels and
canals managing the seasonally flooded bajos.
Refining the precise chronology of when the
various  landscape = modifications  were
constructed will require extensive excavations.
However, by around AD 800, the innovations and
adaptions the Maya of Chan Chich used to
engineer the landscape supported a population of
around 25,000 people. Nearly 1,200 years after
the Maya abandoned Chan Chich, these
landscape modifications endure.
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