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Abstract 
 

 

The highly fertile Amazonian Dark Earths (ADE) results from landscape 

transformations found in association with archaeological sites throughout 

Amazonia. In the Lower Tapajos region, ADEs are found in ancient Tapajó 

settlements dated to the Late Pre-Columbian period (AD 1000-1600). This 

research focuses on plant management associated with the regional formation of 

ADE. Three ADE sites are analysed for microbotanical remains. Phytolith and 

microcharcoal (<125µm) from test pits and excavation profiles reveal diverse 

plant-use including food and non-food plants. Geochemical data indicated a 

variety of formations processes intra-site. The inter-site comparison indicated a 

gradiente of vegetation change related with the formation of ADEs. Aditionally, 

small changes folloed the adoption of cultigens together with ADE formation. 

These data suggest the practice of polyculture agroforestry in the investigated 

sites. 
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Introduction 
 

 

During the 1920’s decade, the German-Brazilian ethnographer Curt 

Nimuendaju Nimuendaju (1952), (Sombroek) identified, described, and mapped 

48 archaeological sites along the Tapajos River in the Lower Amazon. These 

sites are placed in different settings, such as riverine and Plateau areas, between 

Santarem and Belterra cities in the state of Pará, Brazil. The archaeological sites 

in this area had been previously associated with the historic indigenous group 

Tapajó (Hartt, 1885, Rodrigues, 1875). Based on accounts from the 16
th
 and 17

th
 

centuries and his findings, Nimuendaju (Nimuendaju, 1952, Nimuendaju, 2004) 

hypothesized the social life and subsistence strategies of the Tapajó group as 

well as described their material culture and settlements. 

Aside from the detailed description of the archaeological sites and the 

artefacts in the Santarem-Belterra area, Nimuendaju’s work importance lays on 

the recognition of the dark soils as a result of past human occupations, which had 

been only outlined before (Hartt, 1885). Almost all sites in this area have 

Amazonian Dark Earth soils (ADE), an enriched anthropogenic soil that might 

cover 3,2% of the Amazonia according to the prediction from a recent study 

(McMichael et al., 2014). 

The origin of ADE remains a matter of disagreement among specialists. 

While the anthropogenic nature of this soil is widely accepted, the intentionality 

and practices involved in its formation are still in debate. Some scholars argue 

that the ADE results from daily settlement activities, as waste discards (Neves 

and Petersen, 2006, Rebellato et al., 2009, Schaan, 2012a, Schmidt and 

Heckenberger, 2009, Schmidt et al., 2014). Thus, ADE formation is unintentional. 

On the other side, is suggested that ADE was deliberately created with agriculture 
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purposes (McMichael et al., 2014, Denevan, 2009). Another important fact about 

this soil is the differentiation in two types: Black and Brown ADEs. The former is 

interpreted as settlement areas and the latter with cultivation areas. 

Recently, an interdisciplinary international team conducted surveys on the 

Belterra Plateau and Alter do Chão on the right bank of the Tapajos River. As a 

result, 133 sites were identified, including 25 of those mapped by Nimuendaju 

(Schaan, 2012a, Stenborg, 2009, Stenborg et al., 2013, Stenborg et al., 2012, 

Stenborg, 2016b, Guarim, 2015). Their interdisciplinary approach made it 

possible the identification of settlement patterns and some strategies developed 

by the Tapajó for the management of the natural resources. According to setting 

locations, these sites were categorized as riverine, lakeside, upland (terra firme), 

mountain top (plateau crest), and slope sites (Stenborg et al., 2013, Schaan, 

2016). The common characteristics of these archaeological sites are the 

Amazonian Dark Earth soils and presence of pottery from the Santarem phase of 

the Incised and Punctuate ceramic tradition (Schaan, 2016). 

The sites surveyed have different sizes, and those placed on the 

hinterland are in general smaller, even though some large sites and groups of 

sites are localized in the Belterra Plateau. The Porto de Santarem/Aldeia placed 

on the mouth of Tapajos River is the largest one and supposed to be the political 

centre of Tapajos society. However, the survey data and pottery analysis point to 

a regional organization based on social equality rather than hierarchy between 

the Tapajó group(Schaan, 2016).   

Scholars have also suggested a Tapajó complementary subsistence 

system based on the exploitation of both riverine and terra firme areas (Schaan, 

2016, Stenborg, 2016b). Supported by the material culture and features found on 

the sites, they attributed the production of cloth and crops to the settlements from 

the plateau and fishing station to the riverine ones. Dates obtained from some 

sites indicate that Tapajó occupation in the region has started at the mouth of 

Tapajos River and expanded to the hinterland later (Schaan, 2016, Stenborg et 

al., 2013). A study carried out at Porto de Santarem site found a long-term human 

use of this place, including a pre-Tapajó occupation (Cal BC 1610-1210) and a 

Tapajó occupation (Alves, 2014, Alves, 2016).  

The stratigraphic sequence comprises an early cultural occupation buried 

under a late occupation. The early cultural sequence was named pre-Tapajó 



	 	 Introduction	

3	
	
	

component and the late classified as Tapajó component. The pre-Tapajó 

component has a Brown ADE (10YR 4/3 brown), and the vestiges are large 

blocks of wood charcoal, small ceramic shards, small flakes, calibrators, and on 

the top small animal bones. The Tapajó component has a Black ADE (10YR 3/1 

black). The artefact assemblage comprises large ceramic shards, numerous flint 

stone flakes, sandstone flat and grooved abraders, polished stones tools, flint 

stone cores, hammerstones, anvils, cutting tools, unretouched perforators and 

drills and raw material, and ceramic and lithic spindle whorls. The ecofacts 

assemblage comprises tiny wood charcoal flecks ad small animal bones 

fragments (Alves, 2014, Alves, 2015). 

The distribution of animal bones at Porto site is an important fact. An 

increase of animal bones deposit occurs immediately before the Black ADE and 

decreases through this substratum in some midden contexts. Chemical analysis 

of soil samples from one midden presented similar rates of nutrient from vegetal 

(Mn, Mg, and Zn) and animal (Ca, P, and K) sources on Black ADE. Apparently, 

the consumption of animals by the Porto site inhabitants was wider before and 

changed after the ADE formation (Alves, 2016).  

Two points have to be made here. First, the larger number of animal bones 

is on the top of pre-Tapajó occupation. Second, it seems that the Tapajó had an 

equilibrated diet based on animal and vegetal food, which is consistent with the 

assumption of a complementary subsistence system between riverine and terra 

firme areas. Thus, the formation of ADE at the beginning of the Tapajó occupation 

signal important changes in subsistence strategies that include an increase in 

plant food consumption equilibrated with animal resources. 

The management of vegetal resources is behind both the assumption of 

agricultural origin of Brown ADEs and that of different functionalities for the sites 

in the region during the Tapajó occupation. Previous research in the region has 

not conducted micro botanical analysis even though some plant species were 

identified from macro botanical remains (Roosevelt, 2000). So there is no detailed 

data on diet and crop cultivation. Therefore, this region has an immense potential 

for the investigation about the transformation of subsistence strategies and social 

organization some centuries before the European contact. 

Following the concept of region as a spatial and temporal unit under a 

determined scale (Crumley, 1994), the region of investigation in this study is 
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spatially defined as the area between the Santarem and Belterra Cities and 

temporally from the pre-Tapajó to the Tapajó period. The identification of plant 

species from different sites in this region is crucial to the comprehension of the 

transition between the two periods, which involves the formation of ADE, potential 

changes on the management of natural resources, and possibly the development 

of a regionally integrated subsistence system. 

 

Aims and scope of the Research 
This thesis aims to use integrated lines of evidence (i.e. phytoliths, 

charcoal, geochemical and archaeological records) from three ADE sites in the 

Lower Tapajós to assess the subsistence strategies related to the regional ADE 

formation. From a historical-ecology viewpoint, the studied archaeological sites 

are comprehended as the materiality of human-environment interactions wherein 

the human agency performs intentionality in land use and management of 

available resources within the landscape (Balée and Erickson, 2006). As such, 

no ‘natural strata’ is presumed in the sites stratigraphies. Rather, the landscape 

is approached as a palimpsest diachronically built.  

Research questions aimed to be answered by this study are: 

1) what was the vegetal component on the diet of ancient inhabitants of 

Santarem-Belterra region?  

2) How is plant food production related to the formation of Amazonian Dark Earth 

in the study area?  

3) Does the Brown ADE have vestiges of cultivation? 

4) Did this vegetal component change through time? Regarding which species 

are represented in the samples and its proportional frequencies both horizontal 

and vertically.  

Thus, testing the theories about the origins of Brown and Black ADE can provide 

data to discuss the dynamic of food production before and after the Tapajó 

occupation in the region.  

Addressing these questions three archaeological sites are investigated. A 

riverine site and two terra firme sites (one inside the National Forest of Tapajos 

and the other outside) were selected. The criterion applied to select the sites were 

1) presence of Amazonian Dark Earth - ADE; 2) landscape setting (e.g. riverine, 

terra firme); 3) available information of the archaeological record. The study area, 
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the archaeology of the region, and the sites under investigation are described in 

chapter 5. 

 

 

Organization of this thesis 
This thesis is organized into seven chapters. Following this introduction, 

chapter 1 is the introduction of the study area and a summary of the archaeology 

of the region. Chapter 2 is a literature review of Amazonian Dark Earth studies. 

ADEs main properties, classifications, and theories regarding its origin are 

outlined. At the end of the chapter, a summary of the knowledge about the 

regional formation of ADE and the potential contribution of the case studies are 

presented.  

Chapter 3 defines the methodologies applied to develop the research. At 

the beginning of the chapter, site selection, soil mapping, and sampling strategies 

for geochemical analyses are described. Next, the phytolith method is introduced 

including considerations regarding issues impacting the formation of the phytolith 

assemblages. The extraction and quantification methods for phytoliths and micro 

charcoal are then defined and quantification methods and statistical analysis are 

determined. 

 Chapter 4 comprises the classification of ADEs in the case study sites. 

For each site, mapping, morphological, physical, and geochemical data are 

detailed. In the final part of the chapter, a summary of the data and a brief 

discussion of its relevance to this study are presented. Chapter 5 presents the 

archaeological record of the three case study sites. Firstly, site selection and field 

methodology are defined. Next, each site is separately described delineating 

activity areas, stratigraphies, material culture, features, and chronologies. The 

profiles sampled for micro botanical and geochemical analysis are also 

highlighted. To conclude, a summary of the archaeological record from the three 

sites is presented. 

Chapter 6 comprises the phytolith and micro charcoal analysis carried out 

in this thesis. Then, the applied phytolith identifications, and taxonomic are 

determined. In a second part of the chapter, the results are presented. Followed 

by the descrition of surface composite samples study. Phytolith results are 

presented separately for each site. In each site section, are described the 
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taxonomic associations of the phytoliths identified followed by summaries of the 

main taxa, relative frequencies, an overview of the patterns in vegetation and 

micro charcoal, and details of crops, useful herbs, and palms on the 

assemblages. An inter-site comparison via statistical analysis is then presented. 

Finally, a summary of the results from the phytoliths and micro charcoal studies 

is described. 

Chapter 7 discusses the implications of the data for the comprehension of 

Amazonian Dark Earth formations in the Lower Tapajós region, as well as, the 

subsistence strategies associated with this anthropogenic soils. Considerations 

regarding methodological contributions and limitations are outlined. 
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Chapter 1 
 

The Santarém Region 
 
 

This chapter introduces the study area and provides a summary of the regional 

archaeology. The chronological sequency and plant uses in each human 

occupation are presented. The Tapajó occupation, settlement patterns, and 

material culture are also introduced. 

 

1. Environmental Settings 
 

1.1. Geology and Geomorphology 
The region stratigraphy results from different geological events of the 

Amazon syneclise shaped between Late Pre-Cambrian and Early Palaeozoic 

era. From the Carboniferous Tapajós Province come the sediments of the Nova 

Olinda Formation, which is formed by sandstone, shale, siltstone, marlstone, 

limestone, and evaporites. Agglomerate, sand, silts, and clay formed the rivers 

and lakes during the Quaternary. The main watercourses are the Tapajos and 

Amazon Rivers (RADAMBRASIL, 1976). 

The main geomorphological structure in the area under investigation is the 

Tapajós-Xingu Plateau. The Tapajos-Xingu Plateau has two different levels that 

resulted from two events of pediplanation. The first pediplanation occurred during 

Plio-Pleistocene with sedimentation of Post-Barreiras Formation. The 170m high 
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plain topography of Tapajos-Xingu Plateau arise from this event 

(RADAMBRASIL, 1976). Belterra is placed over the plateau. East from Belterra 

the Plio-Pleistocene pediplain slowly falls and fuses with the lower 80m plain relief 

from Neo-Pleistocene pediplanation where Santarem is placed. 

The topography in the Tapajos-Xingu Plateau is relatively plain. Deep wet 

valleys and small watercourses that drain to Tapajos River to the west and Curuá-

Una River to the east sparsely cut it. On the higher level of the plateau, the water 

sources are scarce. The Tapajos River is a white water river formed after the Plio-

Pleistocene pediplanation. Its colours result from the transportation of suspended 

sediments (RADAMBRASIL, 1976). The area between the shore of Tapajos River 

and the base plateau slope has a wave topography formed by a layer of 

dystrophic quartz sand from sandstone decomposition. Small streams drain 

these sands (SEPOF, 2005). 

On the shores of Tapajos River, a sandy soil extends from few meters to 

various kilometres. Yet, the medium texture, clayey Ferralsol is the main soil in 

the region. Ferralsol soils are also found associated with laterite concretions. 

Ferralsols are deficient in nutrients offering an environment not suitable for food 

production (SEPOF, 2005). However, this is likely to have been the place where 

human horticulture groups had settled around 3000 years ago. Their 

management of the poor sandy and Ferralsol soil seems to have changed it for 

good. Leaving large extensions of ADEs in the shore of Tapajos River and in the 

plateau associated with ceramic shards, lithic artefacts, fire pits, ancient house 

floors, burial areas, and earth structures that prove ancient human occupation in 

those areas (Schaan, 2012a). The dark soils were broadly called Terra Preta do 

Indio in Amazonia in a direct association with ancient indigenous settlements. 

Recently, increasing studies of these soils have established the 

terminology Amazonian Dark Earths to homogenize approaches to this subject 

(Lehmann et al., 2003, Woods et al., 2009). The discard of organic matter during 

centuries increased the rates of phosphorus, magnesium, calcium, potassium, 

manganese, and zinc turning this soil into extremely fertile (Woods et al., 2009, 

Woods and McCann, 1999a). The fertility of the dark earth makes it propitious for 

cultivation. As aforementioned, these dark earths are called Amazonian Dark 

Earth – ADE by the specialists studying it. Hereafter ADE terminology is adopted 

in this research. The second chapter details the state of art of ADE studies. 
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1.2. Climate and modern vegetation 
The climate in the region is Inter-Tropical Humid with a mean altitude ca. 

175m above sea level. The morphoclimatic domain is the characteristic dense 

forest of the Inter-Tropical Humid zones. Important climatic oscillation had 

occurred during the quaternary till achieving the current equilibrated ecological 

(RADAMBRASIL, 1976). The annual air temperature is ca. 25.5 °C. It has a mean 

relative humidity of 86% (range: 76-93%). The mean annual rainfall is ca. 1900-

2110mm. High rainfall occurs from March to May, low rainfall from August to 

November (Sandel and Carvalho, 2000).  

Santarem-Belterra region (Fig. 1) has three distinct biomasses: floodplain, 

riverine bluffs, and plateau/terra firme areas each with specific vegetation. 

Santarem is a floodplain area covered by Campo vegetation. The riverine bluffs 

are between Campo and Savannah vegetation. Finally, Broadleaf Equatorial 

Forest and the savannah vegetation cover the Plateau (SEPOF, 2005). 

Nowadays, secondary forest is most common there though. The streams 

wellsprings are in the base of plateau slopes and originate different vegetation. 

Along the course of these streams are formed gallery forest with palm species as 

Buriti (Mauritia flexuosa), Açaí (Euterpe oleracea), and Abacaba (Oenocarpus 

bacaba). Sparse small and middle trees are distributed in the sandy areas nearby 

the river.  
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Figure 1: Map showing Santarem-Belterra region ADE sites. By Jonas Gregório de Souza. 

 

1.4.Tapajó indigenous group occupation on the Tapajós River 
The region was first described in Friar Gaspar de Carvajal account (2011 

[1542]) about Francisco de Orellana journey from Andes to the Atlantic coast 

through the Amazon River. In the confluence of Amazon River with a large 

tributary, the Europeans fought against a warlike indigenous group.  During this 

conflict, the indigenous people used poisoned arrows hurting to death one 

member of Orellana group. From this episode, the river and the group were 

known as the Tapajós even though Carvajal never called them by this word. 

Almost a century later, a Portuguese expedition under Pedro Teixeira 

command crossed the Amazon from the Atlantic coast to Ecuador in 1637 and 

returned in 1639. The expedition’s return was recorded in two accounts that 

documented not only an indigenous world in change but also the European 

conflicts for the ‘empty’ Amazonian lands. In Nuevo descubrimiento del Gran Río 

de las Amazonas written by Cristobal de Acuña (1641) the indigenous group 
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living at the mouth of Tapajós River are named Tapajosos.  According to Acuña, 

the Tapajó had villages in the interior and offered small animals, fish, flour, and 

fruits to the Spanish. Acuña also writes about the violent submission inflicted by 

the Portuguese on the Tapajó. 

Mauricio de Heriarte wrote Descrição do Estado do Maranhão, Pará, 

Corupá e Rio das Amazonas based on Teixeira’s journey and his incursions as 

Judge in the “Portuguese Amazonia”. Heriarte (Heriarte, 1874) repeats the 

information concerning to the main settlement of the Tapajó in the mouth and the 

smaller ones along the Tapajos River as well as the use of poisoned arrows as a 

war technique by that group. Each of the villages had 20-30 families lead by one 

Chief, whom were commanded by a higher Chief. According to Heriarte, the 

Tapajó moved to the settlements on the interior after the Portuguese defeated 

them. Also, some different topics about the Tapajó life are slightly addressed on 

Heriarte account. First, he mentions that indigenous groups subordinate to the 

Tapajó lived along the Tapajós River, namely: the Marautus, the Caguanas and 

the Orurucuzos. Second, he describes two events of the Tapajó ritual life: a type 

of harvest ritual and a burial ceremony. Finally, some Tapajó items are referred 

in the ritual descriptions such as large ceramic vessel, hammocks, and figurines 

together with muiraquitãs found in another part of the account. 

From the description of the harvest ritual, arises the main question related 

to the Tapajó subsistence. Heriarte recorded the consumption of maize (Zea 

mays) as a beverage during one ritual and also commented that manioc (Manihot 

esculenta) was less consumed by the Tapajó in comparison with another 

Amazonian Indigenous group. Based on this information it has been assumed 

that maize was the Tapajó staple crop (Roosevelt, 1980) and that their 

subsistence system was constituted by intensive agriculture complemented by 

fishing and management of vegetal resources. Other vegetal resources are also 

mentioned by Heriarte in a later part of the Tapajó description as achiote (Bixa 

orellana), fruits and wood. 

Father Felipe Bettendorff was the founder of the Jesuit Mission of the 

Tapajós that later became Santarem city. Bettendorff’s account about the Mission 

of the Tapajós provides other glimpses on Tapajó ritual, social, and political life. 

As the previous authors, Bettendorff (1910 [1669]) also points to the use of poison 

by the Tapajó. Bettendorff’s description of a ritual performed by the Tapajó in a 
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separated plaza is very similar to the harvest ritual described by Heriarte. In 

Bettendorff version, the Tapajó gathered in the plaza for dance and drink a 

beverage carried to this place by the women who were prohibited to watch or 

take part in the dance. Thus, the gender roles in the ritual were different. The 

women role was to bring the beer in large ceramic vessels and the men to perform 

the ritual dance (Bettendorf, 1910 [1669]). 

The social and political organization of the Tapajó is found on Bettendorff’s 

mention to a slave child, a noblewoman who advised the Tapajó in many issues 

as an oracle, and chiefs who had ranches in the area nearby Santarem. About 

the marriage rules, Bettendorff asserts that the Tapajó practised polygamy and 

had restrictions regarding class, for example, the above-mentioned noble woman 

called Maria Moaçara had trouble to find an equally noble man to marry 

(Bettendorf, 1910 [1669]).  

Post-Tapajó accounts 

The assimilation of the Tapajó and another indigenous groups into the 

colonial society of Santarem is slightly perceived in the accounts from the 18
th
 

century. Over this period, the great Tapajó warriors changed into mere producers 

of muiraquitãs (La Condamine, 2000 [1744]) and craft work from palm leaves, 

bottle gourd (Lagenaria siceraria), and cotton (Gossypium hirsutun) (Ferreira, 

2008 [1783-1792], São José, 1847). In any case, their placement in the periphery 

of the village is illustrative of their submission to the Portuguese. is clear. In 1758, 

Jesuit Mission of Tapajós had turned into Santarem Village (Daniel, 1976). The 

village was structured with streets, church, and houses. The food consumed and 

traded were beans (Phaseolus spp.), rice (Oryza spp.), cumin (Cuminun spp.), 

watermelon (Citrullus lanatus), banana (Musa spp.), sugar apple (Annona 

squamosa), papaya (Carica papaya), cattle, turkey, chicken, small birds, 

manatee, and turtle (São José, 1847). 

Accounts from the 19
th
 century mention the Tapajó as the group that once 

inhabited the mouth of the Tapajos River. In 1847 the Santarem County had 

hundreds of houses, a fortress, church, public school, and was a commercial 

centre in the region (Marcoy, 2001 [1847]). Among the goods commercialized 

were Brazil nut (Bertholletia excelsa), salsaparilla (Smilax sp.), manioc flour, and 

salted fish (Wallace, 2004 [1823-1913]). Some of these items were obtained from 

the Mundurucus indigenous group living on the left shore of Tapajos River. The 
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indigenous people living in Santarem were managed by the Portuguese to 

perform any common labour place (Wallace, 2004 [1823-1913]). From Bates 

(1892) comes the richest description of the vegetation in the surrounding area of 

Santarem and Alter do Chão.  Surrounding Santarem, he recorded small 

clearings of manioc, single scattered trees in the middle of the Campos, and 

woody patches parallel and close to Tapajós River with a variety of trees. Nearby 

Alter do Chão Bates described palm trees patches within the forest, which were 

locally called pindobal. 

Based on the caboclos (local terminology for peasant) management of the 

vegetal resources found in the Campos, Bates described the consumption of 

some edible plants. The described plants are cashew (Anacardium occidentale) 

consumed as a type of ‘wine’ and for medicinal purpose. Sucuuba (Plumieira 

phagedoenia) and andiroba (Carapa guianensis) were also used as medicine. 

Muruci (Byrsonima sp.) was used as a tint. The oil trees Breu-branco (Protium 

heptaphylum) and umiri (Humirium floribundum) for the production of fragrances. 

Tonka bean (Dipteryx odorata), piquiá (Caryocar vilosum), Curuá palm (Attalea 

spectabilis), and arrowroot (Maranta arundinacea) as food. Last but not least, 

Sapupira (Hymenolobium excelsum) and liana timbó (Paullinia piñata) as poison 

employed in fishing. 
 

1.4.1. From the account into the archaeological record 
The collection of archaeological artefacts started being requested by the 

institutions (e.g. Museums and Universities) that fund the scientific expeditions in 

the late 19
th
 and early 20

th
 century. In this context, scholars suggested that the 

ceramics found on black soils were produced by the Tapajos (Hartt, 1885, 

Nimuendaju, 1952, Nimuendaju, 2004, Rodrigues, 1875). Hartt (1885) suggested 

that the fertility of the dark soil motivated its occupation by ancient indigenous 

groups. Taperinha is an important site investigated under the scientific expedition 

of Charles Frederick Hartt (1885), who first excavated this site. There, Hartt dug 

6m deep and collected ceramic shards, lithic artefacts, faunal and human bones, 

and carbonized wood. Above the shell layer, Hartt identified a 50cm deep layer 

containing mainly red painted and some incised ceramics, he attributed this 

ceramic to a domestic context. Based on his findings in Taperinha and his visits 
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to other sites, Hartt ssuggested that the ancient Tapajó group inhabited those 

sites.  

Barbosa Rodrigues (1875) was the first one to suggest that Santarem was 

the centre of the Tapajó domain. Rodrigues recorded ancient indigenous 

pathways, ceramics, lithic artefacts, and shell middens along the Tapajos River.  

Nearby Santarem, in the area of Porto site he documented small lakes and 

anthropogenic forest paths in the middle of savannah areas, where he reported 

the genera Hecastophyllum sp., Indigofera sp., Cassia sp., and Aeschynomene 

sp. 

As aforementioned, the expeditions of Curt Nimuendaju were important for 

the regional archaeological knowledge. Nimuendaju (2004) identified many sites 

and built a large collection of ceramic vessels from those sites. Based on his 

findings, Nimuendaju (1952) associated the dark soils with ancient settlements 

and suggested a Tapajó domain on the region and Santarem as its centre. 

Recent surveys in the right shore of Tapajós River revealed that Nimuendaju had 

an accurate comprehension about the extension of the Tapajó culture (Stenborg, 

2009). For some sites, Nimuendaju suggested the occurrence of human 

occupation previous to the Tapajó, such as Porto de Santarem site where he 

found a 140cm deep cultural layer comprising domestic red and white painted 

ceramic, one calibrator, stone flakes, faunal bones, and chuncks of charcoal 

(Nimuendaju, 2004).  

After Nimuendaju’s work, various collection studies refined his theory 

about the Tapajó domain. Those studies were focused on ceramic analysis and 

deeply influenced by determinism theories about human development in 

Amazonia (Barata, 1944, 1950, 1951, 1953b, Barata, 1953a, Barata, 1954, 

Corrêa, 1965, Palmatary, 1960). From the third decade of the 20
th
 century on, 

Barata (1944), (1950, 1953b) built a large collection and developed stylistic 

studies of the ceramic findings from Santarem. Barata associated this ceramics 

to the Tapajó group. Barata’s collection was the subject of many studies over the 

past decades. Such studies classified the ceramics from Santarem as Santarem 

phase affiliated to the Incised and Punctuated Horizon (Corrêa, 1965, Gomes, 

2002, Guapindaia, 1993, Palmatary, 1960). The Incised and Punctuated Horizon 

was determined by (Meggers and Evans, 1961) as the latest horizon-style in the 

Amazon basin, characterized by a constant use of modelling, incisions, 
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punctuations, and red slip as decorative techniques. The combination of incisions 

and punctuations in zones along the vessel rims is a trait of this horizon. The 

Santarem phase has a consistent use of zoomorphic and anthropomorphic 

modelled appendages (Meggers and Evans, 1961, Palmatary, 1960). 

Nevertheless, systematic archaeological research only started at the end 

of the 1980s when the Taperinha, Caverna da Pedra Pintada, and Porto de 

Santarem sites were excavated under the Lower Amazon Project (Roosevelt et 

al., 1991, Roosevelt, 1993, Roosevelt, 1999, Roosevelt, 2000, Roosevelt et al., 

1996). Based on the investigations of these sites, the first chronological sequence 

for the lower Amazon region was established. The sequence began around 

11.200 years ago with a Paleo-Indian occupation in Pedra Pintada Cave site, 

includes early ceramic production 7.000 years ago in Taperinha site, and finished 

with settled, densely populated, and regional organized societies at the mouth of 

the Tapajos River AD 1600 (Roosevelt, 1993, Roosevelt, 1999, Roosevelt, 2000, 

Roosevelt et al., 1991, Roosevelt et al., 1996). For about 20 years the 

archaeological research was focused on those sites. Recently, this situation has 

changed. Considerable data on regional distribution of sites and intra-site spatial 

organization has been produced by academic and commercial archaeology 

(Alves, 2014, Alves, 2016, Gomes, 2008a, Gomes, 2016, Schaan, 2012a, 

Schaan, 2016, Schaan and Alves, 2015, Stenborg et al., 2012, Silva, 2016, 

Araujo da Silva, 2015, Araujo da Silva, 2016, Söderström et al., 2016, Soderström 

et al., 2013, Troufflard, 2017).  

 

1.4.2. Chronology 

1.4.2.1 Paleo-Indian Period 
A long-term human management of the natural resources in the lower 

Amazon region was determined in the past decades (Roosevelt et al., 1991, 

Roosevelt et al., 1996, Roosevelt, 1999, Roosevelt, 2000, Schaan, 2016, 

Stenborg, 2016b, Troufflard, 2016b, Gomes, 2016). The human occupation in the 

lower Amazon began 11.700 BP at the Pedra Pintada Cave site where nomadic 

foragers lived in four different periods: Initial Paleo-Indian (11.145 ± 135 to 10.875 

± 295 BP), Early Paleo-Indian (10.500 to 10.200 BP), Middle Paleo-Indian 

(10.200 to 10.100 BP), and Late Paleo-Indian (10.100 to9.800 BP). These 
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periods were established based on substantial changes in the proportions of lithic 

artefacts through time (Roosevelt et al., 1996). The technology of the 

Paleoindians comprised bone objects and unifacial and bifacial lithic tools (e.g. 

stemmed projectile points, flakes, blades, chisels, axes, scrapers, grinders, 

abraders and rocks to break coconuts) were the lithic material culture collected 

at Pedra Pintada Cave site (Roosevelt et al., 1996, Roosevelt, 2000). 

The people from the Paleo-Indian period at Pedra Pintada Cave had a 

broad-spectrum diet based on forest and river foraging. The biological remains 

were carbonized seeds, wood, bones, and shells (Roosevelt et al., 1996). The 

vegetal resources consisted of palms Sacurí (Attalea microcarpa), Tucumã 

(Astrocaryum tucuma), and Curuá (Attalea spectabilis) as well as fruit trees 

Jatobá (Hymenaea cf. parvifolia and oblongfolia), Pitomba (Talisia esculenta), 

Muruci do mato (Byrsonima crispa), apiranga (Mouriri apiranga), Tarumã (Vitex 

cf. cymosa), and Brazil nut (Bertholletia excelsa). The faunal resources consisted 

of shellfish (freshwater pearly mussel), turtles (Pleurodira sp.), tortoises 

(Cryptodira sp.), medium size rodents, and medium-size fish e.g. Catfish, 

chichlids, characins, piranhas, traíra (Hoplias malabaricus), pirarucu (Arapaima 

gigas), aruana (Osteoglossum bicirrhosum), and meter-long large catfish 

(Roosevelt, 2014, Roosevelt et al., 1996).  

 

1.4.2.2. Archaic Period 
Pedra Pintada Cave site was abandoned during a period and reoccupied 

later in the early Archaic (7.580-6625 BP) by sedentary hunter-gatherers with 

subsistence based on small fauna, fishing and intensive collection of plants. 

Pointing to a similar broad-spectrum diet pattern of rainforest, floodplain and river 

exploitation in the Archaic period (Roosevelt et al., 1996, Roosevelt, 1999). By 

this time, people began to produce sand and shell tempered ceramic open bowls 

decorated with deep, rounded incisions and punctuations. Apart from the 

ceramic, the artefact collection included shellfish, turtle, and fish bones, 

carbonized seed, and carbonized wood (Roosevelt et al., 1996, Roosevelt, 1999, 

Roosevelt, 2000). 

Another archaeological site investigated by Roosevelt et al. (1991) was 

the Taperinha shell midden in the right shore of Amazon River. At Taperinha, 
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Roosevelt and colleagues unearthed stratigraphic evidence for the Archaic 

period, Formative period, Polychrome Horizon and Incised and punctuated 

Horizon. The Archaic occupation with the first sedentary settlement in the lower 

Amazon was characterized by the use of grit-tempered ceramic, bone objects, 

and lithic material (e.g. hammer stones, flake tools, and unshaped grinder, and 

cooking stones) (Roosevelt et al., 1991, Roosevelt, 1993, Roosevelt, 1999, 

Roosevelt, 2000, Roosevelt, 2014). 

The diet in Taperinha shell midden during the Archaic period 

predominantly relied on the consumption of freshwater pearl mussels 

(Margaritifera margaritifera) supplemented by turtle and fish (e.g. catfish and 

characins). Plant remains were rare in this layer of the site. Radiocarbon dates in 

ceramics, wood charcoal, and shells indicate a 7.000 years old ceramic. This is 

claimed as one of the oldest ceramics in the Americas (Roosevelt et al., 1991). 

Given the antiquity of ceramic from Taperinha and Pedra Pintada cave, 

Roosevelt (Roosevelt, 1999, Roosevelt et al., 1991, Roosevelt et al., 1996) 

suggested a local development of ceramic production. Additionally, Roosevelt 

(Roosevelt, 1999) proposed that the lower amazon region as a place of important 

technological innovations (e.g. agriculture, ceramics, sedentary life) for the 

Americas arguing against the theory of Amazonian environment as a barrier to 

human development. 

 

1.4.2.3. Formative Period 
The aforementioned Formative occupation was identified both at Pedra 

Pintada Cave and Taperinha shell midden. For Pedra Pintada Cave the remains 

from the Formative were reddish-orange grit-tempered ceramic shards, 

carbonized tree fruits, fish and turtle remains, and poorly preserved human 

bones. The radiocarbon dates were obtained from a carbonized Curuá seed 

(3603 BP), a human molar (3410 BP), and a human cranium (3230 BP). Among 

the ceramics are plant-processing tools, such as bowls and griddles. Roosevelt 

suggested that Formative societies led to complex societies in Amazonia. This 

scholar also and associated the Amazonian Formative with Brown ADEs and 

interpreted the charcoal contained in Brown ADEs with slash-and-burning 

activities (Roosevelt et al., 1996, Roosevelt, 2000). 
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In a well preserved stratum at Porto de Santarem site, Roosevelt identified 

ceramics similar to the one collected from the Formative occupations in 

Taperinha and Pedra Pintada (Schaan and Roosevelt, 2008, Schaan, 2010b). 

This stratum is 1m below the surface and has orange ceramics decorated with 

parallel incisions and punctuated rim (Roosevelt, 2009, Schaan and Roosevelt, 

2008). In the same stratum charcoal chuncks, carbonized seeds, small mammals 

and fish bones were also collected in Porto site. Two radiocarbon dates the 

Formative stratum to 2270 ± 63 and 2912 ± 59 BP (Quinn, 2004). 

Gomes (2008a) identified a Formative community in Parauá village 100km 

south from Santarem on the left shore of Tapajos River. The human occupation 

in this area started in the Early Formative between 3800-3600 BP and intensified 

between 1300-800 BP (Gomes, 2008a, Gomes, 2011, Gomes, 2016). The 

regional approach provided data on the dynamics of regional occupation during 

the formative period and distinguished for types of site: ADE habitation site, 

plateau habitation site, seasonal campsite, and cultivation areas occasionally 

used for camping. Shedding lights on the different and complementary 

subsistence strategies during the Formative in Parauá, Gomes (2008a, 2008b) 

proposes that the riverine communities had an integrated seasonally organized 

economy combining fishing and cultivation of maize and manioc with harvesting.  

Gomes (Gomes, 2008a) argues that the semi-sedentary communities from 

2400-1600 BC were the first manioc cultivators in the region. This assumption of 

the presence of agriculture in the area is based on the presence of artefacts for 

processing manioc and the identification of maize and manioc  starch grains from 

plant-processing tools. Archaeobotanical analysis carried out in a fragmented 

griddle identified manioc (Manihot esculenta) starch grains and maize (Zea mays) 

phytoliths, which securely indicates the consumption of these plants, as well as, 

the use of the same artefact to process multiple plants. However, the identification 

of palm species such as peach palm (Bactris gasipaes) and Buriti (Mauritia 

flexuosa) based on phytoliths are inaccurate, considering that the current level of 

taxonomic resolution for palms can be more securely determined at the genus 

level (see chapter 5). Another artefact used in multiple functions was a bowl 

collected associated with fragmented human bones. Marks of cooking and 

fermentation were observed in this artefact and the archaeobotanical analysis 

identified manioc starch grain on the inside. Thus, the same object was used for 
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fermentation of manioc, for cooking, and finally in a burial context (Gomes, 

2008a). 

It is likely that the subsistence at Parauá region relied mainly in horticulture 

complemented with harvesting and fishing (Gomes, 2008a). The same is true for 

Pedra Pintada Cave, Porto de Santarem site and Taperinha shell midden. 

However, there is no detailed information about cultivation practices. The 

presence of crops in a site is a reliable data for its consumption, but not 

necessarily for its production. The role of trade and interchange has to be 

considered as well. Considering the hypothesis of a regionally integrated 

economy is crucial to recognize the role of each area. Gomes research 

establishes the function of the sites according to the position in the landscape 

and the archaeological context. The areas defined as swidden plots should be 

further investigated in order to obtain more information about cultivation in 

addition to soil colour and density of material culture. Finally, if the material culture 

had multiple functions as observed in Parauá, this evidence hardly supports 

intensive agriculture practices. Rather, reflects a more general use of plant 

processing tools not exclusive for cultivated plants. 

 

1.4.2.4. Late Pre-Columbian – Tapajó period 
During the first millennia AD started a process of demographic growth and 

formation of regional societies all over the Amazonia. Sedentary human groups 

spread throughout the Santarem-Belterra region settling first the riverine sections 

and then the terra firme (Schaan, 2016). According to Roosevelt (Roosevelt, 

1993), the Tapajó were a warlike complex society subsisting on intensive crop 

and cotton agriculture supplemented by harvesting fruits, hunting, and fishing. 

Skilful ceramists and producers of muiraquitãs (stone zoomorphic small 

sculpture, commonly frog shaped. It was a prestige good until the colonial time), 

the Tapajó settled in the mouth of Tapajós River and soon after expanded 

regionally. Such society was supposedly highly hierarchical with power in the 

hands of chiefs legitimated by religious specialists and by the possession of 

prestige goods (i.e. elaborated ceramics and muiraquitãs) (Roosevelt, 1987, 

Roosevelt, 1993, Roosevelt, 1999, Roosevelt, 2014). 
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Roosevelt et al. (1991) report findings from occupations related to the 

Tapajó group at Taperinha site Pedra Pintada Cave (Roosevelt et al., 1996). 

Taperinha and Pedra Pintada Cave were then classified as rural settlements of 

Tapajos group (Roosevelt, 1994). Faunal and vegetal remains suggest intense 

consumption of aquatic resources (e.g. fish and turtle bones) found in ritual 

contexts. In Pedra Pintada Cave Roosevelt (Roosevelt, 2000) Based on the small 

amount of maize remains, Roosevelt (1999) suggested that this crop was 

consumed as fermented beer in ritual contexts as mentioned in the accounts 

(Heriarte, 1874).  

The Tapajó occupied an extended area along the right shore of Tapajos 

River during the late Pre-Columbian period. At the archaeological sites from this 

period, a highly technological and stylistic patterned ceramic is found. The sites 

are placed in ADEs both in riverine and terra firme areas, pointing to an integrated 

exploitation of forest and acquatic resources. The artefact and ecofacts 

assemblages from those sites include numerous ceramic shards, lithic artefacts, 

charcoal, some plant and animal remains. Features characteristic to the Tapajó 

occupation are artificial ponds and bell and funnel-shaped refuse pits. 

It is now accepted that the archaeological sites (Santarem-Aldeia and 

Porto de Santarem sites) found under the modern city of Santarem were the 

largest Tapajó settlement (Schaan, 2012a, Schaan, 2016, Stenborg et al., 2012, 

Stenborg, 2016b, Roosevelt, 1993, Roosevelt, 1999). Although, different 

scenarios for the regional organization in the late Pre-Columbian times are 

suggested (Gomes, 2008a, Gomes, 2016, Martins, 2012, Schaan, 2012a, 

Troufflard, 2017). This regional complex social organization is assumed to 

include sites of various sizes placed in different environments, such as large sites 

located in riverine areas of main water courses, smaller sites in secondary 

watercourses, and small sites in terra firme areas e.g. bluffs, plateau and summit 

(Nimuendaju, 2004, Schaan, 2012a, Stenborg et al., 2012). 

Recently, archaeological studies questioned the frontiers of the Tapajos 

domain (Gomes, 2008a, Martins, 2012). The distribution of Incised and 

Punctuated material culture previously associated with the Tapajó has been seen 

as the materialization of shared cosmologies in the Lower Tapajos River (Gomes, 

2016, Martins, 2012). For Parauá region, Gomes (2008a) recognized a human 

occupation contemporary to the Tapajó group but culturally autonomous. 
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Ceramic vessels for food production and consumption are unlike the Santarem 

ceramic and hold similarities with the Uru ceramic from the upper Xingu. Gomes 

(2008a) suggests a limited communication of the Tapajó with middle and upper 

Tapajos River comprising their influence in the right bank of Tapajos River 

through sites in riverine, bluffs, and plateau slope and crest nearby. 

Even for the region of Tapajó/Santarem phase ceramic distribution – 

Santarem-Belterra region - ceramic studies do not indicate hierarchy in the level 

of material culture distribution. The ceramic found in the terra firme sites is not 

technically or stylistically inferior to the one from Porto de Santarem site (Schaan, 

2016). Thus, elaborated material culture in itself cannot be considered an 

indicator of hierarchy. The Tapajó regional organization in Santarem-Belterra is 

probable, but in a rather heterarchical way. The warlike nature of the Tapajó 

group could be a reaction to the European occupation of the region. Acuña (1641) 

wrote that the Tapajó avoiding to be enslaved began enslaving their neighbours. 

In the historical accounts, there is mention to other groups living in small 

watercourses (São José, 1847). If those groups identified themselves with 

different names but shared the material culture with the Tapajó is important to 

think about the social network and the ideas circulating regionally through 

material culture. This study contributes to this debate by assessing food 

production and consumption among ancient groups in the region.  

 

1.5. Tapajó settlement patterns 
The region has a long-term human land use history. Diverse settings were 

utilized since the beginning, such as Pedra Pintada cave in terra firme and the 

riverine Taperinha shell midden. The archaeological data for this first human 

intervention show the management of multiple natural resources for subsistence. 

The adoption of settled lives initiated the peopling of all the biomasses in the 

Santarem-Belterra region. The majority of the sites are placed on the plateau 

(63%). The shore of Tapajos River is the second placement choice (18,5%), 

plateau slope and crest sections were equally preferred (6,5% each) followed by 

near lakes places (5%), and secondary watercourses were less favoured (1%). 

Taking into consideration the 133 Santarem phase affiliated sites 

dispersed in multiple settings, it is reasonable to propose a Tapajó regional 
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settlement organization in a collective subsistence system wherein every site 

hold specific economic function (Stenborg et al., 2012, Schaan, 2016). Such 

regional system means an integrated management of natural resources being 

the base of communal socialization. At the same time, transforming their 

environment and their socio-cultural history. As a consequence, not only food 

resources and goods are exchanged rather through the circulation of religious 

beliefs, rituals, and ideas world perspective is shared (Schaan, 2016).  

 

 

 

1.5.2. Material culture  
 

1.5.2.1. Ceramic 
All the sites in the Santarem-Belterra share the Santarem ceramic style 

classified as part of the Incise and Punctuate Horizon-Style chronologically 

determined within AD 1000-1600 (Gomes, 2002, Quinn, 2004, Schaan and Alves, 

2015, Stenborg, 2016b). However, ceramics from other styles were collected in 

some sites in the area (Schaan, 2012a). Some ceramic shards were classified as 

Globular or Konduri styles during laboratory analysis. Konduri belongs to the 

Incised and Punctuate Horizon, as the Santarem style (Guapindaia, 2008, Hilbert 

and Hilbert, 1980). Globular is part of Incised Rim Tradition chronologically 

determined within AD 100-800 (Lima, 2016, Hilbert and Hilbert, 1980, Meggers 

and Evans, 1961). As previously described, the Incised and Punctuate Horizon 

style are characterized by a broad use of incision, punctuation and modelling as 

decoration techniques in parallel-incised lines, red slip, and zoomorphic and 

anthropomorphic adorns. In the Santarem phase, modelling is massively used for 

vessel adorns (Fig. 2). 
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Figure 2: Anthropomorphic and zoomorphic ceramic from Porto site. 

From a basic shape repertoire (e.g. simple contour spherical open bowls, 

simple contour closed pots, composite contour open bowls, composite contour 

closed vessels, and complex contour closed jars) the Santarem phase ceramic 

is remarkable by the diversity of decoration techniques combinations, especially 

modelling. The decoration also has a basic repertoire: incision and red slip. The 

results of such combinations are the impressive caryatid, necked, and globular 

vessels (Fig. 3), as well as, highly decorated plates, anthropomorphic and 

anthropo-zoomorphic figurines, and pipes. These vessels display elaborate 

decorations and are commonly associated with ritual contexts (Gomes, 2002, 

Roosevelt, 1999). 

 

Figure 3: The three traditional Tapajó vessels: (A) caryatid vessel (Height:19cm - MAE/USP). (B) necked 

vessel (Height: 17,5cm - MAE/USP). (C)globular vessel (Height: 23.7cm - MAE/USP). Images adapted 

from Gomes 2002. 

 

1.5.2.3. Lithic 
The lithic materials found in this area are quartz and silex stone flakes and 

grater teeth, sandstone abraders, hematite spindle whorls, fragmented and 

preforms of stone axes, muiraquitãs and some polished cylindrical pointed 
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objects (Fig. 4). The lithic industry involves uniface and biface reduction by 

percussion-flaking combined with polishing and retouching techniques (Moraes 

et al., 2014, Araujo da Silva, 2015). So far, the higher densities of lithic artefacts 

associated with the Tapajó occupation were recovered from Porto site. The 

findings from terra firme sites are in much smaller numbers and include in general 

artefacts (e.g. stone hand axes), while in Porto the assemblages largely comprise 

raw materials, tools, and debitage (Moraes et al., 2014, Araujo da Silva, 2016). 

 

 
Figure 4: Left - stone flakes, sandstone calibrators and axe preform; right: lithic and ceramic spindle 

whorls collected at Porto site.
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Chapter 2 
 

Amazonian Dark Earths 
 

 

This chapter presents an overview Amazonian Dark Earth studies. First, 

the properties of ADE are introduced. Then, the main theories about ADEs origins 

are presented. In the end of the chapter, I outline the results of phytolith studies 

in Amazonian Dark Earths.  

 

 

* Terminology 

The word mulata has a pejorative meaning of miscegenation and impurity. Mulata 

refers to interethnic breeding that resulted largely from rapes during the 354 years (1534 

to 1888) of black slavery in Brazil. Considering the cruel origin of the word, the ethical 

choice of this work is to refuse the nomenclature Terras Mulatas as a category of 

classification of the lighter form of dark soils. Thus, the terminologies adopted in this 

study are Black ADE and Brown ADE. 

 

2.1. Introduction 

Amazonian dark earths are anthropic soils formed by consistent discard of 

organic material (e.g. ashes, charcoal, animal bones, urine, faeces, leafs, 

ceramic and lithic artefacts) related to land use practices and domestic activities 

performed in each living area (Schmidt et al., 2014). This extremely fertile soil is 
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widespread in Amazonia and has been studied by scholars from several fields, 

still engaged in the process of understanding its origins (Lehmann et al., 2003, 

Glaser and Birk, 2012, Woods et al., 2009, Teixeira et al., 2009). 

The decomposition of organic matter enriches the soil by increasing the 

soil pH, the organic carbon, and the rates of some nutrients as Nitrogen, Calcium, 

Phosphorus, Potassium, Zinc, Magnesium, and Manganese among others 

(Schmidt and Heckenberger, 2009). Wood ashes, dry plants, animal viscera, and 

human faeces are responsible for the addition of elements such as Magnesium, 

Manganese, Zinc, and Potassium (Woods, 2003, Wilson et al., 2008). Bones, 

urine, and food preparation activities would contribute Phosphorus and Calcium 

to this soil composition (Woods, 2003, Canuto et al., 2010). Also, the controlled 

use of fire would produce enormous amounts of microcharcoal present in these 

soils, responsible for its dark colour and resilience of its properties (Kern et al., 

2009a, Kampf et al., 2003). 

Multidisciplinary efforts significantly advanced the knowledge about ADE 

properties and formation processes. A major achievement has been the 

differentiation between Black and Brown ADEs (Sombroek, 1966, Woods and 

McCann, 1999a). Black ADEs are considered to be a by-product of settlement 

daily activities (e.g. food production, manufacture, fuel, house construction), while 

Brown ADEs are associated with pre-European agriculture practices (Denevan, 

2003, Denevan and Woods, 2004, Kern et al., 2009a, Woods and Glaser, 2003, 

Arroyo-Kalin, 2010). The main characteristics of Brown ADE in comparison with 

Black ADE are their lighter colouration (dark brown), the absence or low density 

of artefacts, their high level of organic matter, and their direct spatial association 

with Black ADE areas (Woods and McCann, 1999a, Sombroek et al., 2010). The 

identification of distinct activity areas and its respective functions inside 

archaeological sites is a fundamental advancement for understanding ancient 

land use, mobility behaviours, subsistence systems, food production, and social 

and spatial organization in Amazonian Dark Earth sites.  

In addition to the comprehension of the formation processes and 

persistence of ADE, this differentiation is important because of its conceptual 

implication. Namely, the reconnaissance of ancient population as agents in a 

dialectical relation with the surrounding environment, which is related to the 

debate in Amazonian archaeology regarding the influence of human habits and 
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practices on tropical forest. Several Amazonian Dark Earth studies were carried 

out at the Lower Tapajos region, especially at the great extensions of ADE over 

Santarem and the Belterra plateau where Brown and Black soils were first 

distinguished (Sombroek, 1966, Woods and McCann, 1999a, Smith, 1980). 

Numerous ADE archaeological sites and their position in the landscape are now 

known on the Santarem-Belterra region (Stenborg et al., 2012). Regional studies 

of Brown soils classified them as a product of cultivation (Sombroek, 1966, 

Woods and McCann, 1999a). However, to this point, no study investigated which 

plants were cultivated or managed on the ADEs in this region. This is an important 

gap to be filled to improve the knowledge about the origins of Amazonian Dark 

Earth on the Lower Tapajos region. 

The intentionality of ADE production remains a matter of debate between 

specialists. Some Scholars argue that intentional management of soils and 

resources surrounding the villages aimed at the soil enrichment (Arroyo-Kalin et 

al., 2009, Arroyo-Kalin, 2010, Arroyo-Kalin, 2012, Arroyo-Kalin, 2014, Woods and 

McCann, 1999a, Denevan, 2003). Others suggest that the formation of ADE is 

related to the long-term occupation of settlements, which produced a significant 

volume of discarded organic materials resulting in the alteration of soil chemical 

composition. Thus, are not an intentional product of human occupations (Kern, 

2009, Schaan, 2012a, Kampf et al., 2003). Whether intentional or not, the 

formation processes of ADE are associated with past human activities. Therefore, 

the formation of ADEs involves a diversity of processes related to environmental 

and socio-cultural factors. For instance, investigation of ADEs and earth 

structures in the Upper Xingu region revealed distinct signature for a variety of 

activity areas (Schmidt and Heckenberger, 2009, Schmidt et al., 2014). Similar 

results were obtained by Ribeiro Ribeiro (2017) at Antônio Galo ADE site in 

Central Amazon. Ribeiro combined geochemical and micro artefactual indices to 

detect activity areas and patterns of spatial organization. 
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2.1.1. Human mobility behaviours, subsistence systems, and the 
origin of Brown ADEs 

The knowledge about ADEs has been improved significantly over the past 

ten years by a multidisciplinary effort (e.g. (Lehmann et al., 2003, Woods, 2003, 

Woods et al., 2009, Teixeira et al., 2009). Since the first accounts from the 19th 

century, Amazonian Dark Earths were considered of anthropogenic origin 

(Denevan and Woods, 2004, Woods and Denevan, 2009). However, some 

specialists suggested a natural origin for ADE in the mid 20th century. For 

example, Camargo’s theory about the Andean volcanic ash origin of Black ADEs 

(Camargo1941 apud Woods and Denevan (2009)) and Barbosa de Faria’s 

hypothesis that remains from past lakes and ponds formed TP (Barbosa de Faria 

1944 and Falesi 1965 apud (Woods and Denevan, 2009)). In 1966 a work carried 

out by Win Sombroek brought the anthropogenic theory back and identified two 

types of ADE each one related to distinct past human activities: Black ADE 

associated with settlements and Brown ADE associated with cultivation areas. 

As the studies of ADE were improved the theory of the agricultural origin 

of Brown ADEs has been refined by different specialists (Woods and McCann, 

1999a, Arroyo-Kalin, 2012, Sombroek et al., 2010). Brown soils were found 

associated with permanent settlements (Black ADEs) localized in a variety of 

environments such as floodplains, bluffs of main and minor rivers, and terra Firme 

areas (Woods and McCann, 1999a, Denevan, 1996, Sombroek et al., 2010). 

Denevan (2003) suggested that intensive or semi-intensive semi-permanent 

cultivation practices had a crucial role in the formation of Brown ADEs. The 

agricultural origin theory implies human management of the environment 

combining different techniques of soil enrichment (e.g. in-field burning with 

incomplete combustion resulting in charcoal, composting, mulching and fallow 

periods for regeneration) (Arroyo-Kalin, 2010, Arroyo-Kalin, 2012, Denevan, 

2003, Denevan, 2009, Sombroek et al., 2010). 

 

2.1.2. The agriculture model 
The perspective of past agricultural practices lasting long enough to 

transform the environment was introduced by Sombroek (1966), who was a 

strong enthusiast of the idea of human influence on the formation of Terras 
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Pretas. In his broad study about Amazon soils, Sombroek (1966) classified the 

Black ADEs as anthropogenic soils related with pre-Columbian villages. Also, the 

surrounding areas were defined as Brown ADEs that resulted from long-term 

cultivation. The variation in the chemical and physical properties of Black ADE 

from Santarem-Belterra area was attributed to the intensity of past Indian 

influence (Sombroek 1966: 252).  

Sombroek’s contribution is very important for Amazonian archaeology 

because of the focus on the long-term human impact on Amazonia environment. 

This idea contradicts completely the deterministic archaeological perspective at 

that time, which considered the Amazonian environment a limitation to human 

development in this region (Meggers, 1954). Moreover, Sombroek’s proposition 

also implies that ancient people in Amazonia had mobility behaviours different 

from what was then accepted (e.g. small groups practicing slash and burn 

agriculture shifting in short periods of time) (Meggers, 1954). Thus, Sombroek’s 

work highly influenced the development of soils studies and instigated new 

approaches to study the past by Amazonian archaeological studies. This did not 

come so fast, though.  

