
HAL Id: hal-02567741
https://hal.science/hal-02567741

Submitted on 7 May 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Geometry by Design: Contribution of Lidar to the
Understanding of Settlement Patterns of the Mound

Villages in SW Amazonia
Jose Iriarte, Mark Robinson, Jonas de Souza, Antonia Damasceno, Franciele

da Silva, Francisco Nakahara, Alceu Ranzi, Luiz Aragao

To cite this version:
Jose Iriarte, Mark Robinson, Jonas de Souza, Antonia Damasceno, Franciele da Silva, et al.. Geom-
etry by Design: Contribution of Lidar to the Understanding of Settlement Patterns of the Mound
Villages in SW Amazonia. Journal of Computer Applications in Archaeology, 2020, 3 (1), pp.151-169.
�10.5334/jcaa.45�. �hal-02567741�

https://hal.science/hal-02567741
https://hal.archives-ouvertes.fr


1. Introduction
Earthen architecture featuring a wide variety of dimen-
sions, architectural layout, chronology, functions, and dis-
tinct cultural affiliations was widespread across lowland 
South America from the Paraná River Delta to the Llanos 
de Venezuela extending up to the Andean piedmont 
(Bonomo Politis & Gianotti, 2011; Erickson & Balée 2006; 
Heckenberger et al. 2008; Iriarte et al. 2004; Iriarte et al. 
2013; Prümers & Jaimes Betancourt 2014; Redmond & 
Spencer 2007; Schaan 2012; Walker 2018). Archaeological 

research during the last two decades along the southern 
rim of the Amazon has begun to document a diversity 
of pre-Columbian earth-building traditions between the 
Upper Xingu and the Upper Purus rivers (Figure 1). It is 
now apparent that this region of Amazonia was inhabited 
by numerous earth-building societies involving landscape 
engineering, landscape domestication and likely low-den-
sity urbanism (Heckenberger et al. 2008; Levis et al. 2017; 
Pärssinen, Schaan & Ranzi 2009; Saunaluoma & Schaan 
2012; Schaan 2012; Souza et al. 2018). Based on the extant 
data of earth-building cultures along the entire rim of 
the southern Amazon at the eve of European Encounter 
(AD 1250–1500), we predicted conservative figures of 

~500 thousand to 1 million people living in this region of 
southern Amazonia (Souza et al. 2018). However, owing 
largely to the early stage of archaeological research in this 
vast region, the scale, timing, and intensity of human set-
tlement for the most part remain unknown. Our study 
region, the south-eastern sector of Acre state in Brazil, 
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Geometry by Design: Contribution of Lidar to the 
Understanding of Settlement Patterns of the Mound 
Villages in SW Amazonia
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Recent research has shown that the entire southern rim of Amazonia was inhabited by earth-building 
societies involving landscape engineering, landscape domestication and likely low-density urbanism during 
the Late Holocene. However, the scale, timing, and intensity of human settlement in this region remain 
unknown due to the dearth of archaeological work and the logistical difficulties associated with research 
in tropical forest environments. A case in point are the newly discovered Mound Villages (AD ~1000–1650) 
in the SE portion of Acre State, Brazil. Much of recent pioneering work on this new archaeological tra-
dition has mainly focused on the excavation of single mounds within sites with little concern for the 
architectural layout and regional settlement patterns, thus preventing us from understanding how these 
societies were organised at the regional level. To address these shortcomings, we carried out the first 
Lidar survey with a RIEGL VUX-1 UAV Lidar sensor integrated into an MD 500 helicopter. Our novel results 
documented distinctive architectural features of Circular Mound Villages such as the presence of ranked, 
paired, cardinally oriented, sunken roads interconnecting villages, the occurrence of a diversity of mound 
shapes within sites, as well as the exposure the superimposition of villages. Site size distribution analysis 
showed no apparent signs of settlement hierarchy. At the same time, it revealed that some small groups 
of villages positioned along streams exhibit regular distances of 2.5–3 km and 5–6 km between sites. Our 
data show that after the cessation of Geoglyph construction (~AD 950), this region of SW Amazonia was 
not abandoned, but occupied by a flourishing regional system of Mound Villages. The results continue to 
call into question traditional views that portray interfluvial areas and the western sector of Amazonia 
as sparsely inhabited. A brief discussion of our findings in the context with pre-Columbian settlement 
patterns across other regions of Amazonia is conducted.
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where the discovery of the geometrically perfect ditched 
geometric enclosures known as ‘Geoglyphs’ have capti-
vated both archaeologists and the public imagination 
during the last decades (Mann 2005, 2008), are a case 
in point.

Importantly, in the last decade, a new archaeological 
tradition called Mound Villages has been discovered in 
this same region. The Mound Villages (~AD 1000–1650), 
locally known as ‘Sois,’ are constituted by circular or rec-
tangular arrangements of mounds interconnected by radi-
ating roads succeeded the Geoglyphs (400 BC–AD 950). 
Notwithstanding the discovery of more than five hundred 
earthen constructions due to deforestation for cattle graz-
ing, there are still critical lacunae in our understanding of 
past settlement patterning due to the limited resolution 
of satellite images and the challenges of acquiring data in 
densely vegetated areas. Although largely cleared, south-
eastern Acre is still a patchwork of recently created pas-
tures and forests preventing a clear landscape-scale picture 
of how these societies organised and interacted with their 
environment. Much work has been done on Geoglyph set-
tlement patterns (e.g., Schaan 2012), yet, until now, most 
archaeological research related to the Mound Villages has 
mainly focused on the excavation of single mounds within 
sites with little concern for regional settlement patterns 
(Neves et al. 2016; Schaan 2012; Schaan et al. 2012; 
Saunaluoma & Schaan 2012; Saunaluoma, Pärssinen 
& Schaan 2018). To overcome these challenges, in the 
context of the ERC PAST (Pre-Columbian Amazon-Scale 

Transformations) project, we conducted Lidar survey in 
selected areas of this region (Figure 2).

