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Figure 2.4: Map of Cerro Arena with location of sectors and excavated structures during

Mujica’s 1973 excavations.
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Prior to excavation, Mujica divided the site into five major sectors based on structure
density (seen in Figure 2.4 as areas A—E)°, accounting for an eighth of the total coverage
of the site. These sectors were described as meaningful spatial units based on differences
in architectural character and topography, which he believed would reveal specific
functions for each sector (Mujica 1975, 35). Based on the archaeological data retrieved
from areas B through E, Mujica created a typology comprising seven types of structures

based on degree of elaboration, construction, shape and evidence of domestic use within:

e Type | — Large compounds constructed using large stones showcasing different
construction techniques, depending on topography. Characterized by having
rooms of domestic function (i.e. kitchens) around open areas or patios, and
possessing secondary elements, such as benches. Generally, previous planification
would be involved in the creation of these structures.

e Type Il — Similar to Type | except that these structures do not possess rooms of
domestic function.

e Type Il — Solid constructions architecturally constricted by their topographical
setting and without elaborate floors or firepits.

e Type IV — Planned construction using surrounding topology and presenting with
domestic functions.

e Type V — Well-defined forms of domestic function.

e Type VI — Structures of domestic function with lesser specialization in
construction and far more simplicity.

e Type VII — Less elaborate than previous types with curves being predominant
and having 2-3 rooms that are not very elaborated.

The preliminary results of Mujica’s analysis showed that Cerro Arena had a higher than

normal population density for this period. Mujica also validated the accuracy of his

> Extent of area C as seen in Figure 2.4 was partially estimated by the author as the polygon published
extends beyond the printed sheet (Mujica 1975, Map 5).
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spatial units, with the exception of survey unit B, which needed further assessment to
assert its structural heterogeneity (1975, 360-61). He also argued that the site’s
architectural variation and available material evidence reflected some stratification, in
which the more elaborate rectangular structures were thought to either be communal or
belong or higher-ranking people (Mujica 1975, 361-62). However, even though Cerro
Arena is significantly larger and more complex than others in the valley, the stratigraphy
revealed a single level of occupation with no reoccupations (Mujica 1975, 196-99).
Finally, Mujica’s excavations uncovered some ceramic evidence, leading him to conclude
that some degree of social or commercial interaction occurred with Layzon groups in the

sierra during this period (Mujica 1984).

2.3.2 Brennan’s Analysis

Curtis Brennan wrote his doctoral dissertation based on excavations carried out in 1974
and 1975. His goal was to provide a deeper understanding of the site’s architectural
patterns, and to explain the site’s position within the wider Moche Valley political
landscape (Brennan 1978, 1980a, 1982). To do this, he expanded upon Mujica’s original
research by pursuing further survey, mapping, and excavations at the site. Paying
attention to the southern portion of the site, along the eastern slopes and southern hills of
Cerro Arena, Brennan spent two months creating enlarged topographical maps showing
the location of structures using only a compass and tape. He estimated that 67% of the
central 2.5 km? of the site, primarily the southern half, was successfully mapped,

accounting for three quarters of Cerro Arena’s architectural corpus (see Figure 2.5) &7,

6 Polygons were modified slightly by the author to conform to geographical boundaries. Edges of Units C,
E, M, and N are estimated by author. Additional FFS markers added manually, due to errors in original
published map (Brennan 1978).

7 While all excavated structures are labeled on overall maps, these represent approximate locations. Only
10 structures were digitized correctly while the remaining ones have either been destroyed by modern
impact or their specific geographical location could not be determined.
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Figure 2.5: Map of Cerro Arena with location of sectors, excavated structures, and ancient
irrigation canals identified during Brennan’s 19741975 excavations.