Sombroek’s differentiation of Brown and Black ADEs, as well as, the 

suggested agricultural origin of Brown ADE was rejected by (Smith, 1980). Smith 

(1980:553) recognized the anthropogenic origin of Black ADEs, but as remains 

from large and sedentary populations. In his perspective, organic matter, 

residues of fire, and calcium ions accumulated during the occupation of the place 

resulted in soil melanisation. Black ADE was interpreted as a result of long 

occupations (Smith 1980: 556) and Brown ADE from shorter occupations. During 

his investigation of ADE soils from the Lower Tapajos River region, Smith (1980: 

556) identified a divergent pattern in the distribution of the anthropogenic patches 

on the areas near rivers (linear) and on the terra firme (circular) and interpreted 

this as an indication of the shapes of the villages. 

However, the agricultural origin of Brown ADEs was gradually accepted 

among scholars. One of its more dedicated supporters is the geographer William 

Denevan who has continuously developed the agricultural origin theory. In his 

experimental work with stone axes, Denevan (1992) proved that the efficiency of 

this tool was not able to sustain the shifting agriculture system as 

contemporaneous Amazonian indigenous groups practice. This author has also 
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proposed that semi-permanent settlements were placed on the bluffs of minor 

rivers, relying on multiples food sources, such as fishing, seasonal cultivation of 

floodplains, harvesting, and cultivation of surrounding areas associated to Brown 

ADEs (Denevan, 1996). Some essential assumptions about Brown soils derive 

from Denevan propositions (2004, 2010). First, the assumed human soil 

management during the past. This assumption is based on Denevan’s 

proposition that in a semi-intensive cultivation system the cropping/fallow process 

was crucial for the formation of Brown ADEs (Denevan, 2003). Second, the 

attributed long-term and gradual process of Brown ADE formation. This is based 

on Denevan’s proposition that the fertility of Brown ADEs might turned this areas 

in preferred places for human activities, which also associates the diversity of 

ADEs to each site particular history, land use, and settlement patterns (Denevan, 

2003). 

Woods and McCann (1999a) also investigated the Lower Tapajos River 

region near Santarem and collected sample from different locations (e.g. in terra 

firme, on the bluffs, on the beaches, and on Belterra plateau). They proposed that 

the small darker areas (Black ADE) could be associated with long-term human 

habitation. For these authors, the ADE depth is not related to the duration of 

occupation but rather results from a gradual process of burning and mulching 

permanent gardens or short fallow fields (Woods and McCann, 1999a). As for 

Brown ADEs, they considered a result of long lasting Amerindian gardening and 

associated its persistence with human enrichment combined with biotic activities. 

Thus, considering an agricultural and intentional origin of Brown ADEs. The 

intentional formation of Brown soils has also been theorized as part of an agro-

system, involving burning with incomplete combustion resulting in charcoal that 

improved the concentration of organic matter, which along time had increased 

the fertility of the soil. This proposed ‘slash and char’ system would include the 

soil management by mulching and composting for maintains the fertility, which 

attributed persistence to Brown soils (Woods and McCann, 1999a, Denevan, 

2003, Denevan, 2009, Sombroek et al., 2010).   
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2.1.3. The midden model 
The Amazonian Dark Earths have been found in a variety of environments 

such as floodplains, bluffs of main and minor rivers, interfluve areas and Terra 

Firme. In face of this diversity of contexts, the specialists have tried to understand 

the origin of ADEs both as a broad Amazonian phenomenon as well as in local 

scales (Denevan, 1992, Denevan, 1996, Denevan, 2003, Denevan, 2009, 

Sombroek et al., 2010, Woods and McCann, 1999a, Neves and Petersen, 2006, 

Heckenberger and Neves, 2009, Rebellato et al., 2009, Arroyo-Kalin, 2010, 

Arroyo-Kalin, 2012, Arroyo-Kalin, 2014, McMichael et al., 2014, Schmidt et al., 

2014). 

A pattern of spatial settlement organization in ADEs was proposed for 

different areas of Amazonia (e.g. Upper Xingu region, Central Amazonia, Lower 

Trombetas River and Lower Tapajos River) (Neves and Petersen, 2006, Schmidt 

and Heckenberger, 2009, Schmidt et al., 2014, Schaan, 2012a). The suggested 

pattern comprises the distribution of terraces and horseshoe-shaped mounds 

within ADE sites. The mounds were interpreted as midden and the terraces as 

house areas. Such assumptions are based on contextual information from 

excavations and soil chemical analyses from the two types of structures at ADE 

sites on distinct regions (Schmidt et al., 2014). The results of chemical analyses 

indicated differences in soil pH, organic matter and nutrients accumulations. 

Samples from middens presented higher rates in all the parameters measured. 

Based on this fact, the midden areas were considered most suitable for ADE 

formation. Although, the authors highlight that the soil fertility of midden ADEs 

depends on the properties of the soils before the formation of ADE (Schmidt et 

al., 2014). 

Even though their arguments focus on the similarities between the three 

regions, Schmidt et al. (2014) results put in evidence how the formation process 

of ADE is intrinsically correlated with particular contexts. Their study has a 

fascinating approach to the ADE topic. The relation established between soil 

signature and function of the area makes it possible to identify these areas by soil 

analysis, which is crucial for the comprehension of the human behaviour behind 

the archaeological record formation process. Aside from all the evidence 

presented in the paper that indicates the existence of a pattern in land use and 
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space organization, particular processes performed inside each archaeological 

sites clearly impacted local ADE formation. This is true for all three regions 

studied in the paper and implicit in their hypothesis that ADE formation is directly 

correlated to the function of intra-site spaces. 

Another study created a predictive system to identify ADE archaeological 

sites in Amazonia (McMichael et al., 2014). The model compiled information from 

different sources considering both archaeological and geographical data (e.g. 

climatic, geological, terrain and hydrological characteristics, databases of 

previous archaeological surveys). This study aimed to measure the extent of Pre-

Columbian activities impacts on Amazonia environment by establishing a suitable 

distribution of ADE soil. According to their predictive system, geological, terrain 

and hydrological conditions were most important to identify the ADE distribution 

than climatic conditions (McMichael et al., 2014). In this study, eastern Amazonia 

was predicted as more likely to present ADE sites. Especially the Solimões Basin, 

Ucayali Basin, and Brazilian Shield regions, as well as, riverine areas and bluffs 

above 25m. 

Positive apescts of this predictive system are the summary of information 

about ADE and the incorporation of a wide range of data sources, including 

accounts from the 17
th
 century. Therefore, furnishing a reliable database to inform 

future archaeological investigations in ADE sites. Additionally, their model 

highlights the spatial and temporal heterogeneity of ADE. However, the main 

parameters for prediction are environmental (McMichael et al., 2014) leaving the 

singularities of ADE out of the model. As previously mentioned, the differences 

in ADE formation are associated to human behaviour (i.e. different land use and 

spatial organization). Another drawback is that large unknown archaeological 

areas in Amazonia are not covered by the predictive system since it is based on 

prior information. 

None of these papers uses archaeobotanical data, which could improve 

the comprehension of the changes on soil fertility as well as the human-

environment interactions. That is, presuming subsistence strategies as 

social/cultural choices and its consequences on the surround living area. This 

absence of archaeobotanical analyses is common on the development of 

archaeological projects in Amazonia. The study of archaeobotanical remains 
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provides empirical data to correlate the nutrient signatures on the soil with the 

plants consumed by the inhabitants of the sites.  

 

1.4.Human-Environment interaction, landscape transformations, 
and social development in Amazonia 

During the past decades the studies about ADE stimulated debates 

considering different aspects of the subject, such as settlement daily activities 

and subsistence strategies associated with the formation of ADE e.g. agriculture 

practices: slash-and-burn, slash and char, slash-and-burning-and-churning, 

mulching, home gardens (Denevan, 2003, 2009, Arroyo-Kalin, 2012, Woods and 

McCann, 1999a). The application of soil science methodologies combined with 

stratigraphic data permitted an approach of social, political, and economic 

implications on the formation and exploitation of ADE sites in central Amazon. 

Additionally, the dialectical relation between human development and 

environmental transformations around the Christ Era were highlighted (Neves 

and Petersen, 2006, Rebellato et al., 2009). 

ADE formation is one of the major alterations caused by long-term human 

occupation in Amazonia. It is overall associated with an increase in biodiversity 

(Clement et al., 2003, Fraser et al., 2009) and the construction of earthworks (e.g. 

mounds, ditches, and terraces) (Neves and Petersen, 2006, Rebellato et al., 

2009). Assumptions regarding nutrients variations as indices of changes intra-

site spatial organization in Central Amazon are supported by the data provided 

by Schmidt et al. (2014). Hence, the identification of distinct activity areas and its 

respective functions intra-site is a fundamental advance for understanding 

ancient land use, mobility behaviours, subsistence systems, and social and 

spatial organization in ADE sites. 

Studies of ADE sites in the Central Amazon have consistently suggested 

that diversification in use of space is intimately associated with cultural, political, 

and socioeconomic changes, which occurred continuously for a an extended 

period (Neves and Petersen, 2006, Rebellato et al., 2009). For instance, 

economic and cultural aspects were addressed for the Hatahara site based on 

village design, stratigraphic data, material culture analysis, and soil colour. The 

ADE formation in this site was attributed to long-term subsistence and disposal 
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practices, including intentional and unintentional alterations of the soil (Rebellato 

et al., 2009). Changes in the village layout and material culture were interpreted 

as the result of a conflict for the ADE area possession. Therefore, a correlation 

between cultural systems and land use for food production was assumed. 

The first occupation in Hatahare is associated with the Manacapuru and 

Paredão phases, which comprise circular villages organized around a central 

plaza and a small mound arranged in a horseshoe format. This group had an 

economy based on complementary sources of food, including fishing, hunting, 

harvesting, gathering, and cultivation. The ADE formation in Hatahara site is 

associated with this first occupation (Rebellato et al., 2009). Second occupation 

is related to the Guarita phase and comprise a linear village along the river bluff. 

Their suggested subsistence is a combination of intensive exploitation of water 

resources and cultivation in the background area. The intra-site redistribution of 

Black ADE was interpreted as evidence of soil management to homogenize soil 

nutrients availability (Rebellato et al., 2009).  

The archaeological contexts of Hatahara and Lago Grande sites are 

discussed focusing on the political aspects. Lago Grande is defined as 

continuously occupied over a timeframe of 200 years – AD 900 to 1000, and has 

varied intra-site nutrients accumulation on ADE. The presence of ditches is 

interpreted as evidence of conflicts involving site abandonment at the end of 10
th
 

century AD (Neves & Petersen 2006: 293). According to Neves and Petersen 

(2006), a pattern of landscapes transformations started after the 1
st
 Millennium 

AD in Amazonia with the formation of ADE and secondary forests. The authors 

also defend the existence of a dialectical development of society and 

environment in stable agricultural systems with multiple protein sources. Events 

of site abandonment are explained as political and adaptive processes, such as 

alternation between centralized and decentralized political organizations, 

creating changes in food production and labour organization (Neves and 

Petersen, 2006). 

Because this thesis aims to investigate diachronic plant uses and its 

relation with the regional formation of ADEs, these authors reflections about long-

term human management of natural resources in Amazonia as a dialectical and 

sociocultural process are constructive. Similarly, their efficient use of local and 

regional scales is useful for my research. A multiscale approach allows the 
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observation of similarities and differences between the sites, avoiding 

generalization about space appropriation and plant use. 

 

2.1.5. Domesttication of landscape and mobility behaviours 
As previously outlined, themes such as sedentism, cultivation, and 

resources management pervade the discussions about ADE, especially about 

Brown ADEs. Arroyo-Kalin (2009, 2010, 2012) proposed an association between 

the formation of ADE and changes on mobility behaviours, including the 

beginning of sedentism and the intensification of dynamics of landscapes 

modification. In this perspective, the landscape transformations began with 

harvesting practices of foragers that left anthropogenic patches in the frequent 

catchment places. Thus, at the beginning soil alteration was unintentional. 

According to Arroyo-Kalin (2010), the soil enrichment stimulated the permanence 

and the manipulation of crops. Therefore, resulting in the intentional 

transformation of the landscape. For Arroyo-Kalin, (2010, 2010a, 2012) Brown 

ADE production is associated with the cultivation of bitter manioc, the process of 

agricultural intensification, and development of permanent settlements in 

Amazonia after the first millennium AD (Arroyo-Kalin, 2010, Arroyo-Kalin, 2012). 

In his pedogenic ADE studies in central Amazon sites, Arroyo-Kalin (2009, 

2010, 2012) identified particular signatures of nutrients on soils samples from 

different contexts intra-site. One of the results indicated that Brown ADEs present 

“important but on the whole lower quantities of charcoal than Terras Pretas” 

(Arroyo-Kalin 2012: 10). The charcoal from Black ADE was interpreted as a 

vestige from settlement activities and the charcoal from Brown ADE as remains 

from slash-and-burn cultivation. Therefore, Arroyo-Kalin agrees with the 

agricultural origin of Brown ADEs and relates it to intensive cultivation practices. 

Given the main assumptions about Black and Brown ADEs origins included 

natural resources management and social changes, the botanical identification is 

quintessential for a better comprehension of the natural and cultural processes 

involved in ADE formation and use. In particular, the identification of crops (e.g. 

maize, manioc, squash) and parts of these plants, such as maize leafs, which 

could support the interpretation of cultivation areas. 
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2.1.6. The Santarem region – understanding the formation 
process of ADE in the case study sites 

The Santarem region has been the subject of different studies approaching 

the origin and properties of ADEs. Developments in ADEs studies were widely 

based on the Lower Tapajos and Lower Amazon Regions, especially in 

archaeological sites located at the Belterra plateau (Sombroek, 1966, Smith, 

1980, Woods and McCann, 1999a). Efforts to map and establish a pattern of ADE 

distribution mapped 133 sites (Stenborg et al., 2012, Stenborg et al., 2013, 

Soderström et al., 2013, Söderström et al., 2016, Guarim, 2015). The 

geochemical characterization of two terra firme ADE sites in the Belterra plateau 

revealed stronger ADEs associated with past activity areas (e.g. pond wall and 

house floor). The soils from Bom Futuro and São Francisco sites were classified 

as anthrosols (Eriksson et al., 2016). Considering the contemporaneous 

appearance of ADE and regional organized societies in Santarem-Belterra 

region, Schaan (2012a) argues that ADE result from daily settlement activities, 

which added phosphorus and carbon to the soil from fish meal preparations (e.g. 

discard of viscera, bones and charcoal from firing). The ADEs are comprehended 

as landscape transformations occasioned by exploitations of the environment. 

The proposed subsistence strategy is the management of aquatic resources. 

However, Schaan overlooks the plant remains (e.g. carbonized seeds) recovered 

from the archaeological sites in Santarem-Belterra region. 

Nearly all archaeological sites in the region under investigation contain 

ADE. The Brown ADE occurs both underneath and surrounding Black ADEs. The 

Brown ADE layer commonly has a high density of charcoal and low quantities of 

artefacts. The Black ADE appearance is concomitant to the regional emergence 

of the Tapajó group. Hence, the origin of Black ADE is linked to the Tapajó land 

use (e.g. management of Brown ADE). As such, the Tapajó group subsistence 

practices are a key element for understanding the regional formation process of 

ADE. 

2.1.7. Hypothesis of this Thesis 
  Considering the research questions, the theories about the origin of 

Amazonian dark Earths, and the contexts of regional formation of ADEs, the 

following hypothesis are going to be tested: 



	 	 Amazonian	Dark	Earths	

37	
	
	

Hypothesis 1: an agricultural origin of Brown ADE involved slash-and-burning 

intensive agriculture. In this case, an open landscape, increase in charcoal 

coupled with increase in disturbance taxa, and high proportions of crops are 

expected. 

 

Hypothesis 2: an agricultural origin of Brown ADE associated with house garden 

and agroforestry practices including in-field burning with incomplete combustion. 

In this case, a shady landscape, a variety of plants (e.g. edible forest plants, 

legumes, medicinal plants, and crops), increase in microcharcoal are expected. 

 

  



	 	 	

38	
	
	

 
 

 

 

 

 

Chapter 3 
 

Materials and Methods 
 

 

In this thesis, phytolith analysis were carried in a total of 133 soil samples, 

among them 80 were also analysed for micro charcoal, and 111 for geochemichal 

analysis. The contexts sampled fall into three broad categories: surface soils 

underlaying modern forest swidden plots, test pit soil profiles from transects in 

the sites, profiles and features exposed during archaeological excavations.  

The correlation between activity areas and the soil chemical signature 

based the design of sampling strategies in this study. Distinct activity areas were 

sampled aiming to address the ADE formation and the plant component. (see 

chapter 4 for geochemical signatures and chapter 5 for microbotanical remains). 

This way geochemistry and phytolith signatures could be integrated into 

addressing the formation of ADE within and between the studied sites. This 

chapter describes the reasoning of site selection, field and laboratory 

methodology, and sample strategies. 

3.1. Methods 
 

3.1.1. Site Selection and Field Methodology 
The three archaeological sites selected as case studies conform to the 

following criteria: 1) presence of Amazonian Dark Earth - ADE; 2) landscape 

setting (e.g. riverine, terra firme); 3) available information of the archaeological 

record. The presence of ADE is crucial for addressing the main question of this 
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research: namely, what subsistence practices are related to regional ADE 

formation? Additionally, the occurrence of Black and Brown ADE provides 

information about the plant component in each type of ADE. Ancient exploitation 

of different natural resources is tackled by studying sites in distinct landscape 

settings. Previous knowledge of the archaeological context provides a reliable 

base for comparison between the sites.  

The sites selected are Porto de Santarem (hereafter Porto), Cedro, and 

Serra Maguari 1 (hereafter Maguari 1). Porto is a riverine site, Cedro and Maguari 

I are terra firme sites. The three sites exhibits ADE, the occurrence of Brown ADE 

underneath Black ADE and  shared material culture (e.g. ceramic affiliated with 

the Santarem phase - Tapajó pottery), as well as the occurrence of Brown ADE 

underneath Black ADE. Cedro and Maguari 1 also display Brown ADE on 

surfaces surrounding Black ADE. In both sites ADEs are associated with different 

features (e.g. mounds, artificial pond, refuse pit and house floors). For Cedro and 

Maguari 1 it is possible to compare Black and Brown ADE contexts. Thus, 

sediments from excavations and test pit profiles are analysed for these sites. 

Given the high levels of disturbance in Porto site, it was not possible to take 

samples from test pits. 

Porto site has been investigated under different research projects since 

1987. The Lower Amazon Project investigated the site from 1987 to 2007, and 

from 2007 to 2013 the site was studied under the Porto Site Salvage Project. The 

archaeological record from Porto comprises a wide literature (Quinn, 2004, 

Roosevelt, 1993, Roosevelt, 1999, Roosevelt, 2000, Schaan and Alves, 2015, 

Silva, 2016, Araujo da Silva, 2016, Gomes and Luiz, 2013, Moraes et al., 2014). 

Cedro site was investigated under the BR-163 Salvage Project, coordinated by 

Denise P. Schaan. The archaeological record from Cedro site has a more modest 

literature (Schaan and Martins, 2012, Troufflard, 2016a, Troufflard, 2016b, 

Troufflard, 2017). Out of the three, Maguari 1 is the least known known site. 

Maguari 1 was investigated under the Pre-Columbian Amazon Scale 

Transformations Project coordinated by Jose Iriarte in 2014/2015. The site was 

also surveyed under Camila Guarim (2015) PhD project. 

Because the sites were investigated under different projects, excavation 

methods varied. But in general units were excavated by natural layers in artificial 

levels of 10cm, using standard trowelling and shovel-skimming procedures. The 
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sediment of each level was screened through steel mesh sieves. In all three sites, 

sediment samples were taken from features and profiles for phytolith, micro 

charcoal, and geochemical analysis. In Cedro site, 300g of sediments were 

collected at each level. Charcoal samples were taken from well preserved 

contexts for radiocarbon dating. The base of each exposed level was recorded 

by drawings and photographs to show soil colour and artefacts in situ, before the 

next level of the excavation was started. Each feature found was excavated in 

profile to reveal vertical patterning. Plans and profiles of each feature were drawn 

and photographed and their artefact assemblages collected separately for further 

analysis. At the conclusion of each unit a further excavation was made to a depth 

of 10 cm into the culturally sterile Ferralsol. Then, 50cm deep cores were made 

using post-hole diggers to confirm the absence of material culture. The walls with 

their abundant vestiges, and the deeper and shallower cultural layers, were 

photographed and drawn to register the general orientation of the site 

stratigraphy.  

The artefacts collected in Cedro site were washed, catalogued, and 

analysed in the Archaeological Laboratory Curt Nimuendaju at the Federal 

University of Western Pará. The artefacts recovered from Porto site and Serra do 

Maguari were washed, catalogued, and analysed in the Archaeological 

Laboratory at the Federal University of Pará in Belém, Brazil. The archaeological 

contexts were classified into activity areas based on ethnographic information 

(Silva and Rebellato., 2004, Schmidt et al., 2014). 

 

3.1.2. Soil mapping and sampling 
The first step entailed delimiting ADEs from the surrounding Ferralsol. The 

delimitation comprised coring transects in regular intervals using post-hole 

diggers. The cores were dug to reach the B horizon. Coordinates of the cores 

were taken by a hand-held Global Positioning System (GPS). The contour line 

maps were produced using the Surferâ 11 software combined with the Kriging 

method for the interpolation of soil types. For each core, soil morphology and 

artefact content were described. The morphological aspects registered were 

colour, texture,  moisture content, consistence, and thickness of the dark layer 

(Kampf et al., 2003). Physical classification comprised description of the fine 
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earth particle size (sand, silt, clay). Soil sampling involved two strategies: firstly, 

the soil columns in 60 x 60 cm test pits were sampled at 5cm intervals; secondly, 

all the test pits were dug 30cm below the dark soils. Thus, the depths of the test 

pits varied according to the stratigraphies. In addition, sediment samples were 

taken from cultural contexts during the excavations (Pearsall, 2010). The 

archaeological contexts sampled are detailed in chapter 5. 

 

3.1.3. Soil physico-chemical analysis methods 
Soil pH was determined in water [1:2.5]. NRM laboratories conducted 

multi-element analysis in samples from Maguari and Cedro sites. Geosol 

laboratories carried ICP analysis of Porto site’s samples. The soil properties 

analysed were exchangeable base cations (Ca, Mg, K, and Na), micro-nutrients 

(Mn, Zn, and Cu), exchangeable Aluminium (Al3+), extractable phosphorus (P) 

by Melich-1, total P, total Carbon (C), total Nitrogen (N), and Carbon to Nitrogen 

(C-N) ratio. Soil organic matter was calculated based on total C value multiplied 

by 1.72 (Kern, 2009). Cation Exchange Capacity at pH 7 (CEC) was calculated 

from the results of exchangeable cations (CEC= Ca2+ + Mg2+ + K+ + Na+). 

Effective base saturation (V) was calculated using the following equation from 

WRB (2014):  

%V= [(Ca2+ + Mg2+ + K+ + Na+) / (Ca2+ + Mg2+ + K+ + Na++Al3+) *100 

 

3.1.4. Soil classification 
Table 1 displays principal and supplementary qualifiers used in soil 

classification. The World Reference Base for Soil Resources (hereafter WRB) is 

an international soil classification system commonly used by soil scientists. The 

latest edition of WRB (WRB) includes a pretic horizon to accommodate the 

“Terras Pretas” within the Anthrosols. Thus, the following soil classifications 

combine parameters from WRB (2015) and instructions for ADE classification 

from Kampf et al. (2003). In order to incorporate the soil studies with the known 

stratigraphic sequences of the sites, the profiles are described as layers instead 

of horizons. The reference soil groups (RSG) identified in the study area are 

Ferralsol and Anthrosol. Ferralsol is distinguished by Fe or Al chemistry WRB 
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(2015). Anthrosols “comprise soils that have been modified profoundly through 

human activities, such as addition of organic or mineral material, charcoal or 

household wastes, or irrigation and cultivation” (WRB (2015). Principal qualifiers 

are Cultic, Pretic, Protic, Terric, and Xanthic. Supplementary qualifiers are Clayic, 

Ebonic, Endodystric, Grayic, Leptic, Hyperdystic, and Vetic. The definitions of 

qualifiers follow: 

 
Table 1: Principal and supplementary qualifiers used for soil classification.  

Principal qualifiers 

Cultic (from L. cultura, human culture expressed by artefacts) defines a reference horizon with a high 

content of cultural artefacts, of 10% or more (by visual estimation, as quantity of area covered) of the 

horizon’s vertical surface. Also used in combinations, like Culto-Agric, Culto-Hortic, Culto-Terric (Kampf 

et al., 2003) [modified from WRB (2015)]. 

Pretic: A pretic horizon (from Portuguese preto, black) is a mineral surface horizon that results from 

human activities including the addition of charcoal. It is characterized by its dark colour, the presence of 

artefacts (ceramic fragments, lithic instruments, bone or shell tools etc.) and high contents of organic 

carbon, phosphorus, calcium, magnesium and micronutrients (mainly zinc and manganese), usually 

contrasting with natural soils in the surrounding area. It typically contains visible remnants of charcoal. A 

Munsell colour value of ≤ 4 and a chroma of ≤ 3; ≥ 1% organic carbon; exchangeable Ca plus Mg of ≥ 2 

Cmolc kg-1, ≥ 30 mg kg-1 of extractable P (Mehlich-1, evidences of past human occupation in the 

surrounding landscape, e.g. constructions, gardens, shell mounds (‘sambaquis’), or earthworks 

(geoglyphs), and one or more layers with a combined thickness of ≥ 20 cm (WRB, 2015).  

Protic (from Gk. proteros, earlier) defines a precondition or an early stage of development of a 

Archaeo-anthrosol, detected by vestiges of ancient human habitation debris and/or ancient human 

activities”  (Kampf et al., 2003) [modified from WRB (2015)]. 

Terric:“(from L. terra, earth) defines soils formed by additions of earthy compost, or mud, over a long 

period of time, or solid earth addition like in earth mounds; cultural artefacts content is less than 10% 

(by visual estimation, as quantity of area covered) of the horizon’s vertical surface; extractable P and 

organic C contents are usually low. Also used in combinations, like Culto- terric, Horto-terric, Agro-

terric” (Kampf et al., 2003) [modified from WRB (2015)]. 

Xanthic (from Gk. xanthos, yellow): having a Ferralic horizon that has in a subhorizon ≥ 30 cm thick, 

and starting ≤ 75 cm of the upper limit of the Ferralic horizon, in ≥ 90% of its exposed area, a Munsell 

colour hue of 7.5YR or yellower, a value of ≥ 4 and a chroma of ≥ 5, all moist (WRB, 2015).  

Supplementary qualifiers 

Clayic (from E. clay): having a texture class of clay, sandy clay or silty clay, in a layer ≥ 30 cm thick” 

(WRB, 2015).  

Ebonic (from E. ebony, black colour): dark colour with Munsell colour (moist) value and chroma <3 in 

most part of the reference horizon. […] Epiebonic indicates occurrence of Ebonic colours in the upper 

part of the reference horizon (Kampf et al., 2003).  

Dystric (from L. dys, bad): expresses low chemical fertility in most part of the reference horizon: 

extractable P and Ca+Mg contents are lower than minima required for eutric class (see eutric 

parameters), and base saturation is lower than 50% (Embrapa method) or 37% (NRCS method). 

Epidystric and endodystric express occurrence of dystric properties, respectively, in the upper part and 

the lower part of the reference horizon (Kampf et al., 2003) [modified from (EMBRAPA, 1999)].   

Grayic: (from E. gray): Gray colors with Munsell colour (moist) value >3 and chroma ≤2, in most part of 

the reference horizon. Epigrayic and endograyic express occurrence of grayic colors, respectively, in 

the upper part and in the lower part of the reference horizon (Kampf et al., 2003).  

Leptic (from Gk. leptos, thin): reference horizon is less than 0.30 m thick (WRB, 2015).  
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Hyperdystric (from Gk. hyper, over): an effective base saturation [exchangeable (Ca + Mg + K + Na) / 

exchangeable (Ca + Mg + K + Na + Al); exchangeable bases by 1 M NH4OAc (pH 7), exchangeable Al 

by 1 M KCl (unbuffered)] of < 50% throughout between 20 and 100 cm from the mineral soil surface, 

and �< 20% in some layer between 20 and 100 cm from the mineral soil surface (WRB, 2015). � 

Vetic (from L. vetus, old): having between 25 and 100 cm of the soil surface a layer that has a sum of 

exchangeable bases (by 1 M NH4OAc, pH 7) plus exchangeable Al (by 1 M KCl, unbuffered) of < 6 

Cmolc kg-1 clay (2) (WRB, 2015). 

 

3.2. Sampling Strategies  
 

3.2.1. Surface soils 
Soil surfaces were sampled aiming to obtain the phytolith record from 

modern forest swidden plots using surface composite samples. Composite 

samples simply consist of multiple subsamples physically mixed together in order 

to create one sample for analysis (Patil, 2002). The advantage of surface 

composite samples is that it allows the visualisation of the horizontal distribution 

of phytoliths and the estimation of the range of each morphotype while reducing 

analytical time and cost. This approach addresses the attributed origin of Brown 

ADEs as a by-product of ‘semi-intensive agricultural practices’ (Denevan, 2009) 

managed as part of an agroforestry system.  

 

3.2.2. Field sampling methods  
Four forest swidden plots were sampled using the same method: in each 

plot 5 points of collection in 15m intervals were sampled (one point in the centre 

and one in each corner of the plot). The organic litter was removed before 

sampling to avoid bias in the phytolith assemblage by decaying plant material. In 

each point a 100g sample was taken with a trowel in 4cm deep. 

 

3.2.2.1. Soil depth profiles 
Addressing the question regarding the agricultural origin of Brown ADEs, 

soil samples were taken from exposed profiles in Brown ADEs of Maguari I and 

Cedro sites. This sampling strategy aimed to acquire phytolith assemblages from 

ADE and track possible vestiges of cultivation (e.g. crops phytolith, disturbance 

indicator phytoliths). Phytolith analysis were carried in samples from all the test 
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pits. In addition, geochemical analysis was conducted in samples from TP1 and 

TP5 from Cedro site. 

3.2.2.2. Field sampling methods  
Sampling was focused on known Brown ADEs. The implantation of the 

test pits was twofold. In Cedro site, TP1 was cut on the wets outer edge of ADE 

in order to serve as a reference profile. Aligned with TP1, TP2 and TP5 were 

opened in Brown ADE in 25m intervals, summing 75m in length. TP3 and TP4 

were exposed on northeast and southeast edges of Brown ADE. In Maguari I site, 

the test pits were implanted along a transect from the Black ADE, crossing the 

Brown ADE into the natural Ferralsol. The transect started adjacent to Mound 2 

(3m) and was east oriented. The test pits were opened in 25m intervals. The 

transect was 150m long and included six test pits, of which five were analysed 

since TP6 presented the same stratigraphy as TP4 and TP5. The purpose of this 

spatial distribution of test pits was to detect possible variation in vegetation 

component within the site as observed with the soil colour and soil fertility. Each 

test pit measured 60cm x 60cm. As all test pits were under the forest, root and 

burrowing biota disturbances were recorded. For this reason, soil columns 

covered 20cm in the better preserved profiles of the test pits. The columns were 

sampled in 5cm intervals following standard methods (Piperno, 2006). All test pits 

were dug 30cm below the ADE in order to determine the vegetation before ADE 

formation. Thus, test pit’s depths varied according to the profiles stratigraphies. 

The stratigraphies of each test pit was described, profiles were photographed, 

and the presence of material culture was recorded. 

Porto 
In 2014 the south profile from unit N420L230 was opened and 36 samples 

were taken. The samples were taken in 5cm intervals from bottom to top of the 

profile. The stratigraphy of this profile has been previously described (Alves, 

2014). Overall, it comprises the Brown ADE (I) buried under the Black ADE (II), 

which appears as a light Gray sediment when dry, as seen in Fig. 5.  
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Figure 5: South Profile from unit L230N420. 

 

Cedro 
Table 2 details the stratigraphies of the five soil test pit profiles from Cedro 

site analysed in this study. Sediment samples were taken for phytolith analysis in 

the test pits. Five 60cm x 60cm soil test pits were opened mainly on Brown ADE 

areas. Test Pit 1 was a reference profile opened 20m outside the ADE area. Test 

pits 1, 2 and 5 were placed along a transect from outside ADE to 40m inside ADE. 

Test pits 3 and 4 were placed on opposite sides within the limits of the ADE. This 

sampling strategy was designed to cover different points of the ADE surrounding 

the activity areas, as well as to record possible changes in vegetation along the 

transect from the ADE into the Ferralsol. Brown ADE on the test pits ranged from 

10cm to 30cm. All test pits, except TP4 were dug 30cm deep into the Ferralsol to 

assess the phytolith assemblage before the formation of ADE. Soil texture is 

homogeneous among the soil profiles, consisting of a loose, root disturbed, 

humus-rich surface soil over a hard wet clay soil. The profiles were photographed 

just before the samples were taken. The layers marked on the images below 

correspond to colour changes defined using a Munsell colour chart. The Ferralsol 

pertained to a Yellowish colour scale. Layer A of the ADE profiles is on the Brown 

colour scale on the lowermost part and Gray scale on the uppermost part. This 

I
I 

II 
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colour scales are characteristic of the Amazonian Dark Earths (Lehmann et al., 

2003). The surface soil of the ADE test pit soil profiles is on the Gray colour scale. 

The reference test pit soil profile outside ADE has a surface soil on the Brown 

colour scale. This soil colour probably results from intense organic litter 

decomposition. 

Table 2: Stratigraphies of the Test Pit profiles in Cedro site. 

Test pit Depth (cm) Munsell class Colour Figure 

 

CED-1 

0-5 

5-15 

15-40 

10YR3/2 

10YR 4/3 

10YR5/6 

Very dark brown 

Brown 

Yellowish Brown 

6 

 

 

CED-2 

0-5 

5-15 

15-42 

10YR 4/1 

10YR 4/3 

10YR 5/6 

Dark Gray 

Brown 

Yellowish brown 

7 

 

CED-3 

0-5 

5-15 

13-45 

10YR 4/1 

10YR 4/3 

10YR 5/6 

Dark Gray 

Brown 

Yellowish brown 

8 

 

CED-4 

0-14 

14-30 

30-45 

10YR 4/1 

10YR 4/3 

10YR 5/6 

Dark Gray 

Brown 

Yellowish brown 

9 

 

CED-5 

0-5 

5-15 

15-42 

10YR 4/1 

10YR 4/3 

10YR 5/6 

Dark Gray 

Brown 

Yellowish brown 

10 

 

 

Figure 6: Test pit 1 west profile. 

 

Figure 7: Test pit 2 north profile. 
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Figure 8: Test pit 3 profile. 

 

Figure 9: Test pit 4 profile. 

 

Figure 10: Test pit 5 profile. 

 

Maguari 1 
Table 3 details the stratigraphies of the five soil test pit profiles from 

Maguari I analysed in this study. Five soil test pits were opened in regular 20m 

intervals along a transect. The transect was designed to cover the distance from 

the ADE to the natural Ferralsol. To achieve this aim, the transect started 3m 
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south of Mound 2 and extended for 40m outside the ADE. Thus, test pits 1, 2 and 

3 are inside ADE whereas test pits 4 and 5 are outside ADE. Adjacent to Mound 

2, Test Pit 1 has the deepest ADE (47cm). This test pit is at an elevation of 164cm. 

The Ferralsol is at a higher elevation of 186m. This reflects the position of the site 

closer to the upper slope of the Belterra Plateau. 

Table 3: Stratigraphic data of the test pit soil profiles analysed. 

Profile Depth (cm b.s.) Munsell class Colour Figure 

 

MAG-1 

0-2 

2-24 

24-35 

35-47 

47-80 

10YR3/1 

10YR3/1 

10YR 4/2 

10YR4/3 

10YR5/6 

Very Dark Gray 

Very Dark Gray 

Dark greyish brown 

Brown 

Yellowish brown 

11 

 

 

MAG-2 

0-2 

2-7 

7-21 

21-25 

25-50 

10YR 3/1 

10YR3/1 

10YR 3/2 

10YR 4/3 

10YR 5/6 

Very Dark Gray 

Very Dark Gray 

Dark greyish brown 

Brown 

Yellowish brown 

12 

 

MAG-3 

0-5 

5-15 

15-50 

10YR 3/1 

10YR 4/3 

10YR 5/6 

Very Dark Gray 

Brown 

Yellowish brown 

13 

 

MAG-4 

0-5 

5-45 

10YR 4/3 

10YR 5/6 

Brown 

Yellowish brown 
14 

 

MAG-5 

0-5 

5-45 

10YR 4/3 

10YR 5/6 

Brown 

Yellowish brown 
15 

 

Soil texture is homogeneous among the soil profiles, consisting of a loose, 

root disturbed, humus-rich surface soil over a hard wet clay soil. The profiles were 

photographed just before the samples were taken. The layers marked on the 

images below correspond to colour changes defined using a Munsell colour chart. 

The Ferralsol pertained to a Yellowish colour scale. Layer A of the ADE profiles 

is on the Brown colour scale on the lowermost part and Gray scale on the 

uppermost part. This colour scales are characteristic of the Amazonian Dark 

Earths (Lehmann et al., 2003). The surface soil of the three ADE test pit soil 

profiles is on the Gray colour scale. The two test pit soil profiles outside the ADE 

have a surface soil on the Brown colour scale. This soil colour probably results 

from intense organic litter decomposition. 
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Figure 11: Test pit 1 profile. 

 
Figure 12: Test pit 2 profile. 

 

Figure 13: Test pit 3 profile. 
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Figure 14: Test pit 4 profile. 

 

Figure 15: Test pit 5 profile. 

 

3.2.2.3. Archaeological sediments 
Addressing questions concerning Tapajó use of food and non-food plants, 

the third category of data gathering comprised sediments collected in 

archaeological excavations. So far, the Tapajó diet and subsistence strategies 

have been drawn based on ethnohistorical accounts, contextual information, and 

limited macro botanical remains (Roosevelt, 2000). The employment of 

microbotanical remains as a proxy for diet and subsistence has been only 

exploratory (Gomes, 2008a). As for non-food plants no work has tackled their 

use. 

3.2.2.3.1. Field sampling methods 
 Sampling of archaeological excavations was twofold. A diversity of 

selected archaeological features, such as habitation floors, midden refuse area, 

refuse pit, hearths, and cached vessels were sampled in the three sites under 

investigation. The second sampling strategy involved column samples from 
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archaeological excavations profiles. Lists of samples analysed are provided in 

tables at the beginning of each site results section below. 

3.3. Phytolith Methods  
 

3.3.1. Justification 
Phytoliths are opaline silica bodies formed within and between plant cells 

(Piperno, 2006). Soluble silica is absorbed from the groundwater by the plants 

roots and accumulates in aerial organs. A combination of genetic and 

environmental aspects drives the silicification in cell walls, cell interior and inter-

cellular spaces of leaves, stems, and inflorescences. Some plants also present 

silicification of underground organs (e.g. roots, rhizomes) (Piperno, 2006). 

Phytoliths are released into the ground during the plant decay comprising 

fossilised plant evidence. Because of their mineralised form phytoliths are highly 

resilient. In fact, phytolith derives from the Greek words phyton, meaning plant, 

and lithos, meaning stone. For their resilience, phytoliths are commonly the only 

plant remain to endure the weathered tropical soils (Piperno and Becker, 1996). 

Their general long-term resilience to environmental changes makes phytoliths an 

advantageous proxy for archaeobotanical studies (Piperno, 2006). 

The main limitation of phytolith studies is the present low taxonomic 

resolution. For instance, multiplicity and redundancy are created in phytolith 

datasets due to the production of globular granulates by the majority of arboreal 

eudicots (Rovner, 1971, Rovner, 1983). This is particularly problematic for 

forested areas of Amazonia. Although, diagnostic phytoliths to the level of 

families and genus have been found, such as Annonaceae, Burseraceae, 

Cannabaceae (Celtis sp.), and Moraceae (Piperno, 1985, Piperno, 1989, 

Piperno, 2006). Further advances have been achieved in differentiating a number 

of lowland Amazonian evergreen tropical forest formations by their phytolith 

assemblages (Dickau et al., 2013, Watling et al., 2016). Among monocots, 

grasses (Poaceae) produce phytoliths diagnostic to subfamilies and genus 

(Piperno and Pearsall, 1998b), and even species level. So far maize has been 

the major Poaceae species identification for the Neotropics (Doolittle and 

Frederick, 1991, Iriarte, 2003, Pearsall, 1978, Pearsall et al., 2003, Piperno and 

Pearsall, 1993). However, a recent study found evidence for rice domestication 
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in southwestern Amazonia (Hilbert et al., 2017). Some non-Poaceae monocot 

families are also proficuous producers of diagnostic phytoliths(Piperno, 2006), 

including palms (Arecaceae), sedges (Cyperaceae), Heliconiaceae, and 

Marantaceae (Piperno, 2006). Piperno (2006) provides a detailed examination of 

phytolith taxonomic resolution, as well as, addresses the matter of over and under 

representation due to varied patterns of phytolith production. 

As aforementioned, phytoliths are released into the soil upon the plant 

death. Thus, a priori, phytoliths are in situ depositions and furnish a localised 

representation of vegetation. In general, soil profiles display higher 

concentrations of phytoliths in the upper layers (Fishkis et al., 2010a, Piperno, 

2006). Although, various taphonomic processes can affect the formation of soil 

phytolith assemblages (Madella and Lancelotti, 2012). For instance, alluviation 

and wind-blow fires were reported to transport phytoliths in long distances 

(Fredlund and Tieszen, 1994) and colluvial transport can occur in short distance 

(Madella and Lancelotti, 2012). According to the landscape position of the sites, 

bias caused by alluvial transport can be excluded. Porto site is the only case 

study site in a riverine setting, but the sampled area is on a bluff not inundated 

during the rainy season. As for wind-blow fire, Santarem presents a low average 

wind speed of 0.3 to 2.2 mph throughout the year. Thus, this factor would have a 

limited role in phytolith record formation. Given the flat topography of the sampled 

areas colluvial transport would cause negligible impact in the phytolith deposition. 

A range of post-depositional processes also influence the phytolith 

preservation and stratigraphic stability (Cabanes et al., 2011, Fishkis et al., 

2010b, Fishkis et al., 2010a, Madella and Lancelotti, 2012, Zurro et al., 2016, 

Piperno, 2006). Phytolith preservation depends mainly on the type of phytolith 

and on physical and chemical soil properties (Piperno, 2006). Chemical 

processes during pedogenesis can influence the soil phytolith record causing 

breakage, dissolution and silica recycling (Alexandre et al., 1997a, Cabanes et 

al., 2011). Although, the extent of the influence of these processes in different 

environment needs further investigations. Alexandre et al. (1997a) recorded high 

rates of dissolution at an equatorial forest of Congo. In their study, only 7.5% of 

the silica input provided a stable phytolith pool. While they recorded uneven rates 

of phytolith solubility with globular granulates being favourably preserved 

(Alexandre et al., 1997a), other studies in tropical soils have recorded similar 
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rates of solubility independent of the phytolith surface (Fraysse et al., 2006, 

Fraysse et al., 2009). Fraysse et al. (2006) also found an overall good 

preservation of phytolith in acidic soils reaching a minimum at pH3. Given the 

acidic nature of the soil in the study case sites (range 3.8 to 6.5) reported in 

chapter 3, this is an aspect to bear in mind during the phytolith analysis. 

Another important factor in soil phytolith pool is vertical translocation 

(Madella and Lancelotti, 2012). Water leaching and bioturbation have been 

identified as an important mechanism of translocation (Hart, 2003). Experimental 

studies found that phytolith <5 μm presented deeper vertical transport in a mean 

distance of 1.3cm (Fishkis et al., 2010b), whereas the downward movement of 

small-sized phytoliths (<12 μm) by leaching in sandy and loamy soils was found 

to be up to 4cm per year (Fishkis et al., 2010a). Thus, the role of water leaching 

in phytolith translocation remains a matter of debate (Madella and Lancelotti, 

2012). Although, based on the current data leaching would play a minimum 

impact in the phytolith assemblages given the clay-rich composition of the soils 

in the study area (see chapter 4). Bioturbation is a major factor of impact in the 

phytolith pool (Madella and Lancelotti, 2012), since burrowing biota and roots can 

cause soil mixture from distinct depths (Hart, 2003). This is also the easiest 

translocation mechanism to be mitigated by avoiding disturbed areas in the 

profiles during sampling. Root and burrowing biota disturbances in the study sites 

were clearly recognized by changes in soil colour and texture. 

Among the 17 profiles sampled for this thesis only 3 were placed outside 

the ADEs and used as reference profiles. Although these three profiles were 

placed in natural Ferralsols, the close distance to the edges of ADEs localizes 

them as part of the site landscape. For this thesis is guided by the historical 

ecology program, all the samples collected inside the archaeological site are 

presumed to have an anthropic origin, being it intentional deposits (e.g. exposed 

surfaces and features) or the managed surrounding forest (Denevan, 2004). 

Observed all depositional and post-depositional processes involving the phytolith 

record in the archaeological site, this type of plant micro remain is a reliable proxy 

to address the questions posed by this research. The comprehension of 

subsistence systems in archaeological contexts in Amazonia has been improved 

by multi-proxy approaches. Plant remains were recovered in in various ADE sites 
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dated as early as AD 790 in Araracuara region, Colombia. Among the plants 

identified are maize (Zea mays), manioc (Manihot esculenta), sweet potato 

(Ipomoea batatas), cashew-nuts (Anacardium occidentale), maraca (Theobroma 

bicolor), chilli peppers (Capsicum chinensis), and palms (e.g. Astrocaryum sp., 

Euterpe sp., Geonoma sp., and Iriartea sp.) (Herrera et al., 1992). 

A phytolith study carried out on samples from an artificial mound in 

Hatahara site in central Amazon identified maize cob and leaf phytolith presence, 

squash fruit rinds scalloped spheres, Lagenaria sp. (domesticated gourd), 

Calathea sp. rhizome, Heliconia sp., and edible palm phytoliths, which are 

attributed to Bactris sp. based on the fact that this palm is cultivated for its fruit 

(Bozarth et al., 2009). Even though the authors do not discuss the stratigraphic 

associations of the phytolith assemblages in detail, it is outlined that grasses and 

palms increase in the uppermost layers. 

Phytolith studies in ADE sites from the Central Amazon have consistently 

found a strong association between palms and anthropogenic soils (Bozarth et 

al., 2009, Cascon, 2010, Macedo, 2014, McMichael et al., 2016). In particular, 

conical bodies ‘Bactris-type’ are abundant in the upper levels. (Bozarth et al., 

2009, Cascon, 2010). Because Bactris gasipaes is a domesticated palm 

(Clement, 1999, Clement et al., 2010),  which requires cultivation, the presence 

of conical bodies in domestic contexts has been attributed to this plant (Bozarth 

et al., 2009, Cascon, 2010). Cyperaceae is another family constantly abundant 

in ADE layers of Central Amazon sites. Since Cyperus sp. is reported to be used 

in Pre-Columbian times (Clement, 1999), the abundance of Cyperaceae phytolith 

in domestic contexts has been interpreted as a vestige of the plant consumption 

as food (Bozarth et al., 2009, Cascon, 2010, Macedo, 2014). In their micro and 

macro botanical studies in ADE sites in the Caquetá region, Colombia, Morcote-

Ríos et al. (2013) reported finding maize, squash, yam (Dioscorea sp.), sugar 

apple (Annona sp.), ice cream bean (Inga edulis), cocoa (Theobroma cacao), 

cupuassu (Theobroma grandiflorum), and pineapple (Ananas comosus) along 

with many palm phytoliths. 

The food consumption of varied botanical species was identified in Llanos de 

Mojos in Bolivia, from macro and micro botanical remains (extracted from pottery 

and lithic artefacts used in food preparation), which evidenced the presence of 

tuber plants (yam and manioc), seeds (peanuts and maize), legume plants 



	 	 Materials	and	Methods	

55	
	
	

(squash) and peach palm (Dickau et al., 2012). The integrated phytolith, pollen 

and charcoal analysis results also provided the comprehension of changes in 

land use at the savannahs of Guiana, where the controlled use of fire was 

identified as a strategy used by the farmers on raised fields (Iriarte et al., 2012). 

There, the integrated approaches of archaeology, paleoecology, aerial imagery 

and archaeobotany provided a map of agricultural landscapes (raised fields) and 

the identification of the types of cultivated plants. Maize and squash phytoliths, 

as well as, maize and manioc starch grains were identified (McKey et al., 2010). 

Below I proceed to describe the laboratory methods and the results obtained. 

 

3.3.2. Extraction 
Phytolith extraction followed the wet oxidation method described by 

Piperno (2006). Each 100g sample was deflocculated by shaking them for 24 

hours in Sodium hexametaphosphate (NaPO36) and 900ml warmth water. Clays 

were washed out by gravity sedimentation. Then the samples were fractioned 

into silt fraction (<50um) and sand fraction (>50um) by wet sieving. The 

fractionation concentrates smaller phytoliths in the silt fraction furnishing 

satisfactory sample sizes to ascertain domesticates occurrence. This method 

was found particularly useful for tropical studies (Piperno, 2006). Carbonates 

were removed with 10% HCl, organic matter was removed with nitric acid (HNO3), 

a heavy metal solution (ZnBr2 at a density of 2.3g/ml) was used to float the 

phytoliths and a pipette to draw them off. Phytoliths were drought in an oven at 

50°C for 24h. The slides were mounted using Entelan. 

 

3.3.3. Quantification 
 

3.3.3.1. Counting and relative frequencies 
Following standard counts (Pearsall, 2010, Strömberg, 2009), a minimum 

200 phytoliths were counted for each A fraction slide, which were scanned at 

least three times. Every slide was then fully scanned to identify different 

morphotypes and possible diagnostic phytoliths. All C fraction slides were fully 
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scanned considering the limited frequency of phytoliths in some samples. 

Whenever possible 200 phytoliths were counted in the C fraction. Diatoms, 

sponge spicules, hairs, and prickles presence where noted, but not included in 

the counting. To avoid over-representation of taxa prolific in phytoliths production, 

each morphotype was counted up to 100. After a 100 count of the same 

morphotype was reached, the rest was excluded of the counting (Piperno, 2006). 

After the phytolith counting they were converted into percentages frequencies 

and plotted on stratigraphic diagrams on C2 software (Juggins, 2010). 

Stratigraphic diagrams were also made with summaries of percentage 

frequencies of herbs, cultigens, palms, and arboreal taxa. Finally, palm 

morphotypes in each analysed profiles were also plotted on stratigraphic 

diagrams. 

 

3.3.3.2. Statistical analysis 
  The data was statistically tested with multivariate analysis aiming 

to highlight the morphotypes correlations in the three soil types recorded in this 

study: Ferralsol, Brown ADE, and Black ADE. Additionally, it was possible to 

statistically compare the forest swidden analogue with the profile assemblages. 

Principal component analysis (PCA) has been successfully applied for 

comparison between soil profile samples and to distinguish vegetation formations 

in Amazonia (Dickau et al., 2013, Watling et al., 2016). Therefore, PCA was 

chosen for ordination of the phytolith record. In order to clean the data, phytolith 

morphotypes were grouped according with their taxonomic associations, except 

bulliforms, crosses, and arboreal phytoliths due to the limited taxonomic 

resolution. The data was normalized first by combining the samples according 

with their stratigraphic associations (e.g. Ferralsol, Brown ADE, Black ADE). After 

the dataset was cleaned and organized by soil type, the relative frequencies were 

square rooted aiming to reduce asymmetries (Legendre and Birks, 2012). 

 In addition to PCA, the percentages of non-palm arboreal, herb, and palm 

taxa were assessed using boxplots, which exhibited quartiles and medians of 

phytolith percentages within each case study site. This method allowed the 

visualization of intra-site variability of phytoliths. For inter-site comparison two 

metrics were derived for each profile following a method applied by McMichael et 
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al. (2016) in an inter-regional study in western Amazonia. The first metric 

comprised a trend of non-palm arboreal, herb, and palm phytoliths from the base 

to the top of each profile (trend=surface-basal). This metric furnishes a general 

direction of the vegetation change throughout the stratigraphy, which is expected 

to record alterations through time. The second metric is the calculation of the 

magnitude of change in non-palm arboreal, herb, and palm phytoliths across 

each profile using minimum and maximum percentage of each these taxa (delta= 

maximum-minimum). This metric estimates the fluctuations of the phytolith 

assemblages inside each profile (McMichael et al., 2016). Then, the two metrics 

were tested with boxplots, which exhibited the temporal trends and magnitude of 

change for each of the study case sites. 

 

3.4. Micro Charcoal Analysis 
 Given the important role attributed to charcoal in the formation of 

Amazonian Dark Earths, as well as, the potential information about past human 

fire activities, samples from the test pits in Cedro site and Maguari 1, and the 

profile from Porto were analysed for micro charcoal. This study only counted 

charcoal particles measuring > 125μm because this has been stablished in 

various studies as the threshold of likeability of a charcoal to have originated in a 

local fire. Because charcoal can be transported in long distances by wind forces, 

smaller charcoal pieces have high probability of being the product of 

transportation (Blackford, 2000, Whitlock and Larsen, 2001).  

 

3.4.1. Extracting and counting 
 From each sediment sample 1cc of soil was subsampled using a 5cc 

syringe into 50ml test tubes. To disaggregate the charcoal particles from the 

surrounding sediment, 45ml of KOH (potassium hydroxide) were rinsed into the 

test tubes, samples were stirred with a wooden stick and set into a hot bath (80°C) 

for 30min. The samples were stirred every 10min with wooden stick. After 30min 

the samples were removed from the hot bath, transferred into a 125μm sieve and 

sieved until clean. Extra care was taken during the sieving to avoid breaking the 

charcoal particles. The charcoal particles were then rinse back into the test tubes. 

The absolute charcoal abundances were estimated by counting all the particles 
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rinsed into a petri dish. Prior to the counting the bases of the petri dishes were 

hatched with 1cm x 1cm squares. The micro charcoal was counted using an 

Olympus 5761 magnifier. 