Lidar is allowing the discovery of archaeological 
sites covered by tropical forest in many regions of the 
world (Fisher et al. 2017) including Southeast Asia 
(e.g., Evans et al. 2013), Central America (e.g., Canuto 
et al. 2018; Chase et al. 2012), the Caribbean (Opitz 
et al. 2015), and Amazonia (Khan, Aragão & Iriarte 
2017; Prümers & Betancourt 2014; Stenborg, Schaan 
& Figueiredo 2018). The technique is also providing 
archaeologists with higher resolution digital elevation 
models of archaeological sites in treeless environments 
(e.g., Bewley, Crutchley & Shell 2005; Brady et al. 2013; 
Henry, Shields & Kidder 2019) while acting as a cost-
effective alternative to full coverage survey to detect 
earthen or masonry archaeological features that is 
generally time-consuming, expensive, and often impos-
sible in remote tropical regions.

In this paper, we present the results of preliminary 
work carried out with a RIEGL VUX-1 UAV Lidar sen-
sor integrated into an MD 500 helicopter. Unlike the 
majority of the papers in this volume that reflect on 
the two decades of Lidar use in different parts of the 
world, this article describes the results of the first 
Lidar application in Acre, Brazil, SW Amazonia to 
understand the settlement patterns and architectural 
grammar of the Mound Village tradition. We discuss 
the successes and challenges in identifying archaeo-
logical features. We carried out Lidar survey in three 

Figure 1: Map of earthworks across the southern rim of the Amazon showing spatial dispersion of mound villages. 
For the inset in the state of Acre, see Figure 2.
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selected small transects (Figure 2) due to our lim-
ited budget, and therefore, the Lidar data was com-
plemented by satellite remote sensing to investigate 
regional settlement patterns. In addition, in order to 
compare our study region with other parts of Acre 
state, we include Lidar data from the Iracema-Cazumbá 
Extractive Reserve collected for the ERC FUTURES pro-
ject (Figure 3b) and from previous tests of our UAV-
Lidar system (Khan et al. 2017) that shed light on the 
Sanna Rectangular village (Figure 8a) and Geoglyphs 
sites (Figure 12). Since many of the Mound Village sites 
are near Geoglyph sites, we also briefly report some of 
the findings related to the Geoglyphs that appear in the 
Lidar maps. Based on the Lidar results, we conducted 
excavations in four Mound Village sites (Caboquim, Boa 
Esperança, Dois Circulos, and Tocantins), which are the 
subject of a manuscript in preparation (Robinson et al. 
in prep). The concluding section of the paper consists 
of a broader discussion of potential cultural affiliations, 
site construction histories, and research questions to 
move regional investigations forward.

2. Brief Archaeological Background
The nature and scale of Pre-Columbian land use and its 
modern legacy on Amazonian landscapes is a debate that 
remains largely unresolved because huge swaths of the 
rainforest are still unexplored (e.g., Souza et al. 2018) and 
because in many regions Amazonian archaeology is still in 
its infancy. The upland (terra firme) forests that account 
for ~95% of the Amazon are particularly uncharted. These 
areas have been archaeologically neglected following tra-
ditional views that Pre-Columbian people concentrated on 
resource-rich floodplains (Lathrap 1970; Meggers 1996). 
More recently, palaeoecologists (McMichael et al. 2012) 
have proposed that the western Amazon was sparsely 
populated based on inappropriate integration of palaeo-
ecological records with incomplete archaeological records 
(see Watling et al. 2017). The unexpected discovery of hun-
dreds of large-scale ditched geometric earthworks, known 
as Geoglyphs, among the upland terra firme rainforests 
of western Amazonia (Dias & Carvalho 1988; Pärssinen, 
Schaan & Ranzi 2009; Schaan 2012; Saunaluoma & 
Schaan 2012; Souza et al. 2018) has called into question 

Figure 2: Map of our study region showing lidar transects and spatial distribution of Mound Villages.
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traditional views of cultural development in interfluvial 
areas of Amazonia (Meggers 1996). Prior to the onset of 
large-scale deforestation in the 1980s, Acre state was com-
pletely blanketed by upland humid rainforest, assumed by 
most tropical ecologists to be pristine. It was only after 
large-scale deforestation that these previously hidden 
earthworks become visible. Although the region was ini-
tially known archaeologically for these massive geomet-
ric ditched enclosures, archaeological work has begun to 
document a diversity of earthen architecture (see Schaan 
2012 for a history of the archaeology of the region). 
Notably, among the recent discoveries are the so-called 
Mound Village sites. Currently, three major distinct types 

of earthworks have been described for SE Acre: i) geomet-
ric ditched enclosures, known as ‘Geoglyphs’, ii) Circular 
walled enclosures, and iii) Mound villages (Saunaluoma, 
Pärssinen & Schaan 2018). Below is a brief description of 
the three main types of earthworks present in the region.