18

Brennan chose not to employ Mujica’s typology, instead developing his own. His
tentative three-type architectural typology of “Finely Finished Structures (FFS)” (Type 1),
“Small, Crudely-Finished Structures” (Type II), and “Small Well-Finished Structures”
(Type 111) became the basis of his excavation program. Twenty-five new structures were
excavated, paying particular attention to Type IlI structures—a poorly understood
architectural type with no previously excavated examples (Brennan 1980b). The
combined excavation data allowed Brennan to refine his initial typology by creating a
two-tier typology in which rooms are first classified into one of five types (Brennan

1978, 266-69):

e Type A — A medium to large rectangular room (> 10 m?), possessing clay
plastered walls, roof, and clay or earth-filled benches. Its interior often suggests a
domestic residential occupation.

e Type B — A small, finely-constructed and finished rectangular room (< 10 m?)
with clay plastered walls, roof, floor, and often clay-plastered benches or terraces.
They often occur in pairs with the first forming an anteroom for the second one.
No evidence of domestic occupation is found within.

e Type C — A small, crudely-constructed oval room (< 10 m?) of leveled-earth or
unimproved floor and straw roof. Abundant evidence of domestic occupation
within.

e Type D — A rectangular, casually-finished medium to large room (> 10 m?);
interiors are roughly dressed or unplastered with earthen or clay-plastered floors.
This type never occurs in isolation and is always associated with Type |
structures.

e Type E — A well-built, rectangular small to medium room (< 10 m?) with well-
finished walls, level earthen or sand-filled floor, and straw roof. These are
intermediate between Type B and C in terms of construction quality, and occur
mostly in Type |11 structures as either single rooms or in clusters of the same type.

Also found as small components of Type | structures.
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After seeing how room types related to his tentative structural typology, Brennan

revisited this typology to include architectural subtypes (Brennan 1978, 270-98):

1. Type | — Large, Finely Finished Structures (FFS) — Characterized by large
complexes of predominantly rectangular rooms in symmetrical and precise designs,
using high-quality construction materials and finishes. Wall faces are elaborated with
finished stone or plaster.

1.1. Variety A — Has a wide range of shapes and sizes but shares a common trait of
having a Type A room as the main focus of the complex. Subtypes of this variety
differentiate between having smaller rooms with no central plaza (Variety A1),
and large rooms arranged around a central plaza (Variety Az).

1.2. Variety B — Only has one example (C-4) in which the complex has no central
plaza and rooms are interconnected by a series of hallways. The major difference
between this and Variety A is the degree of construction. Rooms here are either
Types B or D, a lesser quality construction.

1.3. Variety C — Has only one example (B-4) and has all rooms of Type D variety,
in which the structure is divided in half with a domestic half on one side and a
courtyard on the other.

2. Type Il — Small Crudely-Finished Structures — Characterized by one to five oval
room constructions of irregular design and simpler construction quality, having a
single main entrance. Round-cornered rectangular shapes may appear infrequently.
2.1. Variety A — Single, large, rather crudely constructed rectangular or oval-shaped

room, serving mostly domestic activity. Work area attached or closely nearby.

2.2. Variety B — A complex of four or more rooms centered around a large oval or
partially rectangular room which serves as the center for domestic refuse.

2.3. Variety C — Two rooms of oval or rectangular shape flanking an unroofed
walled courtyard.

2.4. Variety D — Two or more rooms arranged around an open central courtyard with

each room having domestic refuse within.
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2.5. Variety E — One or more rooms sharing a single common entrance of crude
architecture, construction and design. Another oval room with independent
entrance might be attached.

3. Type Il — Small, Well-Finished Structures — Characterized by one to four
rectangular rooms of finer finish and straighter wall intersections, showing a more

precise design than those from Type II.