In the following chapter, I describe the classification of ADEs in the three 

case study sites. The site mapping and ADE properties are detailed along with 

the classification of soils from different activity areas. 
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Chapter 4 
 

Amazonian Dark Earths Classification 
 

 

This chapter discusses the mapping, morphological, physical and chemical 

data used to characterize the soil profiles and sediment samples from the sites under 

investigation. Firstly, ADE mapping, morphological data and physical data are 

described for Cedro and Serra do Maguari sites. Next, a separate section is dedicated 

to the chemical classification of two test pit profiles from Cedro site, three test pits and 

Mound 1 profile from Serra do Maguari site, and sediment samples from domestic 

contexts in Porto and Cedro sites. In the final part of the chapter, a summary of the 

data  is presented. 

 

4.1. Amazonian Dark Earths on Porto de Santarem site 
 

4.1.1. Porto Site Location 
Porto site is located on the right-hand shore of the Tapajos River at its 

confluence with Amazon River. Presently under Santarem city, Porto site and Aldeia 

site together cover a 5 km
2
 area along the margin of Amazon River. Together Porto 

and Aldeia are considered the centre of the Tapajó Chiefdom and arguably the oldest 

town in Brazil (Neves, 2015, Schaan, 2016, Quinn, 2004, Roosevelt, 1993, Roosevelt, 

1999, Alves, 2016). Porto site is located in the city’s port area (Fig. 16), managed by 

Companhia Docas do Pará – CDP. 
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Figure 16: Satellite view of Santarem city urban area. The archaeological site is highlighted in green. An ancient 

lake area is in blue. Orange squares mark the parts of Aldeia site Studied by Simansky and Gomes (2007). 

 

4.1.2. Porto site vegetation 
Porto site is covered by Paspalum sp. and Panicum sp. grasses and by a 

mosaic of plant species characteristic of anthropogenic forests (Balée, 1989) such as 

Taperebá (Spondias mombin), Araçá (Psidiun sp.), Coco-de-espinho (Acrocomia 

aculeata), Juçara palm (Euterpe edulis), Muruci (Byrsonima basiloba), Tucumã 

(Astrocarium sp.), Sapotá verde (Pouteria macrophylla), Jatobá (Hymenaea 

courbaril),  rubber trees (Hevea brasiliensis), and Murure (Brosimum acutifolium), as 

well as fruit trees including cashew (Anacardium microcarpum) and mango (Mangifera 

indica) (Schaan, 2012b). 

 

4.1.3. Porto site Soil Properties and Classification 
The geochemistry results from Porto site have been discussed in detail in Alves 

(2014). Here I will only present a summary of the most important results. The contexts 

of the samples are summarized in Table 4 and the archaeological contexts described 

in chapter 5. The samples from the base of occupation and fire pit 5 present low 

organic matter (LOI), but CEC, base saturation and nutrients concentrations are 

consistent with those regionally observed in Brown ADEs (Woods and McCann, 
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1999a). In particular, fire pit 5 has slightly higher contents of Zn, Ca and K, resulting 

from burning during clearing events. Feature 3 has low accumulations of all 

parameters observed. The rates for Mg, Mn and K are indicative of plant material 

decay. Associated with the formation of Black-ADE are clear increases in organic 

matter (LOI), P and nutrients (Fig. 17). Nutrient concentrations are strongly connected 

with the contexts sampled (Alves, 2014). The highest concentrations of organic matter, 

P, micronutrients and macronutrients are in fire pits 2 and 4, as well as in a sooth lens 

stratigraphically associated with fire pit 4. The particularly high rates of Zn in the fire 

pits corroborates the classification of these structures and signals intense burning 

resulting in woody ashes. Feature 2 soil properties vary and the higher contents are 

in the top level (43-53cm). P and Ca are outputs of large amounts of bones inside 

Feature 2, while Zn, Mg and K may reflect the fire activity implied by numerous 

charcoal pieces. 

Table 4: Contextual and morphological information of samples analysed from Porto site. 

Unit Depth 
cm b.s. 

Layer Munsell 
class 

Texture 
class 

Consistence Moist 
condition 

Ceramics 
% 

Fire pit 2 11-21 A1 10yr 2/1 Sandy clay Loose Dry 1 

Fire pit 4 21-31 A1 10yr 2/1 Sandy clay Loose Dry 1 

Fire pit 4 31-41 A1 10yr 2/1 Sandy clay Loose Dry 1 

Feature 2 43-53 A2 10yr 3/2 Sandy clay Loose Dry 1 

Ceramic cache 53-63 A3 10yr 4/2 Sandy clay Hard Dry 1 

Ceramic Cache 63-73 A3 10yr 4/2 Sandy clay Loose Dry 1 

Refuse pit 73-83 A3 10yr 4/2 Sandy clay Loose Dry 1 

Refuse pit 83-93 A3 10yr 4/2 Sandy clay Loose Dry 1 

Fire Pit 5 95-105 A4 10yr 4/3 Sandy clay Loose Wet 1 

Base Brown-ADE 125-133 A4 10yr 4/3 Sandy clay Loose Wet 1 
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Figure 17: Mean values of Porto site. 
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4.2. Mapping Amazonian Dark Earths on cedro site 
 

4.2.1. Cedro Site Location 
Cedro is an ADE site located southwest of Santarem in the Belterra 

Plateau, 30 km from the Tapajós River. Cedro site was surveyed by prospection 

along transects. Two 200m long perpendicular base lines were traced in cardinal 

directions, and these main lines were prospected by coring at 15m intervals. 

Then, the east-west transect was crossed by five transects at 30m intervals. 

These auxiliary lines were also prospected at 15m intervals. The extension of 

ADE was determined in 0.06km2 (6ha – 200m E-W and 300m N-S). Fig. 18 shows 

the survey grid from Cedro site and Fig. 19 displays the ceramic density in Cedro 

site based on the excavtions. Topographical variations indicated a pond structure 

inside the ADE. The presence of plants considered to be anthropogenic 

indicators (Balée, 1989) was also observed intra site (Schaan and Martins, 2012). 

In particular, the presence of Brazil nut trees was noted (Bertholletia excelsa). 
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Figure 18: Cedro survey grid. 

 
Figure 19: Ceramic density in the excavation units from Cedro site. 

 

Fig. 20 shows the surface distribution of ADEs, the excavation units and 

the test pits. The Dark Earth area consists of mixed Black and Brown soils. Black 

ADE and Brown ADE present varied horizontal and vertical distribution. A central 

Cedro ceramic density 
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surface Black ADE area is surrounded by Brown ADE, although Brown ADE spots 

were recorded on the surface (Fig. 20) and at depth (Fig. 20 and 21). Structures 

and features associated with ADEs were exposed in excavations (Schaan and 

Martins, 2012). For detailed descriptions of these contexts see chapter 5. The 

central-north part of the site has a deeper Black ADE (range: 6-36cm. Fig. 20). 

As for Brown ADE, two areas with deep profiles were mapped: one in the 

northeast and the other in the northwest area (range 0-33cm. Fig. 22). Samples 

from an artificial pond, a refuse pit and a house floor were analysed for chemistry. 

Additionally, chemical analysis was carried out in samples from two of the test 

pits: Test Pit 1, located under the forest adjacent to ADE, and Test Pit 5, in the 

northeast deeper Brown ADE area. 

 
Figure 20: Surface distribution of ADEs on Cedro site. 
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Figure 21: Depth of Black ADE on Cedro site. 

 
Figure 22: Depth of Brown ADE on Cedro site. 
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4.2.2. Cedro Site Soil Properties and Classification 
Overall, Cedro site has two horizons. The Pretic horizon characterizes 

ADE layers evidencing varying degrees of anthropic influence. The B horizon 

comprises a Xanthic Ferralsol (Clayic), described as Layer I in the site 

stratigraphy. The ADE layers are separated into Brown ADE (Layers II and III) 

and Black ADE (Layers IV and V). The culturally sterile Ferralsol has a hard wet 

clay sediment. The Ferralsol colour ranges from yellowish brown (10YR 5/6) to 

brownish yellow (10YR 6/8). Brown ADE has a hard wet clay soil and fewer 

remains of material culture. The colour ranges from yellowish brown (10YR 5/4) 

to brown (10YR 4/3). All the morphological and physical parameters varied in the 

Black ADE, where the colour alternated from black (10YR 2.5/1) to dark Gray 

(10YR 4/1). Black ADE contains abundant material culture, particularly in the form 

of domestic structures (e.g. pond, house floor, refuse pit). Table 5 summarizes 

the morphology and physical properties of samples analysed from Cedro site. 

 

 

 

 

 
Table 5: Soil morphological and physical properties in Cedro site. 

Depth 

cm b.s. Colour Texture Class Sand Silt Clay Consistence 
Moist 

condition Ceramics 

   % w/w    

Test Pit 1 (Control) 

0-10 10YR3/2-4/3 Clay 26.0 26.0 48.0 Hard Wet - 

10-40 10YR5/6 Clay/Sandy Clay 22.0 23.5 54.5 Hard Wet - 

Test Pit 5 

0-5 10YR4/1 Clay 40.0 22.0 38.0 Hard Wet 1% 

5-15 10YR4/3 Clay 8.5 30.0 61.5 Hard Wet - 

15-45 10YR5/6 Clay Loam 33.3 30.5 36.2 Hard Wet - 

House Floor 

20-37 10YR3/2 Clay Loam 42.0 28.0 30.0 Hard Dry 10% 

47-67 10YR6/8 Clay 30.8 32.3 37.0 Hard Dry - 



	 	 Amazonian	Dark	Earths	Classification	

68	
	
	

Pond 

10-17 10YR2.5/1 Clay 15.0 32.0 53.0 Loose Wet 6% 

26-56 10YR3/2 Clay 17.3 32.0 50.7 Soft Wet 20% 

56-86 10YR4/2 Clay Loam 37.5 29.0 33.5 Hard Wet 2% 

86-96 10YR4/3 ClayLoam 41.0 34.0 25.0 Hard Wet 2% 

56-66 10YR6/8 Clay 26.0 36.0 38.0 Hard Wet 1% 

Refuse Pit 

8-38 10YR4/3 Sandy/ClayLoam 48.7 19.3 32.0 Hard Wet 10% 

54-84 10YR5/4 Sandy/ClayLoam 42.0 25.0 33.0 Hard Wet 5% 

 

Test Pit 1 (hereafter Control profile) was classified as Xanthic Ferralsol 

(Clayic, Hyperdystric, Vetic), characterized by high Al3+, low pH, and extractable 

P (WRB 2014) (WRB, 2015). In general, the Control profile has low CEC, base 

saturation, and accumulation of elements and nutrients (Fig. 23 and 24). The 

Control profile has an extremely acidic pH (range: 3.8 to 4.1). A 10cm thick brown 

(10YR 4/3 and 3/2) topsoil covers the yellowish brown (10YR 5/6) Ferralsol. The 

topsoil comprises abundant roots and organic litter, being characterized by a 

slightly higher CEC and base saturation, possibly due to nutrients released from 

organic litter decay. 

Test Pit 5 (hereafter, TP5) has a Proto-pretic horizon (Clayic, Epidystric, 

Grayic, Leptic) over a Xanthic Ferralsol (Clayic, Hyperdystric) (WRB, 2015). The 

soil underneath comprises an extremely acidic (pH 4.4) Xanthic Ferralsol 

(Clayic). Compared to the Control profile, the Ferralsol in TP5 has higher CEC, 

base saturation, elements and nutrients, although these attributes are much 

lower than in the upper Brown ADE. The Proto-pretic horizon comprises a Brown 

ADE (Layers II and III). The Brown ADE consists of a hard wet clayey soil. Layer 

II is a brown (10YR 4/3) sediment and Layer III dark brown (10YR 4/1). Even 

though morphologically similar to Control’s topsoil, TP5’s Brown ADE is 

chemically and culturally distinct. Brown ADE is 15cm thick with scarce ceramic 

remains and microscopic charcoal. The pH ranges from extremely acidic (4.6) to 

very strongly acidic (4.9) on Brown ADE, which is higher than in the Control and 

Refuse Pit profiles. The less acidic pH combined with lower Al3+ creates an 

increase in CEC and base saturation.  
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The link between CEC, OM and C has been long recognized in ADE 

studies (Glaser and Birk, 2012, Sombroek, 1966). A strong association between 

CEC and organic carbon was found in Belterra Plateau ADEs (Söderström et al., 

2016). Unfortunately, organic carbon was not measured in this study. However, 

Brown ADE has the highest content of total carbon and nitrogen (Fig. 23). Brown 

ADE has an enhancement in the macronutrient (Ca, Mg, K) content. 

Micronutrients (Zn and Mn) have a similar increasing trend (Fig. 24). 

The house floor has a Pretic Archaeo-Anthrosol layer (Clayic, Ebonic, 

Epidystric) over a Xanthic Ferralsol (Clayic, Endodystric) (WRB 2015). The 

Xanthic Ferralsol comprises a hard dry clayey yellow (10YR 6/8) soil. It consists 

of an extremely acidic soil (pH 4.3) abundant in Al3+ and sterile in material culture 

(Table 5). The Ferralic soil has low CEC, base saturation, total C and total N (Fig. 

23). The concentration of P (total and extractable) is far lower in the Ferralsol, yet 

is among the highest on the site. Given that P has a high vertical mobility in ADEs 

(Kampf et al., 2003, Kern et al., 2009a), the high P content in Ferralsol contrasting 

with other nutrient values (Fig. 23 and 24) corroborates the anthropic 

classification of the upper layers (Kampf et al., 2003).  

Samples from a hearth in the house floor represent the Pretic horizon, 

which has a moderately acidic soil (pH 5.7). This context contains the highest pH 

among the samples analysed (Fig. 23). The Pretic layer has a hard dry clay loam 

dark brown (10YR 3/2) soil, and is abundant in material culture (e.g. ceramics, 

lithics, carbonized seed, burnt clay, charcoal). The Pretic layer has the highest 

level of elemental enrichment.  Large concentrations of total P, C and N result in 

a stabilized soil (C-N ratio: 17.6) (Van Hofwegen et al., 2009). A stabilized soil 

leads to the accumulation of nutrients, all of which peak in the house floor (Fig. 

23 and 24). Residues of fire activity (e.g. wood ash, charcoal, carbonized seed) 

are possible inputs of C and nutrients (Zn, Ca, Mg, and K) in this context. 

Extractable P is the key element for this classification. The extractable P 

concentration meets the threshold (30 mg/kg-1) for Pretic Archaeo-Anthrosol 

classification (WRB, 2015). 

In order to identify the chemical signature of the pond structure, sediment 

samples from different units of the trench were analysed. The pond structure has 

a Proto-Pretic (Clayic, Grayic) layer over a Xanthic Ferralsol (Clayic, 

Hyperdystric). The underlying Xanthic Ferralsol is very strongly acidic soil (pH 
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4.7), comprising a hard wet clayey yellow (10YR 6/8) soil. In common with the 

Control profile and the pond’s upper layers, the Ferralsol has a mixed chemistry. 

The enhancement of P is clear in comparison with the Control profile. Given the 

enriched P availability in the upper layers, and the high vertical mobility of this 

element (Kampf et al., 2003), it is reasonable to assume downward movement 

into the Ferralic horizon. CEC, pH, Mg, and Ca are also elevated relative to 

Control. Total N, C-N ratio and total K are similar to the Control profile, while OM, 

total C, Al3+, Zn, and Mn are lower. The small number of material culture, 

combined with a mixed composition, indicates anthropic impacts on the upper 

Ferralsol. 

A Black ADE over a Brown ADE layer covers the Ferralsol. On the basis 

of their soil morphology and the properties of both layers, the area of the ADEs 

is classified as Proto-pretic (Clayic, Grayic) (Kampf et al., 2003, WRB, 2015). The 

Black-ADE comprises a loose/soft wet clayey topsoil profuse in material culture 

(Table 5). The Black-ADE comprises layers IV and V in the pond stratigraphy 

(see chapter 5). Layer III samples were taken in the pond wall, while Layer IV 

samples come from outside the border of the pond. Conversely, all parameters 

oscillate between Layers III and IV (Fig. 23 and 24). As a result of a larger material 

input outside the pond, organic matter (OM) is higher in Layer IV. Overall, Layer 

IV has the highest elemental concentration, but a slightly lower pH (4.9) and less 

stable soil (C-N ratio: 14.2). Layer III has a strongly acidic soil (pH 5) combined 

with a more stable soil (C-N ratio: 15). These fluctuations in the properties of soil 

within a structure highlights how intrinsically connected it is to specific activities.  

The provenance of the Brown ADE samples is the pond wall, which 

consists of a hard wet clay loam soil (Table 5). The Brown ADE outcomes from 

the pond’s sedimentation are divided into Layer II (10YR 4/3) and III (10YR 4/2) 

(Schaan and Martins, 2012). A moderate amount of material culture accumulated 

in the layers during Brown ADE formation. The characteristics of this material 

culture indicate that it moved down from the upper layers (Schaan and Martins, 

2012). Thus, in comparison to broader formations of Brown soils over Amazonia, 

this Brown ADE originates from a distinctive process (Denevan, 2009, Sombroek, 

1966, Woods and McCann, 1999a). Brown ADE is a very strongly acidic soil (pH 

4.7). As observed in Black ADE, soil properties vary between layers II and III (Fig. 
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23 and 24). Layer II has a slightly higher base saturation, whereas  Layer III has 

greater CEC, OM, soil stability, and nutrient availability.  

Combined, Brown ADE and Black ADE exhibit an increasingly higher 

nutrient content provided by a gradually stablilizing soil. Once again, P 

concentrations are crucial for soil classification. The high P accumulation 

distinguishes the Pond Brown ADE from ‘classic’ Brown soils. Brown ADE 

underlie Black ADE in Porto site. They are also found buried under mound floors 

in Central Amazon sites (Ribeiro, 2017). A common trait of these Brown ADEs is 

low P accumulations (Woods and McCann, 1999a). Thus, the P content in the 

pond’s Brown ADE is unequivocally different from ‘classic’ Brown ADE (Fig. 25). 

The elevated P values are consistent with the Brown ADE formation process. In 

an intra site relation, the formation of Brown ADE in TP5 shows a clear relation 

with fire activities and vegetal decomposition as an input.  

The refuse pit has a Proto-pretic layer (leptic, grayic, Clayic). It comprises 

a hard wet sandy/clay loam sediment. It is characterized by extreme acidity (pH 

range: 4.2-4.3) combined with low CEC, base saturation, elements and nutrients 

concentrations (Table 5, Fig. 23 and 24), only slightly above the reference profile. 

The main differences between Layers II and III are the soil colour and the material 

culture density. While Layer III is a Brown-ADE (10YR4/3) plentiful in material 

culture, Layer II is a yellow sediment (10YR 5/4) containing far fewer artefacts 

(Table 5). The soil properties have small variations. The low contents of P and 

Ca are consistent with the absence of macroscopic bones during the excavation 

of the pit. It seems that residues from fire activity in the refuse pit (e.g. wood ash, 

charcoal) together with the decomposition of plant material are the main nutrient 

input. In addition, the soil morphology suggests the blend of Brown ADE and 

Ferralsol during the pit filling. 
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Figure 23: Mean values of soil properties and nutrients in Cedro site. 
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Figure 24: Cedro sites soil nutrients signature in each analysed area. 
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As demonstrated above, Cedro site has a vertical and horizontal 

heterogeneous P distribution. In general, total and extractable P exhibit increasing 

trends towards the uppermost horizons (Fig. 25). The pond is an exception, with a 

greater P concentration in the intermediate sub-horizons. As discussed in the pond 

section, this P signature reflects downward topsoil movement into the pond bottom. 

The Control profile has the lowest total and extractable P content. A small P 

enrichment in the upper horizon is attributed to an increase in decaying litter. Thus, P 

accumulations are higher in ADE samples relative to the Control profile. Although there 

is a large difference in total and extractable P contents, both have similar increasing 

trends and fluctuations. The highest values are in the house floor and pond samples. 

These structures have massive material culture depositions and residues of fire 

activity. The house floor’s hearth context has the strongest P signature. Coupled with 

Ca enrichment, this P concentration indicates bone decay in the hearth. Macroscopic 

bones were not recorded during the excavation, but this could be attributed to a 

preservation issue. The refuse pit has a more reduced P enhancement, even though 

filled with artefacts and charcoal. In addition, TP5 presents P two times higher than 

the Control profile mean values.  

 
Figure 25: Phosphorus signature in Cedro site profiles. 
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4.3. Mapping Amazonian Dark Earths on Maguari 1 site 
 

4.3.1. Maguari 1 Site Location 
Maguari 1 is a plateau site (Stenborg et al., 2012) located at Tapajós National 

Forest (Floresta Nacional do Tapajós, hereafter FLONA-Tapajós). FLONA-Tapajós is 

a 544.972 ha national forest covering four municipalities in the Lower Tapajós (Aveiro, 

Belterra, Placas, and Rurópolis), in Pará state, Brazil (IBAMA, 2004). The site is on 

the crest and upper slope of Belterra Plateau. It is an ADE site, with the coordinates 

UTM 21M 0722225E 9691987N. Maguari 1 has an area of 15ha (360m E-W and 670m 

N-S) divided into two main ADE areas: North ADE and South ADE (Fig. 26). 

 
Figure 26: Map of Serra do Maguari 1 site. 
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4.3.2. Mapping Amazonian Dark Earths on Maguari 1 site 
During the first field season, two main ADE areas were identified, including 

patches of Brown ADE within the Black ADE. In addition, three mounds were found. 

Given that the earth structures were in the South ADE area, the second season 

focused on mapping the internal distribution of Brown and Black ADE in this area. A 

main E-W oriented line traced across the site was prospected by coring at 20m 

intervals. Parallel lines were then traced and surveyed north and south of the main 

line. Fig. 27 shows the survey grid from Maguari 1 site. The South ADE area comprises 

340m (E-W) x 210m (N-S). In addition to the three mounds previously identified, 

another three were recorded in the survey. The mounds were numbered according to 

the order of identification. Fig. 28 shows the distribution of ADEs and how the mounds 

are arranged on Maguari 1 South ADE. The following description of ADEs and mounds 

distribution reflects our current knowledge of the Maguari 1 complex history. 

 
Figure 27: Survey grid from Maguari 1 South-ADE. 

The South ADE consists of five larger Black ADEs interspersed with Brown 

ADE. The complex in Maguari I site includes six flat-topped bevelled-sloped mounds 

in the north zone. The mounds are closely laid out in a semi-circle, which opens to the 

southwest. The area between the mounds forms a central plaza of 80m x 60m. 

Altogether, the mounded area with central plaza and surrounding off-mound ADEs 

form a mosaic of Black and Brown ADEs (Fig. 28). The central plaza indicates that the 

Serra do Maguari 1 – Survey Grid 
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village design included a space for public gathering. Thus, it seems that the mounds 

are part of an architectural project. Consequently, the formation of ADEs is intrinsically 

connected with this organization of space. The structures consist of five elongated flat-

topped mounds and a rectangular platform (Table 6). Apart from the shape, another 

attribute distinguishes the rectangular platform from the elongate mounds: in contrast 

to the elongate mounds, the platform is smaller and the height much lower (30cm 

deep). The height in the elongate mounds ranges from 62cm to 90cm (deep). 

 
Figure 28: Map of south-ADE with the internal distribution of Brown and Black ADEs. 

 
Figure 29: ceramic density in south-ADE. 
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Table 6: Summary of Maguari I site Mounds. 

Structure Length 
(m) 

Width 
(m) 

Height 
(cm) 

Depth 
(cm b.s.) 

Shape 

Mound 1 17 11 80 100 Elongate 

Mound 2 7 7.5 30 41 Rectangular 

Mound 3 20 15 90 62 Elongate 

Mound 4 4 6 62 63 Elongate 

Mound 5 9 13 70 95 Elongate 

Mound 6 7 11 85 100 Elongate 

 

This central plaza is a flat area devoid of material culture (Fig. 29). The central 

plaza has both types of ADE. Black ADE is found closer to the mounds, whereas 

Brown ADE runs along the border of the plaza. Extending to the east, west and south, 

the outer sections of Black ADE, bearing subsurface domestic debris, are surrounded 

by Brown ADE. The east Black ADE zone ends in the upper slope of Belterra Plateau, 

adjacent to the ancient trail. Another larger area stretches from Mound 5 to the 

southwest edge of the Plateau. Smaller Black ADE zones lie south and west of the 

mounded area. The mounds are located within the Black ADE, with the exception of 

mounds 1 (Fig. 28). When the distribution of ceramics is taken into account, it shows 

higher ceramic density associated with Black ADE areas while fewer ceramics are 

distributed in Brown ADE. Once again, the southwest perimeter of the plaza exhibits 

a larger density of ceramics. The highest concentration of ceramics is adjacent to 

Mound 5. Another concentration is close to the indigenous trail (Fig. 29). Considering 

the depth of ADEs, the deepest Black ADE is on the southeast edge of central plaza. 

Black ADEs surrounding the mounds are relatively deep (Fig. 30). In contrast, Brown 

ADEs are clearly deeper in areas adjacent to the mounds. The exceptions are the 

zone adjacent to the ancient trail and the southeast perimeter of central plaza (Fig. 

31). 
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Figure 30: Depth of Black ADE in south area. 

 
Figure 31: Depth of Brown ADE in south area. 
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4.3.3. Maguari 1 Soil Properties and Classification 
The profiles from the botanical plots present a Proto-pretic layer over a Xanthic 

Ferralsol. The Xanthic Ferralsol is a yellow soil (10YR 5/6), which varies from clay 

loam to silty clay (Table 7). The Proto-pretic layer is equivalent to the ADE and has a 

thickness of 35cm in ADE 1, and 40cm in ADE 3. The colour of the Proto-pretic layer 

ranges from very dark grey (10YR 3/1) to dark greyish brown (10YR 4/2). The Proto-

pretic layer is a loose wet clay-rich soil. Regarding material culture, the profiles from 

ADE plots have scarce ceramics and charcoal, whereas the Control plot profile 

contains only some charcoal and orange mottles (Table 7). 

Mound 1 has a hard wet clay-rich soil forming a Culto-terric layer (Clayic, 

Escalic) over a Xanthic Ferralsol (Clayic). The mound structure is 100 cm deep 

comprising seven superimposed house floors and an organic litter topsoil. Only 10cm 

were excavated into the Xanthic Ferralsol (100-110 cm b.s.). The Xanthic Ferralic 

horizon is a yellow (10YR 5/8) hard wet clay soil, culturally sterile. The soil morphology 

of the house floors evidences the use of natural Ferralsol as building material. The 

fillings of the house floor (e.g. ceramics, charcoal and burnt clay flakes) resulted in a 

colour range from yellow (10YR 5/6) to brown (10YR 4/6). Being a combination of 

post-abandonment sediment accumulation and tree litter decomposition, the mound 

top comprised a brown (10YR 3/2) loose dry silt clay soil. Table 7 summarizes the 

mean morphological and physical data of the four profiles analysed from Maguari site. 

The Control plot profile has an extremely acidic soil (pH range: 3.8-4.2). It has 

decreasing pH, CEC, base saturation and C-N ratio (Fig. 32). By contrast, OM, total C 

and N have increasing trends. Overall, nutrients and elements contents have small 

increases upwards. Some nutrients (Zn, Ca, and Mg) peak around ca. 30cm resulting 

in higher CEC. In the topsoil most of the elements decline, except N, P and K. These 

gradual changes in soil properties and colour in ADE might result from some level of 

human interference in the presumed natural soil. 
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Table 7: Soil morphological and physical properties in Serra do Maguari. 

Depth cm 
b.s. 

Munsell 
class 

Texture 
Class 

Sand Silt Clay Consistence Moist 
condition 

Ceramics 
% 

   % w/w    
Control Plot 

0-15 10YR4/1 Clay 12 40.3 47.7 Loose Wet - 

15-30 10YR4/2 Clay 11.4 41.2 47.4 Loose Wet - 

30-70 10YR5/6 ClayLoam 21.3 21.3 34.5 Hard Wet - 

ADE 1 Plot 
0-20 10YR3/1 Clay 9.5 34.3 56.3 Loose Wet 1 

20-35 10YR3/2 Clay 9.3 36.3 54.3 Loose Wet 1 

35-70 10YR5/6 Clay 9.3 35 55.7 Hard Wet - 

ADE 3 Plot 
0-25 10YR3/1 Clay 9.8 34.8 55.4 Loose Wet 1 

25-40 10YR3/2 Clay Loam 36 31 33 Loose Wet 1 

40-80 10YR5/6 Silty Clay 14.3 45.8 40 Hard Wet - 

Mound 1 
A1 

 0-10 10YR3/2 Silt Clay 11.5 42.0 46.5 Loose Dry  - 

Floor 7 
 10-15 10YR4/6 

to 5/6 
Clay 6.0 35.0 59.0 Hard Dry 28.0 

Floor 6 
 15-30 10YR4/6 

to 5/6 
Clay 8.0 37.0 55.0 Hard Dry 177.0 

Floor 5 
30-40 10YR4/6 

to 5/6 
Clay 18.0 35.5 46.5 Hard Wet 272.0 

Floor 4 
40-50 10YR4/6 

to 5/6 
Clay 19.5 36.5 44.0 Hard Wet 208.0 

Floor 3 
50-60 10YR4/6 

to 5/6 
Clay 22.5 36.5 41.0 Hard Wet 128.0 

Floor 2 
60-80 10YR4/6 

to 5/6 
Clay 20.5 38.8 40.8 Hard Wet 157.0 

Floor 1 
80-100 10YR4/6 

to 5/6 
Clay 24.0 36.0 40.0 Hard Wet 746.0 

Ferralsol 
100-110 10YR5/8  21.0 41.5 37.5 Hard Wet  - 
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Figure 32: Control samples soil properties and nutrients from Maguari site. 



	 	 Amazonian	Dark	Earths	Classification	

83	
	
	

 
Figure 33: ADE 1 soil properties and nutrients. 
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Figure 34: ADE 3 soil properties and nutrients. 
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ADE 1 profile has a Proto-pretic layer (Clayic, Dystric, Ebonic) over a 

Xanthic Ferralsol (Clayic, Hyperdystric). This plot was opened beside the 

indigenous path on the edge of the plaza area. The higher density of ceramic 

material in this area, and its position in the spatial organization of the site, suggest 

it was a discard area. The Ferralsol comprises a hard wet clayey yellow (10YR 

5/6) soil. In comparison to the Control, the Ferralsol exhibits indications of human 

impacts in the soil composition, particularly with regard to soil acidity and the 

accumulation of nutrients (Fig. 33), such as total and extractable P (Fig. 35). The 

Proto-pretic layer consists of a Black ADE. The profile has a bottom to top 

increasing trend in soil properties and nutrient availability. Black ADE comprises 

two distinct stratigraphic layers: Layer I  comprises a lighter coloured base (20-

35cm b.s.) and Layer II a darker upper level (0-20cm b.s.) (Table 7). Even though 

P content is below the Pretic threshold, ADE 1 profile has the P-richest ADE 

analysed. The soil is moderately acidic (pH range: 5.7-5.8) and slightly more 

stable in Layer I. CEC and base saturation increase throughout Black ADE. A 

similar pattern occurs in C, N and OM. N concentration has a negative association 

with C-N ratio. The increase in N on Black ADE resulted in a decrease in C-N 

ratio. Thus, the soil stability appears to be directly influenced by the N cycle. 

Negative association of soil N and C-N ratio has previously been found in tropical 

Ferralsols (Murty et al., 2002, Luizão et al., 2004). The availability of nutrients 

starts increasing at Layer I, peaking at Layer II. Ca (Fig. 33) and P (Fig. 35) have 

elevated rates, evidencing bone decomposition in this area (Kern 1999). 

Similarly, Zn and Mg values probably indicate inputs of wood ash (Costa and 

Kern, 1999, Entwistle et al., 2000, Kampf et al., 2003). In addition, the 

accumulations of K and Mn are a record of vegetal material decay (Costa and 

Kern, 1999).  

ADE 3 presents a Proto-pretic horizon (Clayic, Dystric, Ebonic) over a 

Xanthic Ferralsol (Clayic, Hyperdystric). The Xanthic Ferralsol has a very strongly 

acidic soil (4.8) comprising a hard wet clayey yellow (10YR 5/6) soil with low CEC, 

base saturation and nutrients. The Proto-pretic horizon comprises a Black ADE, 

which also presents different stratigraphic layers: Layer I consists of a lighter 

stratum (I - 25-40cm b.s.) buried under Layer II, a darker stratum (II 0-25 cm 

b.s.). Layer I has a strongly acidic soil (pH 5.1). In Layer II the soil returns to very 

strongly acidic (4.8). As well as pH, soil stability also peaks and then declines 
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through Layer II. In contrast, CEC, base saturation, OM, and elements increase 

through Black ADE. ADE 3’s nutrient concentrations are not as elevated as in 

ADE 1. However nutrient contents are higher than in the Control profile. The 

nutrient content’s increasing trend starts at Layer I and peaks at Layer II. 

Compared to the ADE1 profile, P and Ca accumulations are lower in ADE 3 (Fig. 

34 and 35), although both P and Ca are much higher compared with Control. 

These high rates in ADE profiles may result from bone decay (Costa and Kern, 

1999, Kern et al., 2009a, Woods, 2003). Zn, Mn, Mg, and K (Fig. 34) and indicate 

decomposition of plant material and wood ash as probable nutrient inputs. 

Negative correlation between N and C-N ratio also occurs in ADE 3 profile (Fig. 

34).This profile was opened in North ADE in Maguari site. The archaeological 

context of this area is not as well-known as South ADE, although Guarim 

recovered ceramics affiliated to the Santarem phase associated with the reginal 

Tapajó occupation. 

 

 
Figure 35: Phosphorus signature in Botanical plots from Maguari site. 

Phosphorus distribution in Maguari site is also varied vertically and 

horizontally. Overall, total and extractable P presented a bottom-top increasing 

trend. The exception was ADE3 plot profile, which had a decreasing extractable 

P. In the Control Plot and ADE 1 total and extractable P present a similar trend. 

As at Cedro site, the profiles from ADE have much greater total P values than the 
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surrounding soil. ADE 1 has the greater content of P (total and extractable), 

peaking in the top 20cm (Fig. 35). The high values of P even in the Ferralsol 

corroborates the classification of this profile as a proto-Pretic layer and signals 

anthropic interventions in the top of the natural Ferralsol (Kampf et al., 2003). In 

ADE 3, the P signature is not as high as in ADE 1, but is still many times higher 

than in the Control profile. The extractable P has a decreasing trend upwards in 

ADE 3, which possibly indicates leaching of P into the B horizon. Extractable P 

presents low contents, whereas total P rates are three times higher than in the 

Control plot. The high amount of P in the Ferralsol reinforces the evidence for 

human impact in the soil analysed (Woods, 2003, Kampf et al., 2003). However, 

the content of P does not meet the criteria to characterize ADE 3 profile as a 

Pretic soil.  

Even though the soil properties of Mound 1 surpass values registered in a 

classic regional Dark Earths study (Woods and McCann, 1999a) and matches 

recent ADE classifications (Araújo et al., 2015, Eriksson et al., 2016, Söderström 

et al., 2016), it lacks the dark colour. As a result, Mound 1 is characterized as a 

Horto-terric horizon, as opposed to the Proto-pretic horizon classification of 

adjacent ADEs. The Ferralsol presents pH, CEC, base saturation and nutrient 

concentrations that are higher than in the Control profile. This may be attributed 

to the intense human activity, including fire pits burning the top of Ferralsol. The 

constant rebuilding of Mound 1 influences the soil composition throughout the 

profile. The pH ranges from strongly acidic (5.2) to slightly acidic (6.5). Thus, the 

soil acidity decreases upwards in the mound architecture (Fig. 37). The intense 

litter decomposition in Layer A1 results in a less acidic soil. Minor variations in Al 

contents are consistent with the use of surrounding clayey Ferralsol as a raw 

material for floors. This assumption is supported by a decrease in Al at the 

mound’s top (Fig. 37). Another indication of how rebuilding influences the soil 

composition is seen in the minor fluctuations in micronutrients (Zn, Mn). Mn that 

originates from plant material decomposition has changes through the profile and 

peaks in Layer A1. Given that fire pits were recorded in the house floors, wood 

ash is a plausible Zn input. Even though macroscopic bones were not registered 

during the excavations, Floor 1 Ca and P (total and extractable) signatures are 

consistent with bone decomposition (Woods, 2003). Overall, the accumulation of 

macronutrients exhibits a close association with each floor context. The slightly 
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high values of Mg and K on Floor 1 are consistent with fire activity and the decay 

of plant material, such as woody posts. All nutrients present a small drop in Floor 

2. From Floor 3 towards the mound’s top nutrients have increasing trends. 

Soil stability increases up until Floor 4 then decreases upwards, being at 

its lowest in Layer A1. Soil stability changes in every new rebuilding event. Soil 

becomes more unstable over the constant rebuilding. Since a stable soil is 

important for ADE formation (Van Hofwegen et al., 2009), fluctuations in soil 

stability due to rebuilding could prevent ADE development. N has small increases 

from Floor 4 upwards, at the same time as increases occur in C and OM. Similar 

to the other Maguari profiles, N and C-N ratios have opposite accumulations. The 

increase in N from Floor 4 upwards has a drop in C-N ratio effect. CEC and base 

saturation have curves similar to C and OM. Regionally, a strong correlation 

between pH and base saturation was found, as well as a link among CEC and C 

(Soderström et al., 2013). Even though P is a key element for ADE classification 

(WRB, 2015, Kampf et al., 2003), its accumulation is a common outcome of 

human occupations (Eidt, 1984, Entwistle et al., 2000, Ribeiro, 2017). Thus, a 

strong P signature is not exclusive to ADEs, but rather an anthropogenic signal. 

In mound 1, the P signature fluctuates considerably. Greater P concentrations 

are found from Floor 1 to 4 (Fig. 36), where many fire pits were registered and 

bones might have been discarded. The rates of total P are unequivocally higher 

than extractable P. However, variations in both P forms are synchronized. 

Increases and declines in total and extractable P are coupled. Figure 36 shows 

the distribution of total and extractable P in Mound 1. 
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Figure 36: Phosphorus signature in Mound 1. 
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Figure 37: Mound 1 soil properties and nutrients. 
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4.4. Summary  
Overall, the ADEs show two layers: a Dark Earth over a Xanthic Ferralsol. ADEs 

are divided into Black ADE and Brown ADE. Brown ADEs are registered both underneath 

Black ADEs and horizontally interspersed with Black ADEs. In terms of chemical 

signatures, there’s a vertical increasing trend of fertility from the Ferralsol towards Black 

ADE. Brown ADEs have intermediate levels of enrichment, being more fertile than the 

Ferralsol. Even though Al3+ is the dominant cation in all assemblages analysed, changes 

in CEC and base saturation seem to be negatively correlated to pH alteration in Cedro 

site. Similar phenomena occur in profiles from botanical plots in Maguari site. The 

negative correlation of CEC and base saturation with soil acidity was recorded in other 

terra firme sites (Eriksson et al., 2016). In Mound 1, CEC and base saturation are not 

correlated to pH. The formative processes of this earth structure prevented the formation 

of Black ADE. In the case of Mound 1, however, the geochemical signature clearly results 

from human activities.   
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Chapter 5 
 

Archaeological Case Studies 
 

 

This chapter comprises the archaeological description of the three case studies 

sites. Site selection and field methodology are first described. Then, excavations and soil 

profiles are described for Porto, Cedro, and Maguari I sites respectively. For each site, 

location, stratigraphy, material culture, features and chronology are outlined. To conclude, 

a summary of the archaeological record from the three sites is presented. 

 

5.1. Archaeological Description of Porto de Santarem Site 

(UTM 21M 751610E 9732768N) 
 

5.1.1. Porto site Research areas 
The site is intensely disturbed by CDP activities. Regardless of the disturbance, 

deep deposits of Amazonian Dark Earths are found in some parts of the 356,950 sq. 

kilometres of the site. The N-S topography of the site is flat whereas the E-W is slightly 

sloped (Fig. 38). CDP divided the site into areas to be leased for private companies 

operating in the port. Over seven years, ten of these areas - South 1, 2, 2A, 4A, 4B, 10A-

2, 10A-3, 10A-3, 10A-4, and 10A-5 (Fig. 39) were studied by teams from University of 

Para and University of Illinois as part of an agreement part of an agreement between CDP 

and the Brazilian Institute for Heritage Management).  
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Figure 38: Porto site topographic map (Douglas 2001). 
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Figure 39: Sketch of Porto site. 



	 	 Archaeological	Case	Studies	

95	
	
	

 

Area South-1 comprises 15.800m2 sandy soil. This area was excavated in two 

seasons. Roosevelt coordinated the excavations in 2009. A 12m trench, three 1m x 

1m units, and one 2m x 2m unit were excavated during the 2009 season (Schaan, 

2010b). Schaan coordinated the second season in 2012. During the second season 

two 5m trenches and one 2m x 2m units were excavated. The average depth of the 

cultural layer is 70cm and the maximum depth 120cm (Fig. 40). Three components 

were recorded in area South-1: a pre-Tapajó component, a Tapajó component, and a 

modern component. In the Tapajó component, a house platform and a lithic workshop 

were uncovered in this area (Schaan and Alves, 2015). 

 

Figure 40: Topography of Area South-1 with the excavation units plotted. 

Area 2 comprises 26.741m2 of compacted sandy soil. The excavations were 

coordinated by Schaan in 2011 (Schaan, 2012d). In this area 19 1m x 1m units were 

excavated (Fig. 41). This is one of the most disturbed areas of the site, having been 

occupied by families until the construction of the port in the 1970s. The remains of 

their house walls and floors, a well, a latrine and objects such as metal cans and plastic 

fragments were recovered. During the 1990s a football field was installed on the area 

intensifying the erosion of the prehistoric layers of the site. Given the destruction of 

the anthropogenic layer the excavations were focused first around groups of ceramic 

rims appearing on the surface, which were classified as features. Later, geophysics 

mapping indicated other features that were then excavated (Schaan, 2012d). 
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Area 2A comprises 32.142,54m2 of compacted sandy soil (Fig. 41). The 

excavations in this area were coordinated by Schaan in 2011/2012. This area had 

been intensely disturbed by recent activities, including its use as an area for car driving 

practice. As a result, the Dark Earth was completely removed. Thus, geophysics 

mapping anomalies were investigated by 1m x 1m units. In total, 21 1m x 1m units 

were excavated and expansions were open to expose features in detail. Seven 

features were identified in area 2A, four of which were refuse pits (Schaan, 2012d). 

 

Figure 41: Sketch of areas 2 and 2A. 

Area 4A comprises 24.070 m2 of sandy soil. This area was excavated in two 

seasons. Roosevelt coordinated the excavations in 2009. Although this area is less 

disturbed, the top 20 cm contains large amounts of modern rubbish, and the remains 

of modern house walls and structures. In addition, a football field was part of the 

modern use of this area. In this area one 5m x 5m unit, two profiles, and four trenches 

(Fig. 42) were excavated. The stratigraphy from area 4A comprises three 

archaeological components. A charcoal-rich component was associated with the 

Amazonian Formative at the base of the cultural layer. Over the Formative layer lies a 

component characterized by a Barrancoid style ceramic assemblage. The Tapajó 
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component covers the Barrancoid. All three components are buried under a modern 

component. 

 
Figure 42: Sattelite image from area 4A with the excavations highlighted (Google, Nov 2009) 

 

Area 4B comprises 24.054m2. This area has been disturbed by the port 

activities (e.g. landfill) as well as by a football field. This area was excavated in two 

seasons. Roosevelt coordinated the excavations in 2009. Along with area 4A, area 4B 

is near to the ancient lake and used to be partially flooded during the rainy season. In 

area 4B, three groups of 1m x 1m excavation units were dug: 1-6 and 7-12 (close to 

the drainage channel), and 13-14 (north of drainage channel). Additionally, a 50cm x 

50cm test pit was open on the football field, and a trench (30m x 3m) was open on a 

landfill area. Two 50cm x 50cm test pits were dug inside the trench (Fig. 43). The 

stratigraphy from area 4B comprises the three components recorded in the site. A pre-

Tapajó component was buried under the Tapajó component. A 67cm modern rubbish 

covers the archaeological layers of the site. The average thickness of the Tapajó 

component (Munsell 10YR 2/1, 2/2, 3/1, 3/2, and 3/3) is 60cm. 



	 	 Archaeological	Case	Studies	

98	
	
	

 
Figure 43: Satellite image of area 4B with the units, trench and test pits plotted. (Google, Jan 2010). 

Area 10A-2 comprises 622m2. It is intensely disturbed by recent activities. In 

fact, the central part of this area is used as a car park and is covered by concrete. The 

excavations on this area were coordinated by Schaan in 2013. Two 2m x 1m units 

were excavated in area 10A-2. The stratigraphy of this area consists of a Tapajó 

component disturbed by burrowing biota. The top 20cm is characterized by the Tapajó 

component mixed with modern rubbish (Schaan, 2013). Area 10A-3 comprises 

1.059m2. This area was excavated in 2013 under the Porto site Salvage Project 

coordinated by Schaan. Six 1m x 1m, four 2m x 1m, and two 2m x 2m units were 

excavated in area 10A-3 (Fig. 44). The stratigraphy from area 10A-3 comprises the 

three components previously described. The pre-Tapajó and Tapajó components are 

buried under a modern component. The pre-Tapajó is ca. 20cm thick. The thickness 

of the Tapajó component ranges from 20cm to 40cm. The modern component 

encompasses the top 20cm (Schaan, 2013). 

Area 10A-4 comprises 3.271,15 m2. This area was investigated in different field 

seasons. The north side of area 10A-4 was excavated in 2013 under the Porto site 

Salvage Project coordinated by Schaan. Twelve 1m x 2m units were excavated. The 

stratigraphy from the north side comprises two archaeological components and the 

modern component. The pre-Tapajó component comprises a Brown ADE (10YR 4/3) 

sediment with an average thickness of 30cm. The Tapajó component, a Black ADE 

(10YR 2/1, 3/1, and 3/2) sediment, is on average 20cm thick. The modern component 

comprises a 20cm to 40cm layer of modern rubbish. The south side of area 10A-4 was 

excavated in different seasons under two projects. One 10m x 10m unit was excavated 
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under the Lower Amazon Project (2000, 2001, and 2007 seasons). One 7m x 7m unit 

was excavated in 2011 and one 2m x 1m unit was excavated in 2013 under the Porto 

Salvage Project (Schaan, 2012d, Schaan and Alves, 2015). The stratigraphy on the 

south side of area 10A-4 comprises two archaeological components and one modern 

component. The pre-Tapajó component comprises a Brown ADE (10YR 4/3) sediment 

70cm thick on average. The Tapajó component is a Black ADE (10YR 2/1, 3/1, and 

3/2) sediment, on average 63cm thick. The modern component comprises a 20cm 

layer of modern rubbish. 

 

Figure 44: Satellite view of Porto site. Areas 10A are highlighted and numbered in yellow. 

(Google, Nov 2008). 

Fig. 44 shows the areas 10A highlighted and numbered in yellow. 

Area 10A-5 comprises 600m2. Four 1m x 1m contiguous units were excavated 

under the Lower Amazon project (Quinn, 2004, Roosevelt, 1993, Roosevelt, 2000). 

One 2m x 1m unit was excavated on 2011, and four 1m x 2m units were excavated 

on 2013 under the Porto site Salvage project. The stratigraphy consists of two 

archaeological components and the modern component. The pre-Tapajó component 

comprises a Brown ADE (10YR 4/3) sediment ca. 30cm thick.  Remains from a home 

garden were identified in this pre-Tapajó component. The Tapajó component is on 

average 30cm thick, a Black ADE (10YR 2/1, 3/1, and 3/2) sediment. A house platform 

with superimposed floors and a refuse pit were identified in the Tapajó component. 

The modern component comprises a 20cm to 60cm layer of modern rubbish (e.g. 
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modern house floor, glass and plastic fragments, iron rebar, slate gravel, pebbles, grit, 

brick and fragmented roof tiles).  

Four activity areas were identified in Porto site: 1) community/public area, which 

comprises a cemetery; 2) domestic/private areas consisting of house floors and 

manufacture areas; 3) disposal areas characterized by refuse pits and domestic 

middens; 4) cultivation areas (swidden plots). Fig. 45 shows an estimated distribution 

of activity areas (Schaan and Alves, 2015). The top is a satellite site overview at the 

time of excavations. In the middle are plotted the activity areas associated with the 

occupation during the Amazonian Formative: a swidden plot, a hamlet area and the 

ancient lake. At the base are plotted the ancient lake distribution and activity areas 

associated with the Tapajó occupation, such as houses, cemetery and lithic workshop. 

 
Figure 45: Top - Porto site areas. Centre – Pre-Tapajó occupation. Bottom – Tapajó occupation 

Satellite view of Porto site. Research areas are highlighted in yellow. 

Formative occupation – X century 
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Tapajó occupation – X to XIV century 
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5.1.2. Porto site Stratigraphy 
Over the past 30 years, different uses of the place (e.g. port activities, football 

fields, and for driving practice) intensely disturbed Porto’s stratigraphy. Nevertheless, 

different cultural features were mapped and exposed during years of investigation. As 

a result, two main archaeological layers were identified on most parts of the site. The 

exception is area 4A, which is going to be detailed later on. A Brown ADE 

characterized by a wet sandy clayey Brown (10YR4/3) sediment is associated with a 

pre-Tapajó component. This Brown ADE is buried under the Black ADE in areas 

South-1, 4B, 10A-3, 10A-4, and 10A-5. The average thickness of Brown ADE 

(hereafter pre-Tapajó component) is 30cm. The sediment from this layer contains 

copious amounts of large thick charcoal chunks. In fact, in area 10A-5 this layer was 

found to consist entirely of charcoal pieces and carbonized seeds (Quinn, 2004). In 

the other areas sparse scattered ceramic and lithic remains, as well as a few raw 

materials, were recovered. Although the artefacts are mainly scattered throughout in 

Brown-ADE, some clusters were recorded. One cluster comprised ceramic shards and 

stone flakes in area 10A-3 (Fig. 46). Another cluster in area South-1 (Fig. 46) consisted 

of charcoal, stone flakes, small ceramic shards, burnt clay, pebbles, carbonized seed 

of Astrocaryum sp. and smashed bones (Schaan, 2010b). The lithic artefact 

assemblage included tiny stone flakes, sandstone calibrators, laterites and quartz 

pebbles. The ceramic assemblage comprised small plain shards, red slipped shards 

and some thick mat-impressed ceramics. Considering the high density of charcoal and 

the low numbers of artefacts, this Brown layer was interpreted as cultivation areas or 

home gardens (Quinn, 2004, Schaan, 2010b). A house floor and a hearth were 

exposed on the pre-Tapajó component in area 10A-5. 
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Figure 46: Clusters on Brown ADE. Left - area 10A-3 (unit 3 - 83cm). Right – area South-1 (105cm). 

 

In area 4A, an intermediate component was identified above the pre-Tapajó 

component. This component comprised a sand Gray (10YR 3/2) sediment containing 

ceramic decorated with shallow incisions, modelled zoomorphic appendages, mat-

impressed, white painted and red painted. This was interpreted as a simpler version 

of Tapajó ceramic, since the pottery technology is the same, though with a smaller 

decorative repertoire(Schaan, 2010b). 

Other research areas present a Tapajó component above the pre-Tapajó 

component. The Tapajó component is characterized by a loose sandy dark (10YR 2/1, 

2/1, 3/1, and 3/2) sediment. The thickness of this sediment ranges from 20cm to 30cm 

(between 20 and 50cm b.s.). The thickness varies according to the levels of 

disturbance of the areas. The archaeological context of Black ADE comprises the 

Tapajó occupation (hereafter Tapajó component). Three main activity areas were 

identified in the Black ADE layer. The community/public area comprises a cemetery. 

Domestic/private areas consist of house floors and manufacture areas. Disposal areas 

are characterized by refuse pits and domestic middens. Numerous ceramic shards 

diagnostic to the Santarem phase were recovered from the Tapajó component. In 

addition, copious amounts of lithic artefacts, charcoal flecks, burnt clumps of clay and 

ecofacts (e.g. tiny bone pieces and carbonized seeds) were collected (Quinn, 2004). 

In the Tapajó component a variety of features related to the household was uncovered 

(e.g. domestic middens, house floors, post holes, fire pits, hearths, and a lithic 

workshop) as well as features related to ritual contexts (e.g. refuse pits and a burial 

area) (Quinn, 2004, Schaan and Roosevelt, 2008, Schaan, 2010b, Schaan, 2012d, 

Schaan, 2012c, Schaan and Alves, 2015). 
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The upper 20cm of Black ADE comprises a post-contact component. Accounts 

from the 19th century suggest that the present port area was inhabited by indigenous 

groups (Bates, 1979 [1869]. ). All areas of the site present modern disturbance, such 

as the remains of brick buildings registered in area 10A-3 (Schaan, 2013), construction 

remains, cement, plastic objects and packaging, fragments of iron objects and iron 

nails, and colonial pottery and stoneware mixed with the Tapajó component remains 

(e.g. ceramic and lithics) (Alves, 2015). 

5.1.3. Porto site Material culture 
The ceramic artefact assemblage from the Tapajó component consists of 

fragmented anthropomorphic figurines, large funerary urns, necks from necked 

vessels, caryatid vessels rims and bases, globular vessels rims, smoking pipes, 

ceramic spindle whorls and a myriad of red or white painted, incised, punctuated, 

scraped and modelled ceramic shards (Fig. 47). The lithic artefact assemblage (Fig. 

48) comprises stone cores, stone flakes, stone axes, fragmented stone axes, stone 

spindle whorls, grater “teeth”, sandstone and laterite abraders, and raw material (e.g. 

sandstones and quartz pebbles) (Alves, 2015, Araujo da Silva, 2015). 

 
Figure 47: Potshards with the diagnostic Tapajó decorations (Incised and Punctuated Tradition) from Porto site. 

Image from (Schaan and Alves, 2015). 
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Figure 48: Lithic artefacts from area10A-4: top left – fragmented stone axes (unit 25: 0-10cm); top centre – raw 

sandstone and top right sandstone ridged calibrator (unit 15: 35-45cm); centre – stone pendant (unit 19 (10-
20cm); bottom left – sandstone ridged calibrator and stone flakes (unit 17 (29-39cm); bottom centre - stone flakes 

(unit 16: 30-40cm); and bottom right – sandstone calibrators (unit 23: 40-50). 

 

5.1.4. Porto site – Activity areas 
 

5.1.4.1. Disposal areas – Refuse Pits 
Refuse pits are found in different areas of Porto site. Characterized by circular 

black spots cut through the Ferralsol, these features vary in size and content (Gomes 

and Luiz, 2013, Moraes et al., 2014, Quinn, 2004, Schaan, 2010b, Schaan and Alves, 

2015, Schaan and Roosevelt, 2008, Schaan, 2012d). Bell-shaped and funnel-shaped 

refuse pits are distributed over Porto, containing numerous artefacts from the Tapajó 

component. 