Geometric ditched enclosures (Geoglyphs) consist of 
continuous ditches and banks of various shapes and are 
notable for their symmetry. They date from ~400 BC–AD 
950 and are geographically restricted to the eastern sec-
tor of Acre, and adjacent parts of Amazonas and Rondônia 
states also in Brazil. The architecture of Geoglyph sites 
can be complex, juxtaposing square and circular ditches, 
walled enclosures, mounds and causeways, suggesting a 

Figure 3: Topography of Acre state. a. Aerial view of area around Fazenda Iquiri circular mound village showing exten-
sive plateaus on the SE portion of Acre state. b. Lidar image of dissected landscape at the Cazumbá-Iracema Extractive 
Reserve. Scale bar = 500 m.
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long history of construction and remodelling. The ditches 
are on average 11 m wide and up to 4 m deep, with exter-
nal embankments up to 2 m high. The enclosures gener-
ally surround an area of 1–3 ha, although larger sites exist 
up to 15 ha. Avenues, delineated by low banks, frequently 
connect the separate enclosures and link them to streams 
carved in the upland soils. They are generally located on 
the edges of plateaus, 180–230 meters above sea level 
(masl), with good views of the surrounding landscape 
and ca. 1.5–8 km from navigable river courses. The low 
ceramic density, presence of votive deposits inside ditches, 
and the lack of Anthropogenic Dark Earth (ADE) or other 
signs of permanent occupation associated with the enclo-
sures have led to their interpretation as public spaces for 
cyclical gatherings and communal feasting (Schaan 2012; 
Schaan et al. 2012; Saunaluoma, Pärssinen & Schaan 2018; 
Saunaluoma & Schaan 2012).

Circular walled enclosures are far less well known. They 
constitute circular embankments enclosing areas of 1–2 
ha connected by a straight road leading to the entrance 
of the enclosure (Saunaluoma, Pärssinen & Schaan 2018). 
Excavations in circular walled enclosures recovered 
domestic debris, including large ceramic containers and 
grinding stones, but also funerary urns (Neves et al., 2016; 
Nícoli 2000; Saunaluoma, Pärssinen & Schaan 2018). The 
few available radiocarbon dates point to a later construc-
tion, from ~AD 1400 to colonial times.

Mound Villages consist of circular, rectangular, or ellip-
tical arrangements of mounds surrounding a central plaza 
from which roads radiate in patterned directions. The 
Mound Villages represent a new architectural tradition 
that emerged when the ‘Geoglyph’ formative ceremonial 
network was dissolved ~1000 AD, a phenomenon that 
may be related to climate change during this time period 
(see de Souza et al. 2019). They spread from the Tapajós 
headwaters to the eastern and southern sectors of Acre, 
spanning over 1000 km (Saunaluoma, Anttiroiko & Moat 
2019; Saunaluoma, Pärssinen & Schaan 2018; Souza et 
al. 2018; Virtanen & Saunaluoma 2017). Mound Villages 
include two distinct types: Circular/Elliptical types locally 
called ‘Sóis’ (Suns) (e.g., Sol de Iquiri, Sol de Campinas), 
due to their shape as seen from the sky, and Rectangular 
types. Thus far, only the circular/elliptical types have 
been excavated. They date to ~AD 1000–1650 with most 
dates falling between ~AD 1200–1500 (De Souza et al. 
2019). Excavations at the mounds reveal clear occupa-
tional strata with domestic features and adjacent mid-
dens, confirming their function as settlements (Schaan 
et al. 2012; Neves et al. 2016; Saunaluoma, Pärssinen 
& Schaan 2018). Trench excavations in mounds have 
revealed discrete layers interpreted as alternating con-
struction and occupation episodes. Construction layers 
are generally thicker, contain decomposed laterite, lack 
charcoal, ceramics, and macrobotanical remains, and are 
less compacted than occupation layers. The latter are 
more compact, thinner, darker, and contain larger quanti-
ties of artefacts and ecofacts (Neves et al. 2016). Mounds 
may contain more than 10 occupation layers intercalated 
with construction events with a 250-year temporal span 
(Robinson et al. in preparation). The ceramics associated 
with the Circular Mound Villages of Acre are generally 

cruder than the ceramics of the Geoglyphs (Saunaluoma, 
Pärssinen & Schaan 2018). Since research on Mound 
Villages is still in its infancy, little is known about their 
portable material culture, but preliminary data show dif-
ferences relative to the earlier ditches, such as the pres-
ence of red-painted geometric designs on a white-slipped 
surface (Saunaluoma 2010). Archaeobotanical analysis at 
Sol de Campinas documented maize (Zea mays), Brazil nut 
(Bertholletia excesa), maracuja (Passiflora edulis), muruci 
(Byrsonima cf. crassifolia), palms including tucuma or 
murumuru (Astrocaryum sp.), and Chenopodiodeae seeds 
(Neves et al. 2016). Kistler et al. (2018) have proposed that 
Mound Villages could also be related to the second major 
west-to-east cultural expansion of maize traditions that 
appear to have taken place ~AD 800–1000 and afterwards 
with the spread of the Mound Villages and fortified vil-
lages throughout southern Amazonia, and ring villages in 
the central Brazilian savannas and along the Atlantic coast. 
Kistler et al. (2018) suggest that Arawak speakers likely 
brought non-local Andean/Pacific maize lineages into a 
landscape where maize was an established component of 
long-term land management and food production strate-
gies. The site layout and regional settlement patterns of 
Mound Villages are the focus of this paper and will be 
described in more detail in the Results section below.