Brennan infers from his analysis that the wide variety of architecture present at Cerro
Arena must correspond to a wide variety of functions and specializations (Brennan
1980b). He goes on to argue that this structural heterogeneity suggests an expansion of
elite control over residents of Cerro Arena, as evidenced by the very elaborate Type |
structures (Brennan 1982). Elites in these structures would have controlled the
administration and commerce of Cerro Arena as well as all other inhabitants of the site,
who lived in lesser quality residences (Type Il). These elites, in addition to controlling
trade routes, had a vantage point at the crest of the site, which would have also allowed
them to obtain valuable information of ongoing movements across the Moche Valley
(Brennan 1978). Brennan concludes by arguing that Cerro Arena displays some incipient
stages of political and social structures that would later be called part of the “North Coast
cultural complex” seen later in the Moche (c.a 200-700 CE) and Chimu (c.a 900-1,470
CE) cultures (Brennan 1982).

2.3.3  Millaire’s Analysis

The most recent work at the site was conducted by Jean-Francois Millaire in June of
2017. His research was aimed, firstly, at reassessing the chronology of Cerro Arena
through the acquisition of charcoal samples for radiocarbon testing (Millaire 2018).
Secondly, Millaire conducted a reassessment of the architectural and spatial
characteristics of the site through a drone survey, which forms the basis for this research

project. Excavations were also carried out in one habitational structure (S340, or known
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previously as L-6) to provide further data on the architectural remains present (Millaire
and La Torre 2018).

Millaire’s excavation season provided several radiocarbon samples indicating that the site
was occupied~375 and 360 cal. BC, earlier than previously understood (Millaire 2018)8.
Based on his analysis, Millaire suggests that the Cerro Arena settlement was a planned
effort, as indicated by the coordinated efforts in the construction of the canal running
through the north end of the site (see Figure 2.5). However, excavation data and an
assessment of the architectural remains present also indicate that Cerro Arena’s
occupation was short-lived (between ~375 and 360 cal BC according to Millaire’s (2018)
radiocarbon dates), with people possibly abandoning the site shortly after its foundation.

2.4 Architectural Type Discussion

Given the techniques employed in the past for recording architecture at Cerro Arena—
namely, use of tape and compass—we have no reason to reassess the accuracy of
individually-recorded structures at Cerro Arena. However, these recording techniques do
not allow for large-scale, spatially accurate maps, particularly given the settlement’s size
and topography (see Figure 1.1). Another survey must therefore be conducted using more

geographically-accurate equipment.

In terms of our understanding of structural types, Mujica’s original typology serves as a
good starting point. However, due to the highly qualitative nature of his typological
descriptions, and a heavier reliance on excavation-based material to distinguish between
types, his typology could not be employed in this project. Brennan’s typology, on the
other hand, combines architectural and excavation descriptions and hence represents a
more viable alternative. Upon careful inspection of Brennan’s room typology and data

(1978, tables 1 and 2), we realized that a third of his rooms do not fit their respective

8 Additionally, radiocarbon dates revealed that a fraction of the settlement was built on top of a smaller
Late Preceramic occupation at the lower slopes of Cerro Chiputur (Millaire 2018, fig. 5)
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types based on the parameters set. An example of this is how circular rooms can only be
less than 10 m?, even though many structures surpass this threshold. Therefore, for the
purposes of this analysis, a new room-based typology was created following visual
parameters only.

Moreover, Brennan’s structural typology requires excavation-based information for
accurate identification, so we decided not to use these. Instead, we believe that his broad
structural types are sufficiently descriptive in order to make their visual identification
possible for our survey. The one exception is that no small, well-finished structures (Type
I11) can be accurately identified remotely. Due to their association with elites, and fairly
elaborate and well-designed architecture (Brennan 1978), these structures could be
confused visually with large, finely-finished structures (Type 1), and the descriptive
labels of small or large are not accompanied by numerical data. The only way to
differentiate them is through excavation-based efforts in order to confirm an absence of
domestic materials within. Instead, given our understanding of their roles associated with
elites, we combined all Type I and Type 11, and we will refer to them throughout this
thesis as civic structures. Small crudely-built structures (Type 1), on the other hand, are
usually associated with commoners, and will be referred to throughout this thesis as

residential structures.