In area 10A-5, excavated under the Lower Amazon project in 1987, a bell-

shaped refuse pit comprised a black (10YR 2/1) rich sand sediment. The refuse pit 

was recorded below superimposed house floors. It contained numerous larger 

elaborate ceramic shards, fragmented figurines, decorated spindle whorls, stone drills, 

ash, charcoal, carbonized seeds, turtle bones and shell, and large fish bones (Quinn, 

2004). The ceramic assemblage encompasses fragmented figurines and shards 

characteristic of the Santarem phase (e.g. modelled, incised, appendages) from 
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bowls, plates and jars interpreted as part of the ritual paraphernalia (Quinn, 2004). 

Food remains comprise large turtle and fish bones, carbonized tree fruits, a few maize 

kernels, and traces of gourd bowls (Roosevelt, 2000). Two charcoal samples from the 

base of a bolsão were dated to 2192+/-56 BP (charcoal associated with a figurine 

fragment) and 2270+/- 63 BP (associated with red painted potshards). Given their 

context these samples were considered as part of the pre-Tapajó component mixed 

into the refuse pit content on the pit opening event. Fourteen samples from the refuse 

pit fall into the Tapajó component. A charcoal sample dated to Cal AD 410 ±30 was 

directly associated with a ceramic vulture head and  hundreds of potshards by being 

taken from the Tapajó component (Quinn, 2004).  

In 10A-4 the Lower Amazon Project team, during excavations in 2007, found a 

bell-shaped refuse pit (Schaan and Roosevelt, 2008). The refuse pit was 

stratigraphically associated with a house floor. The refuse pit comprised a loose dry 

dark (10YR 2/1 and 3/2) sediment, and was filled with elaborated ceramic shards and 

figurines, decorated spindle whorls, lithic spindles, charcoal, large fish bones and 

mammal bones (Schaan and Roosevelt, 2008). Given the high densities of elaborate 

ceramic, decorated spindle whorls combined with larger fish bones, these refuse pits 

were interpreted as ceremonial (Quinn, 2004). 

In area 4B, excavations under Porto Salvage Project in 2009 uncovered a 

refuse pit at 71cm b.s. It consisted of a loose sand Black ADE (10YR 2/1 and 2/2) 

sediment filled with red slipped ceramic shards (e.g. bases, rims, and modelled 

appendages), the nose from an anthropogenic figurine, charcoal, crushed bones, 

burnt stone flakes, pebbles, calibrators, a fragmented lithic spindle whorl, burnt clumps 

of clay, raw clumps of clay and carbonized palm seeds (Astrocaryum jauari, A. vulgare, 

and Acrocomia aculeata). Fig. 49 illustrates some of the artefacts recovered from the 

refuse pit in area 4B. 
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Figure 49: Artefacts from area 4B refuse pit: Top left – semi-circular female figurine base (126cm b.s.). Top 
centre – incised and modelled figurine (99cm b.s.). Top right – zoomorphic incised and modelled appendage 

(90cm b.s.). Centre left – zoomorphic modelled appendage (84cm b.s.). Centre right – zoomorphic modelled and 
punctuated (144cm b.s.). Centre left – a bowl rim and shards (108cm b.s.). Centre – fragmented dish (106cm 
b.s.). centre left – red slipped rim (90cm b.s.). Bottom left – sandstone grooved abrader (74cm b.s.). Centre – 

hand lithic chisel (90cm b.s.). Right – lithic spindle whorl (93cm b.s.). 

Fig. 50 shows the profile from a drainage channel, which was investigated in 

order to expose the refuse pit. Layers IV, V, and VI represent modern disposal of 

construction remains (e.g. gravel, cement and rebar pieces), which combined are ca. 

71cm thick. The refuse pit (III) is below Layer IV and cut through Layers I and II. Layer 
II (71-100cm b.s.) comprises a loose sand Black ADE (10YR 2/1) sediment, containing 

numerous plain small scattered ceramic shards, stone flakes, grater teeth, pebbles 

and charcoal. Layer I (100-140cm b.s.) consists of a hard packed sand Very Dark 

Gray (10YR 3/1) house floor (Schaan, 2010b). Details of the house floor are presented 

in section 5.1.4.4. The base of the refuse pit at 175cm b.s. contained a larger amount 

of charcoal lens. This lens was interpreted as the remains of a fire pit thrown into the 

pit. Altogether, the remains of the fire pit and the highly elaborate ceramic found inside 

the pit suggested it should be classified as a ceremonial refuse pit (Schaan, 2010a). 
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Figure 50: profile from the drainage channel with the bolsão – circular shaped on the left. 

Inside the Federal University of Western Pará, refuse pits were recorded in 

excavations led by professors from the university’s archaeology course in 2011 

(Gomes and Luiz, 2013, Moraes et al., 2014). The area has a loose dry sandy Black 

ADE (7.5YR 2.5/1 and 3/2) sediment. The thickness of the Black ADE ranges from 

20cm to 70cm b.s. Two refuse pits with diameters ranging from 1.50m to 2m were 

filled with domestic debris (e.g. small ceramic shards, flint stone flakes, sandstone 

ridged abraders, charcoal flecks, and manatee bones) (Gomes and Luiz, 2013). The 

depth of the refuse pits reached 110cm b.s. The ceramic artefact assemblage 

encompassed mainly plain and red painted thin (range: 0.5-1cm) shards, although 

punctuated shards and figurines were also recovered. The ceramic is tempered with 

a combination of sponge spicules and grog. In addition, a small ceramic bowl was 

collected from one of these features. The bowl, excavated in the laboratory, was found 

to contain small calcined bones (Gomes and Luiz, 2013). Based on their size and on 

the artefact assemblage these refuse pits were interpreted as domestic refuse areas. 

Further excavations on the university campus in 2012 identified another three refuse 

pits similarly filled with domestic debris. In this case, carbonized seeds and wood were 

part of the artefact assemblage. Additionally, a high density of flint stone flakes and 

sandstone abraders supported an assumption that these three refuse pits were 

associated with the manufacture of lithic artefacts (Moraes, 2013). 

 In area 2A, four bell-shaped refuse pits were identified during the excavations 

under the Porto Salvage Project in 2011/2012. Among the four, three refuse pits were 

adjacent to each other and oriented SW-NE (Fig. 51 and 52). These were named 

features 3, 4 and 5. Overall, the pits consist of the loose sand Black ADE (10YR 3/1) 

sediment cut though the sterile yellow Ferralsol. The pits range from 80 to 130cm in 

depth, starting at 10cm b.s. Feature 3 comprises a loose sand dark sediment, 100cm 

I 
II III 

IV V 
VI 
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thick (10-110cm b.s.), brown on the base (10YR 4/2) and Gray on the top (10YR 3/1) 

(Fig. 51). This difference in the sediment colour results from a larger number of organic 

residues (e.g. carbonized seeds and charcoal) in the darker area (Araujo da Silva, 

2016). Feature 4 comprises a loose sandy clayey dark sediment (10YR 2/1, 2/2, 3/2, 

and 3/3), 80cm thick (10-90cm b.s.). Feature 5 consists of a loose sandy clay dark 

sediment (10YR 2/1, 2/2, and 3/2), also 80cm thick (10-90cm b.s.). The pits contain 

domestic debris and shards from fancy ceramic vessels (e.g. shards from decorated 

dishes, caryatid vessels and necked vessels, and lithic artefacts). The ecofacts 

assemblage includes carbonized seeds, crushed bones and charcoal (Schaan, 

2012d). 

 
Figure 51: Left – sketch of the features in area 2A. Right – west wall of Feature 3 in area 2A. 

 
Figure 52: Center – overview of Feature 4 and Feature 5 (20cm b.s.). Around – some examples of the material 

culture from the features. Going clockwise: rims from plain vessels, phallic shaped pendant, red painted and 
incised shard, ear plug, rim with fillet appliqué, muiraquitã, fragmented miniature vessel, and modelled head of an 

anthropomorphic figurine. 
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Features 3, 4, and 5 were studied as part of an MA by Anna Barbara Cardoso 

da Silva at the Federal University of Pará. Silva (2016) analysed the ceramic artefact 

assemblage and the refuse pits’ formation processes. As previously mentioned, the 

refuse pits from area 2A contained numerous shards from fancy Tapajó pottery such 

as caryatid vessels, globular vessels, necked vessels, anthropomorphic figurines and 

fragments from anthropomorphic figurines. However, the artefact assemblages varied 

between the refuse pits. Feature 3 had a larger variety of vessels types (25 types), 

with globular vessels (21%), plain vessels (20%), and medium bowls (16%)  occurring 

most frequently (Silva, 2016). Modelled objects, such as a frog shaped miniature 

vessel and a vulture head shaped appendage, were also part of the assemblage. 

Shards from a polychrome bowl (Fig. 53) were vertically scattered throughout Feature 

3 (Schaan, 2012d). The first shards from this bowl were uncovered at 35cm b.s. A 

cluster of shards from the same bowl was exposed at 43cm b.s. Smaller shards of the 

bowl were scattered through the pit up to 65cm b.s. The cluster was associated with 

carbonized seeds, charcoal and bones (Schaan, 2012d). A charcoal sample taken 

from the wall of a shard at 36cm b.s. was dated to Cal AD 1400-1440 (Araujo da Silva, 

2016). Based on the distribution of artefacts through the pit, Silva (2016) interpreted 

Feature 3 as a secondary refuse pit formed in one event of deposition. 

 
Figure 53: Left – polychrome bowl shards from F3 (35cm b.s.). Center left – polychrome bowl shards clustered 

at (43cm b.s.). Center right – shards from polychrome bowl cleaned in lab. Right – The bowl shape 
reconstruction. Adapted from (Schaan, 2012d) and (Schaan and Alves, 2015). 

Feature 4 has a higher density of figurine shards (eyes, heads, arms, nose, and 

ear), as well as a female figurine, a male figurine, and a phallic shaped pendant (Fig. 

54) (Silva, 2016). The male figurine was collected at 25cm b.s. and the female figurine 

was recovered at 28cm b.s.  A charcoal sample taken at 33cm b.s. was dated to Cal 

AD 1450-1640 (360 ± 30 BP). As with Feature 3, the artefacts in Feature 4 were 

scattered throughout. For example, shards from a necked vessel were recovered from 

10cm b.s. to 70cm b.s. (Fig. 54). Thus, this feature was also classified as a secondary 

refuse resulting from one discard event (Silva, 2016). 
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Figure 54: Artefacts from Feature 4. Left – front and side view of female and male figurines. Center – phallic 

shaped pendant. Adapted from (Schaan and Alves, 2015). Right – shards from necked vessel recovered from 
various levels of the refuse pit. Adapted from (Silva, 2016). 

The artefact assemblage from Feature 5 contained higher amounts of lithic 

artefacts than the assemblages from the other features (Silva, 2016, Araujo da Silva, 

2016). The lithic collection included flint stone flakes, flint drills (grater teeth), quartz 

pebbles, fragmented hand stone axes, a muiraquitã and an ear plug (Fig. 55) (Araujo 

da Silva, 2016). However, numerous ceramic shards, including polychrome shards, 

were also part of the remains from Feature 5. At 57cm b.s. a semi-fragmented red 

painted globular vessel with a zoomorphic appendage was recovered (Schaan, 

2012d). At 60cm b.s., the base of a polychrome vessel was recovered from a 

concentration of charcoal and burnt clumps of clay. The base, deposited upside down, 

was collected with the sediment (Fig. 55). The excavation in the laboratory exposed 

small bones inside the base. At 68cm b.s. a charcoal and ash lens was recorded. A 

charcoal sample taken from this lens was dated to Cal AD 1320-1340 and Cal AD 

1390-1440 (Araujo da Silva, 2016). The ceramic analysis revealed a change in the 

temper used. The ceramics from the lower levels of the feature are mainly grog 

tempered, whereas in the upper levels the major temper is sponge spicule. Based on 

this change in the ceramic production, Silva (2016) suggests that Feature 5 is a 

secondary refuse formed by at least two distinct events. The estimated dates for each 

refuse pit based on the C14 dates place the features around ±1400 AD, which is 

contemporaneous with the agreed Tapajó society apogee. Figure 56 shows the 

estimated dates for each refuse pit per layer (Schaan and Alves, 2015). 

 
Figure 55: Artefacts from Feature 5. Left – muiraquitã. Center left – ear plug (15cm b.s.). Adapted from (Schaan, 

2012e). Right – overview and side view of the vessel base recovered at 60cm b.s. Adapted from (Silva, 2016). 
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Figure 56: Estimated dates for each feature and the corresponding depth. From (Schaan, 2015). 

Feature 6 comprises a 70cm thick (40-110cm b.s.) loose sand dark (10YR 3/2) 

sediment, filled with ceramic shards, lithic artefacts, charcoal, carbonized seeds and 

bones. This feature displays three different deposition contexts. The lower levels (80-

110cm b.s.) contain larger ceramic shards in high amounts, both vertically and 

horizontally deposited. The ceramics are plain, red slipped, and brushed. Although the 

artefacts are mainly scattered, some ceramics clustered with charcoal and carbonized 

seeds were recorded at 83cm b.s. (with the base at 90cm b.s.). A charcoal sample 

taken from this context at 90cm was dated to Cal AD 1410-1450 (Cal BP 660-540). A 

stone axe, a stone chisel and a stone pestle were stratigraphically associated with the 

cluster (Fig. 57). The pestle and chisel were deposited with the used face upside down 

(Schaan, 2012d). 

The upper levels (40-80cm b.s.) comprise higher densities of ecofacts (e.g. 

unidentified carbonized seeds, palm carbonized seeds, charcoal, and bones). In 

contrast to the lower levels and the other refuse pits, in these upper levels the artefacts 

are horizontally deposited. Particularly, the lithic artefacts (e.g. pestles and abraders) 

are deposited with the used face upside down. The ceramic artefact assemblage 

includes incised, punctuated, red slipped, red painted, and modelled shards, as well 

as fragmented globular vessels, a polychrome figurine fragment, filet appliqué and 

punctuated filet. A fragmented globular vessel was recovered in situ with the collapsed 

neck well-preserved amongst the rest of the vessel at 80cm b.s. A charcoal sample 

taken adjacent to the vessel at 80cm b.s. was dated to Cal AD 1290-1410 (Cal BP 

660-540). Another sample taken at 73cm b.s. from a charcoal-rich context with bones 

and incised, punctuated and red slipped ceramic shards was dated to Cal AD 1320-

1340 (Cal BP 630-610). A sediment containing red pigment was recovered at 67cm 

b.s. and a charcoal sample associated with it was dated to Cal AD 1300-1360 (Cal BP 
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640-590). In addition, a charcoal sample collected at 58cm was dated to Cal AD 1310-

1360 (Cal BP 640-590). These last two samples were stratigraphically associated with 

a hollow base, a flange and numerous incised, punctuated, red painted, and globular 

vessel shards. Feature 6 contains more ceramics than lithics. The lithic artefacts 

consist mainly of sandstone abraders and stone polishers, with a few stone flakes 

(Schaan, 2012d). 

 

Figure 57: Artefacts from Feature 6. Top left – red painted shards (50-60cm b.s.). Top center – polychrome 
ceramic rim (40-50cm b.s.). Top right – annular base with a chisel and a stone axe adjacent (83cm b.s.). Center 
left – polished cylindrical perforator (50-60cm b.s.). Center – cluster of red slipped ceramic shards (60cm b.s.). 

Center right – stone axe (100cm b.s.). Bottom left – polychrome figurine eye shard (40-50cm b.s.). Bottom center 
– stone chisel (84cm b.s.). Bottom right – polished sandstone abrader (80-90cm b.s.). 

 

5.1.4.2. Lithic workshop 
At Porto site lithic debris are found in all features recorded, as well as being 

scattered among domestic refuse (e.g. small ceramic shards, fish and turtle bones, 

charcoal flecks and burnt clumps of clay). The classification of two areas as lithic 

workshops was based on higher densities of tools (e.g. sandstone shaft abraders, 

anvils and hammerstones) and debitage (e.g. tiny stone flakes and exhausted cores). 

Both lithic workshops pertain to the Tapajó component. The first lithic manufacture 

area identified is in the transition between area South-1 and 2 (Schaan, 2012d, Araujo 
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da Silva, 2015). The second area was recorded inside the university campus (Moraes, 

2013, Moraes et al., 2014). 

In areas South-1 and 2, numerous flint stone flakes, sandstone flat and grooved 

abraders, sandstone shaft abraders, sandstone shaft straighteners, flat polishing 

stones, polished stones tools, flint stone cores, hammerstones, anvils, cutting tools, 

unretouched perforators and drills and raw material (e.g. quartz, flint cobbles, 

sandstone, pebble stones, and laterite) were recovered. Other lithic artefacts included 

a stone pendant, a fragmented hematite spindle whorl, a fragmented stone hand axe 

and a stone hand axe preform (Schaan, 2013). A charcoal sample at 45cm b.s. 

stratigraphically associated with the lithic workshop was dated to 1100 ± 30 BP [Cal. 

AD 890 to 1020 (Cal. BP 1060 to 940) – Beta 322215].  

In area 2, the majority of the lithics are debitage (e.g. tiny stone flakes, 

exhausted cores, and flaked tools). In area South-1, shaft abraders, shaft 

straighteners and polishers are more abundant (Araujo da Silva, 2015). Inside the 

university campus, the lithic assemblage encompassed anvils, hammerstones, flat 

and grooved abraders, polishing stones, hematite spindle whorls, retouched stone 

perforators and drills, muiraquitãs preforms, bifacial projectile preforms and copious 

amounts of debitage (Moraes et al., 2014). Fig. 58 illustrates lithic artefacts from the 

workshop areas. 

 
Figure 58: Lithics from the workshops. Top left – stone core recycled as anvil and bifacial projectile preforms. 

Top center – uniface stone flakes. Top left – uniface green stone flakes and muiraquitã preform with a drill 
pointing to a perforation. Adapted from (Moraes et al., 2014). Bottom left – flint stone flakes and flint stone core. 

Adapted from (Schaan, 2012d). Bottom center – flint and quartz debitage. Bottom right – sandstone grooved 
abraders and polishing stone, shaft straightener, grooved abrader, and shaft abrader. Adapted from (Araujo da 

Silva, 2015). 

The lithic industry involves uniface and biface reduction by percussion-flaking 

combined with polishing and retouching techniques. In both lithic workshops recycling 

of stones to the point of exhaustion was observed (Moraes et al., 2014, Araujo da 
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Silva, 2015). Flint stones are the main flaked raw material while sandstones are the 

common choice for abraders and polishers, although other raw materials are also 

found.  Quartz crystal flakes commonly appear in low densities in all areas (Schaan 

and Alves, 2015). Serpentinites, amazonite, and jadeite flakes were recovered in the 

university campus excavations (Moraes et al., 2014). Laterites are used as grooved 

abraders and as a red pigment source (Alves, 2014, Araujo da Silva, 2015). Hematites 

are also used as a red pigment source as well as for spindle whorl production (Moraes 

et al., 2014, Araujo da Silva, 2015). Pebble stones are used as polishers in ceramic 

production (Araujo da Silva, 2016, Troufflard, 2017). Rare raw materials also include 

basalt, granite, and chalcedonic rocks (Moraes et al., 2014, Araujo da Silva, 2015, 

Araujo da Silva, 2016). 

 
Figure 59: Top left – retouched drills from the workshop inside the university campus. Adapted from (Moraes et 
al., 2014). Top center and right – drills from areas 2 and South-1. Adapted from (Araujo da Silva, 2015). Bottom 

left and right – drills from the refuse pits in area 2A. Adapted from (Araujo da Silva, 2016). 

Moraes et al. (2014) classified the workshop area from inside the university 

campus as one locus of muiraquitãs production. The presence of abundant jadeite, 

serpentinite and amazonite debitage, as well as jadeite muiraquitãs preforms, 

supports their interpretation. In addition, based on the muiraquitãs raw materials, the 

authors identify the Tapajó as being part of an exchange network on a continental 

scale. The presence of muiraquitã preforms in other materials supports the 

assumption that these objects became popular, and that their symbolic value was 

connected to the raw material used in their production. In this case, muiraquitã made 

in rare materials (e.g. green stones) seem to have been imbued with more status than 
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the ones carved in accessible materials (Moraes et al., 2014). The function of small 

flaked drills and perforators are a point of disagreement. Moraes et al. (2014) claim 

that these objects are part of the muiraquitã carving production, whereas Araujo da 

Silva (2015) interprets these artefacts as ‘grater teeth’. Indeed, there is an important 

distinction between the two drill and perforator assemblages. Inside the university 

campus the drills and perforators are finely retouched (Moraes et al., 2014), while from 

the other areas of the site unretouched perforators and drills were recovered (Fig. 59) 

(Araujo da Silva, 2015). 

 

5.1.4.3. Public area/Cemetery 
The cemetery area comprised thirteen features in area 2 (Fig. 60). Eleven 

features were large ceramic vessels containing crushed human bones. The funerary 

vessels were cached in pits cut through the Ferralsol. All the vessels are collapsed 

inside the pits. This context was interpreted as evidence for a local practice of 

secondary burials. Secondary burial was a common practice among the Amazonian 

elite prior to the European contact, and funerary urns with large human bones have 

been found on archaeological sites on the lower Tapajos River (Martins et al., 2010). 

The crushed bones from Porto site point to a different burial pattern among the Tapajó. 

According to an account, the Tapajó consumed the crushed bones of their dead mixed 

in beverage and porridge (Bettendorf, 1910 [1661]). Overall, the cemetery artefact 

assemblage encompasses semi-fragmented large vessels, potshards, stone flakes, 

one stone axe, burnt clay, charcoal and crushed human bones. A stone hand axe was 

exposed at the base of vessel 10 (Fig. 60). 
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Figure 60: Left – scheme of excavation units in area 2. Right - A: collapsed vessels in Feature 6. B: 

anthropomorphic face from one of the vessels. C: collapsed vessel 10 on Feature 8. D: stone hand axe inside 
vessel 10 in Feature 8. 

The secondary burial interpretation is corroborated by the presence of a 

cremator structure in the same area (Fig. 61). Feature 11 is the cremator built in clay 

with numerous perforations (Fig. 61 bottom right). The structure contains micro 

fragments of bones and charcoal chunks (Fig. 61).  Adjacent to the cremator structure, 

a cache enclosing two vessels was recorded. The cache named Feature 8 comprised 

a large collapsed vessel holding a smaller one inside. Charcoal flecks and crushed 

bones were deposited among the vessel’s shards.  
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Figure 61: cremator structure on area 2. Top left – structure overview. Top right and bottom left – structure side 

views. Bottom right – perforated large clumps of clay from the structure. 

The assumption of secondary burials among the Tapajó is substantiated by 

other contexts recorded in Porto site. In area 10A-4 (unit 2: 45-80cm b.s.) a pit feature 

containing the fancy Santarem ceramic, charcoal flecks and animal bones was 

exposed. In this feature, burnt pieces of human bone were recovered. The human 

bones were differentiated from the animal bones based on the texture and the intense 

marks of cremation. The animal bones were smaller and not burnt (Schaan and 

Roosevelt, 2008). This feature was interpreted as part of a funerary practice involving 

cremation prior to deposition in the burial vessels (Schaan and Roosevelt, 2008). 

Another pit feature (5) in area 4A contained ash and burnt bones inside. Feature 5 

was interpreted as a possible crematory pit (Schaan and Roosevelt, 2008). Feature 5 

was stratigraphically associated with the Tapajó component, which comprises ceramic 

shards, carbonized seeds, some stone flakes and charcoal pieces. Fig. 62 shows an 

overview of the pit with exposed ash lens, bones, burnt ceramic shard, carbonized 

seed and charcoal (Schaan and Roosevelt, 2008). Adjacent to one of the refuse pits 

inside the university campus a small vessel, 20cm in diameter and 15cm in height, 

was recovered. Tiny pieces of bone were identified in the sediment from inside the 

vessel. Based on the state of the bones Gomes and Luiz (2013) interpreted this object 

as a funerary urn. A large and thick ceramic fragment was used as a cover lid to the 

urn (Fig. 63). 
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Figure 62: Overview of possible crematory pit in Trench-4 Profile 1 ca. 140cm b.s. 

 

Figure 63: Funerary urn recovered adjacent to a refuse pit inside the university campus. Image from (Gomes 
and Luiz, 2013) 

5.1.4.4. Domestic areas/House Floors 
House floors were uncovered in various areas of Porto site. Characterized by 

a hard compacted sand dry Gray (10YR 3/1 and 3/2) sediment, the house floors are 

mostly associated with the Tapajó component. One house floor in area 4A, however, 

was identified as part of a pre-Tapajó component by Roosevelt in the excavation 

season of 2009 (Schaan, 2010b). Overall, scattered ceramic micro fragments and 
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charcoal flecks are on top of the floors. The fill of the floors comprises mainly charcoal 

and blocks of laterite. Fig. 64 shows the west wall from profile 1 in area 4A. Platform 

2/substratum 3b in the image indicates the pre-Tapajó component, which consists of 

a sand Gray soil containing a group of potshards considered a precursor of the Tapajó 

pottery. There is also a group of remains associated with the Amazonian formative 

pottery tradition (e.g. Pocó phase). This ceramic occurs in direct association with clay 

hearths on the platform. Thick mat-impressed shards are mixed inside the clay 

hearths, with thinner shards occurring on top of the hearth walls or above the thicker 

fragments. From the same context charcoal and carbonized seed from Jauari 

(Astrocaryum jauari) were collected. Jauari is a palm tree (Arecaceae family) that 

grows in seasonally inundated areas along black water rivers and lakes. Nowadays, 

its fruit is consumed as porridge in Amazonia and it is also consumed by fish, which 

means it could be useful as fodder or bait for fish. 

 
Figure 64: Stratigraphy of profile 1- west wall  

Platform 1/Floor is the house floor pertaining to the Tapajó component. The 

platform comprises a hard compacted sand Gray sediment containing an ash lens and 

a crematory pit (see section 5.1.4.3). Domestic debris (e.g. ceramic shards, charcoal, 

carbonized seeds, lithic flakes and polished objects) were also recovered from this 

platform. The upper layers consist of modern building disposal mixed with groups of 

artefacts from the colonial period and modern rubbish.  

Another house platform was identified by Roosevelt’s team on the east side of 

trench-4. The 30 cm thick compacted light Gray (10YR 3/2) platform consists of soot 

clay, and coarse sand. Over and surrounding the platform were recovered raw material 

and tools for crafting elite goods (e.g. pendants, muiraquitãs, figurines). On the west 
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side of trench-4, postholes with preserved wood inside were recorded. Based on the 

contents of this context, Roosevelt interpreted this platform as part of Tapajó elite 

households. (Schaan, 2010b). The artefact assemblage from the platform and 

stratigraphically associated includes modelled incised and punctuated appendages, 

fragmented anthropomorphic figurines (e.g. heads, arms and legs), zoomorphic 

appendages, fragmented caryatid vessels, fragmented necked and globular vessels, 

numerous red painted and incised shards, a ceramic dish, grooved abraders, stone 

flakes, stone cores, ceramic spindle whorls, grinders, griddles, scrapers, 

hammerstones, lithic piercers, polished green quartz and dark clay (Fig. 65). 

 
Figure 65: Tapajó component material culture: top left – incised and modelled frog shaped appendage (profile 

1); top centre - incised paw shaped appendage (profile 1); top right - fragmented red slipped dish (trench 4); 
bottom left – sandstone grooved abrader (trench 4); bottom centre – green stone flake (trench 4); bottom right – 

stone griddle (trench 4). 

In area 4B, a house floor was identified in the same profile of the refuse pit (see 

section 5.1.4.1). The platform comprises the hard compacted dry sand Gray (10YR 

3/2) sediment. The floor filling includes charcoal and burnt clumps of clay. The house 

floor is part of the Tapajó component. The ceramic assemblage included 

anthropomorphic, zoomorphic, and anthropo-zoomorphic fragmented figurines, a 

fragmented red slipped globular vessel, red slipped, polished, incised, punctuated, 

modelled potshards, ‘Santarem’ style polychrome shards (Fig. 65), charcoal, fish 

bones and fragmented human bones. Lithic artefacts included stone flakes, sandstone 
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grooved abraders, drill ‘grater teeth’, a spindle whorl, a hand lithic chisel and raw 

material (e.g. sandstone, quartz, laterites, and pebbles). The ecofacts assemblage 

included mammal and bird bones, charcoal, carbonized seeds of palm and 

unidentified carbonized seeds (Schaan, 2010b). 

In area 10A-4, a house floor containing abundant domestic debris was 

uncovered at ca. 45cm b.s. The floor structure is similar to the ones observed in the 

other areas. The artefact assemblage included small red slipped shards, tiny stone 

flakes, tiny bone pieces, a high density of charcoal flecks, carbonized seeds, 

carbonized wood, lithic debitage and lithic tools (e.g. polishing stones and abraders) 

(Schaan and Roosevelt, 2008). A similar context between 91.5 to 95.5cm b.s. was 

identified by Roosevelt’s team during the excavations of 2007. Roosevelt suggested 

that the hard compacted sediment is a house platform. Characterized by a charcoal-

rich hard compacted dry sandy clayey dark brown (10YR 3/3) sediment, this pre-

Tapajó component contains sparse ceramic shards, stone flakes, burnt clumps of clay, 

carbonized seeds and animal bones. The ceramic consists of few plain shards and 

small thin shards finely decorated with parallel incisions. The carbonized seeds 

present a variety of unidentified plants. In contrast to the fish-rich bone assemblages 

from the upper layers, mammal bones are more abundant in the pre-Tapajó 

component layer (Schaan and Roosevelt, 2008). 

In area 10A-5, a hard compacted sand dark (10YR 2/1 and 3/1) sediment 

characterized a house platform with superimposed floors. The house platform pertains 

to the Tapajó component. The floors contained sparse small red slipped shards, tiny 

stone flakes, and small fish bones (Quinn, 2004). The red slipped shards were 

interpreted as part of the Tapajó utilitarian ware. Food remains recovered from the 

house floors contained carbonized palm seeds, grater chips and tiny fish bones 

(Roosevelt, 2000). 

 

5.1.4.5. Domestic areas/Fire pits and hearths 
In area B, a fire pit comprising medium blocks of laterite arranged in a semi-

circle was exposed at 51cm b.s. The charcoal-rich sediment inside the semi-circle is 

burnt and contains burnt clumps of clay. The fire pit artefact assemblage encompasses 

pebbles, burnt red slipped potshards, sooted shards, burnt bones and carbonized 

palm seeds (Fig. 66). The fire pit is 28cm thick (51cm b.s. to 79cm b.s.) and pertains 
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to the Tapajó component. Laterites stratigraphically associated with the fire pit were 

apparently moved by root disturbance. Their distribution indicates they were part of 

the fire pit and completed the circle (Schaan, 2010b). A clay hearth structure was 

recorded at 108cm b.s. in unit 11 in area 4B. It comprises a charcoal-rich structure 

made of large burnt blocks of clay. The hearth is associated with the Tapajó 

component. In addition to charcoal, the artefact assemblage encompasses ceramic 

shards and bones. The ceramic is diagnostic of the Santarem phase and is vertically 

deposited inside the hearth (Schaan, 2010b). 

 
Figure 66: Left - potshard from Unit 1 (40cm). Right - compacted soil under the fire pit (Unit 1 68cm b.s.). 

 

5.1.4.6. Cultivation areas 
In area 10A-5, a lowermost layer was exposed by Roosevelt’s team in 1993 

(Quinn, 2004). This layer comprises a ‘Gray-tinged’ sediment enclosing abundant 

denser charcoal chunks and carbonized seed. A charcoal sample taken from this 

context was reportedly dated to 3000 B.P. (Quinn, 2004). In addition, thirteen 

radiocarbon date corroborate the Formative date for this pre-Tapajó component. The 

stable 13C resulted negative, indicating that a closed vegetation covered the site 

during the Formative period (Schaan and Roosevelt, 2008). Rare ceramic shards were 

recorded in this layer. Roosevelt interpreted this layer as a home garden or swidden 

plot from the Formative (pre-Tapajó) component of Porto site (Quinn, 2004).  

In area 4A, a similar pre-Tapajó component was exposed at ca. 141 cm b.s. in 

2009 (Schaan, 2010b). It comprises a semi-compacted Grayish Brown (10YR 5/2, 5/3) 

to Yellowish Brown (10YR 5/4) sediment. Important vestiges from this context are 

large thick pieces of dense woody charcoal in large concentrations. These charcoal 

pieces were attributed by Roosevelt to a Formative agroforestry culture (Schaan, 

2010). The ceramic assemblage stratigraphically associated with the 
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charcoalcomprises sparse thin ceramic shards decorated with simple parallel incisions 

on the upper body, along with punctuated rims and red slip. The base of this layer was 

recorded at 2m b.s. (Schaan, 2010b). In area 4B, the pre-Tapajó component 

comprises a semi-compacted sand clay brown (10YR 4/3) sediment. This sediment 

contains large amounts of thick charcoal, plain and red slipped ceramic shards, stone 

flakes, sandstone grooved abraders, crushed bones and burnt clumps of clay 

(Schaan, 2010b). This context is consistent with the Pre-Tapajó component on the 

other Porto site areas. In area South-1 a similar context was recorded at ca. 68cm b.s. 

(Schaan, 2010b). 

 

5.1.5. Porto site – South 10A-4 
Roosevelt coordinated the excavations of a 10m x 10m unit in South 10A-4 in 

different seasons (2000, 2001 and 2007). I coordinated the excavations of a 7m x 7m 

unit in 2011 and a 2m x 1m unit in 2013 (Alves 2012, Schaan and Alves, 2015). Initially, 

the excavation unit N420L230 was a 2m x 2m cut in the south part of area 10A-4, 14m 

from the 10m x 10m unit excavated by Roosevelt. The 2m x 2m was divided into four 

1m x 1m sectors identified clockwise by letters (A-D). Expansions were made to the 

south (E-F) and west (G-H) to better expose features in sector D. Sector F was not 

excavated because it collapsed during a storm (Alves, 2014). Fig. 67 shows the plan 

of the 1m x 1m units. Overall, 7m2 were excavated up to 263cm b.s. corresponding to 

an excavated volume of 18.41cm3. The artefact assemblage (Table 8) recovered 

comprises 10.650 ceramics, 7.647 lithics, 307 charcoal samples, 225 bone samples, 

110 soil samples, and 259 ‘other’ objects from colonial and modern disturbances (e.g. 

stoneware, iron nails, plastic objects, rubber threads, etc.). 
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Figure 67: Plan of unit N420L230. Area 10A-4. 

Table 8: Densities and relative frequencies of the main remains from unit L230N420. 

Layer Ceramics % Lithics % Charcoal % Bones % 

A1 8319 78,11% 5800 77,26% 49 15,96% 99 44,00% 

A2 745 7,00% 578 7,70% 35 11,40% 69 30,67% 

A3 1426 13,39% 907 12,08% 86 28,01% 52 23,11% 

A4 103 0,97% 159 2,12% 46 14,98% 4 1,78% 

B 57 0,54% 63 0,84% 91 29,64% 1 0,44% 

Sum 10650 100,00% 7507 100,00% 307 100,00% 225 100,00% 

 

5.1.5.1. South 10A-4 - stratigraphy 
The stratigraphic sequence of this excavation unit (N420L230) comprises an 

early cultural occupation buried under a late occupation. The early cultural sequence 

was named pre-Tapajó component and the late classified as Tapajó component. Fig. 

68 shows the stratigraphic sequence of a section in area 10A-4 (Unit N420L230). The 

simple stratigraphy sequence is numbered in linear progression. In the Harris matrix, 

T corresponds to topsoil and stratigraphic unit 1 comprises the Tapajó component. 

Unit 2 is the fill of an intrusive cache. Unit 3 is the cut that created the cache, which 

occurred in stratigraphic unit 4. G indicates that the interface to geology is buried under 

the cultural sequence. For the purpose of classifying the cultural sequence, the 
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intensely disturbed transition layer and the natural soil layer were removed. The 

complete profile is shown in Fig. 69. 

 
Figure 68: Left - Cultural stratigraphic sequence of the west section in Unit N420L230. Right – Harris matrix of 

the west section. 

The west profile in Fig. 69 exhibits the complete stratigraphy of Porto site 

including Layers I and II, which are a transition layer (II) and the natural soil (I) buried 

under the cultural layer. These layers were excavated to investigate the distribution of 

charcoal and carbonized wood below the cultural layer. Both are intensely disturbed 

by roots and burrowing biota. Parts of the cultural layer base were moved downward 

as a result of disturbance. The following descriptions of the cultural layer combine 

stratigraphic and context information with post-excavation analysis of the artefact 

assemblage. 

The cultural layer in South 10A-4 is 133cm deep and divided into three 

components. The components exhibit differences in soil composition and material 

remains. A pre-Tapajó component (Layer III: 63cm to 133cm b.s.), a Tapajó 

component (Layer IV: 20cm to 63cm b.s.), and a Modern component (surface to 20cm 

b.s.) were identified (Alves, 2014, Alves, 2015). Further divisions were made based 

on changes in sediment colour and cultural remains. Thus, the pre-Tapajó component 

is divided into early pre-Tapajó and late pre-Tapajó (Alves, 2016). In addition, the 

upper 20cm b.s. are classified as a Modern component, comprising remains from 

Tapajó component mixed with colonial and modern disturbances (Alves, 2015). 

The Pre-Tapajó component comprises a loose dry sandy brown (10YR 4/3 

brown) sediment. This sediment contains low quantities of artefacts (e.g. ceramics and 
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lithics), which increase throughout the component. The early pre-Tapajó component 

(100cm to 133cm b.s.) encloses plenty of large thick charcoal blocks, sparse small 

flakes, sandstone grooved abraders, and plain and red slipped potshards (Alves 2012, 

2016). A significant characteristic of the late pre-Tapajó component is the large 

distribution of bones on the last 10 cm, just before the beginning of the Tapajó 

component (Alves, 2012, 2014a).  

The Tapajó component comprises a sand black (10YR 2/1) sediment, 

containing high amounts of diverse domestic debris (e.g. ceramic shards, lithic 

debitage and tools, charcoal flecks, and tiny bones). The ceramic assemblage 

includes shards with the diagnostic Santarem phase decoration (e.g. incised, 

punctuated, modelled, red slipped and red painted, and fragmented figurines). The 

lithics consist of spindle whorls, probable arrow shaft, sandstone grooved abraders, 

lateritic abraders, a green stone (muiraquitã raw material), drill ‘grater teeth’, and raw 

materials (sandstone, flint cobbles, laterite, and quartz pebbles). The ecofacts consist 

mainly of tiny fish and turtle bones and pulverized charcoal. The density of bones 

increases in the base of Tapajó component and decreases throughout (Alves, 2014, 

Alves, 2016). The top 20cm b.s. of the cultural layer comprises Porto site’s modern 

component, characterized by the Black ADE sediment mixed with modern rubbish 

(e.g. plastic packaging, cans, rusted iron nail, broken roof tile, asphalt tar). Ceramic 

shards and lithics from the Tapajó component are mixed into the modern rubbish. 
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Figure 69: Unit L230N420 west wall. 
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5.1.5.2. South 10A-4 – Material culture 

5.1.5.2.1. Pre-Tapajó component 
The early pre-Tapajó component (100-133cm b.s.) includes a modest artefact 

assemblage (e.g. plain ceramic shards, stone flakes, sandstone grooved calibrators 

and bones). Two features were recorded in this component. Feature 6 (Fig. 71) 

consists of a charcoal cluster from 105cm to 117cm b.s. in sector C. The cluster is an 

elongate 33cm long containing animal bone and red slipped ceramic shards within. A 

charcoal samples taken at the base (117cm b.s.) of the cluster was dated to Cal BP 

1610-1490 (Beta – 322223). The charcoal sample was directly associated with 

ceramic shards. Feature 5 (Fig. 70) comprises a cluster of large charcoal chunks from 

93cm to 101cm b.s. in sector A. The feature has an elongate shape 35cm long and 

contained some ceramic shards and two flint stone flakes at the base of the cluster 

(101cm b.s.). A charcoal sample directly associated with the stone flakes was dated 

to Cal BP 1410-1260 (Beta-322221).  

 
Figure 70: Center top of Features 5. Top left – Feature 5 93cm b.s. Top center – Feature 5 at 97cm b.s. Top 

right – Feature 5 at 101cm.  
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Figure 71: Top – top of Feature 6 at 105cm. Bottom left – Feature 6 at 105cm b.s. Bottom center – Feature 6 at 

110cm b.s. Bottom right – Feature 6 at 115cm b.s. 

For the late pre-Tapajó (63cm to 100cm) component, the material culture 

included sparse ceramic and lithic artefacts, tiny charcoal flecks, fragmented animal 

bones, carbonized seeds and wood. The ceramic assemblage included red slipped 

shards, shards decorated with parallel incisions on the upper body, and a ceramic 

toaster. The lithics consisted of small stone flakes, drill ‘grater teeth’, and sandstone 

grooved calibrators. At 83cm b.s. a feature (4) comprising a dark brown (10YR 4/2) 

somewhat circular spot (110 x 73cm) was exposed. The 11cm thick (83cm – 94cm 

b.s.) feature contained a semi-fragmented open bowl, tiny bone pieces and charcoal 

flecks. Fig. 72 illustrates a cluster of Vessel 4 fragments at 83cm b.s. 
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Figure 72: open bowl collected in a pit on upper pre-Tapajó substratum. 

Large and small fragments of the bowl are clustered on the wall at the outer 

edge of the semi-circle, while smaller fragments are scattered across the surface. The 

clustered part pertains to Feature 4 and the smaller fragments are part of a distinct 

feature (F2) from a posterior event. Vessel 4 contains tiny pieces of bones as well as 

charcoal flecks attached to the vessel wall. A sample taken from charcoal attached to 

the vessel wall was dated to Cal BP 1210-1200 (Beta 322219). The bowl was 

deposited in an upright position and had collapsed in situ (Fig. 73). The concentration 

of large and small fragments might indicate that the discard of this bowl resulted from 

an intentional abandonment (Brooks, 1993). The darker colour of the sediment 

surrounding the vessel is a result of  organic decomposition (e.g. bones and charcoal 

material). The bowl is 36cm in diameter and is made out of orange clay tempered with 

grog and sponge spicules. Surface finishing consisted of polishing the exterior and 

smoothing the interior. The shape reconstruction of the bowl shown in Fig. 73 was not 

recorded in the upper layers (Alves, 2016). 
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Figure 73: Left – circle highlights vessel 2 from Feature 2 on South wall and at the bottom fragments from vessel 

4/Feature 4 (83cm b.s.). Center – Feature 4 at 93cm b.s. Left – Circle highlights Feature 4 on west wall.  

  

5.1.5.2.2. Tapajó component 
The ceramic assemblage from the Tapajó component encompasses copious 

amounts of plain and red slipped potshards, as well as shards decorated with 

incisions, scratches, excision, red paint and white paint, and modelled and punctuated 

shards. Semi-fragmented open bowls, ceramic spindle whorls, zoomorphic 

appendages and anthropomorphic figurines fragments (arm and eye) complete the 

ceramic assemblage. Lithic artefacts include numerous flint, quartz crystal and milky 

quartz flakes and cobbles sandstone grooved abraders, laterite grooved abraders, a 

basalt spindle whorl, a polished pedant, drill ‘grater teeth’, green stone core, flint 

pebbles and hematite. 

The vessel shape reconstructions from 140 ceramic rims allowed classification 

according to estimated pottery use. The vessels were classified into 22 types. The 

attributed uses for each type are cooking (pots and medium bowls), serving (dishes, 

medium and small bowls), and liquid storage (jars and necked vessels). Rare vessels 

characterized by unusual shapes and decorations were interpreted as special ware 

(Alves, 2014). The spatial distribution of vessel shapes revealed an interesting pattern 

in the Tapajó component. In the early Tapajó component, plain or red slipped large 

thick open bowls and jars are more abundant (Fig. 74), while for the late Tapajó 

component a greater number of thinner small bowls, jars and cups finely decorated 

were discarded (Fig. 75). This was interpreted as an indicator of increased 

individualization among the Tapajó based on the particularities of each object (e.g. 

varied decoration and size) (Alves, 2014). 
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Figure 74: Larger open bowls from lowermost Tapajó component. 

 
Figure 75: ceramic shapes from uppermost Tapajó component: Left and centre – open bowls; Right – small jars 

or cups. 

5.1.5.2.3. Tapajó component – ceramic cache and adjacent bowl 
In the early Tapajó component (53cm b.s.) two ceramic bowls were exposed 

cached in a pit (Feature 2). The pit comprises a loose dry dark (10YR 3/2) sediment 

25 cm deep (53-78cm b.s.)  and contains two vessels surrounded by tiny charcoal 

flecks, small fish bones and small stone flakes. In contrast to other refuse pits recorded 

in Porto, the Feature 2 pit is exclusively filled with the two broken vessels, bones and 

charcoal flecks. The stone flakes seem to have moved into the pit during the opening 

event. Vessel 1 is turned on its side, so its base is vertically deposited and its upper 

body horizontally deposited (Fig. 76 and 77). The fragments of Vessel 3 are 

horizontally deposited within and adjacent to Vessel 1. It appears that the vessels were 

deposited inside the pit and collapsed in situ. Both vessels were rebuilt in the 

laboratory. A charcoal sample taken from the internal wall of the Vessel 1 base was 
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dated to Cal AD 1020 (Beta – 322202). Adjacent to the Feature 2 pit, another open 

bowl (vessel 2 – Fig. 76) was deposited at a distance of 14cm from Vessel 1. The 

sediment surrounding Vessel 2 was also loose. Given that half of the fragments were 

still in an upright position, while the other half were horizontally deposited between 

Vessels 2 and 1, it seems that Vessel 2 also collapsed in situ. The vessel’s thickness 

ranges from 0.8cm to 0.9cm and the diameter from 32cm to 36cm. The three vessels 

all exhibit marks of use and the exterior surface of Vessels 1 and 3 are smoothed. 

 
Figure 76: Top left – base of unit at 53cm b.s. with the features highlighted by semi-circles. Bottom left- base of 

unite at 63cm b.s. On the right are the vessels from the cache exposed.  

Even though Vessel 2 was not clearly deposited in a separate pit, its context is 

consistent with a pattern observed in all three case study sites. In Cedro site an open 

bowl containing a second one inside was buried under the house floor. A separate 

open bowl was registered adjacent to it. In Maguari I site a similar context of cached 

semi-fragmented vessels and an adjacent bowl was uncovered. The pit was cut 

through Floor 1 in Mound 1. In Porto site, the loose pit sediment is distinct from the 

compacted surrounding sediment. Similar to the house platforms, the sediment from 
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sections D, E, G, and H is a dry sandy Dark Gray (10YR 4/2), slightly more compacted 

then the surroundings. 

 
Figure 77: Right - Unit L230N420 west wall. Features 2 and 4 profiles are identified. Left – vessels from Feature 

2 reconstructed in laboratory. Top left – vessel 1. Top center – vessel 2. Bottom left – vessel 3. 

 

5.1.5.2.4. Tapajó component – refuse pit 
A refuse pit (Feature 3) was identified at 43cm b.s. in sector B, characterized 

by a loose dry sand Black (10YR) sediment forming a semi-circle 47cm deep (43cm – 

80cm b.s.) (Fig. 78). Associated with the Tapajó component base, the pit is filled with 

decorated rims, plain and red slipped shards, ceramic spindle whorls, flint and quartz 

stone flakes, stone drills (‘grater teeth’), sandstone grooved abraders, tiny bones and 

small charcoal flecks. In terms of the variety of material remains, Feature 3 is similar 

to the refuse pits previously described (see section 5.1.4.1). However, it lacks 

diagnostic remains such as caryatid fragments, necked fragments, globular vessels 

fragments and figurine fragments considered part of ritual paraphernalia. Given the 

abundance of domestic debris, Feature 3 was interpreted as a domestic midden pit 

(Alves, 2014). The ceramic artefacts from the refuse pit were analysed separately. As 

a result, the vessel types from the pit were classified with the ceramic assemblage 
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from the upper Tapajó component (21-43cm b.s.), and are believed to represent an 

event performed in the late Tapajó (Alves, 2014). 

 
Figure 78: Top – Ceramic rims recovered from Feature 3. Bottom left – the dark spot is the base of Feature 3 at 

83cm b.s. Bottom right – east wall, Feature 3 profile (83cm b.s.).  

 

5.1.5.2.5. Tapajó component – fire pits 
Of the late Tapajó component (21-43cm b.s.) four smaller pits filled with 

potshards and lithic artefacts were exposed. These pits contain copious amounts of 

charcoal flecks. Based on the abundance of charcoal inside, the pits were classified 

as fire pits. In addition, the artefacts recovered from fire pits exhibit burnt surfaces and 

yellow (10YR 6/6) lenses of burnt sediment. The artefact assemblages from the fire 

pits vary. Table 9 displays the proportions of the main remains from each fire pit. The 

unusual absence of bones inside these fire pits, in a context where bones were widely 

dispersed, indicates that they were carefully opened. 
Table 9: Quantities of the main remains in each fire pit in unit L230N420. 

Feature Ceramic shards Stone flakes Stone cores Abraders Grater teeth 

Fire pit 1 77 71 0 9 1 

Fire Pit 2 145 179 0 17 0 

Fire Pit 3 172 164 0 28 0 

Fire Pit 4 151 179 1 0 0 
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Fire pit 1 in sector A contains medium size laterite blocks, medium size 

sandstone rocks, and burnt clumps of clay arranged in a semi-circle (Fig. 79). Within 

the semi-circle ceramic micro shards, flint stone flakes, sandstone grooved abraders, 

and one ‘grater teeth’ fragment were recovered. Fire pit 2 in sector C comprises 

medium size laterites and sandstone rocks laid out in a semi-circle, containing 

numerous charcoal flecks, sooth, ash, ceramic shards, sandstone grooved abraders, 

flint stone flakes, and quartz pebbles. Fire pit 3 in section H encloses sooth, tiny 

charcoal flecks, sandstone grooved abraders, flint and quartz stone flakes, flint stone 

‘grater teeth’, a small hematite rock, raw and burnt clumps of clay and ceramic shards. 

Fire pit 4 in section G comprises a circle made of raw and burnt clumps of clay and 

medium sized laterite rocks. Fire pit 4 is filled with micro stone flakes, micro ceramic 

shards, stone cores and quartz pebbles.  

 
Figure 79: Center - top of Fire pits 1 and 2 at 21cm b.s. Top left and right – close up on fire pit 1 (21cm b.s.). 

Bottom left and right – Fire pit 2 exposed. Center right – burnt sediment below Fire pit 2 (31cm b.s.).   

 

5.1.5.2.5. Tapajó component – chronology 
Table 10 displays the stratigraphic and contextual data of each date modelled. 

Based on the four dates obtained from the different components, the chronology was 

previously determined in a time span from Cal BC 1610 to Cal AD 1020 (Alves, 2016). 
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The assumption is that the two main components correspond to two distinct periods 

of human occupation in Porto site: a suggested agroforestry Formative (Cal. BC 1610 

to AD 10) and a Tapajó occupation (Cal. AD 1020). The first period is characterized 

by constant re-use of the studied area. The first two dates are associated with clearing 

events for cultivation purposes. The end of the first period is associated with an 

intensified use of this area, evidenced by an increase in material remains. The second 

period comprises a settlement associated with the Tapajó society (Alves, 2016).  

With the aim of refining the chronology of unit N420L230, a Bayesian 

chronological modelling of the four dates was executed. The Bayesian modelling 

consists of a probabilistic statistical method, which combines C14 dates with other lines 

of evidence (stratigraphic and contextual). Because it ties together multiple sources of 

information, Bayesian modelling increases the precision and reliability of chronologies 

(Bayliss, 2009, Bronk Ramsey, 2009a). 
Table 10: Modelled dates from Porto site. A: agreement index. 

Stratum Depth 
cm 
b.s. 

Context Lab. number Conventional 
Radiocarbon 

age 

d13C%o Cal (1s) Cal (2s) Median 
Cal 

A 

Upper 
boundary       1040-4330   

1 53-63 
Charcoal 

from 
cache 

Beta-322202 960 ± 30 BP -28.8 AD 1045-1170 AD 1030-1190 AD 1100 100.7 

4 83-93 

Charcoal 
from 

Vessel 
4/F4 

Beta-322219 2900 ± 30 BP 
 

-25.8 BC 1085-940 BC 1125-915 BC1025 100.2 

4 101 

Charcoal 
from 

Feature 
5 

Beta-322221 3060 ± 30 BP -25.7 BC 1375-1210 BC 1395-1230 BC 1260 100.1 

4 117 

Charcoal 
from 

Feature 
6 

Beta-322223 3260 ± 30 BP -25.8 BC 1510-1435 BC 1605-1415 BC 1480 101.7 

Lower 
boundary       -4790 to -1420   

 

Bayesian modelling was used to increase the precision of the calibrated age 

ranges, using the stratigraphic order of the samples as priors (Buck et al., 1996, 

Bayliss, 2009, Bronk Ramsey, 2009b). Bayesian models were constructed for Mounds 

1 and 2 at the Maguari site, in addition to the Porto site, using OxCal v4.2.4 (Bronk 

Ramsey, 2009b, Bronk Ramsey and Lee, 2013) and the southern hemisphere 

calibration curve (Hogg et al., 2013). Radiocarbon dates were included as phases in 

a sequence of contiguous phases delimited by the simple boundary command of 

OxCal, based on the lack of gaps or overlaps between the occupation floors (Bronk 
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Ramsey, 2009b). The simple boundary command was also used for the start and end 

limits of the sequences, as specific dates could not be assumed as priors. The 

agreement index (A) was used to evaluate how well each date fitted the model in 

addition to the likelihood of the model as a whole (Amodel). In all cases the agreement 

index was satisfactory, never falling below the recommended threshold of 60% (Bronk 

Ramsey, 2009b). 

 
Figure 80: Bayesian model from Unit N420L230 in Porto site. The Bayesian model appear as dark Gray areas. 

Bars under each distribution represent 1s and 2s. R_Date indicates the date modelled. 

Probability distribution of calibrated dates and point estimates (median) are also 

shown. The dates are rounded to the nearest five years. All the dates fit in the model 

with an overall agreement index of 101.3%. Bayesian modelling resulted in a 

distribution similar to that previously reported. This may be attributed to the relatively 

regular depth intervals and time range among samples from the early period. As for 

the second period, only one sample was obtained and modelled. The two distinct 

periods are clearly shown in the model (Fig. 82). A 1900 years’ hiatus appears 

between the two time periods. The 2s range is described below. 