3. Study Region
Our study region is in the south-eastern portion of Acre 
(Figures 1 and 2). The climate is characterised by seasonal 
precipitation ranging from 1566 to 2425 mm/year (aver-
age 1944 mm/year) (Duarte 2005), with the east being drier 
than the west. Most rainfall occurs during the rainy season 
(October to April), while the dry season (June to August) 
can bring severe droughts (Aragao et al. 2007). The state 
is situated between two geological formations: the Andes 
to the west and the Brazilian shield to the southeast. The 
orogeny of the Andes continues to form the relief, soils, 
and hydrological basins through the uplift, deposition, 
and reworking of sediments (Silveira et al. 2008). Acre’s 
“eroded washboard” relief is gently undulating with close 
regularly spaced hills over most of the state, only becoming 
steeper upstream from the major rivers. The south-eastern 
sector of Acre where most geometric ditched enclosures 
and Mound Villages are located exhibits extensive pla-
teaus (study area shown in Figure 2) compared to other 
portions of Acre like the Cazumbá-Iracema RESEX where 
Lidar has revealed a dissected landscape lacking earthen 
architecture (Figure 3b). The soils are mainly sandy clay 
sediments belonging to the Solimões Formation, which 
formed via Andean uplift between the end of the Miocene 
and  Pliocene (Westaway 2006). Like most Amazonian soils, 
they are highly acidic, shallow, and poorly drained, which 
means that they have low agricultural potential when 
unmodified (Silveira et al. 2008). Many rivers drain the 
state in a northeasterly direction, the largest of which are 
the Juruá and the Purus, which carry heavy sediment loads 
due to their meandering forms. Floodplains and terraces 
comprised of more fertile alluvial soils flank the Juruá, 
Purus, and Acre rivers, but are either absent or very lim-
ited along the smaller rivers (Silveira et al. 2008). Botanical 
inventories conducted in eastern Acre have shown that its 
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forests have floristic similarities with drier formations of 
the Central Amazon. Although less diverse than forests 
near Manaus, their alpha diversity is higher than roughly 
half of the similar inventories throughout  Amazonia 
(Silveira et al. 2008). In contrast to the dense forests pre-
sent in the Central Amazon, most of Acre is covered by 
forms of open forest that allow greater light penetration 
to the understory and the growth of bamboo, palms, and 
other monocots (Silveira et al. 2008). The three polygons 
where Lidar survey was carried out (Figure 2) are charac-
terised by bamboo forest, palm forests on alluvial soils, and 
palm dense humid evergreen forest (Watling et al. 2016).

4. Methods
4.1. Sample selection
Based on published data (Neves et al. 2016; Saunaluoma, 
Anttiroiko & Moat 2019; Saunaluoma, Pärssinen & Schaan 
2018; Schaan et al. 2012) and our inventory of Mound 
Villages discovered using satellite remote sensing in defor-
ested areas (Banco de Dados 2019) (Figure 2), we selected 
two areas for Lidar coverage. One exhibits known concen-
trations of Mound Villages along major streams (Dona 
Maria and Estrela do Norte transects) and another shows 
complex earthen architecture associated with Mound 
Villages (Dois Circulos transect).

4.2. Lidar data acquisition
Lidar data was collected using a Reigl VUX-1 UAV Lidar 
scanner, with an Applanix APX-15 IMU (Inertial Meas-

urement Unit), and an Antcom G5Ant-1AS1-RoHS GNSS 
designed for small, low altitude, aerial missions. UAV inte-
gration is described in Khan et al. (2017). To collect data 
in regions that were inaccessible for the UAV, a mount was 
constructed for integration onto a helicopter. For the mis-
sions discussed in this paper, the system was integrated 
with a MD 500 helicopter. We designed and constructed a 
portable pod to house the VUX-1 scanner, with a flexible 
attachment design for mounting on a range of helicopter 
models. The pod was constructed from an off-the-shelf 
lockable hard plastic box, measuring 30 × 25 × 18 cm. 
A removable stainless-steel base plate was fitted to the 
interior of the box, onto which the VUX-1 was attached. 
A stainless-steel plate was affixed to the exterior of the 
box with rubber dampers separating the plate from the 
box to reduce vibration between the helicopter and the 
sensor. Two stainless steel U bolts were fitted to the plate 
to allow the pod to attach to a 6 cm diameter aluminium 
pole. The 3 m aluminium pole attached to the helicopter 
landing struts. The APX-15 GNSS receiver was attached 
to a stainless-steel plate extension off of the front of 
the attachment plate. The VUX-1 was powered from the 
helicopter battery and controlled via LAN to an onboard 
laptop using RiAcquire software (Figure 4).

The data were collected during three flights on 10–12 
October 2018, at the end of the dry season in this part 
of Amazonia. The missions were planned to last approx-
imately two hours each, which was optimal in terms of 
helicopter fuel load, area covered, and pilot fatigue. Each 

Figure 4: VUX-1 integrated into the Bell 500M helicopter.
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mission consisted of parallel flight lines, with a minimum 
of 40% overlap. Missions were flown at 150 m altitude at 
40 knots with a scanner frequency of 200 khz. The area 
covered by each mission is as follows: Dois Circulos, 12.9 
square km; Estrela do Norte, 9.81 square km; and Dona 
Maria, 42.9 square km totalling 65.61 square km.

4.3. Lidar data processing
POSPac UAV 8.3 was used for all trajectory processing. 
Due to the remote location of the research area, no 
ground control stations are available to calibrate GNSS 
data. As such, rectifying the trajectory relies on mobile 
satellite data. Initially, the only option available was the 
Precise Point Positioning (PPP) method. This method 
inherently has errors and imprecision. The results of 
this method were sub-optimal, creating a challenge for 
the accurate generation of a trajectory. As such, when 
the generated trajectory is combined with the laser 
data, there is a misalignment between scan lines that 
could reach up to 2 m. Manual processing to rectify 
this misalignment is highly time consuming and was 
unable to produce acceptable results. The misalignment 
ultimately did not allow the accurate identification of 
ground points, which precluded the creation of a Digital 
Elevation Model (DEM).

The release of the licensed extension PP-RTX within 
POSPac, using Trimble’s RTX technology, provided a solu-
tion. While the annual license results in an additional 
cost, the processing enabled the generation of acceptably 
aligned data, with <10 cm error. The PP-RTX generated 
trajectory was subsequently combined with the laser 
data in RiProcess. Further processing in RiProcess refines 
the alignment of scan lines and removes noise from the 
dataset. This includes laser returns from airborne entities, 
such as birds or clouds, and outlying laser data. After test-
ing export variations, a final processing step was added 
that trims each scanline to remove the outer edges of 
data, where point density is low. An automatic option to 
reduce the scan angle is available. However, the results 
were not as good as manual selection of the points. 
Manual selection allows direct assessment of the data and 
point density in every area of the scanline, whereas the 
automatic filter is non-discriminatory and would often 
keep areas of low-quality data, or conversely exclude 
areas of high-quality data.