23

3  Methodology

Several methods were considered for the project. Mapping above-ground structures at
Cerro Arena using a total station or a differential GPS unit would have been possible;
however, these methods are time-consuming and were not ideal for this field project.
Aerial photography and satellite imagery are also available for the study area, but they do
not provide the resolution necessary for the accurate mapping of individual structures.
Drones, on the other hand, provide an ideal method for data acquisition, because of their
ability to access remote areas, their cost-effectiveness and their ability to generate fast,
high-resolution imagery (Eisenbei 2009). Therefore, an unmanned aerial vehicle (UAV

or also known as drone) was used to map the entire settlement.

The high-resolution imagery obtained with the UAV was combined with other remotely-
sensed data, including aerial photographs and satellite imagery, to provide context to the
site and its environs—thus allowing us to gain a more complete understanding of the
settlement. Table 3.1 provides a comparison of the area covered and the resolution
provided by each source. A geographic information system (GIS) was applied to relate
these different datasets and digitize all above-ground architecture. GIS was then used to

analyze and interpret spatial relationships.

3.1 Data Sources

Table 3.1: Comparative table of various data sources used.

Source Area Covered (km?) Resolution (cm)
Aerial Photography 9.3 35
Satellite Imagery 50 50
Visual-Spectrum Drone 3.81 5.21
Thermography 0.05 6.93 t02.93°
Mujica Field Drawings 3.8 Varies
Brennan Field Drawings 1.2 Varies

% Several attempts were conducted with varying resolution results.
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3.1.1  Aerial Photography

Two aerial photographs covering an area of 9.3 km? surrounding Cerro Arena were taken
on April 1%, 1942, by the Servicio Aerofotografico Nacional del Perd, and generously
provided by José Carcelén from the Ministerio de Cultura del Per0. These pictures
provide a historical context of the site and its environs prior to modern development in
the area. A visual comparison with recent data shows the encroachment of agricultural
fields to some areas of the site as well as the disappearance of some structures, ancient

canals and roads.

3.1.2 Satellite Imagery

We acquired WorldView 2 multispectral satellite imagery from DigitalGlobe (captured in
2016), which covers an area of 50 km? surrounding the site. The imagery contains eight
multispectral bands of two-meter pixel resolution, as well as a panchromatic band of 50
cm pixel resolution, used to pan-sharpen the multispectral image. We used this source to
georeference the aerial photographs and to make a preliminary identification of visible
structures prior to our field research. We identified some of the larger structures and
recorded their locations. However, even with the use the of pan sharpening functionality
in ArcGIS, a great majority of smaller structures could not be identified because of the

coarse resolution of the images.

3.1.3  Visual-Spectrum Drone Survey

We used a DJI Inspire 1 UAV to conduct the survey, as it provides the added benefit of
sensor replacement, thus allowing us to conduct visual and thermographic surveys with
specialized cameras. The camera used for the visual survey was a Zenmuse X3 with a 20

mm lens.
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Following workflows for UAV photogrammetry outlined by Eisenbeil? (2009), Nex and
Remondino (2014), and Agisoft (Agisoft LLC 2017), in combination with personal flying
experience (Bikoulis et al. 2016), our survey strategy was designed to follow certain
parameters:
1) Flying should maintain constant elevation throughout, following linear flight
paths with 60% image overlap.
2) Aircraft should fly from the highest possible location to avoid obstacles, signal
loss, and maintain line-of-sight.
3) Each area should be recorded in both plan (camera facing 90° downwards) and

oblique views (camera facing 45° downwards).

In an attempt to automate the flying process, we tested various flight control applications.
However, several issues compromised the integrity of the drone and sensors in the field,
including potential collisions against large boulders, leading us to decide on the use of
manual flights following the parameters listed above—particularly paying close attention
to the desired 60% overlap between images for photogrammetric processing. Finally, due
to the sheer size and shape of the site, the survey had to be completed over several days,
flying the drone from different locations along the Cerro Arena ridge to maintain an

unobstructed line of sight.