The first period comprises three sequential date ranges. The beginning of this 

period is Cal BC 1600 and the end Cal BC 900. Intervals of 200-300 years separate 

the three dates. The estimate of calendar age based on the median shows a similar 

range. The modelling reinforces the assumed constant use of this area during the 

earliest period. As such, the dates are associated with independent events, the 
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durations of which are not estimated here, as the model is based on singular dates for 

each context. The third date provenance is a feature from a context of increasing 

discards, particularly red slipped and incised ceramic shards. Thus, the hiatus does 

not correspond to a lack of material accumulation in the excavated area. The gap 

between the two periods may reflect the absence of secure charred material from the 

transition layer. Some charcoal pieces were exposed in the excavations, but scattered 

and not associated to any particular context. For this reason and the limited budget for 

C14 dating, these samples were not selected to date. In the future, dating samples 

from the interval between 53-63cm b.s. and 83-93cm b.s. may fill this gap. 

The estimated calendar age (Cal AD 1100) and model (Cal AD 1000-1200) for 

the second period frame Feature 2 at the regional rise of Tapajó society (Roosevelt, 

1993). This context is associated with changes and continuities. Stratigraphically, the 

formation of Black ADE characterizes a crucial change. The material culture exhibits 

the incorporation of a wide series of decorations, although the decorative repertoire 

continues to be based on red slip/paint and incisions. Hence, prior technological 

knowledge is kept with change in style. The lithic industry also continues, but with the 

integration of a larger variety of raw material. Of particular interest for this study is the 

formation of Black ADE, which is securely linked to beginning of the Tapajó 

occupation.  

 

5.2. Archaeological Description Of Cedro Site 
(UTM 21m 746707/97077942) 

Cedro site is on land owned by Jose Rocha de Souza. The south part of the 

site lies under the house, home garden and pigsty of the family. In addition, the family 

practices shifting agriculture on the centre of the ADE. However, the north area of the 

site is well preserved. Based on site surveying, the estimated extension of ADE is 6ha 

(200m E/W and 300m N/S). The surveying results are detailed in (see Chapter 4). The 

excavation was part of the BR-163 Salvage project coordinated by Denise P. Schaan. 

A team lead by Denise P. Schaan and Cristiane Martins excavated Cedro site between 

July and August 2011 (Schaan and Martins, 2012). 
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5.2.1. Field Methodology 
Apart from the survey mapping of ADEs described on the fieldwork strategy 

included the excavation of a 5m x 1m trench on a pond structure and thirteen 1m x 1m 

units. Whenever features were exposed, expansions were made in the 1m x 1m units. 

The units were numbered (1 to 13) according to the excavation order. A similar method 

was applied for trench units (1 to 5) and features (1 to 5). Joanna Trouflard studied 

the ceramic and lithic collections for her PhD thesis at the University of Florida. The 

following descriptions are based on the fieldwork report by Schaan and Martins (2012). 

The images used in this section are adapted from the same report. 

5.2.2. Stratigraphy and Features 
A pond structure, a house floor, a fire pit, buried urns and a refuse pit were 

exposed during the excavations at Cedro site. The features were determined by 

contextual information and frequency of material culture. The house floor peripheral 

area, a circulation area and the refuse pit are on Brown ADE whereas the pond, house 

floor and buried urns are on Black ADE (Schaan and Martins 2012). The features 

mapped and excavated  at Cedro site were classified into three main activity areas: 1) 

public and/or community areas (unit 3); 2) private and/or domestic areas (units 1, 4, 5, 

7, 8, 10, 11, and 13); and 3) disposal areas (units 6 and 9). These classifications are 

based on ethno archaeological studies among the Asurini of Xingu (Silva and 

Rebellato., 2004). Public/communal areas are commonly cleaned and are devoid of 

material culture, whereas domestic areas are generally associated with high densities 

of material culture and contain remains of food production, manufacture, etc. Disposal 

areas are on the village edges and are associated with “both intensive and extensive 

deposits” (Troufflard, 2017). The occupation in Cedro site comprises a Tapajó 

component. 

5.2.3. Activity areas 

5.2.3.1. Artificial pond structure (trench 1 – units 1 to 5) UTM 21M 
0746741/9707998 

The pond structure was exposed in a 5m x 1m trench cut across it. Fig. 81 is a 

sketch of trench-1 excavation units. The pond consists of a circular structure placed 

in Black ADE. The structure diameter is estimated at 12m and the depth at 110cm 
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(Fig. 87). Small stones, ceramic shards and charcoal were moved into the pond during 

sedimentation (Schaan and Martins, 2012). ADE was on average 60cm deep outside 

the pond. A feature characterized by a dark circular spot containing a fragmented 

anthropomorphic figurine and a  cluster of ceramic shards from utilitarian vessels was 

registered in association with charcoal and burnt clumps of clay, which might have 

been used to support the walls of the well (Schaan and Martins, 2012). 

 
Figure 81: Sketch of the trench 1 in the pond structure. 

 Trench unit 1 is adjacent to the wall from the pond outside. Layers I and II 

comprise the Ferralsol. Layer I (36-66cm b.s.) consists of a culturally sterile 

compacted wet clayey Yellowish Brown (10YR 5/8) sediment. Layer II (26-36cm b.s.) 

comprises a compacted wet clayey Brownish Yellow (10YR 6/6) sediment, which 

contains a few scattered charcoal flecks and ceramic shards. Layer III (26-41cm b.s.) 

was restricted to the west side of the unit, and comprises a loose wet loam silty clay 

Very Dark Grayish Brown (10YR 3/2) sediment. Layer IV (0-26cm b.s.) comprises a 

loose wet sandy clay black (10YR 2.5/1) sediment, intensely disturbed by roots and 

burrows. The artefact assemblage comprises numerous ceramic shards, as well as 

charcoal and clumps of clay. The ceramics are mainly from utilitarian vessels broken 

in large shards, although fragments from a figurine were recovered from the base of 

Layer IV. The ceramics present traits of the Incised and Punctuated Horizon, such as 

modelled appendages, incisions, punctuation, red slip and red paint. One feature was 

recorded in Layer IV. Feature 1 (Fig. 82) is a cluster of large ceramics shards, charcoal 

and clumps of clay. The feature extends through Layer III (20-35cm). Trench unit 2 

presented the same layers as unit 1, but with a deeper Layer IV (29cm b.s.) and Layer 

III (59cm b.s.). Layer III corresponded to the pond wall top. 
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Figure 82: Left – unit 1, Feature 1with circle highlighting the feature top. Center - zoom of the feature. Right – 

unit 2, base of Layer III (top of pond wall). 

Trench unit 4 (Fig. 83) was cut into the deepest part of the pond. Layer I 
consists of the culturally sterile Ferralsol, buried under the pond structure at 111cm 

b.s. and characterized by a hard wet clayey Brownish Yellow (10YR 6/8) sediment. 

Based on the excavation results the original pond depth is estimated at 110cm. The 

erosion of the upper layers by rain resulted in sedimentation covering the pond’s 

bottom. Layers II and III comprise Brown ADE sediments (ca. 60cm thick) containing 

an artefact assemblage similar to the upper layers but in lower density. The upper 

layers (III and IV) comprise a loose wet silty clay Black ADE (7.5YR 2.5/1) sediment. 

The Black ADE contains copious amounts of small ceramic shards, charcoal, and 

large burnt clumps of clay. The burnt clay was interpreted as a possible pond wall 

support (Schaan and Martins, 2012). A similar stratigraphy was observed in trench 

unit 5, opened in the pond wall. The wall runs down abruptly into the bottom of the 

pond. Fig. 84 shows the west wall profile and Fig. 86 the east wall profile. 

Trench unit 3 (Fig. 85) was cut into the external edge of the pond wall. The 

sterile Ferralsol is buried at 75cm b.s. From 26cm b.s. the compacted loamy clayey 

yellowish (10YR 5/6) sediment is mixed with Grayish (10YR 3/1 and 3/2) spots, 

containing some scattered small ceramic shards. This mixed sediment comprises the 

top of Layer I and Layer II. The upper layers (III and IV) are shallower on the external 

edge of the pond (ca. 26cm b.s.). These layers consist of a semi-compacted wet silty 

loam clay Black ADE sediment. Layer III is Grayish (10YR 3/1) and Layer IV is Black 

(7.5YR 2.5/1). The artefact assemblage encompasses ceramic shards, stone flakes, 

clumps of clay and charcoal. The ceramics are mainly plain, though shards with 

decorations diagnostic of Incised and Punctuated Horizon (e.g. red slip, red paint and 

modelled appendages) were also recovered. A charcoal sample taken at 23cm b.s. 

stratigraphically associated with this context was dated to Cal AD 1640-1670 and 
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1780-1800 (240±30 BP) (Schaan, 2016). The south side of the unit had a Layer III 
slightly deeper. This was interpreted as evidence that the pond wall was more elevated 

than the adjacent area (Schaan and Martins, 2012).  

 
Figure 83: Trench units 4 and 5. Top left – unit 4, base of Layer III with clump of clay on the south wall. Top 

center – unit 4, base of Layer II north wall. Bottom left – unit 4, base of Layer II south wall. Bottom center – unit 4, 
base of Layer II west wall. Right – unit 5, base of Layer II east wall. 

 

 

Figure 84: Trench 1 profile. West wall. Units 3, 1, 2, 5, 4. 

Layer V 7.5YR 3/1 (Very Dark Grayish Brown) 
Layer IV 10YR 4/2 (Dark Grayish Brown) 
Layer III 10YR 4/3 (Brown) 
Layer II 10YR 5/6 (Yellowish Brown) 
Layer I 10YR 6/8 (Brownish Yellow) 
Unexcavated 

Unit 5 Unit 4 Unit 2 Unit 1 Unit 3 

BR-163 Project/Cedro site Trench Profile – West wall 

Ceramics 
Charcoal 
Root 
Radicle 

Unit 6 
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Figure 85: Trench unit 3 north wall. Left – base of Layer IV. Center – base of Layer III. Right – base of Layer I.  

 

 

Figure 86: Trench 1 profile. East wall. Units 4, 5, 2, 1, and 3.  

Ceramics 
Charcoal 
Root 
Disturbance 

Layer IV 7.5YR 2.5/1 (Black) 
Layer III 10YR 3/2 (Very Dark Grayish Brown) 
Layer II 10YR 5/6 (Yellowish Brown) 
Layer I 10YR 6/8 (Brownish Yellow) 
Unexcavated 

Unit 1 Unit 3 Unit 6 Unit 4 Unit 5 Unit 2 

BR-163 Project/Cedro site Trench Profile – East wall. 

Burrow 
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Figure 87: Base of trench 1. The circle highlights the pond wall.  

 

 

 

 

5.2.3.2. Domestic area - House floors (units 1, 4, 5, 7, 8, 10, 11, and 
13) UTM 21M 0746766/9707985 

 
Figure 88: Sketch of units 4, 1, and 5. House floor. 

A house floor was identified in a group of excavation units east from the pond 

structure. Altogether, the excavation units indicate that the house floor measured ca. 

18m in diameter. An area of only 8.5m2 was excavated, however, because the western 

part of the floor was under a shifting cultivation area at the time of the field season 

(Schaan and Martins, 2012). Named Feature 2 (Fig. 89 and 90), the house floor 

consists of a hard compacted clay filled with a few small ceramic shards, tiny charcoal 

flecks and laterite concretions. The house floor was first exposed in unit 1, then 

expanded east (unit 4) and south (unit 5) (Fig. 89 and 90). The Ferralsol (Layer I) is 
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buried under the floor fill at 37cm b.s., characterized by a compacted dry clayey 

Yellowish Brown (10YR 5/6) sediment. Decomposing roots and burrowing biota 

disturbances contain a few ceramic shards. Otherwise, the Ferralsol is culturally 

sterile. Layer II (28-37cm b.s.) comprises the floor fill, which encompasses a 

compacted dry clayey Dark Yellowish Brown (10YR 4/6) sediment. The filling material 

consists of ceramic shards, charcoal flecks and numerous burnt clumps of clay. Fig. 

91 displays units 1 and 4 north wall profiles. 

 
Figure 89: Top left – small vessel rim from ceramic cluster. Top center – house floor top on unit 4. Top right - 

house floor top on unit 1. Bottom – house floor top on unit 4 (left), unit 1 (center), and unit 5 (right). Adapted from 
(Schaan and Martins, 2012). 

Layer III comprises the hard compacted dry silty clay Dark Gray (10YR 4/2) 

floor surface. The artefact assemblage consists of ceramic shards, charcoal flecks, 

and some burnt clumps of clay and laterite concretions. The ceramic shards on top of 

the floor are scattered and horizontally deposited. Except for an anthropomorphic 

shard recovered from the north of unit 5 (transition to unit 1), the shards over the floor 

are from utilitarian plain vessels. The floor presents an irregular surface, being 

exposed at 34cm b.s. in the north section of unit 1, 30cm b.s. in unit 4, and 25cm b.s. 

in unit 5. Given that the floor was higher in unit 5, this area was considered more 

central than the other two (Schaan and Martins, 2012). 
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Figure 90: Base of units 1, 4 and 5. Left – west view. Right – east view. Adapted from (Schaan and Martins, 

2012). 

Layer IV (0-28cm b.s.) comprises a loose wet silty clay Very Dark Grayish 

Brown (10YR 3/2) sediment, disturbed by roots and burrowing biota. Overall the 

ceramics are scattered throughout the layer. However, a ceramic cluster was recorded 

on the north part of unit 1, where the floor was deeper. The cluster contains the 

majority of the decorated fragments recovered from the house floor, including 

diagnostic decorations of the Incised and Punctuated horizon (e.g. incisions, 

punctuations, red slip, red paint, modelled appendages and cauixí tempered shards). 

A shard with an anthropomorphic appendage and the rim of a small vessel complete 

the cluster assemblage. The artefacts from units 4 and 5 comprise plain shards from 

utilitarian vessels, as well as stone flakes. At the top 10cm of Layer 1 ceramic shards 

are broken into smaller pieces than in the rest of the layer (Schaan and Martins, 2012). 
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Figure 91: Units 4 and 1 north walls profiles – house floor. 

Units 7 and 8 are ca. 15m east from units 1, 4 and 5, in a slightly more elevated 

area. The house floor extends into this area, though with a shallower top layer. The 

house floor was exposed at 10cm b.s. in unit 7 and 17cm b.s. in unit 8. Overall, the 

stratigraphy is similar to that of the other house floor units. In addition, the floor surface 

and filling share the same attributes. Close to the floor filling base (43cm b.s.), 

however, a feature was recorded. Feature 4 comprises a compacted wet clay 

Brownish Yellow (10YR 6/8) sediment, classified as a fire pit (Fig. 92). The fire pit 

contains numerous large burnt clumps of clay, charcoal chunks, carbonized seeds and 

burnt adobe (Schaan and Martins, 2012). Among the remains collected on top of the 

house floor are a geometric incised hematite spindle whorl, an anthropomorphic shard 

and carbonized seeds. Apart from the spindle whorl, the lithic assemblage encloses 

17 artefacts, including flakes, a stone axe and one polishing/sharpening stone 

(Troufflard, 2017). At 26cm b.s. a carbonized seed rich context was recorded on the 

floor filling. A charcoal sample collected from this context was dated to Cal 1310-1360 

AD and Cal 1390-1410 AD. Another charcoal sample collected from the fire pit top at 

43cm was dated to Cal 1300-1370 AD and 1380-1400 AD (Troufflard, 2017). The 

dates indicate that the house floor and fire pit are contemporaneous. Figure 93 

Layer IV 10YR 3/2 (Very Dark Grayish Brown) 
Layer III 10YR 4/2 (Dark Grayish Brown) 
Layer II 10YR 4/6 (Dark Yellowish Brown) 
Layer I 10YR 5/6 (Yellowish Brown) 
Unexcavated 
Charcoal 
Root disturbance 
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displays the profiles of units 7 and 8. In the fire pit context, sediment samples were 

taken for phytolith and geochemical analysis. 

 
Figure 92: Units 7 and 8. Bottom - base of house floor, fire pit highlighted by circle. Top left and right - details of 

fire pit. 
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Figure 93: Units 7 and 8 profiles. 

Unit 10 is a 1m x 1m cut 12m south of units 7 and 8. In this unit, the house floor 

was exposed at 20cm b.s. (Fig. 94). The stratigraphy is similar to the other house floor 

units (Fig. 95). The house floor surface and filling present the same characteristics as 

well. The artefact assemblage comprises numerous ceramic shards, lithics, charcoal 

and large clumps of clay. The ceramics present traits diagnostic of Incised and 

Punctuated Horizon. The large clumps of clay are interpreted as raw material for 

pottery production (Schaan and Martins, 2012). 

 
Figure 94: Unit 10. Left - base of Layer IV. Right – base of Layer III (top of house floor). 

BR-163/Cedro site – Units 7 and 8  
Unit 7 North wall Unit 8 North wall Unit 8 East wall 

Unit 8 South wall Unit 7 South wall Unit 7 West wall 

Layer IV 7.5YR 2.5/1 (Black) 
Layer III 7.5YR 3/2 (Very Dark Grayish Brown) 
Layer II 10YR 2/2 (Very Dark Brown) 

Layer I 10YR 4/2 (Dark Grayish Brown) 
Unexcavated 

Ceramics 
Charcoal 
Roots 
Burrow 
Laterite 
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Figure 95: Unit 10. North and east walls profiles. 

 

5.2.3.3. Domestic area - House floor with buried vessels (Units 11 
and 13) UTM 21M 0746779/9708001 

Units 11 and 13 are placed on a flat area of Brown ADE 8m NE from units 7 

and 8. Overall, the stratigraphy, floor surface and floor filling are analogous to the other 

house floor units. However, the house floor surface was unearthed at 8cm b.s. and 

the filling base recorded at 24cm b.s., shallower than in the other units. A feature was 

recorded at 50cm b.s. Feature 5 comprises a soft dry sandy clay Brown (10YR 5/3) 

sediment, containing three spherical medium sized pots associated with a little burnt 

clay and abundant charcoal (Fig. 96 and 97). The feature is cut through the floor, as 

evidenced by the distinct sediment within the vessels and the pit in comparison with 

the surrounding yellow Ferralsol (Fig. 97 and 98). Vessel 1 was deposited inside a pit 

cut through the house floor. A second vessel (#2) was found on the west profile on top 

of Vessel 1. Vessels 1 and 2 were buried underneath the floor with their rims facing 

the floor. The third vessel (#3) was deposited in a different pit cut through the floor at 

29cm b.s. The rim of Vessel 3 was deposited above the floor surface. Given the 

North wall East wall 

BR-163 Project/Cedro site – Unit 10 

Layer IV 7.5YR 3/1 (Very dark Gray) 

Layer III 10YR 4/2 (Dark Grayish Brown) 

Layer II 10YR 5/6 (Yellowish Brown) 

Layer I 10YR 5/6 (Yellowish Brown) 

Charcoal 

Ceramics 
Root 
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depositional context, Feature 5 was interpreted as an intentional burying of the vessels 

under the house floor (Schaan and Martins, 2012). This interpretation is supported by 

radiocarbon dates. A charcoal sample collected from the house floor at 18cm in unit 1 

was dated to Cal 1320-1350 AD and 1390-1430 AD (Schaan, 2016), while a charcoal 

sample from inside Vessel 1 was dated to Cal 1410-1440 AD (Troufflard, 2017). 

Consequently, Feature 5 post-dates the house floor. A lithic ear plug was recovered 

inside the pit adjacent to Vessel 1. The artefacts from the upper layers are different 

from the vessels. In particular, the fragments from Layer IV are larger and thicker 

(Schaan and Martins, 2012). Units 11 and 13 are disturbed by roots and anthills. 

During the laboratory excavation of the vessels, a small piece of fibre (4cm) 

was recovered from inside Vessel 1 (Fig. 99). This fibre has some similarities with 

palm leaf, though a positive identification was not made. A tiny fragment of a possible 

burnt bone (0.5cm in diameter) was also identified inside Vessel 1. Sediment samples 

from the base (#213) and middle (#214) of Vessel 1 were taken for phytolith analysis 

during the laboratory excavation. Inside Vessel 2, the fragment (1.8cm x 1.6 cm) of a 

long mammal bone with fire marks was collected (Fig. 90). Additionally, fragments of 

another vessel were unearthed within Vessel 2. Vessel 2 is an open bowl with a rim 

diameter of 44cm and a base diameter of 7.6cm. The vessel base collected from the 

interior of Vessel 2 is 7cm in diameter (Schaan and Martins, 2012). 
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Figure 96: Bottom left - base of unit 11 with vessel 1 in profile. Top right - close up on vessel 1 with the red lithic 

ear plug highlighted by the circle. Bottom right – close up of the ear plug (photo by Joanna Troufflard). 

  

Figure 97: Feature 5 exposed. Blue circle is highlighting vessel 2. Black circle highlights vessel 1. Yellow arrows 
point to anthills surrounding vessel 2. 
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Figure 98: Feature 5 on units 11 and 13 west wall profile. 

 
Figure 99: Left - fibre piece from inside vessel 1. Centre and right – fragment of long mammal bone from vessel 

2. (photos by Joanna Troufflard). 

 

5.2.3.4. Disposal area - Refuse Pit (Units 6 and 9) UTM 21M 
0746817/9707996 

Unit 6 is located 15m west of unit 3 (public area) in a Brown ADE with a large 

amount of ceramics on surface (Fig. 100). The Ferralsol is buried under the Brown 

ADE at 44cm b.s., comprising a culturally sterile compacted hard wet clayey Yellowish 

BR-163 Project/Cedro site - Feature 5 – vessels 1 

West 
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Brown (10YR 5/8) sediment. Layers II, III, and III comprise a funnel-shaped refuse pit 

(Fig. 101 and 103). The refuse pit is 110cm deep and 140cm in diameter. Except for 

sparse scattered shards recovered from the surrounding Ferralsol, the artefact 

assemblage comprises almost exclusively remains from the refuse pit. The lower 

layers of the pit are characterized by a semi-compacted wet clayey Yellowish Brown 

(10YR 5/5) sediment. This sediment contains large amounts of charcoal chunks and 

burnt clumps of clay, as well as some ceramic shards. At 98cm two anthropomorphic 

fragments were recovered associated with a charcoal concentration. A charcoal 

sample collected on the same level (94-104cm) was dated to Cal AD 1290-1400 

(Troufflard, 2017). Small lenses (2cm thick) of Ferralsol in Layers II and III indicate 

that the formation process of the refuse pit included events of reopening and 

reorganizing (Schaan and Martins, 2012).  

The upper part of Layer III (10YR 4/3) and Layer IV (10YR 5/4) are 

characterized by a loose wet clayey brownish sediment (Fig. 101, 102, and 103). The 

only distinction between these two layers is the soil colour. Their artefact assemblages 

include copious amounts of large ceramic shards and semi-fragmented pots (many 

blackened), charcoal chunks, burnt clumps of clay, trivets, fire-cracked rocks, vessel 

supports, shards broken from thermal shock, one polished lithic fragment and one 

stone flake (Fig. 101 and 103). Among the ceramics, both large plain shards and 

ceramics with diagnostic traits of Incised and Punctuated Horizon are discarded on 

the refuse pit top layer (Schaan and Martins, 2012). A charcoal sample taken from the 

middle of the refuse pit (52cm b.s.) was dated to Cal AD 1330-1340 and 1400-1430 

(530 ± 20 BP). Another charcoal sample taken from the upper layers (24cm b.s.) was 

dated to Cal AD 1420-1450 (Troufflard, 2017). Sediment samples were taken from 

inside the pit for phytolith and geochemical analysis. 

 
Figure 100: Units 6 and 9. Top of Refuse Pit (Feature 3). 
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Figure 101: Units 6 and 9 west wall exhibiting the fire pit on profile. 

 

 
Figure 102: Refuse pit at 38cm. Highlighted a large block of burnt trivet and burnt semi-fragmented pots. 

BR-163 Project/Cedro site - Units 6 and 9 West wall  
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Figure 103: Bottom - units 6 and 9 west wall picture displaying the fire pit profile. Top left and right are pictures of 

fragmented anthropomorphic small bowls recovered from the base of the refuse pit.  

 

5.2.3.5. Public/community area (Unit 3) UTM 21M 0746830/9708010 
The public area is on Brown ADE characterized by the low frequency of material 

remains. Unit 3 is located in an area of  flat topography with gentle slopes to the south 

and northeast. The Ferralsol (Layers I and II) is buried under the Brown ADE at 26cm 

b.s., characterized by a hard wet clayey Brownish Yellow (10YR 6/6) sediment. Apart 

from a few ceramic shards associated with root and burrowing biota disturbances, the 

Ferralsol is culturally sterile. The Brown ADE (Layers II and IV) comprises a 

compacted wet clayey Brown (10YR 4/3 and 5/3) sediment. The artefact assemblage 

encompasses few scattered ceramic shards, some stone flakes, burnt clumps of clay 

and a single tiny charcoal fleck. The ceramics are mainly small plain shards from 

utilitarian vessels, although a few red slipped were also collected. The top 10 cm 

consists of a loose wet silty Very dark Grayish Brown (10YR 3/2) sediment associated 

with recent uses of the area (Schaan and Martins, 2012). Fig. 104 shows the north 

wall from unit 3. 
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Figure 104: Unit 3 north wall profile. 

 

5.2.4. Material culture  
On Cedro site the material culture included both ceramic and lithic artefacts. 

The ceramic artefacts (Fig. 105) were diagnostic Incised and Punctuated Horizon 

decorated shards (e.g. red slipped and painted, incised, punctuated, modelled, 

carved, scraped, grooved, basket mark, fillet appliqués, flange and white painted), 

fragmented figurines, modelled zoomorphic appendages, anthropomorphic 

fragmented bowls and spherical open bowls or funerary urns) (Fig. 106). Among the 

7.954 ceramic shards collected from the excavations on Cedro site, an assemblage of 

1069 potshards was analysed for decoration, with the most frequent decorative 
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techniques being red slip (72.40%), red paint (10.10%) and incision (4.43%). Vessel 

shape reconstruction from the drawing of rims resulted in the identification of open 

bowls and dishes for food serving (diameter ranging from 14cm to 42cm), together 

with small pots (diameter ranging from 6cm to 14cm) for individual consumption (Fig. 

106).  

 
Figure 105: Decorated potshards from Cedro site: top left – red slipped and painted potshards; top right – 

polychrome and appliqué decorated potshards; centre left – frog shaped modelledappendage; centre right – 
basket marked potshards; bottom left – upper body incised rims; bottom right – lip incised rim. 

 
Figure 106: Plates with the shapes of vessels identified on Cedro collection 

A further ceramic classification analysed 1.494 diagnostic shards from a chaine 

opératoire approach (Troufflard, 2017). All decorated shards, rims, bases, handlers, 

flanges, modelled appendages, and figurines were considered diagnostic. Under this 



	 	 Archaeological	Case	Studies	

160	
	
	

investigation, four main temper materials were identified: grog, grit, sponge spicules 

and tree ash, with a combination of grog, grit and sponge spicules being the most 

common (78.8%). Among the fragments studied, 360 vessel forms were reconstituted 

and classified into three functional categories: cooking, serving, and liquid storage 

(Troufflard, 2017). Additionally, Troufflard shows that the spatial distribution of the 

three categories of vessels varies according to activity areas.  

The assemblages from internal units of the pond (1, 2, 4 and 5) consist of varied 

cooking and serving plain vessel types, while in unit 3 (adjacent to the external pond 

wall) half of the vessels are decorated (51.1%). Nevertheless, the most abundant 

vessels from unit 3 are a serving type. Overall, small and medium sized serving 

vessels dominate assemblages from the house floor units. In units 7 and 13, however, 

cooking vessels are more abundant. In the refuse pit a mixture of cooking and serving 

vessels composed the assemblage. The most common type is a large highly 

decorated vessel tempered with larger quantities of sponge spicules (vessel type 2-B) 

(Fig. 108). Considering the higher density of this type in the refuse pit, the estimated 

function of vessels 2-B is serving meals in communal rituals (Troufflard, 2017). Only 

three vessels were reconstituted from the communal area, consisting of type 2-B 

(serving), whereas the assemblage from unit 2 has a large amount of serving vessels 

and a cooking pot 1-B, a rare type (Fig. 109). Two of the buried vessels (2 and 3) from 

units 11 and 13 had their shapes reconstituted as serving types (2A) (Fig. 107). Vessel 

1 was not reconstituted due to the separation of the fragments for residue analysis 

(Troufflard, 2017). 

 

Figure 107: Reconstitution of two buried vessels (Feature 5). Bottom - vessel 2. Top - vessel 3. Adapted from 
(Troufflard, 2017). 
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Figure 108: Examples of serving vessels from Cedro site. Left – variations in vessels 2-A: bowls with annular 
base, mean orifice diameter 19.5cm and mean wall thickness 0.7cm. Right – variations in vessels 2-B:  bowls 
with straight or everted rim with filet appliqué, mean orifice diameter 18.4cm and mean wall thickness 0.6cm. 

Adapted from (Troufflard, 2017). 

 

Figure 109: Examples of cooking and liquid storage vessels. Left – variations of cooking vessel 1: restricted 
vessels with globular shape, mean orifice diameter 24cm and mean wall thickness 0.9cm. Center – variation of 
cooking vessel 1-B: globular vessels with everted rim or a direct rim over a filet appliqué, mean orifice diameter 
13.4cm and mean wall thickness 0.7cm. Right – variations of liquid storage vessels (type 5): necked vessels, 

mean orifice diameter 6.7 and mean wall thickness 0.6cm.   Adapted from (Troufflard, 2017). 

The lithic artefacts assemblage comprises 86 objects, including stone flakes 

(from iron oxide, flint, quartz, and sandstone), fragmented hand stone axes, 

fragmented hematite spindle whorls, a spindle whorl from an unidentified material, flint 

stone cores, a hematite ear plug, polishing/sharpening sandstone, 

polishing/sharpening laterite, fragments of polished artefacts and raw materials 

(fragments of sandstone, laterites, and quartz pebbles) (Fig. 110). Sandstones are 

commonly used as abraders. Quartz pebbles are used as ceramic polishers during 

the ceramic manufacture (Troufflard, 2017). 
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Figure 110: lithic artefacts from Cedro site. Top left – fragment from a polished object (left) and stone core 

(right). Top right – fragmented hand stone axe profile and overview. Centre – fragmented spindle whorl; Bottom 
left – pebbles. Bottom right - fragmented hand stone axe (left) and lithic ear plug (right). 

 

5.2.5. Chronology  
Radiocarbon dates situate the Tapajó occupation in Cedro within the late Pre-

Columbian period. The calibrated dates range from Cal AD 1290-1400 to 1420-1450. 

The dates are coherent with the regional florescence of the Tapajó society in the 14th 

and 15th centuries, assigned archaeologically to the Santarem phase (Quinn, 2004, 

Roosevelt, 1999). Intra site, all the contexts dated are contemporaneous, except for 

the date obtained for the pond which error range dates into the 19th century. This date 

was rejected as an intrusion (Troufflard, 2017). The dates from the refuse pit 

corroborate the assumption that the formation process involved reopening events 

(Troufflard, 2017). For the house floor and fire pit in unit 7 the dates indicate the same 

time frame. Consistent with the depositional context, Vessel 1 post-dates the house 

floor and fire pits. Table 11 displays the stratigraphic and contextual information, along 

with the conventional and calibrated ages of the samples dated. The dates for Cedro 

site were obtained right before I finished writing this thesis. For this reason, the 

Bayesian models were not created for Cedro site. 
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Table 11: Radiocarbon dates from Cedro site. Sources Schaan (2016) and Troufflard (2017). 

Laboratory 
number Unit Depth 

cm b.s. Context 
Conventional 
Radiocarbon 

age 
Calibrated age 

Beta-324193 3-Trench 23 Pond 240+/-30 BP Cal AD 1640-1670 and 
Cal 1780-1800 

ICA-16C/0745 6 24 Refuse Pit 460+/-20 BP Cal AD 1420-1450 

ICA-16C/0746 6 52 Refuse Pit 530+/-20 BP Cal AD 1330-1340 and 
Cal AD 1400-1430 

ICA-16C/0747 6 94-104 Refuse Pit 630+/-30 BP Cal AD 1290-1400 

Beta-324192 1 18 House 
Floor 550+/-30 BP Cal AD 1320-1350 and 

Cal AD 1390-1430 

ICA-16C/0748 7 26 Fire Pit 580+/-20 BP Cal AD 1310-1360 and 
Cal AD 1390-1410 

ICA-16C/0749 7 43 Fire Pit 600+/-20 BP Cal AD 1300-1370 and 
Cal AD 1380-1400 

ICA-16C/0751 13 48 Vessel 1 510+/-20 BP Cal AD 1410-1440 

 

 

5.3. Archaeological Description of Maguari 1 Site 
The goal of the research at Maguari 1 site was to investigate the Amazonian 

dark earth (ADE) formation on the site. This investigation addresses the question of 

ADE in a site at the edge of Belterra Plateau. Considering that the site has a trail 

linking to a stream (Igarapé Maguari) and is at a walking distance (5km) from the 

Tapajos River, the landscape of the site allows the exploitation of both aquatic and 

forest resources. Thus, Maguari 1 offers an excellent opportunity for the investigation 

of ADE formation in a settlement with a possible mixed economy. The investigation at 

Maguari 1 focused on mapping the intra site distribution of ADEs, as well as on 

defining the site’s architectural history. To tackle these goals, the site was surveyed in 

regularly spaced transects. In addition, excavation units were placed in and off the 

earth structures. Fig.111 displays a map of South-ADE, with mound structures, 

excavation units and test pits represented. 
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Figure 111: Map of South ADE area with the internal distribution of Black and Brown ADEs. The mounds are 

identified by M and the number (e.g. M1: mound 1, etc.). White rectangles represent the trenches. White squares 
represent the excavation units. Except T1, T2, and T3, which indicates the test pits for phytolith analysis 

sediment sampling. On the top right is the site mapped presented in chapter 3. 

5.3.1. Methods  
Detailed information on site mapping and the distribution of ADEs is presented 

in chapter 4. Four mounds were excavated to expose their architecture and 

stratigraphy. Additionally, three 1mx1m units were opened in between the mounds 

aiming to further evidence the stratigraphy of the site outside the structures. The units 

were excavated in natural levels and all the artefacts collected. The soil was not 

sieved, given that the clayey soil made the collection of all material culture easy during 

the excavation. The mounds were dug in trenches cutting from the highest point to the 

base mound. We opened 7 excavations units: four on mound structures and three off-

mounds. The off-mound units were placed between the mounds to check the presence 

and depth of ADEs.  

5.3.2. Domestic area/Mound 1 – Unit 1 (UTM 21M 722235W/9691919S) 
Mound 1 comprises an elongate structure 80cm high, 17m long (N-S), and 11m 

wide (E-W) (Fig. 112). The excavation unit was a 4m x 1m trench northeast oriented 

(Fig. 113), at a distance of 50cm from the paleobotanical test-pit opened in the 2014 

field season. The trench began near the centre of the mound’s top and extended to 
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the base, exposing the architecture. The unit was divided into four 1m x 1m sections 

excavated in natural levels. Nine levels were identified: a post-abandonment layer and 

seven superimposed house floors over the natural Xanthic Ferralsol. The stratigraphy 

and features of the mounds are detailed below. For clarity, the layers are defined from 

the most deeply buried (earliest) to the shallowest (latest), rather than in the order they 

were encountered. 

 
Figure 112: Topographic map of Mound 1. 

 

 
Figure 113: Schematics from unit 1. 

 

 

N 
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5.3.2. Domestic – Mound 1 stratigraphy 

The stratigraphic sequence of Mound 1 comprises 20 stratigraphic units (SU). 

SU 1 is the topsoil over the post-abandonment layer (SU 2). Under SU 2, eight SU are 

surfaces of house floors and seven SU are house floor construction fillings. Two SU 

are negatives of fire pits on the mound stratigraphy. SU 20 is the natural soil buried 

under the mound. SU 19 (Fire pit 7) cuts the top of SU 20. A priori, all the cultural 

sequence pertains to the Tapajó component, although the first two house floors were 

grouped as a different period, since both floors pre-date the European Contact. The 

posterior floors were grouped together as post-contact.  

Fig.114 shows the stratigraphic sequence of a section in the mound structure 

(West profile). Overall, the mound stratigraphy is simple and is numbered in linear 

progression. The exception is Floor 1 Layer, which has negatives of intrusive fire pits 

(18 and 19) within the fill (17). In the Harris matrix (Fig. 115), T corresponds to topsoil 

and stratigraphic unit 1 comprises the post-abandonment layer. The floors and their 

respective filling deposits are grouped in phases. The phases are grouped into the two 

pre-contact (43) and post-contact (44) periods. G indicates that the interface to 

geology is buried under the Mound 1 structure. The profile is displayed in Fig.116. 
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Figure 114: Stratigraphic sequence of the west section in Mound 1.  
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Figure 115: Center - Harris matrix of Mound 1. Green circle represents surfaces. Blue squares correspond to 

deposits (filling material). Left – Pre-Contact period. Right – Post-Contact period.  
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Figure 116: Mound 1 west profile showing the house floors and the distribution of ceramic shards, charcoal and 

burnt clumps of clay on the profile. 

Layer I (101-110cm b.s.) comprises a culturally sterile hard wet clay Yellowish Brown 

(10YR 5/8) sediment. Only a depth of 10cm deep was excavated into the Xanthic 

Ferralsol, which is buried under the mound at 101cm b.s. 

Layer II - Floor 1 (80-101cmb.s.) comprises a compacted hard clay Yellowish 

Brown (10YR 4/6 to 5/6) platform. This platform was named Floor 1 and it is root 

disturbed. Charcoal flecks are scattered on top of Floor 1. The floor fill consists of a 

less compacted hard wet clayey Dark Yellowish Brown (10YR 3/4) sediment. The 

filling material comprises abundant charcoal flecks and orange mottles. Seven 

features were recorded over Floor 1. Features 1 and 2 are pits cut through Floor 1, 

enclosing ceramic bowls inside (Fig. 117). Features 3 and 4 are postholes cut through 

the floor (Fig. 117). Features 5 to 7 are burnt areas remaining from fireplaces (Fig. 

118), which are identified as orange burn marks in the floors with charcoal 

concentrations. 
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Figure 117: Base of level 10. 

 
Figure 118: Floor 1 surface with features 

Feature 1 comprises a ceramic cache in the NW of sector 3. The area 

surrounding the cache is disturbed by roots. The cache is cut through Floor 1 and is 

24cm deep (50-74cm b.s.). Four vessels are cached into a circular pit (65cm x 50cm) 

and covered by a compact large (55cm x 65cm) yellow block. The sediment inside the 

pit is a loose Dark Yellowish Brown (10YR 3/4) silty clay. Inside the vessels the 

sediment is a loose Brown (10YR 4/3) silt. The soil on top of the cache is a compact 
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yellow (10YR 5/8) cap. There is charcoal and burnt clay inside the pit, surrounding the 

vessels and within them. Bowl #1 is an upstanding red slipped thin open bowl 

containing an upturned smaller bowl (#2) covered by a red slipped dish (#3). The outer 

bowl (#4) is the largest and thinner, deposited upturned as a cover lid to the other 

three (Fig. 119 and 120). In between the small bowl (#3) and inner bowl (#1) there are 

some charcoal flakes and small roots. The vessels were excavated in situ. Apart from 

charcoal and vessels shards no other material remains were found. Soil samples for 

phytolith analysis were collected from underneath (#232), inside (#233), and on top of 

the cache (#236), including samples in between the nested vessels. Charcoal samples 

were taken from underneath the ceramic cache and inside bowl #1 for identification 

and C14 dating.  A charcoal sample (#47) collected at the base of bowl #1 was dated 

to 1210 +/- 30 BP (Cal AD 890 to 985 – Beta 433633). 

 
Figure 119: Base of level 8. Floor 1 with cache exposed. 



	 	 Archaeological	Case	Studies	

172	
	
	

 
Figure 120: Ceramic cache. Top left – circle highlights the top yellow block. Top Center – base of vessel 4 

appears upturned. Bottom left – close up after vessel 4 was removed. Bottom center – base of vessel 1, circle 
highlighting the post hole cut through cache. Right – overview of Floor 1 base with the cache pit exposed. 

Feature 2 is a pit containing a semi-fragmented open bowl. The pit consists of 

a hard packed silty clay Very Dark Grayish Brown (10YR 3/2) sediment with charcoal 

and burnt clay flecks. The bowl is deposited within the pit and covered by a hard 

compacted yellow (10YR 5/8) cap. The soil inside the bowl is the compacted yellow 

sediment disturbed by small roots. Part of the bowl collapsed during the covering 

event. The collapsed fragments are inside the pit close to the bowl. A charcoal sample 

was taken from inside the bowl for C14 dating. Another charcoal sample was taken 

from outside the bowl for identification. Soil samples were taken from the pit (#244) 

and the bowl (#238) for phytolith analysis. The base of Feature 2 is disturbed by roots 

and an ant nest underneath the bowl. Feature 2 is 25cm distant from Feature 1 in a 

SW direction (Fig. 121). 

 
Figure 121: Feature 2. Top left – overview of the pitted vessel 5. Top center – top view of vessel 5 with the pit 
well defined. Bottom left – close up on vessel 5 showing the fragments on the side. Bottom center – close up of 
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the pit showing the base of vessel 5. Right – overview of the base of Floor 1, small circle highlights the top of 
Feature 2, large circle highlights ceramic cache pit with the post hole cut on the left. 

Feature 3 is a posthole cut through Floor 1 onto the natural soil in section 2 

(Fig. 122). The feature comprises a charcoal-rich hole in Floor 1. The sediment colour 

is Dark Brown (10YR 3/3). A charcoal sample was taken for identification. Feature 4 

is another posthole (35cm x 26cm) cut through the ceramic cache in the transition from 

section 3 to section 4 (Fig. 122). The posthole is charcoal-rich and has a few ceramic 

shards inside. The posthole was cut through the cache and collapsed the inner bowl 

(vessel #1). A charcoal sample was collected for identification and a soil sample (#237) 

for phytolith analysis.  

Feature 5 is a semi-circular burnt area remaining from a fire pit in the SW of 

section 1. It comprises a hard compacted clayey orange (7.5YR 8/4) sediment. The 

colour of the sediment may result from fire heating. The fire pit encloses a high quantity 

of charcoal chunks, burnt clay and a few large ceramic shards. The ceramics are 

horizontally deposited. Charcoal samples were taken for identification and for C14 

dating. Feature 5 is a fire pit cut through Floor 1. Feature 6 is a semi-circular burnt 

area in the SE corner of section 1. Similar to Feature 5, this area is the base of a fire 

pit. Thus, the sediment presents the same properties (hard compacted orange clay). 

The material inside consists of charcoal and burnt clay flecks,  as well as ceramics 

horizontally deposited, as in Feature 5.  The ceramics inside Feature 6, however, are 

larger and thicker. Fig. 122 shows the base of Floor 1 with the features. 
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Figure 122: Base of level 9 with the features exposed. 

Feature 7 is the semi-circular base of a fire pit in the NE corner of section 1. 

The sediment is the compacted hard orange clay observed in the other burnt areas. 

The material inside the fire pit contains a high volume of charcoal chunks, burnt clay 

flecks, a large block of yellow (10YR 5/8) clay and large ceramic shards. Inside 

Feature 7 large potshards are horizontally and vertically deposited. A charcoal sample 

was taken for identification. Floor 1 was collapsed under Feature 7. Feature 8 

comprises the base of a circular fire pit characterized by a compacted hard orange 

(7.5YR 8/4) sediment. A small block of yellow (10YR 5/8) clay was recorded inside 

this fire pit. Feature 8 is on top of Floor 1 on NW sector 2. Large and thick ceramic 

fragments are horizontally deposited inside this fire pit, amongst numerous charcoal 

chunks and burnt clay flecks. A charcoal sample (#39) taken from this feature was 

dated to 430+/- 30 BP (Cal AD 1445 to 1505 – Beta 433632). Features are shown in 

Fig. 123. 
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Figure 123: Features on Floor 1. Top left – close up on fire pit 6 (F6). Top center – close up on fire pit 7 (F7). 
Bottom left and center – close ups on the post hole (F3). Right – overview of sector 1, highlighting fire pits 5 

(bottom left), 6 (top left) and 7 (top right).  

Layer III - Floor 2 (60-80cm b.s.) comprises a compact hard clay compact Very 

Dark Grayish Brown (10YR 3/2) platform. This platform was named Floor 2 and is also 

root disturbed (Fig. 124). The floor fill comprises a loose silty clay Brown (10YR 4/3) 

sediment. The filling material consists of small ceramic shards, charcoal and burnt clay 

flecks dispersed throughout. Large potshards are scattered in the fill of sector 1. The 

fill on the other units do not contain ceramics. Seven features were recorded on Floor 

2. The top of Feature 1 is a block of yellow (10YR 5/6) clay, which contains small 

ceramic shards. Features 7 to 11 consist of circular and semi-circular charcoal clusters 

containing high quantities of burnt clay and large ceramic shards. These features were 

classified as fire pits (Fig. 124). Overall, these features are compacted orangey blocks 

distinct from the loose brown floor fill. These compacted areas contain ceramic, burnt 

clay and charcoal concentrations. Feature 11 is a burnt area in the NW corner of 

sector 4, downslope of the mound. Feature 12 is a large clay block (20cmx15cm) in 

the centre of sector 4, not directly associated with material culture. Feature 13 is a 

semi-circle along the SW sector in sector 3. Feature 13 is the base of a fire pit cut 

through Floor 3.  

Feature 7 is a semi-circular fire pit filled with charcoal and orange flecks of 

burnt clay cut through Floor 2 in the NE corner of sector 1. The feature comprises a 

compacted clayey orange (10YR 8/4) sediment. Features 9 and 10 consist of circular 

fire pits on top of Floor 2. Feature 9 is in the NW corner of section 1 and Feature 10 

in the centre of sector 2 (Fig. 124 and 125). Both features contain copious amounts of 

charcoal, burnt clay flecks and small ceramic shards vertically deposited. A charcoal 
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sample (#26) taken from Feature 10 was dated to 400 +/- 30 BP (Cal AD 1455 to 

1630). Figure 125 shows close ups of the features. 

 
Figure 124: Floor 2 surface. 

 
Figure 125: Features on floor 2. Top left – fire pit 7 (F7). Top center - fire pit 9 (F9). Top right – fire pit 10 (F10). 

Bottom left – Feature 11. Bottom center and right – close ups on fire pit 13 (F13).   

 

Layer IV - Floor 3 (50-60cm b.s.) comprises a compacted hard dry clayey yellowish 

brown (10YR 4/6 to 5/6) platform. This platform was named Floor 3 and it is root 
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disturbed. The floor filling comprises a loose clay-textured Brown (10YR 4/3) 

sediment. The filling materials are charcoal chunks, burnt clay flecks and potshards 

horizontally deposited. A larger distribution of charcoal was recorded over the floor in 

sector 1. A charcoal sample taken from this context was dated to Cal AD 1455-1630 

(390 ± 30 BP). Figure 126 shows the plan of the Floor 3 surface. 

 
Figure 126: Floor 3 surface. 

The fire pit (Feature 13) was defined in sector 3. Feature 13 comprises a well-

defined circular pit enclosing numerous charcoal and orange flecks of burnt clay, as 

well as some ceramic shards (Fig. 127). The fire may have shifted from the previous 

level suggesting a reuse of the same area for a pit over two successive constructive 

bases. The surrounding matrix is hard packed clay with less charcoal. It’s likely the 

clay is compacted from the heat of the fire pit. The base of the fire pit is root disturbed. 

 
Figure 127: Feature 13. Left – overview of the feature. Right – the pit with a loose soil in the center. 

Layer V - Floor 4 (40-50cm b.s.) comprises another compacted hard dry clay 

yellowish brown (10YR 4/6 to 5/6) platform. This platform was named Floor 4 (Fig. 
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128). There were large charcoal pieces and a few potshards (10) on the floor. The 

floor filling consists of a loose clay Dark Brown (10YR 3/3) sediment. The filling 

material comprises charcoal flecks and sparse ceramic shards. The ceramic 

assemblage includes plain shards and a frog shaped modelled appendage recovered 

from section 1. A feature was registered on the transition between sectors 2 and 3. 

This feature consists of a fire pit formed by a concentration of burnt clay and charcoal, 

which was classified as Feature 13 (Fig. 129). Under the fire pit ceramics are absent 

and the soil is more compacted, probably due to fire activity. A charcoal sample taken 

from the fire pit was dated to Cal AD 1455-1630 (390 ± 30 BP). 

 
Figure 128: Floor 4 surface. 

 
Figure 129: Close ups on Feature 13 at Floor 4 surface. 
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Layer VI - Floor 5 (30-40cm b.s.) comprises another compact hard dry yellow (10YR 

4/6 to 5/6) platform, which is highly root disturbed (Fig. 130). Floor 5 contains large 

charcoal flakes distributed throughout and dispersed ceramic shards on top of the 

floor. The floor surface is intensely disturbed, but continuous across the trench, 

beginning to slope down in sector 2. The fill downslope is looser and more dark Gray 

(10YR 3/1). As such, the floor is more compact in sector 1, where the surface is brown 

and the subsurface orangey. Ceramic shards were found on top of the floor and 

throughout the filling. The floor filling consists of a loose clay Very Dark Greyish Brown 

(10YR 3/2) and yellowish (10YR 4/4) sediment. The filling material comprises charcoal 

flecks, orange clumps (burnt clay) and high amounts of ceramic shards. The ceramic 

assemblage comprises diagnostic Santarem phase shards including bases, rims and 

a small fragmented bowl with charcoal inside, which was collected for C14 analysis. A 

charcoal sample collected from charcoal attached to the wall of the fragmented bowl 

was dated to Cal AD 1515-1540 (290 ± 30 BP). 

 
Figure 130: Floor 5 surface. 

Layer VII - Floor 6 (15-30cm b.s.) comprises a compacted hard dry yellow (10YR 4/6 

to 5/6) platform, which is root disturbed. Charcoal flecks, orange mottles and a few 

ceramic shards are scattered on top of Floor 6 (Fig. 131). The ceramics are 

horizontally and vertically deposited. The root disturbances are possibly the reason for 

the vertical distribution of ceramics. The floor filling is composed of a loose friable Very 

Dark Greyish Brown (10YR 3/2) sediment. The filling material is constituted of ceramic 

shards, charcoal flecks, and orange mottles dispersed throughout. On the mound 
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downslope, the filling sediment is looser and Very Dark Gray (10YR 3/1). The material 

culture encloses one laterite, a vessel neck, a modelled appendage with circular 

incision, and plain shards. The ceramics vary in thickness and clay colour. 

 
Figure 131: Floor 6 surface. 

Layer VIII - Floor 7 (10-15cm) comprises a homogenously compact hard dry clayey 

yellow (range: 10YR 4/6 to 5/6) platform. This platform was named Floor 7 (Fig. 132) 

and is intensely root disturbed, which causes friability in some parts of the floor. The 

platform contains copious amounts of charcoal flecks, orange mottles and sparse thick 

ceramics. Floor 7 followed the mound slope and was deeper in section 4 (the lower 

part of the mound). Sections 3 and 4 are deprived of material culture over the floor. 

The filling of Floor 7 consists of a loose Very Dark Greyish Brown (10YR 3/2) sediment. 

The filling material comprises dispersed burnt clay, charcoal and slanted potshards 

(including on section 4). The artefact assemblage is composed of large plain ceramic 

shards, bases and rims. The thickness and clay colour (e.g. Gray, Orange, and 

Beige)vary. The ceramics in the filling are larger than the ceramics on top of Floor 1. 

There is a burnt clay cluster in section 1 containing a burnt rim. A burnt clay sample 

was collected from the cluster along with the burnt ceramic rim. Palm seeds were 

recorded among the filling, but not collected due to the root disturbance. For the same 

reason, charcoal samples were not taken. 
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Figure 132: Floor 7 surface. 

Layer IX (5-10cm b.s.) encompasses a compact dry clayey Very Dark Greyish 

Grown (10YR 3/2) sediment. This layer is disturbed by roots and has occasional 

ceramic shards scattered through sections 1 and 3 (Fig. 133). Sections 2 and 3 were 

sterile in ceramics. This layer ended over Floor 7. Topsoil (0-5cm b.s.): comprises 

decomposing litter, radicles, and humus on the mound top. The surface has a loose 

sand clayey Very Dark Greyish Grown (10YR 3/2) sediment. Down on the mound 

slope the surface layer is thinner (2cm). The surface is sterile in material culture and 

finishes on a compact dry clay greyish brown soil (Fig. 133). 

 
Figure 133: Left - Mound 1 surface. Centre - Layer A1 top. Right –  ceramic shards from Layer IX. 

 

 

 

Mound 1 - Unit 1
Level 2 base 
Floor 7 (13 cm b.s.)

Potshard

N

1m

1 2 3 4



	 	 Archaeological	Case	Studies	

182	
	
	

5.3.3. Domestic – Mound 1 chronology 

The radiocarbon dates obtained from the earlier five house floors establishes 

Mound 1 occupation as occurring between the late Pre-Colombian and the first century 

of European contact. The dates also indicate short intervals between the house floors. 

The date from the ceramic cache pre-dates the beginning of the mound occupation. 

Considering that the sample was taken from a secure context, the old date may reflect 

redeposition. A Bayesian model was constructed for Mound 1 using the superimposed 

floors as prior information. Table 12 exhibits stratigraphic and contextual information 

for each modelled date, as well as the probability distribution of calibrated dates and 

point estimates (median). The dates are rounded to the nearest five years. 
Table 12: Modelled dates from Mound 1. A: agreement index. 

Stratum Depth 
cm b.s. 