4.4. Lidar data visualisation
The processed data are exported as .las or .laz (compressed) 
files for further analysis and visualisation. Due to the size 
of the files, separation of the data into smaller tiles was 
preferable to facilitate file manageability and further pro-
cessing. The exported data includes all laser points (vegeta-
tion and ground). The exported data are further processed 
depending on the research question and desired output. 
The software Lastools and ArcGIS were primarily used for 
further processing. Lastools enables the classification of 
points based on automated detection processes. The pro-
cess Lasground was used, with user defined parameters 
to classify and separate the ground data points from the 
vegetation data points. The classified ground points were 
converted to a DEM and saved as a georectified .tif. The 

separated ground points were imported into ArcGIS as a 
DEM for analysis and visualisation.

4.5. Remote sensing and ground truthing
Deforested areas of our study region were systematically 
surveyed using free satellite imagery available in Google 
Earth v 7.1.8.3036 and http://zoom.earth. We conducted 
opportunistic ground-truthing and test excavations, and 
these results will be presented separately (Robinson et al. 
in prep).

5. Results
Combining satellite and Lidar data, we have documented 
25 Circular Mound Villages and 11 Rectangular Mound 
Villages in our study region of Acre (Table 1). Another 
15 Mound Villages cannot be assigned to either the cir-
cular or rectangular category using satellite remote sens-
ing due to their poor preservation. Below we describe the 
settlement patterns and architectural grammar of Mound 
Villages with emphasis on the data visible within the Lidar 
coverage.

5.1. Mound Villages layout
The results of our Lidar and remote sensing survey 
show that there are two major types of Mound Villages: 
 circular/elliptical villages (or Circular Mound Villages) 
(Figures 5, 6, 7 and 9) and rectangular villages (or Rec-
tangular Mound Villages) (Figure 8). Circular Mound 
Villages are comparable to other circular villages across 
lowland South America, but they exhibit several idiosyn-
cratic features that set them apart from other traditions. 
Their singular features include ranked, paired, cardinally 
oriented, radial sunken roads exhibiting high banks and 
elongated mounds (among other mound shapes) posi-
tioned around the circle like the marks of a clock. These 
latter elongated mounds, when seen from above, look 
like the rays of the sun, which gives them the common 
name of ‘Sóis.’ They exhibit a strikingly uniform and con-
sistent construction. The arrangements, shapes, and sizes 
of the mounds in conjunction with radial road structures 
are repetitive and remarkably similar. The diameter of 
Circular Mound Villages ranges from 40 m to 153 m 
(average of 86 m; n = 23) with the area enclosed by the 
central plaza ranging from ~0.12 to 1.8 ha. Site size vari-
ation does not show any trends toward a bimodal distri-
bution of site size that could clearly indicate a hierarchi-
cal settlement pattern.

Mounds are arranged in clusters of 3 to 32 with the 
former cases most likely corresponding to sites that have 
been partly destroyed. They contain a diversity of mound 
shapes. Elongated dome-shape mounds are ca. 20–25 m 
long, 1.5 to 3 m high, and are oriented around the cir-
cle like the marks of a clock, with their major axis orien-
tated to radiate outwards from the centre of the circle 
of mounds. The mound slopes are steeper towards the 
village plaza and gradually fade away from the circle, 
forming what appear to be access ramps to the top of 
mounds. Along with the elongated mounds, these sites 
also exhibit larger platform mounds and conical mounds. 
The latter need further investigation to understand their 
construction history and uses. Unlike ethnographic and 

http://zoom.earth
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archaeological circular villages, which usually exhibit 
more than one concentric ring of domestic units, like the 
Ring Villages of Central Brazil (Wüst & Barreto 1999) or a 
central formal sector surrounded by informal architecture 
like the mound villages of Uruguay (Iriarte 2006), the 
Circular Mound Villages of Acre only contain a single ring 
of mounds. The potential presence of structures, such as 
men’s houses or cemeteries that are a common feature 
within the central plaza area in other circular plaza village 
tradition, need further archaeological testing.

Circular Mound Villages show a hierarchy of roads: 
Principal Roads and Minor Roads (Figure 6). Principal 
roads are deeper, wider (3–6 m), and exhibit higher banks. 
Most of them exhibit two principal roads leaving in a 
northward direction (Principal Northern Roads) and two 
principal roads leaving in a southward direction (Principal 
Southern Roads). They are generally situated at 310–320 
to 30–40-degree angles. The roads come closer together 
without connecting to each other as they approach the 
village. Generally, when the roads contact the village 
the banks became higher and wider. They cut through 
the mounds producing a rather straight mound profile 
and/or creating a double-L-shaped feature as a prolonga-
tion of the banks. These mounded structures are generally 
taller than the rest. Circular Mound Villages are also often 
cut by a Principal East-West Road. Principal roads become 
narrower as they move away from the site. Although they 
run separately from the village, they can reconnect form-
ing a single trail like in the case of Principal Southern 

Roads connecting Dona Maria and Caboquim (Figure 10). 
Circular Mound Villages also usually exhibit minor roads 
that lead to streams nearby.

The distinct architectural layout of Rectangular Mound 
Villages places them into a category of their own. While 
preliminarily we call them villages, their uses will be deter-
mined with future archaeological excavations. Besides the 
rectangular shape, the most diagnostic features are their 
rectilinear elongated mounds that define the perimeter 
of the structure, forming a rectangular enclosure with 
openings, some of which connect to roads. The diameter 
of Rectangular Mound Villages ranges from 22 m to 77 m 
(average of 45 m; n = 10). The number of mounds ranges 
from 5 to 16 – with the former cases most likely corre-
sponding to sites that have been partly destroyed.