3.1.4  Thermographic Drone Survey

While significant areas of the site show surface architecture, other areas are covered in
wind-blown sand. A spatial analysis of the site would not be complete unless we assessed
whether there was any architecture beneath these sand-covered areas. Therefore, in order
to assess the presence of subsurface structures under the sand, we conducted a
thermographic survey of these areas based on the physical concept of heat transfer—that
is, if an area is stratigraphically heterogeneous, each sediment will absorb, retain and
release heat at different rates (Casana et al. 2014; Poirier, Hautefeuille, and Calastrenc
2013). Moreover, if the difference is pronounced, a thermal camera will detect and record

this information thus allowing us to locate possible subsurface structures. A Zenmuse XT
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camera was used for the aerial thermographic survey, as it was designed to seamlessly

attach to our DJI Inspire 1.

3.1.5 Field Drawings

Field drawings from previous excavations done by Mujica (1975) and Brennan (1978)
were digitized and manually geo-rectified to their likely location on our drone imagery.
Mujica’s (1975) large maps, covering the entire 3.8 km? of the site, were also
successfully georeferenced. Of the 20 structures he excavated by Mujica, 19 were
individually drawn (excluding structure D-5), 16 of which were georeferenced on our
drone data. The remaining drawings could not be georeferenced due to the absence of
geographic information provided in writing or presented on the maps themselves. All
large area maps from Brennan’s work were successfully geo-rectified, spanning an area
of 1.2 km? of the central and south portions of the site. These indicate the location of 21
excavated structures, from which ten drawings were correctly identified, three could not
be georeferenced, and the remaining eight could not be located due to modern

disturbance destroying these structures (mostly on Sectors P and M).

3.1.6  Field Walking

Field walking on the site was conducted in tandem with the drone survey. The objective
was to inspect some of the structures first-hand and to understand the challenges and
limitations imposed by the site’s topography. This process was supplemented with field

notes and photographs of various structures.

3.2 Drone Survey Data Post-Processing

Our ability to survey was mostly limited by the number of batteries available for the

drone (six in total), and technical and environmental issues (i.e. malfunctioning SD
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memory cards, signal loss and strong winds). To evaluate the quality of the collected data
and to identify any gaps or issues with the survey data, in-the-field post-processing was
performed daily. When issues were noted, the affected areas were surveyed again. This
in-the-field post-processing was performed at low resolution for easier computational
processing using Agisoft PhotoScan Professional Edition photogrammetric software

version 1.2.6.

3.2.1  Visible Spectrum

The visual-spectrum drone survey was carried out over seven days, four of which were
spent fixing quality control issues. The entire site, covering a 3.81 km? area, was
therefore surveyed in three days. A total of 3,781 photographs were obtained and
subsequently processed through structure-from-motion photogrammetry.

Our final post-processing of the information was performed at Western University using
Agisoft PhotoScan Professional Edition v. 1.3.4. A total of 3,781 photographs were
incorporated onto a single chunk for processing (see Appendix A). The creation of this
model did not include GPS-located Ground Control Points (CGPs). This is because the
process of installing, measuring and removing each point marker would have been too
time consuming (Nex and Remondino 2014). Instead, we focused on reducing
photogrammetric errors in our dataset by following a workflow provided by the United
States Geologic Survey (National Unmanned Aircraft Systems Project Office 2017). The
resulting orthophotograph output had 5.2 cm resolution, increasing the level of surface
detail by almost 800% compared to the WorldView-2 satellite imagery. A visual
comparison of aerial, satellite and drone imagery can be seen in Figure 3.1, which
highlights how increased surface resolution enables us to better distinguish surface
architecture and their respective shapes.