Context Lab. 
Number 

Conventional 
Radiocarbon 

age 

d13
C%
o 

Cal AD 
(1s) 

Cal AD 
(2s) 

Media
n Cal 
AD 

A 

Floor 5 30 Charcoal 
attached to 

ceramic 

Beta-433633 290 ± 30 BP 25.7 1510-1665 1500-1670 1630 98.6 

Floor 4 40 Charcoal on 
floor 

Beta-433632 380 ± 30 BP 24.5 1495-1635 1490-1640 1585 102 

Floor 3 50 Charcoal on 
floor 

Beta-433631 390 ± 30 BP 26.3 1480-1625 1480-1625 1540 104.3 

Floor 2 60 Fire pit Beta-433630 390 ± 30 BP 25.7 1465-1615 1460-1620 1500 106.6 

Floor 1 98 Fire pit Beta-433629 430 ± 30 BP 25.3 1450-1500 1440-1620 1480 107.9 

 

The following model exhibits the calibrated likelihoods presented in phases 

(floors) from the lower to the uppermost. Each phase is constrained by boundaries 

marking the transitions between the floors. As expected, the date from the ceramic 

cache appears as an outlier. Nevertheless, all the floor dates fit within the model with 

an overall agreement index of 108.7%. The model reduced the error range of 

calibrated dates from an average of 161 years to 120 at a 2s confidence interval. As 

a result, the late Pre-Columbian to Contact period time span is confirmed. Mound 1 

occupation is securely set up between Cal AD 1460 and 1660 (Fig. 134). Additionally, 

based on the point estimates (median), the assumption of short intervals between the 

floors is reinforced. Integrating the sequential dates and the stratigraphic sequence, it 

is plausible to suggest that Mound 1 was continuously occupied. In fact, the mound 

architecture evidences multiple rebuilding events. However the duration of each 
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occupation can only be hypothesised from the median, since single samples were 

dated for each floor.  

To place Mound 1 within the context of the regional chronology, the time range 

can be divided into three brief periods. The initial period comprises floors 1 and 2, 

which are contemporaneous with the regional Tapajó occupation. The third floor date 

falls into the Contact period (after 1539) and the dates of the uppermost floors belong 

to early colonial times. On a local scale, Mound 1 late Pre-Columbian is 

contemporaneous with Mound 5, whereas Mound 1 and Mound 2 share the Contact 

and early Colonial dates. 
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Figure 134: Bayesian model from Mound 1. The Bayesian model appear as dark Gray areas. Bars under each 

distribution represent 1s and 2s. R_Date indicates the date modelled. 

   

 

5.4. Domestic – Mound 2 - Unit 4 (UTM 21M 722298W/9691889S) 

Mound 2 is a rectangular structure 7m (N-S) x 7.5m (E-W). The mound is 60cm 

higher than the surrounding soil. The surface over and surrounding the structure has 

plenty of scattered ceramic shards. A 3m x 1m north oriented trench cut was made 
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from the top to the base of the mound. The following image shows the location of the 

three sectors along the trench (Fig. 135).  

 
Figure 135: Schematics of unit 4. 

5.4.1. Domestic – Mound 2 Stratigraphy 
The stratigraphic sequence of Mound 2 (Fig. 136) comprises 8 stratigraphic 

units (SU). T is the topsoil over the post-abandonment layer (SU 1). Under SU 1, three 

SU are surfaces of house floors and three SU are house floor construction fillings. 

Among them, SU 7 consists of the initial platform of Mound 2. SU 8 is the natural soil 

buried under the mound. The simple stratigraphy of Mound 2 is numbered in linear 

progression. In the Harris matrix (Fig. 137), T corresponds to topsoil and stratigraphic 

unit 1 comprises the post-abandonment layer. The floors and their respective filling 

deposits are clustered in phases. G indicates that the interface to geology is buried 

under the Mound 1 structure. A priori, all the stratigraphic units pertain to the Tapajó 

occupation in the late Pre-Columbian period. The complete profile is shown in Fig. 

138. 

 
Figure 136: Stratigraphic sequence from Mound 2. 

Unit 4 - East Profile
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Figure 137: Harris matrix from Mound 2. Numbered green circles represent surfaces (floors) and numbered blue 

squares correspond to deposits (fillings). T indicate topsoil and G the interface to geology. 
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Figure 138: East profile unit 4. 

 

Layer I (70-80cm b.s.) comprises a hard wet clayey yellowish (10YR4/6 to 5/8) 

Ferralsol. Culturally sterile, this layer has some charcoal chunks in association with 

root disturbance. We only excavated 10cm deep in the Ferralsol. Fig. 138 shows the 

east profile of Mound 2. 

Layer II – Floor 1 (43-70cm b.s.) comprises a hard packed clay yellow (10YR 

4/4) platform (Fig. 100). This floor platform extends on the north sector of section 1, 

sections 2 and 3. Similar to the first floor platform on Mound 1, this floor has few 

artefacts, mainly associated with fire pit features (Fig. 139). However a  few ceramic 

shards and large charcoal pieces were scattered, indicating a possible use as filling 

material. In addition, a sandstone rock was recovered vertically deposited at the base 

of the floor platform, not associated with any feature. Root disturbances are present 

in sections 1 and 3, where the sediment is loose silt Very Dark Gray (10YR3/2) 

containing large numbers of potshards and charcoal chunks moved from the upper 

layers.  
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Figure 139: Left - Floor 1 platform surface. Circles highlight the features areas. Top right – zoom of Feature 1. 

Bottom right – zoom of Feature 2.  

Two features were exposed on Floor 1. The features consisted of fire pits cut 

through Floor 1 containing high concentrations of burnt clay, charcoal and some plain 

and red slipped ceramic shards. Feature 1 (F1) is in the NE corner of sector 2, 

consisting of a Yellowish Brown (10YR5/4) sediment with clustered burnt clay and 

charcoal. Feature 2 (F2) is in the NE corner of section 2, comprising a compacted 

clayey yellow (10YR5/6) sediment abundant in charcoal and burnt clay flecks and 

containing a few plain ceramic shards. A charcoal sample collected from this fire pit 

was dated to Cal AD 360 to 475 BP (1690 +/- 30 BP). Feature 2 contains a larger 

amount of plain ceramics than Feature 1 (Fig. 140). 

 
Figure 140: Ceramic artefacts from fire pits on Floor 1. Left – red slipped shards (F1). Center – plain large beige 

rim (F2). Right – plain large orange rim (F2). 

Layer III - Floor 2 (35-43cm b.s.) comprised another compacted hard wet clayey 

yellowish brown (10YR4/6) platform (Fig. 141). The floor platform is pigmented by 

orange burnt clay and tiny charcoal flecks. Floor 2 extended from the north sector of 

	F1 

F2 
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section 1 through sections 2 and 3. The floor is disturbed by a large burrow in the 

south sector of section 1 and is root disturbed on the north sector of section 3 (Fig 

141). The disturbance areas have darker soil (10YR3/1) and ceramic shards moved 

from upper layers. Floor 2 fill is a loose wet clay colour consisting of Dark Yellowish 

Brown (10YR 4/4) mixed with Very Dark Gray (10YR3/1) sediment. The artefact 

assemblage includes ceramic shards, one tiny stone flake, and charcoal and burnt 

clay flecks. The ceramic shards are horizontally deposited on the floor. The ceramics 

have diagnostic traits of Santarem phase pottery (Fig. 142). A post hole was recorded 

alongside the east wall of the unit in sector 2 (Fig. 141). A fire pit feature formed by 

numerous vertically deposited ceramic shards, charcoal chunks and copious amounts 

of burnt clay is located on the edge of the platform in section 1 in a darker area (10YR 

3/2). This fire pit was named Feature 3. A charcoal sample taken from this context 

was dated to 370+/- 30 BP (Cal AD 1500 to 1595 – Beta 433635). 

 
Figure 141: Left - Floor 2 platform surface. The circle highlights Feature 3. Top right is a zoom of the post hole 

cut through the floor. Bottom right is a zoom of Feature 3. 

F3 
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Figure 142: Ceramic artefacts from Floor 2: Left – finger-tip grooved shard and incised rim. Center – finger-tip 

grooved rim and incised and punctuated rim. Right – red slipped vessel neck. 

 

Layer IV - Floor 3 (14-35cm b.s.) Floor 3 characterizes a hard compact silty 

clay Dark Gray (10YR3/3) platform (Fig. 143). Root and burrowing biota disturbances 

were observed through the layer. Large ceramic rims and a fragmented figurine were 

horizontally deposited on top of the floor. The floor filling consists of a loose clay Very 

Dark Grey (10YR3/1) sediment containing numerous ceramic shards, charcoal and 

burnt flecks scattered throughout. Three clusters of burnt clay and charcoal were 

registered immediately below the floor (Fig. 143). A charcoal sample taken from the 

cluster in the transition between sections 2 and 3 was dated to 330+/-30 BP (Cal AD 

1510 to 1575 – Beta 433634). The artefact assemblage recovered is mainly 

constituted of ceramic shards, including shards with diagnostic traits of Santarem 

phase pottery, such as incised rims, a frog face shaped appliqué, a fragmented 

figurine and mat-impressed shards (Fig. 144). In addition to the shards, a small bone 

fragment was collected from the SW corner of section 1. 
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Figure 143: Floor 3 platform surface. The circle highlights a ceramic concentration with charcoal. The ceramic 

concentration is zoomed in the images on the right side.  

 
Figure 144: Ceramic artefacts from Floor 3. Bottom left – mat-impressed fragment. Top left – frog face shaped 

appliqué. Top right – figurine fragment. Bottom right incised rim. 

Layer V (2-14cm) comprises a loose silty clay Very Dark Greyish Brown 

(10YR3/2) sediment. Layer V contains copious amounts of ceramic shards horizontally 

deposited. The material culture assemblage includes ceramic shards, a fragmented 

hand stone axe, and burnt clay and charcoal flecks. The ceramics include plain shards 

and shards with diagnostic traits of the Santarem phase, such as a modelled figurine, 

an eye shaped appliqué, a circular incised dish fragment, an incised vase neck, a cup 
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with incised sides, an armadillo shaped small vessel, and a hatched shard with rim 

(Fig. 145). Topsoil (0-2cm b.s.) comprises the top organic coarse humus Black (10YR 

2/1) sediment. Numerous ceramic shards are scattered throughout the topsoil as well 

as on the surface. The ceramics include plain and incised and red slipped shards. 

 
Figure 145: Ceramic artefacts from Layer A1. Top left and center – front and back view of a figurine, 

respectively. Top right – an eye shaped appliqué. Bottom left – fragment of small bowl with an armadillo shaped 
appendage. Bottom center – incised neck. Bottom right – incised dish fragment. 

5.4.2. Domestic – Mound 2 chronology 
Table 13 exhibits the stratigraphic and contextual information for each modelled 

date. In addition, the probability distribution of calibrated dates and point estimates 

(median) are provided. The dates are rounded to the nearest five years. The calibrated 

probabilities are displayed in phases on the model (Fig. 146).The three radiocarbon 

dates acquired for the Mound 2 house floors situates the mound between the Contact 

and early Colonial periods. The dates indicate longer intervals between the different 

house floors. As previously mentioned, the material culture from this mound is 

diagnostic to the Santarem phase. Thus, these dates are coherent with the Tapajó 

population of the Belterra Plateau during early Colonial times (Stenborg, 2016b). The 

anomalously older date obtained from the fire pit on Floor 1 may be attributed to old 

wood effect (Schiffer, 1986). Stratigraphic and contextual information from Floor 1 

does not indicate major changes to support different time ranges between floors 1 and 

2. The charcoal dated is a by-product of a fire pit cut through Floor 1. Conversely, the 

systemic and archaeological contexts are well defined. As such, the charcoal appears 

to result from an intentional event, which involved procurement and transportation to 
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the fireplace or reuse of available wood (Schiffer, 1986). In any case, the acquired 

wood material used as fuel could be dead wood, thereby causing the old wood effect.  

Table 13: Modelled dates from Mound 2. A: agreement index. 

Stratum Depth 
cm b.s. 

Context Lab. Number Conventional 
Radiocarbon 

age 

d13C
%o 

Cal AD (1s) Cal AD (2s) Median 
Cal AD 

A 

Floor 3 14 Charcoal on 
floor Beta-433634 300 ± 30 BP -26.6 1620-1670 1520-1800 1645 104.3 

Floor 2 35 Fire pit Beta-433635 330 ± 30 BP -27.5 1505-1570 1485-1645 1540 106.6 

Floor 1 43 Fire pit Beta-433636 1690 ± 30 BP -25.7 365-465 355-525 415 107.9 

 

A Bayesian model was constructed for Mound 2. The prior information is in the 

form of the superposed floors. Boundaries constrain the phases indicating floor 

transitions. All dates fit the model, including the much earlier date from Floor 1. The 

dates present an overall agreement index of 104%. The model reduced the error range 

of calibrated dates from an average of 220 years to 150 at a 2s confidence interval. 

The time frame for the two upper floors is confirmed in the early Colonial period. Based 

on the median, the point estimate of calendar age is Cal AD 1540 and 1645. It is not 

possible to estimate if Mound 2 was continuously occupied, given the limited dates 

obtained for this structure. Furthermore, the shape of the mound is distinct from the 

other. This may reflects differences in functionality. 
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Figure 146: Bayesian model from Mound 1. The Bayesian model appear as dark Gray areas. Bars under each 

distribution represent 1s and 2s. R_Date indicates the date modelled. 

 

5.5. Domestic – Mound 4 - Unit 2 (UTM 21M 722254E/9691919S) 
Mound 4 is an elongate earth structure 4m (N-S) x 6m (E-W). Mound 4 is 10m 

NE of Mound 1 and 20m NW of Mound 3. Unit 2 was an opportunistic cut in a hole 

from a fallen palm tree. This strategy was used to explore a natural hole reducing time 

in the observation of the mound stratigraphy (Fig. 147). After the general stratigraphy 

was recorded a further 1m x 1m expansion was made to the  west. Layer I (61-76cm 

b.s.) comprises a hard compacted wet clay yellowish brown (10YR 5/6) Ferralsol. The 

Ferralsol is sterile in material culture, but a few tiny charcoal flecks and orange mottles 

were observed. This layer is disturbed by roots. Layer II (51-61cm b.s.) immediately 

above the Ferralsol is a compacted hard clay Brown (10YR 4/3) sediment. At the base 

of the layer, vestiges of a ceramic hearth are found in the form of clustered chunks of 

charcoal and burnt clay (orange flecks). No artefacts directly associated with the 

hearth were collected. However a few scattered ceramic shards, a small stone, and 

abundant charcoal pieces (<1cm length) are stratigraphically associated.  

Layer III (43-51cm b.s.) comprises a hard wet clay Dark Greyish Brown (10YR3/2) 

sediment. This darker layer is formed by copious amounts of charcoal and burnt clay, 

containing scattered ceramic shards throughout. Layer IV (37-43cm b.s.) is 
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characterized by a hard silty clay Brown (10YR4/3) sediment, containing scattered 

ceramic shards and dense charcoal flecks (<1cm length). This layer is disturbed by 

roots. 

 
Figure 147: Unit 2 viewed from north wall. 

Layer V (2-37cm b.s.) comprises a hard wet clayey Dark Brown (10YR3/3) sediment. 

It contains more ceramics than the previous layers, including plain and modelled 

sherds. Scattered burnt clay and charcoal flecks complete this layer’s material culture. 

This layer is intensely disturbed by roots and burrowing biota. Topsoil - VI (0-2cm 

b.s.) comprises a silty clay Very Dark Greyish Brown (10YR3/2) sediment. The surface 

is abundant in decomposing organic litter, roots and small sprouting plants. Some 

charcoal is dispersed over the surface. 

 

 

5.6. Domestic – Mound 5 - Unit 7 (UTM 21M 722293W/9691841S) 
Mound 5 is an oval structure 9m (N-S) x 13m (E-W) first investigated during the 

site mapping. A 26cm diameter test pit was dug with a post-hole digger implanted in 

the highest flat area of the mound. An 85cm deep cultural layer was recorded in the 
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test pit. The presence of a large amount of pottery and charcoal, as well as the depth 

of the anthropogenic soil, instigated the opening of a cut on this mound. Thus, the 

purpose of the 2m x 1m (Fig. 148) unit is to register the mound’s architecture and the 

Dark Earth formation. Similar to the other units on Maguari site, root and burrowing 

biota disturbances are observed through the mound stratigraphy (Fig. 149). 

 
Figure 148: Schematic of Unit 7. 

5.6.1. Mound 5 - Stratigraphy 
Layer I (85-105cm b.s.) is comprised of a culturally sterile compact hard wet 

clay Yellowish Brown (10YR 4/6 to 5/6) Ferralsol homogeneously distributed on the 

excavation. The Xanthic Ferralsol is buried under the mound at 85cm. A few scattered 

charcoal and orange flecks were registered at the top of Layer I. On top of Layer I, an 

ant nest was identified at the SW corner of section 1, characterized by a loose yellow 

(10YR 4/6 and 5/8) sediment. 

Layer II – Floor 1 (45-85cm) comprises a compacted hard dry clayey sediment. 

The sediment colour scale varied from Gray (10YR 3/2 and 3/4) in section 1 to Dark 

Yellowish Brown (10YR 4/2 and 4/4) in section 2. Overall, this charcoal-rich layer is 

characterized by a floor platform, the floor filling and two features. Floor 1 platform 

comprises a compacted hard packed clayey Very Dark Greyish Brown (10YR 3/2) 

sediment. The floor filling consists of numerous charcoal flecks and orange mottles, 

and scattered ceramic shards horizontally deposited, including some large ceramic 

shards (>5cm). On top of the floor, tiny charcoal and orange mottles, as well as small 

ceramic shards, are scattered throughout. The ceramic shards are mainly plain, but 

some red slipped shards are present. The sediment is loose in two root disturbed 

areas, one in the NW sector of section 1 and other in the SW sector of section 2. The 

root disturbance is observed through the layer.  
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Figure 149: Unit 7 East Profile. 

Two features are associated with Floor 1. These features consist of two ceramic 

clusters with large amounts of burnt clay and charcoal. Both features are cut through 

the floor, Feature 1 (F1) in section 1 and Feature 2 (F2) in section 2. Charcoal 

samples for identification and C14 dating were taken from each feature. Among the 

floor fill, two large charcoal blocks (6cm in diameter) are disposed in the unit centre. 

There is also a large distribution of scattered charcoal not directly associated with the 

features.  

Feature 1 (Fig. 150) is a roughly circular area with a loose sediment (range: 

10YR 4/2 to 4/3), which contains copious amounts of ceramic shards horizontally 

deposited, almost entirely covering section 1. Part of this feature is in the NE wall of 

the unit. Consequently, the east sector of section 1 is densely covered by ceramic 

shards and charcoal. Numerous charcoal chunks lie within and surrounding the 

feature. Feature 1 starts as a burnt clay (<2cm length) and charcoal (>1cm length) 

concentration in section 1. Over this concentration are small red slipped ceramic 

shards (<3cm) horizontally deposited. A thin charcoal lens covers the small ceramic 

shards. A charcoal sample taken from the charcoal lens was dated to 520 +/- 30 BP 
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(Cal. AD 1430 to 1485). On top of this lens, large (5-20cm length) and thick dark red 

slipped and plain shards are horizontally deposited. Thus, the overall friable ceramic 

from Feature 1 encompasses shards from different vessels. The difference is 

evidenced by variations in thickness (range: 0.1-2.6cm), colour (Gray, Brown, and 

Orange), and decoration (plain, light red slip, and dark red slip) of the shards. In 

addition, one laterite and one pebble were recovered from within the feature. A 

sediment sample (#239) for phytolith analysis was taken from this feature. 

 
Figure 150: Left - surface of Floor 1, circles highlight features areas. Top right – zoom on a charcoal chunk from 

Feature 1. Bottom right -  zoom in the ceramics from Feature 1. 

Feature 2 (Fig. 150) is a semi-circular clay structure comprising a hard packed 

Dark Yellowish Brown (10YR4/4 to 5/6) interspersed with Dark Brown (10YR3/3) 

sediment. The feature contains large ceramic shards, some laterites, and copious 

amounts of charcoal and burnt clay blocks. Feature 2 starts with charcoal (5cm) and 

burnt clay (3cm) chunks containing five large ceramic shards horizontally deposited. 

Over this base, vertically deposited large ceramic rims and shards are mixed with 

laterites, burnt clay and charcoal (<1cm). The top of Feature 2 contains large plain 

ceramic shards horizontally deposited amongst large burnt clay blocks, charcoal 

chunks and one large laterite block. The ceramics include a fragmented orange vessel 

surrounded by numerous charcoal and burnt clay flecks. The vessel shards and a 

F2 

F1 
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large rim are horizontally deposited beneath a hollow base, which is deposited upside 

down (Fig. 151 and 152). A sediment sample (#240) for phytolith analysis was taken 

from within the vessel fragments. Charcoal samples were taken from underneath the 

hollow base and the large rim. The ceramic assemblage comprises mainly large plain 

ceramic rims, although two bird feet shaped modelled appliqués and a few red slipped 

and red painted shards were also recovered from within the structure (Fig. 152). 

Overall, the ceramic from Feature 2 is thicker than in Feature 1. 

 

Figure 151: Feature 2. Bottom left – fragments collected from Feature 2. Top left – hard-packed burnt area and 
charcoal. Top center – fragmented vessel on top of the feature. Bottom center – zoom on the clay block. Right – 

Feature 2 on top of Floor 1 (viewed from above). 

 

 
Figure 152: Ceramic artefacts from Feature 2. Top and bottom left – bird feet shaped modelled appliqués. Top 

center and right – Red painted and red slipped rims. Bottom center and right – hollow base (top and side views). 

Layer III - Floor 2 (24-45cm) comprises a hard compacted dry sandy clay Dark 

Yellowish Brown (10YR 4/2) platform. On top of the floor, abundant charcoal and burnt 

clay flecks are scattered, as well as a few potshards horizontally deposited. Floor 2 

filling comprises a loose sandy clay darker (10YR 4/1 and 3/3) sediment. The filling 
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material consists of horizontally deposited scattered pottery, laterites, burnt clay flecks 

and a copious amount of charcoal. A cluster formed by charcoal chunks (2cm length) 

and burnt clay are part of the filling in sector 2. The floor is better preserved and has 

larger ceramic fragments in section 2 than in section 1, which reflects the position of 

section 1 on the mound slope. This assumption is reinforced by the presence of 

slanted fragments in the transition from section 2 to section 1, where the mound slope 

starts. Layer III has root and burrowing biota disturbance, particularly along the east 

wall in the transition between the sections. Two features were registered cut though 

Floor 2, Feature 3 in section 1 and Feature 4 in section 2. 

Feature 3 is a small pit with a less compacted darker (10YR 3/1) sediment in 

the centre of section 1. The pit contains a little semi fragmented bowl surrounded by 

charcoal flecks. The bowl is deposited with the broken side turned down. The rest of 

the fragments are also inside the pit (Fig. 153). The position of the bowl indicates that 

it broke in situ. Feature 4 is a fire pit in section 2 with a compacted Dark Brown (10YR 

3/3) sediment. The fire pit encloses charcoal pieces (<2cm), burnt clay (<6cm) and a 

few large thick ceramic shards. The ceramic shards are vertically deposited inside the 

pit. Amongst the pit material is a bowl shaped trivet (Fig. 154). 

 
Figure 153: Surface of Floor 2. Left - circles highlight features 3 and 4. Top right – zoom on Feature 4. Bottom 

right – zoom on Feature 3. 

F4 
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Figure 154: Trivet recovered from Layer AB. Left – bottom view. Center – side view. Right – top view. 

The material culture from Layer III comprises thinner ceramic shards in 

comparison with earlier layers. The ceramics includes the fragmented bowl, a dish rim, 

plain shards, and shards decorated with diagnostic Santarem phase traits such as red 

slipped fragments, an incised appliqué, a red vessel neck, and a monkey shaped 

modelled appendage (Fig. 155). Additionally, numerous charcoal and burnt clay 

chunks, a trivet and a snail carapace were recorded in this layer. Layer III ended in 

Floor 1, which is characterized by a compacted hard dry Very Dark Greyish Brown 

(10YR 3/2) sediment. The top of Feature 2 was registered in sector 2, and large 

quantities of charcoal flecks were dispersed in section 1. 
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Figure 155: Ceramic artefacts from Layer A2. Top left - monkey head shaped appliqué. Top right - red slipped 

fragment. Bottom - red slipped and incised rims. 

Layer IV (5-24cm b.s.) comprises a loose silty clay dark (10YR 2/1, 3/2, and 

4/1) sediment (Fig. 156). The layer has some compact lighter spots (10YR 3/2 and 

4/2) in section 2 larger blocks of burnt clay and few pieces of charcoal are observed. 

Large pieces of burnt clay are associated with the compacted spots while small pieces 

are scattered throughout. In general, Layer A1 has less charcoal and burnt clay than 

prior layers. Ceramic shards are mainly slanted, probably due to root disturbance, 

although there are two small ceramic clusters in section 2. The ceramic shards are 

smaller than in previous layers. The ceramic assemblage includes various plain rims, 

some burnt shards and shards with diagnostic traits of the Santarem phase ceramic 

(e.g. red slipped and incised fragments, a punctuated rim, a small fragmented jar, a 

hollow base and a modelled appendage). In addition, pebbles, laterites, mango and 

palm seeds, a snail carapace and a capybara tooth were recorded in Layer A1. There 

is root and burrowing biota disturbance through the layer. The disturbed areas have 

loose darker (10YR 3/1) sediments. Topsoil - V (0-5cm b.s.), the mound surface, was 

covered by leaves (Fig 156). The leaves were cleaned out revealing a loose sandy 

humus-rich Very Dark Grayish Brown (10YR 3/2) sediment, as well as 26 horizontally 
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deposited potshards and dispersed charcoal flakes. The surface sediment comprised 

5cm of decomposing litter, radicles and humus covering the mound. 

 
Figure 156: Mound 5 - Unit 7. Topsoil and top of Layer IV. 

 

5.7. Public area/Central plaza - Unit 3 - Off-mound 1 (UTM 21M 
7222247W/9691917S) 

Unit 3 was a 1m x 1m cut opened 15m from Mound 1. Unit 3 has a shallow 

stratigraphy (20cm) (Fig. 157). At the base is the culturally sterile compacted clayey 

brownish yellow (10YR 4/6) Ferralsol (Fig. 158). There is root disturbance throughout 

the profile. Two ceramic fragments were collected associated with root disturbance in 

the Ferralsol. Above the Ferralsol there is an 8cm Brown ADE comprising a loose silt 

wet dark brown (10YR 4/2) soil.  This layer contains a few scattered small plain 

ceramic fragments. The topsoil/surface comprised 2cm abundant in radicles, 

decomposing leaves and humus. A fragmented stone axe was collected on surface. 
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Figure 157: Unit 3 viewed from North wall. 

 
Figure 158: Unit 3. Top view. 
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5.7.1. Public area/Central plaza Unit 6 – off-mound 3 (UTM 21M 
722276W/9691897S) 

Unit 6 was a 1m x 1m cut opened 3m west of mound 3. The stratigraphy was 

shallow on this unit (Fig. 159). The culturally sterile compacted wet clay yellowish 

brown (10YR 4/6) Ferralsol was reached at 18cm deep (Layer I). Layer II (2-8cm b.s.) 

comprised a loose wet clayey very Dark Gray (10YR 3/1) sediment. This layer is 

composed of domestic debris such as small plain ceramic shards, burnt clay and 

charcoal flecks. The artefacts were more abundant in the south wall, which is closer 

to Mound 3. In addition, the ceramic sherds were scattered and inclined from Mound 

3’s direction. The context of the artefacts indicates that the formation of Layer A 

formation results from Mound 3 erosion. Topsoil (III) (0-2cm b.s.) comprised radicles, 

roots, decomposing leaves and Taperebá seeds. 

 
Figure 159: Unit 6 viewed from south wall. 

  

5.8. Domestic Unit 5 Off-mound 2 (UTM 21M 722297W/9691913S) 
Unit 5 was a 1m x 1m cut opened between mounds 2 and 3. The unit was 

placed 4m from Mound 2 and 1m from Mound 3. The stratigraphy exhibits two layers 

above the Ferralsol (Layer I) (Fig. 160). Layer II has an artefact assemblage composed 

of a fragmented trivet, ceramic sherds, charcoal and burnt clay. The presence of a 

clay cluster with charcoal and the trivet indicates that this area was briefly used as a 

manufacture area. The upper layer (III) is formed mainly by scattered artefacts slanted 
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from the west. The position of the artefacts indicates that Layer III was formed by the 

erosion of Mound 3. 

 
Figure 160: Unit 5, off-mound. Viewed from west wall. 

Layer I (42-60cm b.s.) comprises a culturally sterile compacted wet clayey 

yellowish brown (10YR 5/8) sediment, disturbed by roots and burrowing biota. A 

burrow disturbance in the SW section formed a loose dark (10YR4/2) area. The burrow 

contained some ceramic sherds and charcoal flecks. Layer II (18-42cm b.s.) was 

characterized by a compacted wet clayey sediment. The sediment colour varied from 

dark Gray (10YR3/2 and 4/2) at the top to yellowish Brown (10YR5/4) at the base. 

Some ceramics were associated with burrowing biota activities. However, the majority 

of ceramic sherds was scattered throughout the layer, both vertically and horizontally. 

A fragmented incised red hematite spindle whorl was recovered from the top of Layer 

AB. Dispersed charcoal and burnt clay flecks were also recorded. A fragmented trivet 

was recovered from this layer. 

Chunks of charcoal (1cm) and burnt clay were dispersed from the middle to the 

base of Layer II. Near the base, a small feature was recorded in the NW corner (Fig. 

161). This feature comprised a burnt clay cluster with tiny charcoal flecks. Numerous 

burnt clay chunks formed a block containing the charcoal inside. The top of Feature 1 

was smaller (8.5cm x 8.5cm) than the base (16cm x 21cm x 9cm). No other artefacts 
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were associated to this feature. Additionally, a charcoal cluster was registered in 

sector SE.  

 
Figure 161: Feature 1. Left – top of the feature. Center – profile of the feature. Right –  exposed feature viewed 

from above. 

Layer III (4-18cm b.s.) characterized by a hard wet clayey sediment. The 

sediment colour ranges from Very Dark Gray (10YR3/1) on the top to Very Dark 

Greyish Brown (10YR3/2) at the base. Layer A is intensely disturbed by roots and 

burrowing biota. Abundant ceramic shards and charcoal flecks (range: 0.5 to 1cm) are 

dispersed throughout. Occasional burnt clay flecks are scattered across the layer. 

Three sandstone rocks complete the artefact collection from Layer A. The ceramics 

are vertically deposited, slightly inclined to west indicating that they rolled from Mound 

3. The majority of ceramics are scattered, although two ceramic clusters were 

recorded along the south wall. One cluster is in the SW section and the other in the 

SE section. Both clusters contain vertically deposited ceramics inclined to west. The 

ceramic assemblage comprises incised, red slipped, modelled and plain shards. The 

decoration style, for example a modelled vulture head (Fig. 162) and a figurine 

fragment recovered from Layer III top (Fig. 163), links this ceramic to the regional 

Santarem phase. Topsoil (0-4cm b.s.) is characterized by a hard clay very Dark Gray 

(10YR3/1) humus, and includes radicles, decomposing leaves and seeds. 

 
Figure 162: Modelled vulture head diagnostic of Santarem phase. Left and center view from the side. 
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Right view from above. 

 

 
Figure 163: Figurine fragment from Layer A. 

 

5.9. Summary 
The three case study sites share anthropogenic features, such as Amazonian 

Dark Earths and earth structures (e.g. artificial pond, mounds and house platforms), 

as well as the material culture, which comprises ceramics affiliated to the Santarem 

phase. Although the ceramic assemblage from Maguari has not been completely 

classified to date, the wide presence of ceramic shards bearing diagnostic traits of 

Santarem phase lead me to associate Maguari I site with the regional Tapajó society. 

The time frames for the three sites show that they are contemporaneous in the 

late Pre-Columbian period. Porto site has been established as one of the oldest in the 

region (Schaan, 2016). The date from the base of the Tapajó component in Porto falls 

within the beginning of the Tapajó society regional emergence (Roosevelt, 1999). In 

addition, the estimated dates for Maguari and Cedro corroborate the assumption of a 

late expansion of the Tapajó into the Belterra Plateau (Stenborg, 2016b). 

The overall village layout is also similar. Based on the archaeological data, the 

estimated arrangement of Porto settlement is circular with a communal/public area in 

the middle. A crematory structure and ceramic urns containing crushed bones were 

uncovered inside pits in the communal area, which was classified as a cemetery/burial 

area. In Maguari I the mound structures are arranged in a semi-circle around a central 

plaza. Even though the village layout in Cedro was not defined, a circulation area was 

identified west of the other activity areas. The existence of Tapajó weekly plaza 

ceremonies paying homage to Potaba de Aura is described in ethnohistorical accounts 



	 	 Archaeological	Case	Studies	

209	
	
	

(Bettendorf, 1910 [1661]) See chapter 1. The central plazas on the sites indicate an 

organization of the village space including places for public gatherings. 

The comprehension of Tapajó ritual life has been broadly based on studies of 

material culture from museum collections. Recent research focused on archaeological 

contexts has argued for a rather fluid perception of domestic and ritual worlds among 

the Tapajó (Alves, 2015, Araujo da Silva, 2015, Araujo da Silva, 2016, Silva, 2016, 

Troufflard, 2017). For instance, the study of refuse pits based on their archaeological 

contexts and material culture revealed a diversity of formative processes (Araujo da 

Silva, 2016, Silva, 2016, Gomes and Luiz, 2013). Regardless of the ubiquity of bell-

shaped storage pits worldwide, in Santarem these features were previously 

interpreted as ritual middens (Gomes, 2010, Gomes and Luiz, 2013, Gomes, 2016, 

Quinn, 2004, Roosevelt, 1993). The main reason for this classification was the 

recovery of artefacts regarded as ritual paraphernalia (Roosevelt, 1993). Since most 

of the ‘ritual artefacts’ are from museum collections made in between the late 19th and 

early 20th century, their wide presence may be attributed to the selection of the most 

elaborate ceramics. Some of the refuse pits excavated in Porto and Aldeia sites were, 

however, filled with numerous fragments of elaborate pottery. But so far, refuse pits 

containing larger densities of domestic debris are more common in the archaeological 

contexts (Silva, 2016, Araujo da Silva, 2016, Troufflard, 2017). 

Domestic house floors were exposed in all three studied sites. The two sites 

from the Plateau are hard-packed clay platforms. The filling materials comprised 

mainly burnt clumps of clay, charcoal flecks and scattered potshards. In Porto site, by 

contrast, the house platforms are identified as sand clayish compacted deposits. The 

floor fillings from Porto were not defined. However, the basic construction materials 

(e.g. clay and sand) evidence how the Tapajó explored available resources from 

different environments. The exposed architecture of Maguari I site mounds consists of 

superimposed house floors. In Cedro a single house floor was identified, while Porto 

comprises areas of superimposed and independent house floors. The features 

associated with the house floors comprise mainly fireplaces (e.g. hearths and fire pits). 

The hearths and fire pits serve for a plethora of activities (e.g. cooking, heating, 

lighting, pottery firing, medicine and poison preparations etc.). Fire pits from Porto 

seem also to be  involved in lithic manufacture (Moraes et al., 2014). In Cedro site, 

cooking and ceramic manufacture were associated with the fire pit (Troufflard, 2017). 
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In Maguari I site, evidence of ceramic manufacture was found in unit 5 (adjacent to 

Mound 3), as well as in the fire pit on top of Floor 1 in Mound 5. The fireplaces 

unearthed on mounds 1 and 2 appear to have been used for cooking purposes. On 

Mound 1, the fireplaces are mainly found in sectors 1 and 2, which are closer to the 

centre of the mound. Downslope sectors contain less features and lower densities of 

material culture. The exceptions are the ceramic caches cut through Floor 1 in sectors 

3 and 4, as well as the pit cut from Floor 4 surface down to the surface of Floor 2 in 

sectors 2/3. Considering the similarities with the refuse pits found in Porto and Cedro 

sites, Feature 13 is classified as a refuse pit. 

Caches are also found in Cedro and Maguari I sites. In Porto, the cache pit was 

well defined by a change in the sediment colour in a slightly more compacted 

surrounding matrix. The buried ceramic caches seem de facto refuse (LaMotta and 

Schiffer, 1999). Their depositional contexts situate them as events posterior to the 

floor building, since the pits are cutting the floors. In terms of a time frame, the cache 

from Porto site pertains to the beginning of Tapajó regional emergence, whereas in 

Cedro site the cache time frame is close to the estimated site abandonment in late 

Pre-Columbian times. Unfortunately, the cache from Maguari I yielded an oddly old 

date, which was interpreted as a redeposition. Considering the sequential dates 

obtained for the superimposed house floors, as well as the stratigraphic position of the 

cache between house floors 1 and 2, this context can be framed in the late pre-

Columbian period, and thus contemporaneous with Cedro. The cache from Porto was 

previously interpreted as a secondary deposition (Alves, 2014). The cache from Cedro 

site was interpreted as a potential secondary burial (Troufflard, 2017), while the cache 

from Maguari I site is understood as an offering from a reoccupation event. 

The various contexts exposed and activity areas identified in the study case 

sites offer a glimpse into the Tapajó resource management in different settings (e.g. 

building with available materials, artificial pond construction for water storage). The 

shared material culture, village layout, caches and discard behaviours indicate that 

the inhabitants from the three sites shared beliefs and world perspective (Schaan, 

2016). The acquirement of greenstones and manufacture of muiraquitãs evidences 

the ability of the Tapajó to establish long distance connections (Moraes et al., 2014). 

This idea is reinforced by the presence of high densities of flint stone on Porto, a less 

prestigious material, but not available nearby. The lithic industry included production 
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of spindle whorls, which were potentially used for cotton spinning. The estimated locus 

of cotton production is the Plateau (Schaan, 2016). Such ingenious groups created 

large scale exchange networks, managed the earth to build their settlements and 

possibly had effective plant exploitation strategies.  In the next chapter I turn to the 

study of phytolith analysis of sediments sampled in different domestic contexts (e.g. 

refuse pit, fire pit, house floor, ceramic cluster, ceramic caches and mound profiles). 

Additionally, test pit samples were taken in Brown soil areas from Cedro and Maguari 

I sites, as well as from one profile in Porto site. 
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Chapter 6 
 

Phytolith studies 
 

 

This chapter presents the results from phytolith and micro charcoal analyses 

carried on case study sites. These include sediment samples from soil column in 

archaeological excavation units from Cedro, Maguari, and Porto sites, and test pit 

profile samples from Cedro and Maguari sites. Phytolith assemblages from 

archaeological sediments and test pit samples are shown. A summary of the data is 

presented at the end of each site section. 

 

6.1. Phytolith identification and taxonomic associations 
The identification of the morphotypes was carried using an Axiovision 40 

microscope at 200x (sand fraction) and 500x (silt fraction) magnification, respectively. 

The identification was based on comparison with the reference collection of the 

Archaeobotany Laboratory at the University of Exeter and by consulting an extensive 

comparative literature Boyd et al. (1998), (Chandler-Ezzel et al., 2006, Dickau et al., 

2013, Gu et al., 2013, Gu et al., 2016, Iriarte and Paz, 2009, Kealhofer and Piperno, 

1998, Kondo et al., 1994, Madella et al., 2014, Mercader et al., 2009, Meunier and 

Colin, 2001, Pearsall, 2010, Pearsall, 2016, Piperno, 1988, Piperno, 1989, Piperno, 

2006, Piperno and Pearsall, 1998b, Runge, 1999, Twiss et al., 1969b, Wallis, 2003, 

Watling and Iriarte, 2013, Watling et al., 2016, Watling et al., 2017). This section 

describes the phytolith morphotypes identified in this study and their taxonomic 
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associations. Whenever possible naming and descriptions followed the International 

Code for Phytolith Nomenclature (Madella et al., 2005). 

Although some Poaceae phytolith morphotypes are produced across the family 

(Piperno, 2006), over the past decades the initial taxonomic classification by Twiss et 

al. (1969b) has been refined. Their classification of Panicoideae as bilobate short cells 

producers, Chloridoideae as saddle producers, and Pooideae as rondels/trapeziform 

sinuate producers has been validated and advanced. The use of three-dimensional 

parameters has been particular useful to narrow taxonomic significance based on 

phytoliths morphologies (Alexandre et al., 1997b, Fredlund and Tieszen, 1994, 

Honaine et al., 2006, Iriarte, 2003, Lu and Liu, 2003, Pearsall, 2010, Piperno, 2006, 

Piperno and Pearsall, 1998b). Additionally, morphometric statistic methods have been 

successfully employed for lowering the taxonomic level of Poaceae identification (Ball 

et al., 1993, Ball and Brotherson, 1996, Ball et al., 1999, Iriarte, 2003, Lu et al., 2009, 

Out and Madella, 2015, Portillo et al., 2006, Zhang et al., 2011, Zhao et al., 1998). The 

Poaceae phylogenetic classification used in this thesis follows Judziewics et al. 

(2000), Peterson et al. (2001), Judziewics and Clark (2007), and Soreng et al. (2015). 

Non-diagnostic Poaceae in this study comprise cross-shaped bodies (Fig.164: 

A-C), with few exceptions (see below), silicified dendriform from long cells (Fig.164: 

D) produced in the floral bracts as in fig. 2.3c in Piperno (2006), cuneiform bulliform 

cells (Fig.164: E), and parallepiped bulliform cells (Fig.164: F-G). Most Poaceae plants 

produce cross-shaped bodies in the leaf (Piperno, 2006). But, subfamily level 

classifications can be made based on three-dimensional features, such as blocky 

crosses from Bambusoideae (Fig. 164: M) (Piperno, 2006, Iriarte, 2003). The same 

method allowed the differentiation between wild and domesticated maize, using cross-

shaped variant 1 (Fig.164: B-C) discriminant function. Although, the discriminant 

function can only be applied to estimate maize presence or absence (Iriarte, 2003, 

Pearsall, 1978, Piperno and Pearsall, 1993, Piperno, 2006). All the crosses identified 

in this study were classified primarily as Poaceae, except blocky crosses (variant 3, 8 

or 10) that were classified as Bambusoideae. As for bulliform cells, these silica bodies 

are also widely produced by the leaves of Poaceae plants, offering a poor taxonomic 

resolution (Piperno, 2006). Exceptions are cuneiform keystone bulliform cell phytoliths 

exhibiting fish-scale decorations on the fan edges (Fig.164: T) produced by Oryzeae 

(Gu et al., 2013, Pearsall et al., 1995, Zhao et al., 1998) and cuneiform bulliform cells 
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with sinuate ‘flared’ protrusions in the ‘fan surface’ (Fig.164: N), which has been 

attributed to Bambusoideae (Sase and Hosono, 2001b, Watling et al., 2016). 

The Bambusoideae subfamily comprises temperate woody bamboos 

(Arundinareae), tropical woody bamboos (Bambuseae), and herbaceous bamboos 

(Olyreae) (Judziewics and Clark, 2007). A number of diagnostic phytoliths are 

produced by this subfamily (Behling and Hooghiemstra, 2000, Iriarte, 2003, Kealhofer 

and Penny, 1998, Kondo et al., 1994, Piperno, 2006, Piperno and Pearsall, 1998b, 

Sase and Hosono, 2001b, Gu et al., 2016), a variety of which has been identified in 

this study. Apart from the aforementioned blocky crosses and bulliform cells with 

sinuate decorations, bilobates produced in leaves (Fig.164: J) and rondels deriving 

from bamboos culms and inflorescence bracts (Fig.164: H-I) (Pearsall, 2010, Piperno 

and Pearsall, 1998b) were identified. The saddle-shaped phytoliths recovered in this 

study are the tall saddle with one long-axis side more constricted then the other (Fig. 

164: K) (Piperno, 2006) and saddles with “collapsed sides” (Fig.164: L) (Piperno and 

Pearsall, 1998b). Some herbaceous bamboos produce phytoliths diagnostic to tribe 

and genus levels. For instance, the forest-dwelling Olyreae tribe produce trapezoid-

shaped irregular/complex bodies (Piperno and Pearsall, 1998b), recovered from the 

samples in this study (Fig. 164: P). In addition, the tropical forest understory Chusquea 

sp. form genus-specific chusquoid bodies (Fig.164: O) (Piperno, 2006). 

The Pharoideae consist of subfamily commonly present in forest understory, 

which form genus-specific trapeziform ‘Pharus body’ (Pharus sp.) phytoliths (Fig.164: 

Q) in the leaves. The Chloridoideae subfamily comprises warmth-adapted grasses. 

Also reported as weeds of agriculture in the Neotropics (Piperno, 2006). The saddle-

shaped silica bodies produced by this subfamily exhibits equally sized axes in side 

view, such as short saddles (Fig.164: R) and squat saddle (Fig.164: S) (Piperno and 

Pearsall, 1998b). The Oryzoideae subfamily (Soreng et al., 2015) comprises grasses 

adapted to wetlands and wet prairie formations, which are limited to seasonally 

inundated wetland environments. Besides the previously mentioned “keystone 

bulliforms”, Oryzoideae produce ‘scooped’-end bilobates (Fig.164: U) in the leaves 

and stems (Iriarte, 2003, Pearsall et al., 1995). The Panicoideae subfamily comprises 

tropical tall grasses mainly C4 type (Twiss, 1992) adapted to warmth and humid 

environments and found both in savannas and as forest understory (Lu et al., 2007). 

Among the lobate morphotypes identified in this study were the bilobates (Fig. 164: 
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W) (“dumbbell” types) and cylindrical polylobates (Fig.164: Y), which are diagnostic to 

the Panicoideae subfamily (Sase and Hosono, 2001a, Twiss, 1992, Twiss et al., 

1969a). Additionally, rondels are largely produced in Panicoid grasses inflorescence 

bracts (Fig.164: V), as in Piperno (2006) fig. 2.2 Pani 4. The production of species-

specific silica bodies in the cob of domesticated maize (Zea mays) has been 

determined by a number of studies (Bozarth, 1993, Pearsall, 1978, Piperno and 

Pearsall, 1993, Ball et al., 2016a). The diagnostic maize cob phytoliths identified in 

this study are the wavy top rondels (Fig.164: Z), which are characterized by concave 

sides and a flat oval or circular base longer than the height of the rondel. The 

characteristic top consists of a single complete wave equal or shorter than the length 

of the rondel without sharp or spiny edges (Iriarte, 2003).  

 
Figure 164: Microphotographs of Poaceae phytoliths identified in this study and their taxonomic and anatomical 
associations: (A) Poaceae leaf cross-shaped variant 5/6 (MAG/TP4 0-5cm). (B-C) Poaceae leaf cross-shaped 
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variant 1 (CED/TP4 10-15cm) – (CED/U6 8-18cm). (D) Poaceae floral bract dendriform cell (MAG/TP3 20-25cm). 
(E) Poaceae leaf/stem cuneiform bulliform cell (CED/TP4 40-45). (F-G) Poaceae leaf/stem parallepiped bulliform 
cells (CED/U6 18-28cm and CED/TP4 10-15cm, respectively). (H) Bambusoideae leaf rondel (CED/TP5 0-5cm). 
(I) Bambusoideae leaf spiked rondel (MAG/TP3 20-25cm). (J) Bambusoideae leaf bilobate (CED/TP4 10-15cm). 
(K) Bambusoideae leaf saddle (CEDU6 8-18cm). (L) Bambusoideae collapsed saddle (CED/TP5 40-45cm). (M) 

Bambusoideae leaf cross-shaped variant 10 (CED/TP3 20-25cm). (N) Bambusoideae leaf/stem cuneiform ‘flared’ 
bulliform cell (CED/TP3 30-35cm). (O)  Chusquea sp. leaf chusquoid body (CED/TP2 0-5cm). (P) Olyreae leaf 

trapezoid irregular body (CED/U6 54-64cm). (Q) Pharus sp. leaf trapeziform body (CED/TP3 10-15cm). (R) 
Chloridoideae leaf short saddle (CED/TP2 20-25cm). (S) Chloridoideae leaf squat saddle (CED/ TP4 40-45cm). 
(T) Oryzeae leaf keystone bulliform (POR 20-25cm). (U) Oryzeae leaf scooped-end bilobate (POR 20-25). (V) 

Panicoideae floral bract rondel (CEDTP5 10-15cm). (W)  Panicoid leaf bilobate (CED/TP5 0-5cm). (Y) 
Panicoideae leaf polylobate (CEDTP2 10-15cm). (Z) Maize cob wavy top rondel (POR 40-45cm). Scales = 20 µm. 

 

A number of non-Poaceae monocots contribute diagnostic phytoliths in varied 

taxonomic resolutions. The Commelinaceae family comprises terrestrial perennial and 

annual herbs (Faden, 2014), which are high phytolith producers (Piperno, 2006). 

Quadrilateral sclereids with scalloped surfaces were recorded in the leaves of 

Commelina dianthafolia (PC3155) and C. erecta (PC3157) and entered in the 

“Phytoliths in Flora Ecuador” project online database (Pearsall). In this study the same 

phytolith morphotypes were recovered from samples in Cedro and Maguari 1 sites, 

which were classified as cf. Commelinaceae (Fig.165: A-A’). Cyperaceae (sedges) 

normally produce diagnostic conical bodies, as well as, polygonal platelets formed in 

the achenes (Honaine et al., 2009, Mehra and Sharma, 1965, Ollendorf, 1992, 

Piperno, 1989, Zhang, 2004). Cyperus sp. produces polygonal bodies with a central 

protuberance and a densely stippled surface (Piperno, 1989, Schuyler, 1971), both 

morphotypes were identified in this study (Fig.165: B - polygonal platelet. C - conical 

body). Heliconia sp. (Heliconiaceae) are early successional herbs that produce 

troughed bodies in the leaves and rhizomes (Piperno, 2006, Prychid et al., 2003, 

Tomlinson, 1969). These silica bodies have centralized deep troughs, which were 

recovered in the samples analysed for this study (Fig.165: D). In the leaves of Musa 

spp. phytoliths diagnostic to the genus are produced, consisting of rectangular bodies 

with a through (Piperno, 1988, Piperno, 2006, Tomlinson, 1969, Vrydaghs et al., 

2009). This phytolith morphotype was identified in the samples from modern soils 

(Fig.165: L). 

 The Marantaceae family comprises tropical perennial herbs, which produce 

spherical nodulose and rugulate phytoliths on the leaf (Chandler-Ezzel et al., 2006, 

Chen and Smith, 2013, Piperno, 2006), both morphotypes were recorded in this study 

(Fig. 165: J – spherical nodulose. K – spherical rugulate). The rhizome of Marantaceae 
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forms cylinder shaped phytoliths (Chandler-Ezzel et al., 2006), the rhizome cylinders 

recovered in this study present flat (Fig. 165: E) or conical apex (Fig.165: F-F’). In 

addition, a number of cylindrical bodies with a shaft in one side and irregular 

protrusions in the other are produced in the seeds of Marantaceae (Pearsall, Pearsall, 

2016, Piperno, 1989), which were identified in this study (Fig.165: G-I’). The 

Arecaceae (palm) family is a proficuous phytolith producer. Two phytolith morphotypes 

are diagnostic to this family, globular echinates (Fig.165: M-P) and conical bodies 

(Fig.165: Q). Globular echinates consist of globular bodies decorated with spine 

projections. Even though exceptions may occur, most palm species produce 

exclusively one or the other morphotype (Piperno, 2006, Tomlinson, 1969). The 

classification of globular echinates in this study followed recent refinements on 

Amazonian palms phytolith production (Morcote-Ríos et al., 2016) and on our own 

reference collection, which are detailed in appendix 2. 

 
Figure 165: Microphotographs of phytoliths from non-Poaceae monocots identified in this study and their 

taxonomic and anatomical associations: (A- A’) cf. Commelinaceae leaf quadrilateral sclereid with scalloped 
surface (CED/TP3 0-5cm). (B) Cyperaceae seed stippled polygonal body (CED/U6 18-28cm). (C) Cyperaceae 

leaf conical body (POR 70-75cm). (D) Heliconiaceae rhizome smooth trough body (POR 110-115cm). (E) 
Marantaceae rhizome flat apex cylinder (CEDU6 18-28cm). (F-F’) Marantaceae rhizome conical apex cylinder 
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(CEDU6 18-28cm). (G-H) Marantaceae seed cylindrical bodies with shaft and protrusions (CED/U6 54-64cm and 
TP2 0-5cm, respectively). (I-I’) Marantaceae seed cylindrical body with shaft bottom and side view (CED/U6 28-

38cm). (J) Marantaceae leaf/stem nodular sphere (MAG/TP3 20-25cm). (K) Marantaceae leaf/stem rugulate 
sphere (CED/U6 18-28cm). (L) Musa sp. leaf trough body (MAG/SF1). (M) Arecaceae all plant parts globular 

echinate 1 (MAG/TP3 0-5cm). (N) Arecaceae all plant parts g. echinate 2 (MAG/TP3 20-25cm). (O) Arecaceae all 
plant parts g. echinate 3 (MAG/TP2 10-15cm). (P) Arecaceae all plant parts g. echinate 4 (MAG/TP2 40-45cm). 

(Q) Arecaceae all plant parts conical body (CED/TP2 20-25cm). Scales = 20 µm. 

A large number of eudicots phytolith have a poor taxonomic resolution (Piperno, 

2006), which were classified as non-diagnostic arboreal in this study. Globular 

granulate phytoliths (Fig.166: A) are common to eudicots (Amos, 1952, Geis, 1973, 

Kondo et al., 1994, Scurfield et al., 1974 ). Silicified conducting elements are 

commonly attributed to arboreal taxa. In this thesis large tracheids were classified as 

arboreal phytoliths, consisting of large cylindrical bodies with regular protrusions 

(Fig.166: B), which are infillings of border pits in the cell walls. A distinct tracheid 

irregular-shaped with stipulate protrusions (IST) (Fig.166: C) has been attributed to 

arboreal taxa (Dickau et al., 2013, Runge, 1999, Watling et al., 2016). Sclereids 

(Fig.166: D-E) are elongated silicified bodies commonly with psilate surfaces, which 

are support structures of the xylem in leaves (Piperno, 2006). Other tracheid-type 

phytoliths are elongated sclereid decorated with circular protrusions (Fig.166: F) 

(Piperno, 2006). In addition, elongate multi-facetate silica bodies are produced by 

woody plants (Fig.166: G) and commonly recorded in modern assemblages from 

tropical forests soils (Piperno, 2006).  