Lidar data has allowed us to identify new features of 
Mound Villages including the discovery of new sites 
below the forest canopy, the exposure of superimposed 
villages, and the detection of roads clearly connecting 
villages. A new Circular Mound Village was discovered 
below a forested area 500 m to the east of the Dona 
Maria site which is connected by the Principal East-West 
road (Figure 7). Ground reconnaissance of Dona Maria 
II in October 2019 confirmed its nature as a Circular 
Mound Village. Paired Circular Mound Villages connected 
by a road, like the one reported here, are emerging as a 
common pattern in the region (e.g., Sol de Campinas 
and Fonte Boa, Nakahara 230 I and II, Sol de Nakahara 
and Nakahara 228) reminiscent of dual patterns of 

Figure 5: Example of Circular Mound Villages. a. Fazenda Boa Esperança. b. Karina. c. Estrela do Norte I. Scale Bar = 50 m.

Figure 6: Examples of Circular Mound Villages highlighting Principal Roads and Plaza area. a. Sol de Camila. b. Sol de 
Iquiri. Scale Bar = 50 m.
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architecture in other regions of lowland South America 
(e.g., Iriarte et al. 2013; Iriarte et al. 2017). Lidar data from 
the Sanna Rectangular Mound Village (Figure 8a), par-
tially covered by vegetation, reveals its rectangular struc-
ture. Lidar data also documents that in many cases, like 
in Estrela do Norte 2, these sites can be rather informal 
and asymmetrical (Figure 8c). Another interesting aspect 
that becomes clear with Lidar data is the superposi-
tion of Circular Mound Villages, like the ones shown at 
Caboquim and Dois Circulos (Figure 9). The mounds of 
the earlier village are flatter and are more distorted.

Roads connecting villages become clearly visible 
with Lidar. In the Dona Maria transect, Lidar data has 
allowed us to document roads that link Dona Maria to 
Boa Esperança, passing through Caboquim. These roads 
are more than 5 km long and show that these villages 
were interconnected (Figure 10). The road connect-
ing Caboquim with Boa Esperança is also visible within 

the Lidar coverage (Figure 11). Dated structures from 
Caboquim and Boa Esperança demonstrate that the two 
villages were broadly contemporaneous (Robinson et al. 
in prep).

5.2. Preliminary observations about regional 
settlement patterns of Mound Villages
Circular Mound Villages are generally located in small flat 
plateaus overlooking a stream to which they generally 
connect by a road. They are largely predominant in the 
north-eastern portion of our study area, while Rectangu-
lar Mound villages are in the south-eastern portion. Circu-
lar Mound Villages are significantly closer to rivers than 
Geoglyphs (t = 3.376, df = 92.46, p < .01), although the 
difference is not large (averages of 1.4 and 2.1 km, respec-
tively). To further explore the role of river proximity for 
Mound Villages in contrast to Geoglyphs, we used flow 
accumulation as a proxy of river navigability. The closest 

Figure 7: Detail of Dona Maria with ‘twin’ village. Scale Bar = 50 m.

Figure 8: Rectangular Mound Villages. a. Sanna. b. Dois Circulos. c. Estrela do Norte II. Scale bar = 50 m.
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rivers to Mound Villages have a much higher flow accu-
mulation than in the case of the Geoglyphs (averages of 
3925 and 864 cells, respectively) and are, in theory, more 
navigable. However, this observation must be taken with 
caution, since the difference was not found to be signifi-
cant (t = 1.2623, df = 47.242, p = 0.213). If confirmed, the 
preference for proximity to larger rivers would reinforce 
the domestic role of Mound Villages as opposed to the 
ceremonial function of Geoglyphs, for which water trans-
portation was apparently less important. To what extent 
we can extrapolate today’s estimations of flow accumula-
tion to the Geoglyph and Mound Village periods in the 
past is uncertain. There are no local palaeoclimate records 

from the region, but as we summarised in Souza et al. 
(2019), the end of Geoglyph construction coincides with 
decreased precipitation in the western Amazon, and in 
turn, Mound Village construction is coterminous with the 

Figure 9: Lidar images illustrating superimposition of Circular Mound Villages: a. Caboquim. b. Dois Circulos. 
Scale Bar = 50m.

Figure 10: Fragment of Principal Southern Roads connect-
ing Dona Maria with Caboquim. Scale bar = 100 m.

Figure 11: Principal Southern Road connecting Caboquim 
with Boa Esperança. Scale bar = 100 m.
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increase of precipitation in the region. How these changes 
in rainfall influenced flow accumulation, and conse-
quently, river navigability, is a matter for future studies.

Mound Villages are separated, on average, by 4.35 km, but 
distances are irregular (NNI = 1.04, p = 0.6). In fact, some 
regions (e.g., Dona Maria to Boa Esperança) exhibit small 
distances of 2.5–3 km between sites, whereas others (e.g., 
Dois Círculos to Karina) have sites separated by around 5–6 
km. However, Mound Villages are significantly clustered at 
small distances (between ca. 500 m and 3.5 km) but not at 
larger spatial scales (Ripley’s K). We argue that the cluster-
ing of Mound Villages and the distances separating them 
are coherent with patterns created by ethnographic settle-
ments (see below). In our study area, 28 out of 48 sites have 
a Geoglyph as their closest feature, at a mean distance of 
1.6 km, whereas 20 sites have another Mound Village as 
their nearest neighbour, at a similar distance (1.7 km).

5.3. Geometric ditched enclosures
Lidar has been able to detect previously undocumented 
low-profile rectangular annexed enclosures with intercon-
nected roads. Most of them are not visible within the best 
satellite data available. In some cases, like at the Chiquiho 
site, it is easy to distinguish an interior enclosure within 
the enclosure attached to the Geoglyphs (Figure 12). 
The Lidar acquisition of the Dois Circulos locality under-
scores the diverse and complex construction history of 
this location. There is an overlap between the ditched 

circles, the low-profile enclosures, and the Mound Village 
that likely represent phased construction. However, it is 
impossible to distinguish the sequence, other than that 
the ‘Geoglyph’ is older than the Mound Village, without 
further ground investigation.

6. Conclusion and Discussion
The new data presented here contribute to the under-
standing of the architectural grammar and settlement 
patterns of the Mound Villages (~AD 1300–1700) and 
the geometric ditched enclosures (~400 BC–AD 1000) 
revealing a much richer and complex archaeology than 
 previously known. Our study confirms that Lidar is a tech-
nology that provides a new opportunity to locate and 
 document earthen sites in forested parts of Amazonia 
characterized by dense vegetation. As we discuss, Lidar 
can even document the smallest and surficial earthen fea-
tures in the recently opened pasture areas.

The overall settlement patterns observed in the Circular 
Mound Villages of Acre have parallels to the archaeology in 
other parts of the southern rim of the Amazon, as well as 
clear correlates with ethnographic and archaeological cir-
cular villages. In lowland South America, circular villages 
have their beginnings during the mid-Holocene in dispa-
rate regions as far as Ecuador (Lathrap, Marcos & Zeidler 
1977) and Uruguay (Iriarte et al. 2004). Ring villages along 
the southern rim of the Amazon during the late Holocene, 
mostly built by Arawak and Jê speakers but also by other 

Figure 12: Geoglyph Annex enclosures. a. Dois Circulos. b. Jaco Sa. c. Chiquinho. Scale bar = 100 m.



Iriarte et al: Geometry by Design 165

populations influenced by them, are relatively permanent 
settlements (Heckenberger 2005; Hill and Santos Granero 
2002; Hornborg 2005; Wüst and Barreto 1999). In the 
Upper Xingu, villages rarely move, except when fissioning 
– when they tend to remain within the catchment of the 
mother village (Heckenberger 2005). Archaeological set-
tlements and ethnographic villages in the Upper Xingu are 
usually separated by distances of 5–10 km following rivers 
(Heckenberger 2005), matching the pattern found among 
the Mound Villages of Acre and reinforcing the hypothesis 
of their contemporaneous occupation. Similarly, road net-
works connecting villages that are found in the archaeol-
ogy and ethnography of the Upper Xingu are also present 
in Acre with distinct characteristics. Contemporary vil-
lage organisation can shed light on some of the patterns 
found in the archaeological settlement layouts. For exam-
ple, Xinguano villages are reported to have their main 
entrances aligned with the cardinal directions, with chiefs’ 
houses built next to the northern and southern roads 
(Heckenberger 2005). Distinct features are also appar-
ent in the Circular Mound Villages when the major roads 
connect with the village: their banks became higher and 
wider, mounds are generally taller, and in many cases, they 
create a double-L-shaped feature as a prolongation of the 
banks. Although the Circular Mound Villages of Acre share 
many commonalities with the Upper Xingu and the basic 
circular village template (circle of domestic units around 
a clean plaza area), they do possess distinctive characteris-
tics that set them apart from this and other archaeological 
traditions. For example, while they are reminiscent of the 
Upper Xingu settlements in terms of their standardized 
layout and formal road architecture connecting villages 
(Heckenberger et al. 2008), they are distinguished by their 
smaller size, idiosyncratic diversity of mounded architec-
ture, and a distinct system of roads. The Mound Villages of 
Acre do not exhibit circular ditches around them, are only 
constituted by one ring of mounds, and do not display core 
and peripheral sectors within the site. They are also signifi-
cantly smaller than the ring villages of central Brazil, which 
has average village areas of 3.8 ha (Uru Tradition) and 7.2 
ha (Aratu Tradition) (Wüst and Barreto 1999). Unlike the 
historical Xinguano villages and central Brazilian ring vil-
lages, we found no evidence of centrally placed structures 
built in the plaza that may have functioned as ritual “men’s 
houses” (Heckenberger 2005; Maybury-Lewis 1979). It is 
possible that the absence of such village-level integra-
tive facilities (Adler and Wilshusen 1990) was due to the 
small size of the Acre settlements, or that the enclosures 
and/or abandoned Geoglyphs in the surrounding land-
scape fulfilled community-wide ceremonial purposes. 
Previous work (Saunaluoma, Anttiroiko & Moat 2019; 
Saunaluoma, Pärssinen & Schaan 2018) and our analysis 
shows that Mound Villages exhibit distinctive and rather 
consistent arrangements, suggesting that ancient Acreans 
had a very particular social model for how they viewed 
community layout and village organization. The uniform 
spatial layout of the mound villages, like many contem-
poraneous ring villages of the Neotropics, are likely to 
represent physical representations of the Native American 
cosmos (Heckenberger 2005; Siegel 1999).