Among the eudicots that produce diagnostic phytoliths recovered in this study 

are Acanthaceae, Annonaceae, Asteraceae, Burseraceae, and Cannabaceae. A 

genus-specific phytolith (Fig.166: H) has been recorded in the seeds of the liana 

Mendoncia (Acanthaceae), which consists of a large sphere with one psilate to 

granulate surface and the other wrinkled (Dickau et al., 2013, Piperno, 2006). The 

Annonaceae family produces facetate bodies (Fig.166: I-J) generally spherical or 

irregular shaped (Piperno, 1985, Runge, 1999). Large opaque platelet phytoliths with 

perforations (Fig.166: K) are produced in the seed of Asteraceae species (Bozarth, 

1992). The Asteraceae family comprises woody vines, lianas and small trees, herbs, 

and shrubs. In the reproductive structures of the Burseraceae family are produced 

stippled sinuous to hexagonal bodies with a central domed protuberance (Fig.166: L-

L’) (Piperno, 1989). In the Cannabaceae family, genus-specific phytolith are produced 

in the fruits and seeds of Celtis genus, which consist of echinate irregular stippled 

platelets (Fig.166: M-N). Studies of Cucurbitaceae species found that domesticated 
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squash (Cucurbita sp.) produces phytolith diagnostic in morphology and size (Bozarth, 

1987 , Piperno et al., 2000). Silica bodies produced in squash fruit rinds are spheres 

with densely scalloped surfaces (Fig.166: O) (Piperno, 1985, Piperno et al., 2000). 

Bowl-shaped phytoliths (Fig.166: P) are produced in all parts of the plants of 

Trichomanes sp. (Hymenophyllaceae) (Piperno, 2006, Watling and Iriarte, 2013). A 

number of long epidermal cells phytoliths were also recovered in this study, comprising 

tabular bodies with granulate (Fig.166: Q), sinuate (Fig.166: R-S), corniculate 

(Fig.166: T), and dendriform (Fig.166: U) surface. Other silica bodies found were 

prickles (Fig.166: V-W) and hair cells (Fig.166: X) (Piperno, 2006). 

 
Figure 166: Microphotographs of phytoliths from eudicots identified in this study and their taxonomic and 
anatomical associations: (A) Arboreal all plant parts globular granulate (MAG/TP1 30-35cm). (B) leaf/bark 

cylindrical sulcate tracheid conducting element (CED/U6 64-74cm). (C) Arboreal leaf irregular tracheid with 
stipulate protrusions (CED/TP2 10-15cm). (D-E) Arboreal leaf/bark sclereid (POR 30-35cm and MAG/TP3 20-
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25cm, respectively). (F) Arboreal leaf/bark sclereid with protrusions (CED/U6 8-18cm). (G) Arboreal leaf/bark 
facetate elongated tracheid (MAG/TP3 10-15cm). (H) Mendoncia sp. seed globular with rugulose hemisphere 
(CED/TP4 30-35cm). (I-J) Annonaceae leaf irregular facetate (both from CED/U6 18-28cm). (K) Asteraceae 

inflorescence opaque perforated platelet (MAG/TP1 10-15cm). (L-L’) cf. Burseraceae fruit/seed stippled 
polygonal body (CED/TP3 0-5cm). (M-N) Celtis sp. Seed/fruit stippled platelet (CED/TP2 10-15cm and MAG/TP3 

20-25cm, respectively). (O) Cucurbita sp. rind scalloped sphere (MAG/TP3 20-25cm). (P) Trichomanes sp. all 
plant parts roughly bowl-shaped phytolith (POR 60-65cm). (Q-T) silicified long epidermal cells (CED/TP3 20-
25cm, MAG/TP3 20-25cm, CED/TP3 20-25cm, and MAG/TP2 20-25cm, respectively). (U) Dendriform long 

epidermal cell (MAG/TP3 20-25cm). (V-W) Scutiform prickles (MAG/TP1 30-35cm and MAG/TP1 10-15cm). (X) 
Fragmented hair (MAG/TP3 20-25cm). Scales = 20 µm. 

6.2. Results  
6.2.1. Composite samples 

Among the phytoliths recorded from the soil surface samples, 19 were 

diagnostic to Poaceae. Poaceae subfamilies identified were the Panicoideae, 

Chroridoideae, and Bambusoideae (bamboos). Tribe-level identification was made to 

the Phareae (Pharoideae) and Olyreae (Bambusoideae). Ten phytolith morphotypes 

from nom-Poaceae monocots were also identified, including herbs from Marantaceae 

(2), Cyperaceae (2), Heliconiaceae (1), and Arecaceae (5) families. Phytoliths from 

Asteraceae seed were also encountered. Six types of phytoliths diagnostics to woody 

eudicots were also found. The arboreal phytoliths identified are globular granulates, 

sclereids, IST, facetate elongated, and Celtis sp. seed/fruit stippled platelets. 

6.2.1.1. Relative frequencies 
Forest swidden 1 (FS1) 

The assemblage from FS1 is dominated by arboreal taxa (63%). Non-

diagnostic arboreal contribute 37% of the assemblage, being widely represented by 

globular granulates (ca. 21%) whilst other arboreal phytoliths (e.g., sclereids, facetate 

bodies, elongate bodies) contributed ca. 16%. Arecaceae makes up 26% of the 

assemblage, which comprise ca. 19% G.E., including G.E.2 (ca. 16%), G.E.3 (ca. 3%). 

These phytoliths likely represent the Babassu palms standing on FS1. Palm conical 

bodies (ca. 7%) are likely to be derived from Acrocomia palms as this morphotype is 

not produced by the genus Attalea. Celtis sp. appears in trace amounts. Herbaceous 

taxa (37%) are mainly represented by Asteraceae (29%), with low proportions of 

Poaceae (ca. 7%), and trace amounts (<1%) of Cyperaceae and Marantaceae. Among 

Poaceae, Bambusoideae phytoliths are ca. 4%, while Chloridoideae, Panicoideae 

appear in trace amounts. Trichomanes sp. (ferns) also occur in traces. Squash and 

Musa sp. also appear in trace amounts. 
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Forest swidden 2 (FS2) 

In FS2 arboreal taxa dominate the phytolith assemblage. Non-diagnostic 

arboreal contribute 31%, being mostly globular granulates ca. 15% and other arboreal 

phytoliths ca. 15%. Arecaceae present the same proportion as non-diagnostic 

arboreal (31%). Globular echinates and conical bodies contribute 15.5% each. This 

result is consistent with the palm plants covering this plot (see section 2). Therefore, 

the G. echinates might come from Babassu palm trees and conical bodies from Inaja 

palm trees. Celtis sp. appears in traces (<1%). Among the herbs, Asteraceae is the 

most abundant (22%) and Poaceae occurs in lower amounts (10%). Cyperaceae, 

Heliconia sp., and Marantaceae appear in trace amounts (<1%). Among Poaceae, 

Panicoideae and Bambusoideae occur in the same amount (ca. 4.5%). Trichomanes 

sp. also present trace amounts (<1%). Traces of maize and squash represent the 

cultigens. 

Forest swidden 3 (FS3) 

The FS3 assemblage is dominated by arboreal taxa (69%). Among the 

arboreal, palm phytoliths are the most abundant (38%). Conical bodies contribute ca. 

25%, which are likely to derive from standing Inaja palm plants. While G.E. contribute 

ca. 13%. and might represent standing Babassu palm plants. Non-diagnostic arboreal 

taxa correspond to ca. 27% of the assemblage, 24% of which are globular granulates 

and ca. 3% are other arboreal phytoliths. Stippled plates from Celtis sp. contribute ca. 

4%. Among herbaceous taxa, Poaceae present ca. 13%, Asteraceae ca. 10%, 

Cyperaceae ca. 4%, and Commelinaceae and Marantaceae ca. 2% each. Amongst 

Poaceae, Bambusoideae are the most abundant (8%), non-diagnostic Poaceae (ca. 

3%) and Panicoideae occurs in low amounts while Chloridoideae occurs only in traces. 

Squash and Musa sp. appear in trace amounts. 

Forest swidden 4 (FS4) 

Arboreal taxa phytolith are also predominant in FS4 assemblage. Non-

diagnostic arboreal are the most abundant (40%), being widely represented by 

globular granulates (ca. 24%), while arboreal long cells contribute ca. 14%. As for 

Arecaceae, G.E. contribute ca. 29% opposite to 4% of conical bodies. Celtis sp. occurs 

in small proportion (ca. 2%). Herbaceous taxa contribute 37% of the assemblage, 
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which consist mainly of Asteraceae (30%). Poaceae phytoliths appear in lower 

proportions (ca. 7%), comprising Bambusoideae (ca. 4%), non-diagnostic Poaceae 

(ca. 2%), and trace amounts of Chloridoideae and Panicoideae. Other herbs appear 

only in trace amounts (<1%), including Cyperaceae and Marantaceae. Fig.167 is a 

relative frequency diagram of phytoliths from the composite samples. 

 

 
Figure 167: Relative frequency diagram of phytoliths from forest swidden composite samples.  Horizontal bars 

represent percentages. Circles correspond to presence of plant taxa lower than 1% in abundance. 

 

6.2.1.2. Principal component analysis 
The PCA run for the composite samples from the FS plots shows a clear 

separation between cultigens and forest taxa (Fig.168). Maize correlates positively 

with PC1 (55%). Squash and Musa sp. also present positive correlation with PC1, but 

overlapping with Panicoideae and Marantaceae. The overlap with Panicoideae is 

coherent, since maize belongs to this subfamily, even though only few cross variant 1 

were identified in the FS assemblages. Marantaceae, on the other hand, comprises 

shady adapted plants. In contrast, PC2 (24%) is strongly correlated negatively with 

phytoliths from understory Poaceae (bulliforms, bamboo, Chloridoideae) overlapping 

with arboreal long cells. Non-diagnostic arboreal phytoliths (globular granulates, 

sclereids, tracheids) correlate negatively with PC1 and overlap with Asteraceae and 
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Phareae. Palms and Heliconia sp. are clearly separated in opposite directions in PC2. 

While Palms correlate positively with PC2, Heliconia sp. correlates negatively. 

Phytoliths from other herbaceous taxa (Cyperaceae, Commelinaceae, Cross 

[Poaceae]) separate positively in PC2, but overlap with Celtis sp. Overall, the PCA 

shows overlaps of arboreal and understory taxa. However, cultigens and disturbance 

indicators (e.g. palms and Heliconia) are clearly separated. This mixed distribution of 

plants is consistent with the mixed composition of forest swidden plots. 

 

Figure 168: PCA of phytolith assemblages from Forest Swidden plots. 

6.2.1.3. Summary 
Even though the Forest swidden assemblages are composed by a diverse 

assembly of phytoliths (Fig.169), arboreal taxa dominate (average 66%). Non-

diagnostic arboreal phytoliths contribute average 35% and Arecaceae makes up 

average ca. 31%. Altogether, herbs contribute average ca. 33%, being majorly 

represented by Asteraceae (average ca. 19%). Ferns and cultigens appeared in trace 

amounts (average <1%).  
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Figure 169: Relative frequency diagram from composite samples displaying the distribution of herbs, cultigens, 
palms and arboreal taxa throughout the profile. Horizontal bars represent percentages. Circles correspond to 

presence of plant taxa lower than 1% in abundance. 

6.2.2. Porto site 
 The phytolith assemblage from Porto site samples presented 48 morphotypes. 

Among the morphotypes recorded, 23 were diagnostic to Poaceae family. Poaceae 

subfamilies identified were Bambusoideae (bamboos), Chloridoideae, and 

Panicoideae. Tribe taxonomic associations were Phareae (Bambusoideae), Olyreae 

(Bambusoideae), and Oryzae (Oryzoideae). Genus identifications were made to 

Chusquea sp. (Bambusoideae). Twelve non-Poaceae monocots morphotypes were 

also found, including Arecaceae (5), Marantaceae (4), Cyperaceae (2), and 

Heliconiaceae (1) families. Ten phytolith morphotypes encountered derive from woody 

eudicots (arboreal). Two morphotypes of arboreal phytoliths were taxonomically 

significant: Celtis sp. (Cannabaceae) seed irregular epidermal platelets with echinate 

surfaces and Annonaceae leaf spherical and irregular facetate bodies. Other 

taxonomic association were the fern Trichomanes sp. crater globular body and the 
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Asteraceae seed opaque perforated platelets. Additionally, Zea mays (maize) cob 

wavy top rondels and Cucurbita sp. fruit rind scalloped spheres were the cultigens 

identifications. Table 14 shows provenience information about Porto’s archaeological 

sediments analysed. Table 15 displays summary data from the phytolith assemblages 

for each Porto’s’ layer. 

Table 14: List of sediment samples analysed for phytoliths from Porto site.  

Sample code Site Profile Layer Cm B.S. Soil 

POR1 Porto South A1 0-5 Black 

POR3 Porto South A1 10-15 Black 

POR5 Porto South A1 20-25 Black 

POR7 Porto South A1 30-35 Black 

POR9 Porto South A1 40-45 Black 

POR11 Porto South A2 50-55 Black 

POR13 Porto South A3 60-65 Brown 

POR15 Porto South A3 70-75 Brown 

POR17 Porto South A3 80-85 Brown 

POR19 Porto South A4 95-100 Brown 

POR21 Porto South A4 100-105 Brown 

POR23 Porto South A4 110-115 Brown 

POR25 Porto South A4 120-125 Brown 
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Table 15: summary of phytolith-stratigraphic data from Porto site. 

Unit 
Depth 

cm b.s. 
Layer Soil Main Taxa assemblage Summary of Phytolith taxa 

1 0-45 A1 Black 

Soil 

Arboreal-Arecaceae-Cucurbita sp.-
Zea mays 

Non-diagnostic Arboreal average ca. 45%; Arecaceae average ca. 21%; Non-
diagnostic Poaceae average ca. 10%; Cucurbita sp. average ca. 4.5%; Zea mays 

average ca. 1%; 

1 50-55 A2 Black 
soil 

Arboreal-Arecaceae-Cucurbita sp.-
Zea mays 

Non-diagnostic Arboreal 48%; Arecaceae ca. 29.5%; Cucurbita sp. ca. 2.5%; Zea 
mays <1% 

1 60-85 A3 Brown 
soil 

Arboreal-Arecaceae-Cucurbita sp.-
Zea mays 

Non-diagnostic Arboreal average ca. 45.5%; Arecaceae average ca. 31.5%; 
Asteraceae average ca. 11%; Cucurbita sp., Oryza sp., and Zea mays average 

<1% 

1 90-125 A4 Brown 
soil 

Arboreal- Arecaceae-Zea mays Non-diagnostic Arboreal average ca. 51%; Arecaceae average ca. 33.5%; 
Asteraceae average ca. 9%, and Zea mays average ca. 1.5% 
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6.2.2.1. Porto site relative frequencies 
The phytolith assemblage from Layer A4 presents a high input of non-

diagnostic arboreal (average ca. 51%), being largely represented by globular 

granulates (average 45.5%) and low proportions of sclereids (3%). Elongate/facetate 

bodies and tracheids (hereafter other arboreal phytoliths) also present small amounts 

(2.5%).  Arecaceae phytoliths occur in moderate proportion (average 33.5% - G.E. 

32% and conical bodies 1.5%) being the second most abundant taxon. Annonaceae 

and Celtis sp. appear only in trace amounts (average <1%) as does the fern 

Trichomanes sp. Among grasses and herbs, there is low percentages of non-

diagnostic Poaceae (average 3.5%), Marantaceae (2.5%), and Bambusoideae 

(average 1.5%), as well as, trace amounts of Oryzeae and Panicoideae (average 

<1%). Additionally, early successional plants as Asteraceae (average 9%) and 

Cyperaceae (average 4.5%) occur in minor proportions while Heliconia sp. appear in 

trace amounts (average <1%). Cultigens are represented by Zea mays (average ca. 

1.5%). 

In the Layer A3 assemblage, non-diagnostic arboreal exhibited a small 

decrease (average ca. 45.5%), again most commonly represented by globular 

granulates (average 39.5%) and small amounts of sclereids (average 3.5%) and other 

arboreal phytoliths (average 2.5%). Arecaceae also decreases (average 31.5% - G.E. 

28% and conical bodies 2.5%), continuing as the second major taxon. Celtis sp., and 

Trichomanes sp. appear in trace amounts (average <1%). The assemblage presents 

a negligible input of Poaceae and non-Poaceae herbs, with the exception of 

Asteraceae, which made up an average of 11%. Non-diagnostic Poaceae (average 

3.5%), Bambusoideae (average ca. 1.5%), Marantaceae (average 2.5%), and 

Cyperaceae (average 1.5%) are scantily represented while Chloridoideae, Heliconia 

sp., Panicoideae, and Oryzeae occur in trace amounts (average <1%). Trace amounts 

(average <1%) of Cucurbita sp. and Zea mays represent cultigens. 

Similar to the previous layers, non-diagnostic arboreal (average 48%) and 

Arecaceae (average 29.5%) taxa phytoliths dominate Layer A2 assemblage. The 

former exhibit a small increase and the later decrease. Among arboreal phytoliths, 

globular granulates (average 42.5%) were most common and other arboreal phytoliths 

(average 5%) appear in low percentage while sclereids constitute trace amounts 

(<1%). As for Arecaceae phytoliths, conical bodies (average 23%) display a sharp 
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increase at the expense of a reduction in G.E. (average 6.5%). Again Celtis sp. and 

Trichomanes sp. comprise trace amounts (<1%). Regarding non-arboreal phytoliths, 

Asteraceae (average 2%) decreases and higher percentages were registered for 

Bambusoideae (average 5.5%) and Marantaceae (4.5%). Non-diagnostic Poaceae 

averaged 2.5%, Panicoid averaged ca. 1.5%, and Cyperaceae average 1%. 

Chloridoideae, Heliconia sp. Oryzeae, and Oryza sp. contribute trace amounts. 

Cucurbita sp. (average ca. 2.5%) presented a small increase and Zea mays is present 

only in trace amounts (average <1%). 

The Layer A1 assemblage was least abundant in non-diagnostic arboreal 

(average ca. 45%) and Arecaceae (average ca. 21%) in comparison to the prior layers. 

Globular granulates (average 28.5%) represent the largest input of arboreal phytoliths. 

Sclereids (average ca. 9%) and other arboreal phytoliths (average ca. 6.5%) were 

present in low frequencies. Amongst Arecaceae phytoliths, G.E. (average 15.5%) 

increase as conical bodies (average ca. 5.5%) decreased. Yet again, Celtis sp. and 

Trichomanes sp. occurred only in trace amounts (<1%). Overall, grasses and herbs 

show increases though in low proportions. Non-diagnostic Poaceae average ca. 10% 

and Marantaceae average ca. 6.5%. Asteraceae, Cyperaceae, Bambusoideae, and 

Panicoideae average ca. 2.5% each while Chloridoideae, Oryzeae, and Oryza sp. 

occur in trace amounts (average <1%). Both Cucurbita sp. (average ca. 4.5%) and 

Zea mays (average ca. 1%) exhibit higher amounts in this layer. Fig.179 is a relative 

frequency diagram of the phytolith assemblages from Porto site. The Bambusoideae 

tribes and genera were included in the total percentage of the subfamily as they 

occurred only in low to trace amounts.   
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Figure 170: Relative frequency diagram of phytoliths from Porto site samples.  Horizontal bars represent percentages. Circles correspond to presence of plant taxa lower than 

1% in abundance. All the scales represent percentages. 
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6.2.2.2. Summary of results from Porto site 

The phytolith assemblage from Porto site have a dominance of arboreal and 

Arecaceae taxa with small fluctuations and a total decrease of 6% in arboreal and 12% 

in Arecaceae phytoliths from the base to the top of the profile. In addition, there is an 

increasing trend in Arecaceae conical bodies, which changed from absent in the lower 

level of Layer I (Brown ADE) to moderate proportions in the Black ADE. Suggesting a 

wider exploration of edible palms (e.g. Bactris and Astrocaryum) associated to the 

Black ADE (Fig.171). This increase in conical bodies is associated with increases in 

herbs and a sharp increase in micro charcoal at the Black ADE (Fig.171). Similarly, 

Poaceae increase from the base to the top of the profile. Bambusoideae presence is 

larger in the base of the Black ADE while Panicoid and non-diagnostic Poaceae are 

more abundant in the top, which is consistent with the modern predominance of 

Panicum sp. covering the site. Chloridoideae and Oryzeae are present in the profile 

from the transition between Brown and Black ADE, except in the surface level.  

Asteraceae and Cyperaceae appear in higher proportions in Brown ADE 

concomitant to a general decrease in arboreal taxa. Indicating a certain degree of 

openness in the site. This is coherent with the archaeological context, which comprises 

large amounts of thick and dense charcoal attributed to a clearing event. This 

assumption is corroborated by the presence of Heliconia sp., a sun-loving plant, in the 

same context. In the Black ADE layer, the distribution of herbs is associated with 

increases in micro charcoal and a change in the use of this place, which consists of a 

discard area. Moreover, these herbs are used as condiments and for medicinal 

purposes among Amazonian communities (Clement, 1999). Another family 

consistently recovered throughout the profile is Marantaceae, which increases in the 

midden levels. Therefore, the phytolith assemblage is likely to comprise plant refuse 

and ruderals. Including the disposal of cultigens remains. Detailed information in the 

stratigraphic distribution of cultigens and Arecaceae phytolith are provided below. 
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Figure 171: Relative frequency diagram from Porto site samples displaying the distribution of herbs, cultigens, 
palms and arboreal taxa throughout the profile. Silhouettes with solid fill represent percentages. Silhouette filled 

with lines represent raw values of charcoal. Circles correspond to presence of plant taxa lower than 1% in 
abundance. All the scales represent percentages. 

6.2.2.3. Squash phytoliths in Porto site 

The dimensions of scalloped spheres taken according to Piperno (Piperno et 

al., 2000) methodology are summarised in table 16. Cucurbita sp. (squash) fruit rind 

scalloped sphere phytoliths were encountered from the base of Layer A3 (Brown ADE) 

upwards. The assemblage from the Brown soil yielded a few scalloped sphere 

phytoliths. In contrast, a larger number of these phytoliths were found in the Black 

ADE. In terms of size, the scalloped spheres from Brown ADE were smaller than the 

ones from the Black ADE. Four phytoliths recovered from Layer A3 had mean length 

of 66.5 µm (range: 55-85 µm) and were stratigraphically associated to an increasing 

number of ceramic fragments and smashed bones scattered throughout the layer. Five 

phytoliths of mean length 61 µm (range: 56-69) originated from Layer A2, which 

consisted of the first layer of Black ADE and had a larger distribution of artefacts (e.g. 

ceramic, lithic, charcoal, and bones). In Layer A1, fifty-five phytoliths with mean length 
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of 72 µm (range: 48-100 µm) were found and stratigraphically associated to numerous 

ceramic sherds, lithic tools and debitage, charcoal, and smashed bones. Fig.172 

displays the sides of scalloped spheres measured. 

Table 16: Cucurbita sp. phytolith dimensions from Porto site. 

Unit Layer Cm B.S. N Length range 
(µm) 

Mean Length 
(µm) 

Thickness 
range (µm) 

Mean Thickness 

(µm) 

L230 A1 0-5 16 58-91 74.1 33-69 55.6 

L230 A1 10-15 24 48-100 69 30-69 47.4 

L230 A1 20-25 10 53-89 70.6 33-59 47.9 

L230 A1 30-35 5 75-88 81.4 36-58 48.6 

L230 A1 40-45 - - - - - 

L230 A2 50-55 5 56-69 61.4 40-50 44.4 

L230 A3 60-65 1 64.2  47.1  

L230 A3 70-75 - - - - - 

L230 A3 80-85 3 55-86 67.2 31-48 38.2 

L230 A4 90-95 - - - - - 

L230 A4 10-105 - - - - - 

L230 A4 110-115 - - - - - 

L230 A4 120-125 - - - - - 

 
Figure 172: Squash fruit rind scalloped spheres. (A-A’) 20-25cm. (B-B’) 30-35cm. Distances indicate the 

measurements of each side of the scalloped bodies. 

Distance 84.510 µm  Distance 66.662 µm 

Distance 76.154 µm Distance 57.522 µm A A’ 

B B’ 
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6.2.2.4. Maize phytoliths in Porto site 

Three phytolith morphotypes diagnostic to maize (Zea mays) (Fig.173) 

recovered throughout Porto profile document a long history of local cultivation and use 

of this plant. Maize cob wavy top rondels were identified within all the layers, except 

in some levels of Layers A4 and A3 (Table 17). The maize husk ‘flare cross’ (personal 

communication Iriarte) occurred in the top of Layer A4 and was absent in the 

intermediate layers (A3 and A2). In Layer A4, the husk morphotype was concurrent to 

the cob phytoliths in all but one level (30-35cm b.s.). In addition, maize leaf presence 

was predicted using cross variant 1 phytoliths discriminant functions (Piperno, 2006). 

Apart from the base of Layer A4, the calculation resulted positive for domesticated 

maize leaf across the profile. Altogether these findings corroborate maize production 

and consumption in Porto site. The appearance of maize in Brown ADE is 

stratigraphically associated with a clearing event and an agroforestry context (Schaan 

and Roosevelt, 2008). Maize requires an open landscape to grow and the phytolith 

assemblage from the Brown ADE indicates some level of openness in the vegetation. 

Thus, the arrival of maize in Porto site is contemporaneous with the beginning of 

human occupation of this area and related to agroforestry subsistence practices. In 

Black ADE maize phytoliths are part of a discard context, where remains from squash, 

edible palms and herbs are also components. Table 17 displays the results of crosses 

variant 1 and 5/6 measurements. 

 

 
Figure 173: (A) Zea mays cob wavy top rondel phytolith (20-25cm). (C-D) cf. Zea mays husk flare cross (C- 40-

45. D - 30-35cm). (E) Cross-shape variant 1 (20-25cm). 

 

 

 

A C D E 
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Table 17: Zea mays domesticated and wild discriminant function values for each analysed level from Porto site. 

Unit Layer Depth 
cm b.s. 

N 

(all variants) 

X Var 
1 

X Var 
5/6 

% Var 1 DF 
value 

Maize 

Prediction 

Wild 
Prediction 

L230 A1 0-5 9 14.5 14.2 55.6 14.4 0.6 0.4 

L230 A1 10-15 69 14.4 13.8 58.0 14.3 0.6 0.4 

L230 A1 20-25 35 16.9 15.1 77.1 16.9 1.2 -0.2 

L230 A1 30-35 21 14.8 10.9 76.2 14.7 0.9 0.1 

L230 A1 40-45 30 15.5 10.8 83.3 15.4 1.1 -0.1 

L230 A2 50-55 8 14.8 11.3 62.5 14.5 0.8 0.2 

L230 A3 60-65 8 14.1 10.1 75.0 14.0 0.8 0.2 

L230 A3 70-75 18 14.6 13.6 83.3 15.0 0.9 0.1 

L230 A3 80-85 17 14.9 11.4 88.2 15.1 1.0 0.0 

L230 A4 90-95 8 10.9 0.0 100.0 11.0 0.6 0.4 

L230 A4 100-105 - - - - - - - 

L230 A4 110-115 3 14.6 0.0 100.0 13.9 1.2 -0.2 

L230 A4 120-125 4 11.1 10.2 75.0 11.6 0.3 0.7 

 

 

6.2.2.5. Arecaceae (palm) phytoliths in Porto site 

Palm phytolith were ubiquitous in Porto profile (Fig.174). Mainly comprising 

globular echinates, but conical bodies also occurred on small amounts throughout the 

profile. Among G.E. morphotypes, G.E.5 and G.E.4 co-occurred in the base of the 

profile. Both G.E.5 and G.E.4 are strongly associated to E. oleracea in Morcote-Ríos 

et al. (2016) and in our reference collection (See appendix 2 ). The type 4 is also 

present in Layer A4, but is absent in Layers A3 and A2 (the base of Black ADE) re-

appearing in the middle of Black ADE. G.E.2 is the most common in the assemblage, 

but occurs in slightly lower proportions in the Black ADE. In the middle of Brown ADE 

there’s a peak in G.E.4 at the expense of G.E.2 and G.E.3. After this level the decrease 

in globular echinates is related to increases in conical bodies and in G.E.3 in the 

uppermost level of Brown soil. In the Black soil, the presence of conical bodies is 

slightly higher than in the brown soil. There is a decrease in globular echinates, but it 

is still abundant.  
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Figure 174: Relative frequency diagram of the Arecaceae (palm) phytolith from Porto site profile. Horizontal bars 

represent percentages. Circles correspond to presence lower the 1% in abundance. All the scales represent 
percentages. 

The distribution of palm morphotypes in the profiles show a strong relationship 

of conical bodies with Black ADE as observed in sites from central Amazon (Macedo, 

2014, McMichael et al., 2016). At the same time, in Porto profile palms are abundant. 

Globular echinates abundance is an indicator of exploration of a wide range of palms, 

although the morphotypes G.E.4 and G.E.5 can be tentatively connected to E. 

oleracea and O. bacaba while the conical bodies are likely to be connected to the 

genera Astrocaryum, Bactris and Acrocomia. All of these plants are abundant in the 

region and culturally important (Smith, 2015). The palm data show a broad exploitation 

of palm resources for food and non-food purposes. The signal for edible plants is 

higher in the in the Black ADE. Figure 174 is the relative frequency diagram for palm 

phytolith in all the sediment samples analysed. 

6.2.3. Cedro site 

 Cedro site phytolith assemblage from test pit profiles and archaeological 

sediment samples presented 60 morphotypes. Among the phytoliths recorded, 29 

were diagnostic to Poaceae family. Poaceae subfamilies identified were 

Bambusoideae (bamboos), Chloridoideae, Oryzoideae and Panicoideae. Phareae 

(Bambusoideae), and Olyreae (Bambusoideae) were the Tribe-level and Chusquea 
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sp. and Oryza sp. the genus-level identifications. Twelve non-Poaceae monocots 

phytoliths were also found, including the Arecaceae (4), Marantaceae (4), Cyperaceae 

(2), Commelinaceae (1), and Heliconiaceae (1) families. Ten types of phytoliths 

encountered derive from woody eudicots. Three morphotypes of arboreal phytoliths 

were taxonomically significant: Celtis sp. (Cannabaceae) seed irregular epidermal 

platelets with echinate surfaces, Annonaceae leaf spherical and irregular facetate 

bodies, and Burseraceae seed spherical bodies. Other taxonomic associations were 

the liana Mendoncia sp. (Acanthaceae) seed large globular rugulate phytolith, the fern 

Trichomanes sp. crater globular body, and the Asteraceae seed opaque perforated 

platelets. Finally, Zea mays (maize) cob wavy top rondels and Cucurbita sp. fruit rind 

scalloped spheres were the cultigens identified. Table 18 displays the list of samples 

analysed from Cedro site. Table 19 exhibits summaries the main taxa in the 

assemblage. 

Table 18: List of sediments samples analysed for phytolith from Cedro site. 

Sample code Site Profile Layer Cm B.S. Soil 

Refuse pit 

39 Cedro 6 III 8-18 Black 

40 Cedro 6 III 18-28 Black 

41 Cedro 6 III 28-38 Black 

73 Cedro 9 II 54-64 Brown 

52 Cedro 6 II 64-74 Brown 

78 Cedro 9 II 74-84 Brown 

House Floor with fire pit 

58 Cedro 7 III 20-27 Black 

59 Cedro 7 III 27-37 Black 

60 Cedro 7 II 37-47 Brown 

61 Cedro 7 I 47-57 Brown 

62 Cedro 7 I 67-77 Brown 

House floor with buried vessels  

207 Cedro 13 Under vessel 1 50 Brown 

208 Cedro 13 Under vessel 2 50 Brown 

213 Cedro Vessel 2 Base vessel 2 - Brown 

214 Cedro Vessel 2 Middle vessel 2 - Brown 
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Samples from Test Pits 

161 Cedro 1-West II 0-5 Brown 

163 Cedro 1-West II 10-15 Brow 

165 Cedro 1-West I 20-25 Ferralsol 

167 Cedro 1-West I 30-35 Ferralsol 

169 Cedro 2-north III 0-5 Black 

171 Cedro 2-north II 10-15 Brown 

173 Cedro 2-north I 20-25 Ferralsol 

175 Cedro 2-north I 30-35 Ferralsol 

177 Cedro 2-north I 40-45 Ferralsol 

178 Cedro 3-West III 0-5 Black 

180 Cedro 3-West II 10-15 Brown 

182 Cedro 3-West I 20-25 Ferralsol 

184 Cedro 3-West I 30-35 Ferralsol 

186 Cedro 3-West I 40-45 Ferralsol 

187 Cedro 4-north III 0-5 Black 

189 Cedro 4-north III 10-15 Black 

191 Cedro 4-north II 20-25 Brown 

193 Cedro 4-north I 30-35 Ferralsol 

195 Cedro 4-north I 40-45 Ferralsol 

196 Cedro 5-West III 0-5 Black 

198 Cedro 5-West II 10-15 Brown 

200 Cedro 5-West I 20-25 Ferralsol 

202 Cedro 5-West I 30-35 Ferralsol 

204 Cedro 5-West I 40-45 Ferralsol 
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Table 19: Summary of the phytolith-stratigraphic data from Cedro site. 

Unit 
Depth 

cm b.s. 
Layer Main Taxa assemblage Summary of Phytolith taxa 

6 8-38 III Arboreal-Poaceae-Zea mays-
Cucurbita sp. 

Non-diagnostic Arboreal ca. 60%; non-diagnostic Poaceae 18.5%; Zea mays <1%; 
Cucurbita sp. <1% 

6/9 54-84 II Arboreal-Poaceae Non-diagnostic Arboreal ca. 56%; non-diagnostic Poaceae ca. 24% 

7 20-37 III Arboreal-Poaceae-Marantaceae-Zea 
mays-Cucurbita sp. 

Non-diagnostic Arboreal 55%; non-diagnostic Poaceae 13%; Marantaceae ca. 
12%; Zea mays and Cucurbita sp. <1% 

7 37-47 II Arboreal-Poaceae-Marantaceae- Non-diagnostic Arboreal 55.5%; non-diagnostic Poaceae 17.5%; Marantaceae 
12% 

7 47-67 I Arboreal-Poaceae-Oryza sp.-Zea 
mays 

Non-diagnostic Arboreal 53%; Non-diagnostic Poaceae ca. 30%; Oryza sp. <1%; 
Zea mays <1% 

13  Under 
vessel 1 Arboreal-Poaceae-Marantaceae Non-diagnostic Arboreal 67.5%; Non-diagnostic Poaceae 17.5%; Marantaceae 

10% 

13  Under 
vessel 2 

Arboreal-Asteraceae-Poaceae-Zea 
mays 

Non-diagnostic Arboreal ca. 51.5%; Asteraceae 25%; Non-diagnostic Poaceae 
14.5% and Zea mays <1% 

13  Base 
vessel 2 Arboreal-Poaceae Non-diagnostic Arboreal 72.5%; Non-diagnostic Poaceae 22% 

13  Middle 
vessel 2 Arboreal-Poaceae Non-diagnostic Arboreal 58%; Non-diagnostic Poaceae 38% 

TP1 0-15 II Arboreal-Poaceae Non-diagnostic Arboreal average ca. 58.5%; Non-diagnostic Poaceae average ca. 
15% 
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TP1 20-35 I Arboreal-Poaceae Non-diagnostic Arboreal 58.5%; Non-diagnostic Poaceae 20.5% 

TP2 0-5 III Arboreal-Poaceae-Marantaceae-
Asteraceae 

Non-diagnostic Arboreal 53%; Non-diagnostic Poaceae 13%; Marantaceae 13%; 
Asteraceae 11% 

TP2 10-15 II Arboreal-Poaceae-Marantaceae Non-diagnostic Arboreal 54%; Non-diagnostic Poaceae 21%; Marantaceae 17% 

TP2 20-45 I Arboreal-Marantaceae-Poaceae Non-diagnostic Arboreal 51%; Marantaceae 19.5%; Poaceae 17% 

TP3 0-5 III Arboreal-Poaceae-Asteraceae-
Cucurbita sp. 

Non-diagnostic Arboreal 54%; Non-diagnostic Poaceae 14.5%; Asteraceae 11%; 
Cucurbitaceae <1% 

TP3 10-15 II Arboreal-Poaceae-Asteraceae Non-diagnostic Arboreal 42%; Non-diagnostic Poaceae 29%; Asteraceae 10% 

TP3 20-45 I Arboreal-Poaceae Non-diagnostic Arboreal ca. 46.5%; Non-diagnostic Poaceae ca. 28% 

TP4 0-15 III Arboreal-Poaceae-Marantaceae Non-diagnostic Arboreal average ca. 51.5%; Non-diagnostic Poaceae average ca. 
18%; Marantaceae average 11% 

TP4 20-25 II Arboreal-Poaceae-Arecaceae-Zea 
mays 

Non-diagnostic Arboreal 44%; Non-diagnostic Poaceae 24.5%; Arecaceae 11%; 
Zea mays <1% 

TP4 30-45 I Arboreal-Poaceae-Marantaceae Non-diagnostic Arboreal 43%; Non-diagnostic Poaceae ca. 28%; Marantaceae 
10.5% 

TP5 0-5 III Arboreal-Poaceae-Asteraceae Non-diagnostic Arboreal 40%; Non-diagnostic Poaceae 23%; Asteraceae 10.5% 

TP5 10-15 II Arboreal-Poaceae-Arecaceae-Zea 
mays 

Non-diagnostic Arboreal 40%; Non-diagnostic Poaceae 22.5%; Arecaceae 11%; 
Zea mays <1% 

TP5 20-45 I Arboreal-Poaceae-Marantaceae Non-diagnostic Arboreal 42%; Non-diagnostic Poaceae ca. 24%; Marantaceae ca. 
10.5% 
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6.2.3.1. Cedro site - Relative frequencies  

6.2.3.1.1. Unit 6/9 – refuse pit 

In the refuse pit’s Layer II assemblage, non-diagnostic arboreal taxa phytoliths 

are dominant averaging ca. 56%, being widely represented by sclereids (average 

29%) and globular granulates (average ca. 24.5%). Other arboreal phytoliths (e.g. 

facetate bodies, elongate bodies, and tracheids) contribute average ca. 3%. 

Arecaceae average 3% (conical bodies 2% and G.E. 1%). Celtis sp. and Annonaceae 

appear in trace amounts (average <1%). The second major taxon is Poaceae (non-

diagnostic Poaceae average 24%). Bambusoideae averaged ca. 3%, Oryzeae and 

Panicoideae average ca. 1.5% each, and Chloridoideae appeared in trace amounts 

(average <1%). Other herbaceous taxa appear in small amounts: Marantaceae 

average ca. 8% and Asteraceae average ca. 3%. Cyperaceae and Mendoncia sp. 

contribute trace amounts (average <1%). 

In the Layer III assemblage, non-diagnostic arboreal taxa phytoliths increased 

to an average of ca. 60%, sclereids counted for an average 33%, globular granulates 

average 24%, and other arboreal phytoliths average 3%. Arecaceae average ca. 2.5% 

(conical bodies 2% and G.E. 0.5%). Celtis sp. and Annonaceae persist in trace 

amounts (average <1%). Non-diagnostic Poaceae phytoliths decrease to an average 

of ca. 18.5%, Bambusoideae average ca. 2% and Panicoideae continued in small 

proportion (average ca. 1.5%) while Chloridoideae and Oryzeae appear only in trace 

amount (average <1%). Other herbaceous taxa proportions varied: Marantaceae 

average 6%, This layer presents a slightly higher percentage of Asteraceae (average 

ca. 5%) and a modest increase in Mendoncia sp. (average 1%). Cyperaceae was 

registered in traces (average <1%). Zea mays and Cucurbita sp. also occur in trace 

amounts (average <1%).  

6.2.3.1.2. Unit 7 – house floor with fire pit 

In the house floor Layer I, the phytolith assemblage is dominated by non-

diagnostic arboreal phytoliths (average 53% - globular granulate average 36%, 

sclereids 10%, and other arboreal phytoliths 7%). Palms (Arecaceae) average 1.5%, 

being G.E. 1% and conical bodies 0.5%. Celtis sp. and Annonaceae are registered in 

traces (average <1%).  As well as observed in the refusal pit’s lower layer, Poaceae 

is the second most abundant taxon, particularly non-diagnostic Poaceae (average ca. 
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30%). Other Poaceae contributes minor proportions: Bambusoideae average ca. 3.5% 

while Chloridoideae, Panicoideae, and Oryzeae occur in trace amounts (average 

<1%). Marantaceae and Asteraceae phytoliths add up low amounts - average ca. 8% 

and 3%, respectively. Zea mays contributes trace amounts (average <1%).  

The Layer II assemblage contains abundant non-diagnostic arboreal phytoliths 

(55.5%) – sclereids 29.5%, globular granulates 24%, and other arboreal phytoliths 2%. 

Arecaceae appear in low percentages (1% - G.E. 0.5% and conical bodies 0.5%. 

Annonaceae, Celtis sp., continued as trace amounts (<1%). Marantaceae (12%) and 

Asteraceae (9%) increased whereas non-diagnostic Poaceae decrease to 17.5% and 

understory Poaceae appear in small (Bambusoideae 2%) and trace amounts 

(Chloridoideae and Panicoideae <1%). Oryza sp. also presents trace amounts.  

As with the previous layers, non-diagnostic arboreal are abundant in Layer III 

averaging 55% of the assemblage, however here globular granulates comprise 35%, 

sclereids 19%, and other arboreal phytoliths ca. 1%. Higher amounts of Arecaceae 

(average ca. 8% - conical bodies 6% and G.E. 2%) are documented. Annonaceae and 

Celtis sp. continued as trace amounts (<1%). A significant decrease in non-diagnostic 

Poaceae (average ca.13%) was consistent with slight increases in understory taxa 

Poaceae (Panicoideae averaged ca. 3.5% and Bambusoideae average ca. 3.5%). 

Marantaceae presented the same input (average ca. 12%) and Asteraceae decrease 

to an average of 3.5%. Cyperaceae, Zea mays, and Cucurbita sp. appear in trace 

amounts (average <1%). 

6.2.3.1.3. Unit 13 – underneath vessel 1 

Underneath vessel 1 is observed the same dominance of non-diagnostic 

arboreal phytoliths (67.5%) in the assemblage, being largely represented by globular 

granulates (41.5%) and sclereids (22.5%). Other arboreal phytoliths contribute low 

percentages ca. 3.5%. Arecaceae globular echinates consisted of 1% of the 

assemblage. Annonaceae and Celtis sp. appear in trace amounts (average <1%). The 

frequencies of non-diagnostic Poaceae (17.5%) and Marantaceae (10%) are similar 

to the presence of these taxa in the higher levels of the excavations profiles. This 

similarity might be associated to the opening of the pit for vessel 1 deposit. Understory 

Poaceae contribute small proportions: Panicoideae 1% and Bambusoideae 1.5%.  
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6.2.3.1.4. Unit 13 – vessel 2 

Underneath vessel 2, non-diagnostic arboreal phytoliths (ca. 51.5%) exhibit a 

slightly lower percentage compared to vessel 1. Among the arboreal phytoliths 

globular granulates (25%) are the most abundant followed by sclereids (20%) while 

other arboreal phytoliths (ca. 6.5%) occur in smaller proportions. Arecaceae and Celtis 

sp. appear in trace amounts (average <1%). Surprisingly, the second major taxon was 

Asteraceae (25%), which present a percentage not observed in any other context 

analysed in Cedro site. Asteraceae was also absent in other samples from unit 13. 

This abundance in Asteraceae can either represent an intentional deposit of the plant 

bellow the vessel or be the product of burrowing biota activities. The amounts of non-

diagnostic Poaceae phytoliths (14.5%) and understory Poaceae (Panicoideae 2.5% 

and Bambusoideae 1%) were consistent with the higher levels of the other profiles, 

however Marantaceae (3.5%) appear in smaller amounts. Cyperaceae, Oryzeae and 

Zea mays appear only in trace amounts (average <1%). Given that the pit for the 

vessel was cut through the house floor, the phytolith assemblage from inside the pit is 

likely to represent a mixture of plants decayed in the natural soil and plant remains 

moved from upper layers during the pit opening and sealing.  

The samples from inside vessel 2 present similar phytolith assemblages with 

different amounts in its base and middle. Non-diagnostic arboreal was the major taxa 

contributing 72.5% in the base and 58% in the middle of the vessel. Globular 

granulates represented 47.5% and 31.5%, sclereids sum up 22% and 25.5%, and 

other arboreal phytoliths ca. 3% and ca. 1% in the base and middle, respectively. 

Arecaceae (G.E. 0.5% and conical bodies 1%) occur in small amounts in the base and 

in trace amounts in the middle. Traces of Celtis sp. appear only in the middle (<1%). 

The second dominant taxon is Poaceae, non-diagnostic Poaceae counted for 22% in 

the base and 38% in the middle. Panicoid contributed 1% in the base and occur in 

trace amounts (<1%) in the middle. Bambusoideae contribute 1.5% in the base and 

appear in trace amounts (<1%) in the middle. Marantaceae counted for 1.5% in the 

base and 2% in the middle. Cyperaceae appear in trace amounts both in the base and 

middle (average <1%). Mendoncia sp. appear in trace amounts (average <1%) only 

in the middle of the vessel. 
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6.2.3.1.5. Summary of results from domestic contexts in Cedro Site  

Fig. 175 is the diagram showing the relative frequencies of herbs, crops, palms 

and non-diagnostic arboreal phytoliths in the assemblages from the refuse pit and the 

house floor in Cedro site. Fig.177 is the diagram displaying the relative frequencies of 

phytoliths in the samples from all the excavation units in Cedro site. Overall, the 

assemblages from the excavation units in Cedro are coherent with the formation 

processes of the exposed archaeological contexts. In the refuse pit, arboreal phytoliths 

are steadily predominant in the assemblage throughout, which is consistent with the 

high amounts of woody charcoal inside the pit. In addition, the reopening event at 54-

64cm b.s. is marked by a small increase in herbs at the expense of decreases in 

arboreal taxa (palms and non-diagnostic). The reopening event added a thin lens of 

natural soil into the pit. The Ferralsol layer in Cedro is characterized by larger amounts 

of herbs. Thus the small increase in herbs may be attributed to the pit reopening. The 

distribution of palms also displays a clear distinction between the two events. The 

pattern of palms phytoliths in this context is discussed in detail below.  

The phytolith assemblage from the house floor unit also shows a distinction 

between before and after the house floor building. Beneath the house floor the 

assemblage is a mixture of herbs and non-diagnostic arboreal. In addition, traces of 

maize and palms are likely to derive from the fire pit cut through the house floor. The 

samples from the house floor layer were taken inside a fire pit. Herbs decrease in the 

fire pit while arboreal increase. The increase in arboreal taxa probably derives from 

firewood, which is corroborated by high amounts of wood charcoal in the fire pit. The 

fire pit assemblage also contains maize and squash phytoliths as well as higher 

proportions of palms. 

In general, Arecaceae (Palm) family appeared in small proportions in Cedro 

assemblages, despite of being a prolific phytolith producer (Piperno, 2006). Among 

the palm phytoliths recovered, conical bodies produced by some plants that yield 

edible fruits (e.g. peach palm, tucumã) are predominant in domestic contexts 

(Fig.176). In fact, the refuse pit assemblage comprises low to trace amounts of 

globular echinates in Brown ADE and even smaller proportions in Black ADE. 

Consistent with the reopening events, palm phytoliths are absent in the natural lens 
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level. The highest distribution of conical bodies in the two deposition events may reflect 

the discard of remains from edible palms inside the pit.  

 

 
Figure 175: Relative frequency diagram from Cedro refuse pit (left) and house floor (right) displaying the 

distribution of herbs, cultigens, palms and arboreal taxa phytoliths throughout the profile. Silhouettes with solid fill 
represent percentages. Silhouette filled with lines represent raw values of charcoal. Circles correspond to 

presence of plant taxa lower than 1% in abundance. All the scales represent percentages. 

 

In the house floor the distribution of palms also marks two distinct contexts. 

Underneath the house floor palms are only present in traces, including G.E.4 

(produced by E. oleracea and O. bacaba). In the house floor layer, G.E. 2 appear in 

low proportions and conical bodies are more abundant. The larger presence of palms 

is consistent with the high amounts of palms carbonized seeds into the fire pit. Once 

again, the predominance of conical bodies indicates a focus in the exploitation of 

edible palms. Even though the carbonized seeds were not identified to species level, 

their presence in a cooking context together with conical bodies preponderance 

suggests the consumption of peach palm. Since this palm fruit demands boiling prior 

to consumption different from tucumã, which preparation does not require cooking.  
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Figure 176: Relative frequency diagram of the Arecaceae (Palm) phytolith from Cedro site archaeological 
sediment samples. Horizontal bars represent percentages. Circles correspond to presence lower the 1% in 

abundance. All the scales represent percentages. 
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Figure 177: Relative frequency diagram of phytoliths from Cedro site archaeological sediment samples.  Horizontal bars represent percentages. Circles correspond to 

presence of plant taxa lower than 1% in abundance. All the scales represent percentages.
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6.2.3.1.5. Test Pit 1 (Outside ADE) 
Non-diagnostic arboreal taxa phytoliths (average 58.5%) dominates Layer I 

assemblage, mainly represented by sclereid (average 31%) and lower proportions of 

globular granulates (average 24.5%) and facetate/elongate bodies (average 3%). 

Arecaceae appears in low frequency (average ca. 3.5%) with small differences in the 

proportions of G.E. (average ca. 2.5%) and conical bodies (average ca. 1.5%). 

Annonaceae and Celtis sp. occurs in trace amounts (<1%).  Among herbs, non-

diagnostic Poaceae (20.5%) is the most abundant taxa. Poaceae subfamilies 

contribute small proportions: Bambusoideae 4%, Panicoideae ca. 1%, and 

Chloridoideae and Oryzeae (average <1%). Other monocots are Marantaceae ca. 

6.5% and Asteraceae ca. 3%. Cyperaceae and Mendoncia sp. contribute trace 

amounts (<1%).  

In Layer II, non-diagnostic arboreal are the most abundant (average 58.5% - 

sclereids 31%, globular granulates 24.5%, and other arboreal phytoliths ca. 3.5%). 

Arecaceae made up a small percentage of the assemblage (G.E. average ca. 4.5% 

and CB 1%). Annonaceae and Celtis sp. occur in trace amounts (average <1%). 

Concerning non-arboreal phytoliths, non-diagnostic Poaceae phytoliths (average 

15%) decreased, Bambusoideae (average 5%) and Oryzeae (average 1%) increase 

slightly and traces of Chloridoideae and Panicoideae (<1%) were registered. 

Asteraceae (average ca. 7.5%) and Marantaceae (average 6%) present small 

proportions. In addition, traces of Mendoncia sp. (average <1%) were identified. 

6.2.3.1.6. Test Pit 2 (Brown ADE) 
In Layer I, non-diagnostic arboreal (average 51% - globular granulate 27.5%, 

sclereids 22.5%, other arboreal phytoliths 1%) phytoliths dominate the assemblage. 

Arecaceae presents minor proportions (average ca. 4.5% - conical bodies 3% and 

G.E. 0.5%) and Celtis sp. occurs in trace amounts (<1%). Bambusoideae (average 

ca. 3%), Among herbs and grasses, Marantaceae (average 19.5%) and non-

diagnostic Poaceae (average 17%) present moderate proportions while Panicoideae 

(average 2.5%), and Asteraceae (average 1.5%) occur in small amounts. 

Chloridoideae, Cyperaceae, Oryzeae, and Mendoncia sp. appear in trace amounts 

(<1%).  
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In Layer II, non-diagnostic arboreal taxa (54% - sclereids 28%, globular 

granulate 24%, other arboreal phytoliths 2%) are the most abundant. Arecaceae 

presents minor proportions (2% - conical bodies 1.5% and G.E. 0.5%). Annonaceae 

and Celtis sp. occur in trace amounts (<1%). As for non-arboreal phytoliths, non-

diagnostic Poaceae (21%) and Marantaceae (17%) continue in moderate percentages 

whereas Asteraceae (2.5%) and Bambusoideae (1.5%) appear in small amounts. 

Chloridoideae and Panicoideae contribute trace amounts (<1%). 

In Layer III, non-diagnostic arboreal (53.5% - sclereids 28%, globular 

granulates 24%, and other arboreal phytoliths 1.5%) are the most abundant. 

Arecaceae (average ca. 4% - conical bodies 3% and G.E. 1%) and Celtis sp. (1%) 

appear in minor proportions. Among herbs and grasses, non-diagnostic Poaceae 

(13%), Marantaceae (13%), and Asteraceae (11.5%) occur in modest amounts while 

Bambusoideae (2%) and Panicoideae (1.5%) present minor proportions. Cyperaceae 

appears in trace amounts (<1%). 

6.2.3.1.7. Test Pit 3 (Brown ADE) 
In the Layer I, non-diagnostic arboreal (average ca. 46.5% -globular granulates 

24.5%, other arboreal phytoliths 11.5%, and sclereids 10.5%) are the most abundant. 

Arecaceae conical bodies average ca. 1.5%. Herbaceous are represented by non-

diagnostic Poaceae (average 28.5%), Asteraceae (average ca. 8.5%), Marantaceae 

(average ca. 6%), Bambusoideae (average ca. 3%), and Panicoideae (average ca. 

2%). Chloridoideae, Cyperaceae, Oryzeae, and Mendoncia sp. contribute trace 

amounts (average <1%). 

Layer II also presents large amounts of non-diagnostic arboreal (42% - globular 

granulates 24.5%, sclereids 10%, and other arboreal phytoliths 7.5%). Arecaceae has 

minor proportions (average ca. 3.5% - conical bodies 3% and G.E. 0.5%) and Celtis 

sp. occurs in trace amounts (<1%). Non-diagnostic Poaceae (29%) decreases and 

another herbaceous taxon present small increases: Asteraceae (10%), Marantaceae 

(8%), Panicoideae (3%), and Bambusoideae (2.5%). Cyperaceae, Oryzeae, and 

Trichomanes sp. (<1%) contribute trace amounts (<1%), as well as, cf. Burseraceae 

that appears for the first time in this profile.  

In Layer III, non-diagnostic arboreal contribute 54% (sclereids 29.5%, globular 

granulates 23.5%, and other arboreal phytoliths 1%). Arecaceae has minor 

proportions (average ca. 4.5% - conical bodies 4% and G.E. 0.5%) while Annonaceae 
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and Celtis sp. occurred in trace amounts (<1%). Among herbs and grasses, non-

diagnostic Poaceae (14.5%) decreases and small increases were registered in 

Asteraceae (11%), cf. Burseraceae (ca. 2.5%), and Panicoideae (3%). Other herbs 

comprise Marantaceae (6%), Bambusoideae (1%), and Cyperaceae (1%) in modest 

amounts. Chloridoideae, cf. Commelinaceae, Heliconia sp., Mendoncia sp., and 

Oryzeae occur in trace amounts (<1%). Traces of and Cucurbita sp. (<1%) 

represented cultigens. 