The Circular Mound Villages do not appear to show a 
clear difference in site size that would suggest centrali-
sation, hierarchy, or the concentration of population at 
sites. They tend to show continuous gradations pointing 
to rather fluid and occasional hierarchies. There is also no 
clear evidence of inter-site hierarchy shown as differential 
elaboration of mounded architecture, with most Circular 
Mound Villages showing a consistent pattern of architec-
tural layout. In this regard, regional settlement patterns of 
the Circular Mound Villages are more like the Ring Villages 
of Central Brazil (Wüst and Barreto 1999) than the multi-
centric pattern of the plaza villages and smaller hamlets 
arranged in a nested hierarchy characteristic of the Upper 
Xingu (Heckenberger et al. 2008). Importantly, the varia-
tion in size of the ring villages recorded in Central Brazil 
has been argued to result from cyclical processes of fission 
and fusion (Wüst 1983; Wüst and Barreto 1999), but even 
those dynamics are not evident in Acre, where fission and 
the consequent formation of “twin villages” appears to 
have been more common (see below). The extent to which 
some of the larger Circular Mound Villages that are associ-
ated with Geoglyphs could represent central sites of this 
social system warrants further exploration.

Some dynamics related to village movement may be 
reflected in the archaeological record exposed by Lidar at 
the Dois Circulos I and Caboquim site. This may be espe-
cially the case with “twin” or superimposed Mound Villages. 
Many Amazonian forest farmers relocate their settlements 
500 m-1 km every couple of years in order to be closer to 
newly opened gardens, and distant from rotting of houses, 
frequent deaths, internal disputes, warfare, and/or sanitary 
conditions (Craig & Chagnon 2006; Gross 1983; Hames 
1983a; Hames 1983b; Souza 2011). Longer movements hap-
pen every 10 years to one generation, often relocating to 
previously occupied spots. Both “micro” moves and returns 
to former territories may potentially account for archaeo-
logical superimposition of Mound Villages and/or settle-
ments that are located in close proximity (“twin” villages). 
More work is needed to clarify these patterns.

One area where ethnography does not aid in the inter-
pretation of the archaeological record is the formation of 
habitation mounds. Most Amazonian ethnographic ring 
villages, when abandoned, do leave a circle of mounds 
(and, in some cases, anthropogenic soil) created by the 
accumulation of middens behind the houses (Schmidt 
2013; Souza 2011). Interestingly, the archaeological 
mounds in Acre are formed by superimposition of occu-
pation floors and construction layers (Neves et al. 2016; 
Robinson in preparation), and in no way do they resemble 
the middens created by modern villages. Mounds support-
ing domestic structures, however, do have parallels in the 
archaeology of the central Amazon (de Paula, Moraes & 
Neves 2012).

Lidar data has also documented more clearly the road 
network. This is hardly a surprise for Amazonian archae-
ologists. Early historical accounts attest to the ubiquity 
of road networks across the Amazon. They are mentioned 
since the 16th-century account of Friar Gaspar de Carvajal, 
who observed wide roads leading from the riverine vil-
lages to the interior (Carvajal 1984). Later, the explorer 
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Antonio Pires de Campos, crossing the headwaters of the 
Tapajós River in the 18th century, described a vast popu-
lation inhabiting the region, with villages connected by 
straight, wide roads that were constantly kept clean (Pires 
de Campos 1862). Numerous historical accounts in the 
Llanos de Mojos, Bolivia, describe elevated roads connect-
ing villages and cultivated fields (Eder [1772] 1985). “Old 
Indian roads” were also reported by Nimuendajú in his 
work in the Santarem area of Brazil in 1925 (Nimuendajú 
2004). Closer to our study area, the account of Colonel 
Antonio Labre, who travelled from the Madre de Dios 
River to Acre in the 19th century, is revealing. He men-
tions ‘[…] many very old abandoned villages, roads cross-
ing each other in all directions, and small cultivated fields 
[…] a small temple with clean courtyard in a circular form 
[…]’ (Labre 1889: 496–502). The patterns described above 
comprising Northern and Southern Principal Roads and 
EW Minor Roads appear to be unique to these portions of 
Amazonia. Further investigation to understand how these 
roads connect at the regional level is needed.

The relationship of Circular and Rectangular Mound 
Villages poses a similar dilemma due to the lack of archae-
ological research and the fact that we are dealing with an 
occupational pattern that endured for nearly 700 years. 
Differences in site layout may well be part of a contempo-
raneous settlement system or have temporal significance. 
No doubt, as more information becomes available on the 
archaeology of Mound Villages, the relationship between 
these different types of sites will come into clearer focus.

Our preliminary results have also shown that Lidar has 
the capacity to transform our understanding of ditch and 
embankment enclosures. These sites are certainly archi-
tecturally more complex and have longer use life history 
than previously thought. Our Lidar data indicates that 
these annex enclosures appear to be more common than 
previously known, opening new ways of interpretation 
for these sites to be targeted with further investigation. 
Excavations of these annex enclosures are needed before 
we can begin to understand the functions that they may 
have fulfilled at these earthwork sites.

The new results point to some straightforward avenues 
for future research on the Mound Villages. Below we men-
tion a few that seem more immediate to understand chro-
nology and site uses. At the site level, community focused 
excavations should be carried out to understand the con-
struction history, uses, and articulation of different forms 
of mounded architecture such as L-shaped structures, 
and elongated and conical mounds. Excavations should 
also occur in off-site areas. Similarly, excavations at the 
Rectangular Mound Villages can provide the primary 
chronological data to understand whether they are con-
temporaneous with the Circular Mound Villages. At the 
regional level, it is imperative to carry out Lidar acquisi-
tion to reconstruct the entire settlement systems.

In conclusion, our data show that after the cessation 
of Geoglyph construction (~AD 950), human occupation 
of this region of SW Amazonia was not discontinued, but 
rather extended with a flourishing regional system of 
distinct Mound Villages. The results contradict long-held 
views that envision interfluvial areas of the Amazon, and, 

western Amazonia, as sparsely inhabited. The application 
of Lidar will be essential to have a complete picture of the 
archaeology the Amazon. This is particularly so for the 
largest tropical forest on earth that is typically inaccessi-
ble and highly vulnerable to 21st Century earth system 
change and human impacts, including industrial agricul-
ture and land-clearing for pasture.
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