6.2.3.1.8. Test Pit 4 (Brown ADE) 
Layer I assemblage presents dominance of non-diagnostic arboreal phytoliths 

(average 43% - globular granulates 27%, sclereids 9.5%, other arboreal phytoliths 

6.5%). Arecaceae has minor proportions (average ca. 4.5% - conical bodies ca. 2.5% 

and G.E. ca. 2%) while Annonaceae and Celtis sp. occur in trace amounts (<1%). 

Herbaceous were represented by non-diagnostic Poaceae (average 28%), 

Marantaceae (average 10.5%), Asteraceae (average 8.5%), and Bambusoideae 

(average 4%). Mendoncia sp. and Panicoideae appear in trace amounts (<1%). 

Layer II presents dominance of non-diagnostic arboreal phytolith (44% - 

globular granulates 24%, sclereids 10%, and other arboreal phytoliths 10%). 

Arecaceae has a small increase (average ca. 11% - conical bodies ca. 3% and G.E. 

ca. 8%) while Annonaceae and Celtis sp. occur in trace amounts (<1%). Herbaceous 

taxa decrease: non-diagnostic Poaceae (average 24.5%), Marantaceae (average 

8.5%), Asteraceae (average 7%), and Bambusoideae (average 2.5%). Cyperaceae, 

Mendoncia sp., Panicoideae occur in trace amounts (<1%). Traces of Zea mays (<1%) 

represent cultigens. 

Layer III is characterized by a dominance of non-diagnostic arboreal (51.5% - 

globular granulates 24%, other arboreal phytoliths 17%, and sclereids 8%). Arecaceae 

has a small increase (average ca. 7% - conical bodies ca. 2% and G.E. ca. 5.5%) 

while Annonaceae and Celtis sp. occur in trace amounts (<1%). Herbaceous are 

represented by non-diagnostic Poaceae (average ca. 18%), Marantaceae (average 

11%), Asteraceae (average 8%), Bambusoideae (average 2%), and Panicoideae 

(average 1.5%). cf. Burseraceae, Cyperaceae, and Mendoncia sp. occur in trace 

amounts (<1%). 



	 	 Phytolith	studies	

250	
	
	

6.2.3.1.9. Test Pit 5 (Brown ADE) 
Layer I assemblage is dominated by non-diagnostic arboreal (average 42% - 

globular granulates 34%, sclereids 5.5%, other arboreal phytoliths 2.5%). Arecaceae 

has a small amount (average ca. 5% - conical bodies ca. 1.5% and G.E. ca. 3.5%). 

Herbaceous taxa are represented by non-diagnostic Poaceae (average ca. 24%), 

Marantaceae (average ca. 10.5%), Asteraceae (ca. 8.5%), Panicoideae (average ca. 

5.5%), and Bambusoideae (average ca. 6.5%). Oryzeae occur in trace amounts 

(<1%). 

Layer II presents abundance of non-diagnostic arboreal (40% - globular 

granulates 30%, sclereids 6.5%, and other arboreal phytoliths 3.5%). Arecaceae has 

a small increase (average ca. 11% - conical bodies ca. 4.5% and G.E. ca. 6.5%) and 

Celtis sp. occur in trace amounts (<1%). Herbaceous taxa are represented by non-

diagnostic Poaceae (22.5%), Asteraceae (9%), Marantaceae (9%), Panicoideae (4%), 

and Bambusoideae (3%). Cyperaceae and Oryzeae appear in trace amounts (<1%). 

Traces of Zea mays (<1%) represent cultigens. 

Layer III, non-diagnostic arboreal (40% - globular granulates 26%, sclereids 

9%, other arboreal phytoliths 5%). Arecaceae has a small decrease (average ca. 9.5% 

- conical bodies ca. 5% and G.E. ca. 4.5%) and Celtis sp. occurs in trace amounts 

(<1%). Herbaceous taxa are represented by non-diagnostic Poaceae (23%), 

Asteraceae (10.5%), Marantaceae (8%), Panicoid (4%), and Bambusoideae (4%). 

Cyperaceae and Heliconia sp. occur in trace amounts (<1%). Fig.178 is the diagram 

displaying the relative frequencies of phytoliths in the samples from the test pits in 

Cedro site. 
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Figure 178: Relative frequency diagram of phytoliths from Cedro site test pit samples.  Horizontal bars represent percentages. Circles correspond to presence of plant taxa 

lower than 1% in abundance. All the scales represent percentages.
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6.2.3.2. Summary of results from Cedro site 

 
Overall, the phytolith results suggest some patterns in the structure of plant 

cover within Cedro site. First, an unexpected ubiquity of Poaceae phytoliths 

throughout the stratigraphy in all test pits. Exhibiting a decreasing trend from the 

culturally sterile layer towards the top of the profiles, Poaceae phytolith appear in 

smaller amounts at the upper levels of all the test pits. This trend is consistent with 

Poaceae distribution in samples from domestic contexts. Second, decreases in the 

proportions of Poaceae and other herbaceous phytoliths are concomitant with small 

increases in Arboreal taxa phytoliths, particularly palms. Third, an increasing degree 

of openness associated to ADEs as the test pits with deeper anthropogenic soils (3, 

4, and 5) presented larger proportions of disturbance taxa (e.g. Poaceae, Palms, and 

Asteraceae) whereas arboreal phytoliths plummet. Finally, Heliconia sp. – a major 

indicator for early plant succession – is only present in small amounts in the uppermost 

levels of test pits 3 and 5. 

The pattern of phytoliths vertical and horizontal deposition suggests that Cedro 

site’s plant cover was slightly open before the formation of ADEs.  and an 

intensification in openness followed changes in soil composition. However, 

persistence of tree cover is evidenced by Palm and Arboreal taxa pointing to a shady 

landscape surrounding the domestic structures of the settlement. Considering the 

presence of useful taxa such as Palms, Annonaceae, Celtis sp., Marantaceae, and 

Asteraceae the anthropogenic soil can be characterized as a home garden or an 

agroforestry instead of a swidden cultivation area as hypothesized for Brown soils. 

Detailed information about taxa distribution is presented below. 

Fig.179 displays relative frequency diagrams from Cedro TP1 and TP2. In TP1 

arboreal phytoliths appear in high proportions (range: 61-66%). The fluctuations in 

herbs (range: 33-37.5%) seems to be associated with the distribution in Arecaceae 

(range: 2-9%). For instance, the decrease in herbs at the base of ADE is concomitant 

to palm increase (Fig.179 left). Similar pattern is observed in TP2, where arboreal 

phytoliths increase towards the top of the profile. Few fluctuations in arboreal taxa 

(range: 54-58%) appear to be correlated to the amounts of palms (range: 1.5-5%). 
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Herbs present minor fluctuations (range: 41-46%) and are also influenced by the 

quantity of palms phytoliths. In TP1 palms peak at the top while in TP2 the peak is in 

the transition from natural to anthropogenic layer. 

 
Figure 179: Relative frequency diagram from Cedro Test Pit 1 (left) and Test Pit 2 (right) displaying the 

distribution of herbs, palms and arboreal taxa phytoliths throughout the profile. Silhouettes with solid fill represent 
percentages. Silhouette filled with lines represent raw values of charcoal. All the scales represent percentages. 

Fig.180 exhibits relative frequency diagrams from Cedro TP3, TP4 ,and TP5. 

In TP3 Arboreal taxa phytoliths are stable throughout the profile and increase in the 

uppermost part while herbs decrease. The variation on arboreal phytoliths (range: 50-

61%) is mostly due to increases in palm phytoliths (range: 0.5-4.5%). Both non-

diagnostic arboreal and palms peak at the top of the profile. Herbs, on the other hand, 

decreases towards the profile top ranging from 50% at the bottom to 37.5% at the top. 

Cucurbita sp. is present at the top, but it is associated to recent activities at the site. 

TP4 has a similar pattern of Arboreal increase at the expense of herbaceous taxa 

decrease. Arboreal taxa oscillate from 44% to 61%, including an increasing in palms 

from 3% to 7%. In contrast, herbs decline from 56% to 39% in the top. The transition 

from natural to anthropogenic soil is marked by the change in the proportions of herbs 

and arboreal taxa, which is driven by an increase in palm phytoliths. In addition, traces 

of maize also occur in this transition. In TP5 there is less variation in arboreal taxa 

(range: 50-52%). The few fluctuation is recorded in palms (range: 4.5-11%), which 
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decrease at the base of the anthropogenic soil while herbs peak (range: 48-60%). 

However, palms increase again in the ADE layer associated to reduction in herbs 

proportions. Traces of maize are present in the anthropogenic soil. 

 
Figure 180: Relative frequency diagram from Cedro Test Pit 3 (left), Test Pit 4 (center) and Test Pit 5 (right) 

displaying the distribution of herbs, cultigens, palms and arboreal taxa phytoliths throughout the profile. 
Silhouettes with solid fill represent percentages. Silhouette filled with lines represent raw values of charcoal. 

Circles correspond to presence of plant taxa lower than 1% in abundance. All the scales represent percentages. 

6.2.3.2.1. Maize phytoliths in Cedro site 
Maize cob wavy top rondel phytoliths were recovered mainly from domestic 

structures. In the upper layers of the refuse pit, five wavy top rondels were recovered. 

One wavy top rondel and cf. Zea mays husk flare cross was present in the lower levels 

of the refuse pit. Three Zea mays cob wavy top rondels were recovered from multiple 

levels of the house floor. One phytolith was recovered from beneath Vessel 1 in unit 

13 and trace amounts were recorded at the Brown ADE in TP4 and TP5. Fig.181 

displays microphotographs of maize cob and cf. maize husk phytoliths.  

 

Figure 181: (A-C)  Zea mays cob wavy top rondel phytolith: (A) unit 6/8-18. (B) unit 6/18-28, (C) unit 6 28-38. (D) 
cf. Zea mays husk flare cross - unit 6/74-84. 
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6.2.3.2.2. Squash phytoliths in Cedro site 
The assemblage from Cedro yielded ten Cucurbitaceae phytoliths with a mean 

length of 77µm (range: 68-91 µm). All but one scalloped sphere come from domestic 

contexts. Six Cucurbita sp. phytoliths originated from different levels of the refuse pit 

and are stratigraphically associated to a variety of ceramic artefacts, charcoal and 

burnt clay. Two phytoliths were recovered from the fire pit sediment samples and are 

associated to carbonized seeds, abundant charcoal, burnt clay and numerous 

ceramics sherds. Additionally, one phytolith was recovered in the upper level (0-5cm) 

of TP3. All the scalloped spheres were measured following standard methodology 

(Piperno et al., 2000). Even though the mean length and thickness of the assemblage 

are below the size required for positive domesticate identification, among the six 

phytoliths recovered from units 6 and 9 (refuse pit), two had the minimum size for 

domesticated Cucurbita sp. and one (Fig.182 C and C’) presented granulate surface 

holding similarity with the scalloped spheres observed in Cucurbita maxima (Piperno, 

2006). These scalloped spheres support the classification of the whole assemblage 

as positive for domestication, since phytoliths in varied sizes are produced by squash 

plants and the size of the phytoliths is strongly connected to fruit size (Piperno et al., 

2000). The scalloped sphere collected in the uppermost level of TP3 was identified as 

domesticated Cucurbita sp. based in the morphology and size, considering that its 

dimensions exceeds the mean length and thickness of wild Cucurbita (Piperno, 2006). 

Table 20 shows the provenience and size measurements and Fig.182 displays 

microphotographs of Cucurbita sp. scalloped sphere phytoliths. 

Table 20: Cucurbita sp. phytolith dimensions from Cedro site. 

Unit Layer Cm B.S. N Length range 
(µm) 

Mean Length 
(µm) 

Thickness range 
(µm) 

Mean Thickness 
(µm) 

6 A2 8-18 1 87.5 - 50.6 - 

6 A2 18-28 3 70-82 77.5 65-76 71.9 

6 A2 28-38 1 71.8 - 48.6 - 

9 A3 54-64 1 70.8 - 65.4 - 

7 A2 20-27 1 68.7 - 60.3 - 

7 A2 27-37 1 90.9 - 59.2 - 

Test pit 3 A1 0-5 1 78.2 - 72.0 - 
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Figure 182: Cucurbita sp. phytoliths: (A-A’) unit 6/ 18-28cm. (B/B’) unit 6/18-28cm. (C/C’) unit 9/54-64. Distance 

indicates the measurements of the phytoliths sides. 

 

6.2.3.2.3. Arecaceae (palm) phytoliths in Cedro site Test Pits 
Palm phytoliths are more abundant in the test pits with deeper ADE layers (TP4 

and TP5), where amounts of G.E.4 were exclusively recorded (Fig.183). In contrast, 

G.E.1 occurred only in TP1 and TP2, which were closer to the Oxisol. Overall, globular 

echinates are more abundant in TP1, TP4, and TP5. In contrast, conical bodies are 

predominant in TP2 and TP3. In fact, the assemblage from TP3 consisted mainly of 

conical bodies with traces of G.E.2. Given that Arecaceae plants are prolific phytolith 

producers (Piperno, 2006), the paucity of these phytolith in the assemblages suggests 

a small scale exploitation of palms. The abundance of conical bodies indicates a focus 

on important edible palms, such as Peach palm and Tucumã. In general, conical 

bodies present higher densities in the anthropic layers. Additionally, traces of 

phytoliths tentatively attributed to Assai and Abacaba palm (G.E.4) are particularly 

associated to the anthropogenic soil. The intra-site distribution of palm phytoliths 

B B’ Distance 80.526 µm  Distance 74.155 µm 

A A’ Distance 75.535 µm Distance 81.605 

B

C C’ Distance 70.778µm Distance 65.404µm 
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shows a spatial separation of globular echinates and conical bodies producers, which 

may result from a deliberate organization of the home garden either by planting peach 

palm or by managing other early successional palms. This assumption is corroborated 

by the overlaps of morphotypes in test pits 4 and 5 with majority of globular echinates, 

indicating that peach palm would be the only palm actively separated from the other 

palms.  

 
Figure 183: Relative frequency diagram of the Arecaceae (Palm) phytolith from Cedro site test pit profiles. (Red) 
Test pit 1. (Green) Test pit 2. (Beige) Test pit 3. (Blue) Test Pit 4. (Yellow) Test pit 5. Horizontal bars represent 

percentages. circles correspond to presence lower the 1% in abundance. 

Fig.184 displays microphotoghaphs of phytoliths from edible herbs recorded in 

Cedro site assemblages. Various edible herbs were documented both in domestic 

contexts and in the test pits. Marantaceae yields edible roots, in particular arrowroot 

(Maranta arundinacea) and leren (Calathea allouia) (Piperno and Pearsall, 1998a). 

Marantaceae phytoliths are ubiquitous in the assemblages from Cedro site, which 
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comprise phytoliths from the leaves, rhizome, and seed of the plants. In the refuse pit 

Marantaceae (range: 4-10%) is a component of both deposition events. In the house 

floor unit this family is present in the assemblages from below the house floor (7.5%) 

and from inside the fire pit, being more abundant (13.5%) in the fire pit. Marantaceae 

is an understory taxa and phytoliths produced by this family were found in small 

proportions in samples from different forest compositions in the Amazon (Dickau et 

al., 2013). However, the occurrence of phytoliths from different plant parts in the 

domestic contexts and test pits suggests that it was being consumed as food and 

managed in the surrounding home garden. 

The Cyperus sp. morphotype among the Cyperaceae phytoliths appears in 

traces in both domestic and test pit assemblages. In the house floor unit, Cyperaceae 

occurs exclusively in the fire pit assemblage. In the refuse pit, phytoliths from this 

family are part of both formation events. Another herb found in the domestic 

assemblages and surrounding test pits is Asteraceae. Even though the identification 

of Asteraceae is limited to the family level, regionally only two herbs and a shrub are 

reported (Silva and Santos, 2010). Agrião-branco (Spilanthes nervosa) is a herb 

commonly used as medicine and has a fast growth forming dense mats, which can be 

used as ground cover to prevent erosion. Jambu (Acmella oleracea) is a herb used as 

a condiment and for medicinal purposes.   

Both Cyperus sp. and Asteraceae herbs are used as condiment in Amazonia 

(Clement, 1999). Condiments are defined here as substances added into food aiming 

to enhance flavor. Plant parts could ended in the fire pit during food preparation. The 

use of Jambu, for example, includes adding the plant into boiled food (e.g. fish and 

game). The medicinal use of Jambu includes decoction of leaves and flowers while 

Agrião-branco is prepared by infusion of leaves and flower. Thus, consumption of 

Asteraceae includes parts of the stalk being thrown away over the process. As for 

Cyperus sp. the seeds are also put in boiled food, the rest of the plant is discarded. 

Their use as condiment/medicine is corroborated by their incidence in the fire pit and 

refuse pit contexts. 
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Figure 184: Phytoliths from the fire pit (unit 7) and refuse pit (unit 6/9). (A) Marantaceae seed cylindrical body 
with shaft top view (CED/U6 8-18cm). (B) Marantaceae seed cylindrical body with shaft side view (CED/U7 37-

47cm). (C) Marantaceae rhizome conical apex cylindrical (CED/U6 8-18cm). (D) Cyperaceae seed stippled 
polygonal body (CED/U7 37-47cm). (E) Asteraceae inflorescence opaque perforated platelet (CED/U7 27-37cm). 

 

6.2.4. Maguari site 
Among the phytoliths recorded from the soil core profiles samples, 19 were 

diagnostic to Poaceae family. The Poaceae subfamilies identified were Bambusoideae 

(bamboos), Chloridoideae, and Panicoideae. Phareae (Pharoideae), Olyreae 

(Bambusoideae), and Oryzeae (Oryzoideae) were identified in the tribe level. Eleven 

non-Poaceae monocots phytoliths were also found, including herbs from Arecaceae 

(5), Marantaceae (4), Cyperaceae (2), and Heliconiaceae (1) families.  Sixteen of the 

identified morphotypes derive from woody eudicots. Three morphotypes from arboreal 

plants were taxonomically significant: Irregular epidermal platelets with echinate 

surfaces from Celtis sp. (Cannabaceae) seed, spherical and irregular facetate bodies 

from Annonaceae leaf, and spherical bodies from Burseraceae seed. The lianas are 

represented by a large globular rugulate phytolith produced by Mendoncia sp. 

(Acanthaceae) seed. The Asteraceae family has both lianas and herbaceous species 

that produce opaque perforated platelets on the seed achene, also identified in the 

soil core samples. Maize cob wavy top rondels and squash fruit rinds scalloped 

spheres were the species-level identifications. Table 21 shows the list of sediments 

analysed from Maguari site. Table 22 displays the summary of main taxa from Maguari 

site phytolith assemblages. 

Table 21: List of sediments analysed for phytoliths from Maguari site. 

Sample code Site Unit Profile Layer 
Depth  

cm b.s. 
Soil 

Mound 1 

202 Maguari 1 West IX 0-10cm Brown 

203 Maguari 1 West Floors 6/7 10-20cm Brown 

A B C D E 
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204 Maguari 1 West Floors 6 20-30 Brown 

205 Maguari 1 West Floor 5 30-40 Brown 

206 Maguari 1 West Floor 4 40-50 Brown 

207 Maguari 1 West Floor 3 50-60 Brown 

208 Maguari 1 West Floor 2 60-70 Brown 

209 Maguari 1 West Floor 2 70-80 Brown 

210 Maguari 1 West Floor 1 80-90 Brown 

211 Maguari 1 West Floor 1 90-100 Brown 

212 Maguari 1 West I 100-110 Oxisol 

243 Maguari 1  - Floor 1 47 Fire pit 

232 Maguari 1  - Floor 1 98 Ceramic cache 

233 Maguari 1  - Floor 1 98 Ceramic cache 

235 Maguari 1  - Floor 1 98 Ceramic cache 

236 Maguari 1  - Floor 1 98 Ceramic cache 

237 Maguari 1  - Floor 1 98 Ceramic cache 

238 Maguari 1  - Floor 1 98 Inside vessel 5 

244 Maguari 1  - Floor 1 98 Underneath 
vessel 5 

Mound 2 

213 Maguari 4 South IV 0-10cm Black 

214 Maguari 4 South Floor 3 10-20cm Black 

215 Maguari 4 South Floor 3 20-30 Black 

216 Maguari 4 South Floor 2 30-40 Black 

217 Maguari 4 South Floor 1 40-50 Brown 

218 Maguari 4 South Floor 1 50-60 Brown 

219 Maguari 4 South Floor 1 60-70 Brown 

220 Maguari 4 South I 70-80 Oxisol 

Mound 5 

221 Maguari 7 South IV  0-5 Black 

222 Maguari 7 South III  5-15 Black 

223 Maguari 7 South III 15-25 Black 

224 Maguari 7 South Floor 2 25-35 Black 

225 Maguari 7 South Floor 2 35-45 Black 

226 Maguari 7 South Floor 1 45-55 Black 

227 Maguari 7 South Floor 1 55-65 Black 

228 Maguari 7 South Floor 1 65-75 Brown 

229 Maguari 7 South Floor 1 75-85 Brown 
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230 Maguari 7 South I 85-95 Oxisol 

231 Maguari 7 South I 95-105 Oxisol 

239 Maguari 7  - Floor 1 54 Ceramic cluster 

240 Maguari 7  - Floor 1 54 Fire pit 

Samples from Test Pits 

1 Maguari TP1 West III  0-5 Black 

3 Maguari TP1 West III  10-15 Black 

5 Maguari TP1 West III 20-25 Black 

7 Maguari TP1 West III 30-35 Black 

9 Maguari TP1 West II 40-45 Brown 

11 Maguari TP1 West I 50-55 Oxisol 

13 Maguari TP1 West I 60-65 Oxisol 

15 Maguari TP1 West I 70-75 Oxisol 

17 Maguari TP2 North III  0-5 Black 

19 Maguari TP2 North III  10-15 Black 

21 Maguari TP2 North II 20-25 Brown 

23 Maguari TP2 North I 30-35 Oxisol 

25 Maguari TP2 North I 40-45 Oxisol 

28 Maguari TP3 West III  0-5 Brown 

30 Maguari TP3 West II  10-15 Brown 

32 Maguari TP3 West II 20-25 Brown 

34 Maguari TP3 West I 30-35 Oxisol 

36 Maguari TP3 West I 40-45 Oxisol 

39 Maguari TP4 West II  0-5 Brown 

41 Maguari TP4 West I  10-15 Oxisol 

43 Maguari TP4 West I 20-25 Oxisol 

45 Maguari TP4 West I 30-35 Oxisol 

47 Maguari TP4 West I 40-45 Oxisol 

50 Maguari TP5 East II  0-5 Brown 

52 Maguari TP5 East I  10-15 Oxisol 

54 Maguari TP5 East I 20-25 Oxisol 

56 Maguari TP5 East I 30-35 Oxisol 
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Table 22: Summary of the phytolith-stratigraphic data from Maguari site. 

Unit 
Depth 

cm b.s. 
Layer Soil Main Taxa assemblage Summary of Phytolith taxa 

1 0-10 IX 
Black 

ADE 
Arboreal-Arecaceae-Asteraceae-
Cucurbita sp. 

Non-diagnostic Arboreal 49.5%; Arecaceae 22%; Asteraceae 20%; 
Cucurbita sp. <1% 

1 10-20 Floors 6 
and 7  Arboreal- Asteraceae-Arecaceae Non-diagnostic Arboreal average ca. 49%; Asteraceae average ca. 25%; 

Arecaceae average ca. 21%;  

1 20-30 Floor 6  Arboreal-Arecaceae-Asteraceae Non-diagnostic arboreal ca. 55%; Arecaceae 18%; Asteraceae 18%  

1 30-40 Floor 5  
Arboreal-Arecaceae-Cucurbita 
sp.-Zea mays 

Non-diagnostic Arboreal ca. 63%; Arecaceae ca. 21%; Cucurbita sp. and 
Zea mays <1% 

1 40-50 Floor 4  
Arboreal- Arecaceae-
Marantaceae Non-diagnostic Arboreal 77.5%; Arecaceae 8%; Marantaceae 8%  

1 50-60 Floor 3  Arboreal-Arecaceae Non-diagnostic Arboreal 54.5%; Arecaceae 32% 

1 60-80 Floor 2  Arboreal-Arecaceae-Asteraceae Non-diagnostic Arboreal average ca. 64%; Arecaceae average ca. 14.5%; 
Asteraceae average ca. 10.5% 

1 80-100 Floor 1  Arboreal-Arecaceae- Zea mays Non-diagnostic Arboreal average ca. 73%; Arecaceae average ca. 10.5%; 
Zea mays average <1% 
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1 100-110 I  
Arboreal-Marantaceae-
Arecaceae Non-diagnostic Arboreal ca. 58.5%; Marantaceae 22%; Arecaceae ca. 9.5%; 

4 0-10 IV  Arboreal-Arecaceae Non-diagnostic Arboreal 75.5%; Arecaceae 14% 

4 10-30 Floor 3  
Arboreal-Marantaceae-Poaceae-
Cucurbita sp. 

Non-diagnostic Arboreal average ca. 61%; Marantaceae average ca. 11%; 
Non-diagnostic Poaceae average ca. 10%; Cucurbita sp. average ca. 2% 

4 30-40 Floor 2  Arboreal-Marantaceae Non-diagnostic Arboreal ca. 76.5%; Marantaceae ca. 6.5% 

4 40-70 Floor 1  Arboreal-Marantaceae Non-diagnostic average ca. 80%; Marantaceae average ca. 10.5%;  

4 70-80 I  Arboreal-Marantaceae Non-diagnostic Arboreal ca. 81.5%; Marantaceae ca. 9% 

7 0-5 IV  Arboreal-Asteraceae-Zea mays Non-diagnostic Arboreal ca. 59%; Asteraceae ca. 26%; Zea mays 

7 5-25 III  
Arboreal-Asteraceae- Cucurbita 
sp. 

Non-diagnostic Arboreal average ca. 80%; Asteraceae average ca. 8%; 
Cucurbita sp. average <1% 

7 25-45 Floor 2  Arboreal-Asteraceae Non-diagnostic Arboreal average ca. 79.5%; Asteraceae average ca. 14.5% 

7 45-85 Floor 1  Arboreal Non-diagnostic Arboreal average ca. 91% 

7 85-105 I  Arboreal Non-diagnostic Arboreal average ca. 97% 

TP1 0-35 III 
Black 

ADE 

Arboreal-Asteraceae-Cucurbita 
sp.-Zea mays 

Non-diagnostic Arboreal average ca. 66.5%; Asteraceae average ca. 15%; 
Cucurbita sp. average ca. 2%; Zea mays <1% 

TP1 40-45 II 
Brown 

ADE 
Arboreal-Poaceae-Cucurbita sp. Non-diagnostic Arboreal 73%; non-diagnostic Poaceae 18%; Cucurbita sp. 

<1% 
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TP1 50-75 I Oxisol Arboreal-Poaceae-Asteraceae-
Cucurbita sp. 

Non-diagnostic Arboreal 78.5%; non-diagnostic Poaceae 9.5%; Asteraceae 
9.5%; Cucurbita sp. <1% 

TP2 0-15 III Black 
ADE 

Arboreal-Arecaceae-Cucurbita 
sp. – Zea mays 

Non-diagnostic Arboreal average 57%; Arecaceae ca. 11.5%; Asteraceae 
average ca. 9.5%; Cucurbita sp. average ca. 1.5%; Zea mays <1% 

TP2 20-25 II Brown 
ADE Arboreal-Poaceae-Cucurbita sp. Non-diagnostic Arboreal 65.5%; Non-diagnostic Poaceae 11%; Cucurbita sp. 

ca. 3% 

TP2 30-45 I Oxisol Arboreal-Asteraceae-Cucurbita 
sp. 

Non-diagnostic Arboreal average ca. 62%; Asteraceae average ca. 11.5%; 
Non-diagnostic Poaceae average ca. 9.5%; Cucurbita sp. average <1% 

TP3 0-5 III Black 
ADE 

Arboreal-Arecaceae-Asteraceae-
Cucurbita sp. 

Non-diagnostic Arboreal 29.5%; Arecaceae 38.5%; Asteraceae ca. 24%; 
Cucurbita sp. 1%;  

TP3 10-15 II Brown 
ADE 

Arboreal-Arecaceae-Asteraceae-
Cucurbita sp. 

Non-diagnostic Arboreal ca. 37.5%; Arecaceae 32%; Asteraceae ca. 21%; 
Cucurbita sp. 1%;  

TP3 20-45 I Oxisol Arboreal-Asteraceae-Arecaceae-
Cucurbita sp.-Zea mays 

Non-diagnostic Arboreal average ca. 61%; Asteraceae average ca. 12.5%; 
Arecaceae average ca. 11.5%; Cucurbita sp., Zea mays <1% 

TP4 0-5 II Brown 
ADE Arboreal-Asteraceae-Arecaceae- Non-diagnostic Arboreal 51.5%; Asteraceae ca. 24.5%; Arecaceae ca. 12% 

TP4 10-45 I Oxisol Arboreal-Marantaceae-Poaceae Non-diagnostic Arboreal average ca. 67.5%; Asteraceae average ca. 12%; 
Non-diagnostic Poaceae average ca. 10.5%;  

TP5 0-5 II Brown 
ADE Arboreal-Arecaceae Non-diagnostic Arboreal 69.5%; Arecaceae ca. 11% 

TP5 10-45 I Oxisol Arboreal-Asteraceae Non-diagnostic Arboreal average ca. 72%; Asteraceae average 8.5% 

1 98 Cache  Arboreal-Arecaceae Non-diagnostic Arboreal ca. 78.5%; Arecaceae ca. 7% 

1 98 
Under 

Vessel 1 
 Arboreal-Poaceae Non-diagnostic Arboreal ca. 74%; Non-diagnostic Poaceae ca. 14%;  
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1 98 Inside 
vessel 3  Arboreal Non-diagnostic Arboreal ca. 88.5%; 

1 98 Under 
vessel 4  Arboreal-Poaceae Non-diagnostic Arboreal ca. 83%; Non-diagnostic Poaceae ca. 9.5%  

1 98 Post hole  Arboreal-Asteraceae-Poaceae-
Arecaceae 

Non-diagnostic Arboreal 45%; Asteraceae 21.5% Non-diagnostic Poaceae 
ca. 15%; Arecaceae 10% 

1 98 Inside 
vessel 5  Arboreal-Poaceae Non-diagnostic Arboreal ca. 75%; Non-diagnostic Poaceae ca. 10%  

1 98 Under 
vessel 5  Arboreal-Asteraceae Non-diagnostic Arboreal ca. 68%; Asteraceae ca. 11% 

1 47 Fire pit  Arboreal-Poaceae Non-diagnostic Arboreal ca. 72%; Non-diagnostic Poaceae ca. 9.5% 

7 54 Ceramic 
cluster  Arboreal-Poaceae Non-diagnostic Arboreal ca. 72%; Non-diagnostic Poaceae ca. 12.5% 

7 54 Fire pit  Arboreal-Asteraceae-Poaceae Non-diagnostic Arboreal ca. 66%; Asteraceae ca. 11%; Non-diagnostic 
Poaceae ca. 11% 
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6.2.4.1. Maguari 1 site relative frequencies 

6.2.4.1.1. Unit 1 – Mound 1 
Fig.185 is the relative frequency diagram from Maguari 1 site archaeological 

sediments. 

Non-diagnostic arboreal taxa phytoliths (average ca. 59%) dominate Layer I 

assemblage, mainly represented by globular granulates (average 49%) and lower 

proportions of sclereids (average 7.5%) and facetate/elongate bodies (average 2%). 

Arecaceae appear in low frequency (average ca. 9.5%) with small differences in the 

proportions of G.E. (average 5.5%) and conical bodies (4%). The fern Trichomanes 

sp. average ca. 4.5%. Among herbs, Marantaceae present a moderate percentage 

(22%) of the assemblage, particularly globular rugulate (ca. 21%). Cyperaceae 

(average 1%) appears in low amounts. Poaceae phytoliths occur in minor proportions, 

the majority consist of non-diagnostic Poaceae (average ca. 2%) followed by 

Bambusoideae and Panicoideae (average 1.5% each).  

In Floor 1, there is a significant increase in arboreal phytoliths. The assemblage 

is dominated by non-diagnostic arboreal phytoliths (average ca. 73%). Globular 

granulates (average 49%) represent the largest input of arboreal phytoliths while 

sclereids (average 17%), other arboreal phytoliths (average 7%), and Annonaceae 

(average ca. 1%) appears in low levels. Compared to Layer I, Arecaceae presents a 

slightly higher frequency (average ca. 10.5%) consisting of an increase in G.E. 

(average 8.5%) and a decrease in conical bodies (average 2%). Low numbers are 

registered for non-arboreal phytoliths, which consist of Bambusoideae (average ca. 

5.5%), Asteraceae (average ca. 3%), non-diagnostic Poaceae (average 2.5%), and to 

a lesser extent Cyperaceae and Panicoideae (average 1.5% each). Traces of 

Chloridoideae, Trichomanes sp., and Zea mays complete the Floor 1 assemblage 

(average <1%). 

6.2.4.1.2. Unit 1 – Mound 1 (Floor 1 – ceramic cache) 
Similar to the phytolith assemblage in Floor 1, arboreal phytoliths are the 

majority underneath vessel 1 in the ceramic cache. Non-diagnostic arboreal (74%) 

dominate the assemblage here as well, comprising predominantly globular granulates 

(35%) and sclereids (29.5%) whereas other arboreal phytoliths occur in lower 

frequencies (9.5%). Arecaceae G.E. makes up a small percentage of the assemblage 
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(ca. 5%). Concerning non-arboreal phytoliths, non-diagnostic Poaceae phytoliths 

(14%) are noticeably higher inside the cache pit compared to Floor 1 (average 2.5%), 

even though Bambusoideae (ca. 2.5%) has a smaller frequency and trace amounts of 

Panicoideae and Oryzeae (<1%) were observed. Asteraceae (ca. 2.5%) is present in 

small proportions and there are only traces of Cyperaceae, Marantaceae, and 

Mendoncia sp. (<1%). 

Inside the vessels, the proportions of non-diagnostic arboreal phytoliths 

decrease from the base (83%) to the top (ca. 78.5%) of vessel 1, being higher inner 

vessel 3 (88.5%). Likewise, globular granulates make up 46%, sclereids 27%, and 

other arboreal phytoliths 10% in the base and 47.5%, 25%, and 6%, respectively in 

the top of vessel 1. Inside vessel 3, globular granulates (45%) present slightly lower 

frequencies while sclereids (32.5%) and other arboreal phytoliths (11%) had small 

increases. Arecaceae phytoliths present low levels (range 1.5-7%), comprising G.E. 

(<1-5%) in the base and conical bodies (1-2%) in the top of vessel 1. Vessel 3 has 

only G.E. (2%) inside vessel 3. Celtis sp. occurs only in low amounts (<1%) inside 

vessel 3 and in the top of vessel 1. Among herbs and grasses, Asteraceae displays a 

small increase from the base (4%) to the top (ca. 4.5%) of vessel 1, being absent 

inside vessel 3. Non-diagnostic Poaceae is more abundant in the base (9.5%) than in 

the top (ca. 4.5%). Traces of Panicoid occur in the base (<1%) and small amounts (ca. 

2%) in the top. Bambusoid also fluctuates from the base (2%) to the top (1.5%). In 

addition, traces of Oryzeae appear in the top of vessel 1. Inside vessel 3 are low levels 

of non-diagnostic Poaceae (ca. 7.5%) and Bambusoideae ca. 2%.  

6.2.4.1.3. Unit 1 – Mound 1 (Floor 1 – posthole cut through cache) 
Unsurprisingly, non-diagnostic arboreal (45%) dominate the assemblage in the 

post hole, yet in smaller proportions. Globular granulates present moderate 

percentage (31.5%) while lower frequencies of sclereids (12%) and other arboreal 

phytoliths (1.5%) were observed. Arecaceae represents 10% of the assemblage, most 

are G.E. (8%), however there are some conical bodies (2%). Concerning non-arboreal 

phytoliths, a fair amount of Asteraceae (21.5%) occurred paired with low levels of 

Marantaceae (ca. 4%) and traces of Cyperaceae (<1%). The amount of non-diagnostic 

Poaceae phytoliths (15%) was higher in the post hole than in the ceramic cache and 

in Floor 1. The Poaceae assemblage also included Bambusoideae (ca. 1.5%) and 

Oryzeae (ca. 3%). 
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6.2.4.1.3. Unit 1 – Mound 1 (Floor 1 – vessel) 
The context from vessel 5 also exhibit a majority of arboreal phytoliths. 

Particularly, non-diagnostic arboreal, which make up ca. 68% underneath and 75% 

inside the vessel. Globular granulates are more abundant inside (44.5%) than 

underneath (37%) the vessel. On the other hand, sclereids are less frequent inside 

(15%) than outside (24.5%). Other arboreal phytoliths also display higher proportions 

inside (15.5%) than outside (6.5%). Underneath the vessel, Arecaceae phytoliths 

consist exclusively of G.E. (6%) whereas inside small amounts (<1%) of conical bodies 

occur in addition to G.E. (4.5%). As for non-arboreal phytoliths, low frequencies of 

Asteraceae and Cyperaceae (ca. 2% each) occur inside in contrast to a higher 

percentage of Asteraceae (ca.11%) and small amounts of Cyperaceae (<1%) 

underneath. Among Poaceae, non-diagnostic phytoliths exhibit virtually the same 

proportions inside (ca.10%) and underneath (9%). Similarly, Bambusoideae also 

varied in minor proportions, ca. 3% inside and ca. 2.5% underneath. Panicoideae 

present small amounts inside (ca. 2%) and low rate underneath (<1%) while 

Chloridoideae only appeared underneath, in small amounts (<1%). Trichomanes sp. 

also appears in small amounts (<1%), which is consistent with the presence of these 

phytoliths in the assemblage from Floor 1.  

Similar to Floor 1, the majority of phytoliths encountered in Floor 2 are arboreal 

types. Yet in smaller percentages. Non-diagnostic arboreal phytoliths dominate the 

assemblage (average 64%) comprising mainly globular granulates (average 41%), 

sclereids (average 19.5%), and other arboreal phytoliths (3.5%) in minor amounts. In 

this floor, Arecaceae phytoliths consist exclusively of G.E.2 and the increasing trend 

in palm proportions continues (average ca. 14.5%). Herbs and grasses occur in low 

rates for Asteraceae (average ca. 10.5%) and Marantaceae (average ca. 8.5%) while 

Bambusoideae, Chloridoideae, Cyperaceae, Oryzeae, non-diagnostic Poaceae, and 

Panicoideae appear only in small amounts (average <1%).  

Arboreal phytoliths also are the most abundant in the assemblage from Floor 

3. Non-diagnostic arboreal phytoliths (average 54.5%) decreasing in comparison with 

Floor 2, however continue presenting the highest percentages. Predominantly 

represented by globular granulates (average 47.5%) while sclereids (average 4%) and 

other arboreal phytoliths (average 3%) occur in low proportions. Contrasting non-

diagnostic arboreal, Arecaceae phytoliths (average 32%) exhibit a sharp increase. In 
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fact, the ratio of Arecaceae here is higher than in the other layers of the mound, the 

majority of which consist of G.E. (average 23%) and conical bodies make up low 

frequencies (average 9%). Regarding non-arboreal phytoliths, Marantaceae (average 

ca. 6.5%), Asteraceae (average 4.5%), and Bambusoideae (average ca. 1.5%) occur 

in small amounts. Chloridoideae, Cyperaceae, and non-diagnostic Poaceae appear 

only in trace amounts (<1%). 

Like the other floors, arboreal phytoliths dominate the assemblage from Floor 

4. Non-diagnostic arboreal phytoliths increase (average 77.5%), being mainly 

represented by globular granulates (average 48.5%). Sclereids (average 23.5%) make 

up moderate percentages and other arboreal phytoliths (average 5%) present small 

amounts. Arecaceae abundance drops (average 8%) opposed to the increase in non-

diagnostic arboreal. Among the Arecacea, G.E. are the most abundant (average 6.5%) 

and conical bodies (average 1.5%) display low rates. With regards to herbs and 

grasses, Marantaceae (average 8%) and Asteraceae (average 4%) present low 

frequencies while Bambusoideae, non-diagnostic Poaceae, and Panicoideae appear 

only in trace amounts (average <1%). 

6.2.4.1.4. Unit 1 – Mound 1 (Floor 4 – fire pit) 
The assemblage from the fire pit is dominated by arboreal phytoliths. Being 

abundant in non-diagnostic arboreal (72%), among with the highest input is made by 

globular granulates (39%). Sclereids occur in moderate (28.5%) and other arboreal 

phytoliths in small (4.5%) proportions. Arecaceae displays low frequencies, including 

G.E. (2%) and conical bodies (1%). There are also low percentages of Asteraceae 

(ca. 9%) and traces of Cyperaceae and Marantaceae (<1%). Among grasses, non-

diagnostic Poaceae phytoliths make up 9.5%, Bambusoideae ca. 4%, and Oryzeae 

appears only in trace amounts (<1%). 

In Floor 5 layer, arboreal phytoliths decrease in comparison to Floor 4. Non-

diagnostic arboreal phytoliths (average ca. 63%) are the most abundant, particularly 

globular granulates (average 40%) and sclereids (average 21%). Other arboreal 

phytoliths (average 2%) occur in low frequencies and Celtis sp. only in small amounts 

(average <1%). Arecaceae exhibit an increase (average ca. 21%), comprising G.E. 

(average 15.5%) and conical bodies (average 5.5%). Among herbs and grasses, 

Marantaceae (average ca. 8%), Bambusoideae (average 2%), Asteraceae (average 
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ca. 1.5%) presented small proportions. Cyperaceae, non-diagnostic Poaceae, 

Panicoideae, Cucurbita sp., and Zea mays appear in trace amounts (average <1%). 

In Floors 6, non-diagnostic arboreal phytoliths dominated the assemblage (ca. 

55%). Globular granulates (30%) contribute the largest input of arboreal phytoliths. 

Sclereids comprise moderate proportions (23%) and other arboreal phytoliths low 

rates (2%). Arecaceae present a slight decrease (ca. 18%), consisting of G.E. (13%) 

and conical bodies (5%). Concerning non-arboreal phytoliths, Asteraceae (ca. 18%) 

exhibit moderate frequency, Marantaceae (ca. 6%). Non-diagnostic Poaceae, 

Bambusoideae, cf. Burseraceae, Cyperaceae, Panicoideae, and Trichomanes sp. 

appear in trace amounts (average <1%). 

In Floor 7, non-diagnostic arboreal phytoliths dominated the assemblage (ca. 

49%). Globular granulates (25.5%) contribute the largest input of arboreal phytoliths. 

Sclereids comprise moderate proportions (average 22%) and other arboreal phytoliths 

low rates (ca. 1.5%). Arecaceae present a slight decrease (average ca. 21%), 

consisting of G.E. (average 15.5%) and conical bodies (average 5.5%). Concerning 

non-arboreal phytoliths, Asteraceae (average ca. 25%) exhibit moderate frequency, 

Marantaceae (ca. 1.5%), non-diagnostic Poaceae (ca. 2%), and Panicoideae (1%) 

contribute smaller amounts. Bambusoideae and Trichomanes sp. appear in small 

amounts (average <1%). 

As with the previous layers, non-diagnostic arboreal phytoliths (average ca. 

49.5%) were the majority in Layer A1. In this case, sclereids (average 24.5%) and 

globular granulates (average 20.5%) make up moderate percentages and other 

arboreal phytoliths occur in low amounts (average ca. 4.5%). Areacaceae present 

higher amounts of G.E. (average 21%)  then conical bodies (average 1%). In addition 

to palms, Burseraceae phytoliths score trace amounts (average <1%). Concerning 

non-arboreal phytoliths, Asteraceae (average ca. 20%) display a slight decrease, non-

diagnostic Poaceae is scantily represented (average ca. 1%). Bambusoideae, 

Panicoideae, and Mendoncia sp., and Cucurbita sp. occur in small amounts (average 

<1%). 

6.2.4.2. Unit 4 – Mound 2 
Arboreal phytoliths dominated Layer I assemblage, mostly consisting of non-

diagnostic arboreal (81.5%) widely represented by sclereids (average 46%) and 

globular granulates (average 30.5%). Other arboreal phytoliths (e.g. facetate bodies 
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and elongate bodies) display low rates (5%). Herbs and grasses present low 

frequencies, including Marantaceae (ca. 9%), Asteraceae (ca. 8%), non-diagnostic 

Poaceae (2%), and only a trace of Cyperaceae (<1%).  

The frequency of non-diagnostic arboreal phytoliths (average ca. 80.5%) in 

Floor 1 layer did not differ substantially from Layer I. However, it did exhibit a small 

decrease. Here the proportion of globular granulates (35%) is slightly higher at the 

expense of small decrease in the amounts of sclereids (41%) and other arboreal 

phytoliths (4.5%). Arecaceae appear for the first time in the profile in small amounts of 

G.E. (average ca. 2%). Among herbs, Marantaceae (average ca. 10%) has a small 

increase, Asteraceae (average ca. 6%) decrease, and non-diagnostic Poaceae 

(average ca. 2%) persist in minor proportions. In addition to traces of Cyperaceae, 

Celtis sp. and Trichomanes sp. also appear in trace amounts (average <1%).  

The assemblage from Floor 2 layer is abundant in non-diagnostic arboreal 

phytoliths (average ca. 76.5%). Sclereids (42%) represent the major input, though 

globular granulates (31.5%) also contribute a fair amount. On the other hand, tracheids 

and facetate elongated add only 3%. The notably low frequency of Arecaceae 

(average ca. 2.5%) consist of small amounts of G.E. (2%) and traces of conical bodies 

(<1%). Among herbaceous taxa, Marantaceae (average ca. 6.5%), Asteraceae 

(average ca. 5%), and Cyperaceae (average ca. 1.5%) make up small proportions. In 

the same way, Bambusoideae (average ca. 6%) and Panicoideae (average ca. 2%) 

registered low rates while Chloridoideae and non-diagnostic Poaceae occur in trace 

amounts (<1%). 

Being least abundant in arboreal phtyoliths in comparison to Floor 2, the 

assemblage from Floor 3 is nonetheless dominated by non-diagnostic arboreal 

phytoliths (average ca. 61%). Here, globular granulates (average 34.5%), sclereids 

(average 21%), and other arboreal phytoliths (average 5.5%) present the lowest 

percentages in Unit 4 profile. Arecaceae increase to average ca. 6.5% of the total 

assemblage, of which 5% are assigned to G.E. and 1.5% to conical bodies. Small 

increases are also registered among non-arboreal phytoliths. In fact, Marantaceae 

(average ca. 11%) almost doubled and non-diagnostic Poaceae jumped from trace 

amounts to average ca. 10%. Asteraceae (average ca. 6.5%) and Panicoideae 

(average ca. 4.5%) slightly increase while Bambusoideae decrease (average ca. 2%). 

A negligible input from Chloridoideae, Cyperaceae, and Mendoncia sp. (average <1%) 
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also occur. Cultigens are represented by Cucurbita sp. (average ca. 2%) in minor 

proportions. It need to be pointed out that Floor 3 is one of the few domestic contexts 

in Maguari site where Cucurbita sp. was recovered. Except from this place, traces of 

this plant were recorded in Floor 5 in Mound 1 and in Layer III of Mound 5.  

As with the other layers, the assemblage from Mound 2 top layer (V) also 

presented high numbers of arboreal phytoliths. Non-diagnostic arboreal (75.5%) being 

the most abundant, mainly sclereids (45%), however globular granulates 20% and 

other arboreal phytoliths (ca. 10.5%) also add up to the total arboreal sum. Arecaceae 

sum up ca. 14%, most of which are G.E. (12%), but there are some conical bodies in 

smaller amounts (2%). Traces of Celtis sp. (<1%) are encountered. As for herbs, 

Asteraceae (ca. 5.5%) and Bambusoideae (ca. 2%) exhibit minor proportions whereas 

Chloridoideae, Commelinaceae, Cyperaceae, and non-diagnostic Poaceae appear 

only in small amounts (<1%). 

6.2.4.3. Unit 7 – Mound 5 
Arboreal phytoliths dominate Mound 5 Layer I (natural soil) assemblage. This 

layer has by far the highest non-diagnostic Arboreal (average ca. 97%) input of all the 

contexts analysed in this study. Globular granulates comprise half of the assemblage 

(average 50%), however high proportions of sclereids (average 38%) and modest 

levels of facetate bodies and elongate bodies (9%) also occur. Traces of G.E. (<1%) 

and conical bodies (<1%) form the small sum of Arecaceae phytoliths (ca.1%). Low 

number of non-diagnostic Poaceae (average ca. 2%) and traces of Bambusoideae 

and Panicoideae (<1%) complete this layer assemblage.  

The predominance of arboreal phytoliths persisted in Floor 1 assemblage. 

Although, a slight decrease occurs in non-diagnostic arboreal phytoliths (average ca. 

91%) due to smaller amounts of sclereids (average 34%) and other arboreal phytoliths 

(average 7%). At the same time globular granulate (average 50%) continue to sum up 

the highest proportion. Arecaceae G.E. (average ca. 3%) and conical bodies (average 

<1%) form low percentages. Traces of Celtis sp. (average <1%) appear for the first 

time in this profile. Herbs such as Cyperaceae and Marantaceae also occur in trace 

amounts (average <1%). Poaceae phytoliths show minor growth in non-diagnostic 

Poaceae (average ca. 3.5%), Panicoideae (average ca. 1.5%) and Bambusoideae 

(average ca. 1%), as well as, traces of Chloridoideae (average <1%). 
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6.2.4.3.1. Unit 7 – Mound 5 (Floor 1 - ceramic cluster) 
Arboreal phytoliths are far less frequent in the assemblage from the ceramic 

cluster. In Particular, non-diagnostic arboreal (ca. 65%) plummet in comparison with 

the soil from Layer II. Among non-diagnostic arboreal, sclereids make up 32%, 

globular granulates 25%, and other arboreal phytoliths ca. 8%. Arecaceae G.E. (3.5%) 

form a low proportion and Annonaceae and Celtis sp. appear only in traces (<1%). 

Regarding non-arboreal taxa, Asteraceae (4%) and Marantaceae (1%) present low 

amounts while Cyperaceae present trace amounts (<1%). In addition, non-diagnostic 

Poaceae (ca. 15.5%) exhibit moderate proportion and predominate over Oryzeae (ca. 

3.5%), Bambusoideae and Panicoideae (3% each), and traces of Chloridoideae 

(<1%). 

6.2.4.3.2. Unit 7 – Mound 5 (Floor 1 – fire pit) 
Similar to the fire pit analysed in Mound 1 Floor 4, arboreal phytoliths are the 

most abundant in this fire pit. Non-diagnostic arboreal sum up ca. 66%, widely 

represented by globular granulates (41%), moderate proportions of sclereids (19%), 

and low amounts of other arboreal phytoliths (ca. 6%). Here, Arecaceae phytolith form 

higher frequencies than in the ceramic cluster and Layer II assemblages. Most are 

G.E. (5%), but there is a low number of conical bodies (1%). It has to be pointed out 

that conical bodies are absent in all other samples from Floor 1, which may reflect the 

discard of edible palms in the fire pit. With concern to non-arboreal phytoliths, the fire 

pit has moderate frequencies of Asteraceae (ca. 11%) and non-diagnostic Poaceae 

(ca. 11%). Given that Asteraceae did not appear outside domestic contexts in this 

layer and is far more frequent in the fire pit, might indicate the use of fire in processing 

this plant. Species of Asteraceae are used as condiments and medicines among 

traditional groups in Amazonia (Reference). Additionally, the fair amount of grasses in 

the fire pit also contrasts with the rest of the layer indicating that it was likely being 

used as fuel. Other herbs included minor proportions of Bambusoideae (ca. 3%) and 

Panicoid (ca. 1.5%), as well as, traces (<1%) of Chloridoideae, Cyperaceae, Oryzeae, 

Marantaceae, and Mendoncia sp. 

In Floor 2 assemblage, the proportion of arboreal phytoliths dropped. However, 

non-diagnostic arboreal phytoliths display lower percentages (average ca. 90%). Yet 

in smaller amounts, globular granulates (50%) predominate over sclereids (average 
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33%) and other arboreal phytoliths (average 7%). Arecaceae phytoliths (average ca. 

3%) make up a higher number in comparison to the previous layers, most of which are 

G.E. (average 2%) and some were conical bodies (average 1%). Contrasting the 

general arboreal decrease, herbs and grasses show minor increases. Marantaceae 

phytoliths averaged ca. 5%, but Cyperaceae continues only as trace (average <1%). 

Poaceae stays in low numbers, non-diagnostic Poaceae average 3.5% and 

Bambusoideae (average 1%) have a minor increase. Oryzeae, Panicoideae, and 

Cyperaceae appear in trace amounts (<1%).  

The assemblage from Layer IV also exhibit a majority of arboreal phytoliths, 

though in slightly lower amounts. Once again, non-diagnostic arboreal phytoliths 

(average ca. 80%) dominate the assemblage, largely represented by globular 

granulates (average 38%), with significant inputs of sclereids (average 36%), and 

minor sums of other arboreal phytoliths (average 5%). The ratio of Arecaceae 

(average ca. 4%) is higher and comprise mainly G.E. (average 3.5%), but some 

conical bodies appear (average 0.5%). Herbs such as Asteraceae (average 8.5%) and 

Marantaceae (average ca. 1.5%) present lower numbers whereas non-diagnostic 

Poaceae phytoliths (average ca. 3.5%), Bambusoideae (average ca. 2%), 

Panicoideae (average 1%) show minor increases. Traces of Cyperaceae complete the 

assemblage. Cucurbita sp. appear in trace amounts (average <1%). 

The decrease in arboreal phytoliths continues in Layer V. The assemblage 

continues dominated by non-diagnostic arboreal phytoliths (average ca. 59%), among 

with sclereids make up 30%, globular granulates 26%, and other arboreal phytoliths 

ca. 3%. Even though slightly higher, Arecaceae (average ca. 7.5%) forms low 

percentages, which include G.E. (average 7%) and traces of conical bodies (<1%). 

Traces of Celtis sp. occur again in this layer. Just as arboreal proportions decreased, 

Asteraceae phytoliths (average ca. 26%) form a moderate frequency. Small amounts 

of Marantaceae (average ca. 3.5%), non-diagnostic Poaceae (average ca. 2%), 

Bambusoideae (average ca. 1%), and traces of Oryzeae indicate a negligible input of 

herbaceous plants in the total sum. Traces of Zea mays characterize the cultigens 

(average <1%). 
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Figure 185: Relative frequency diagram of phytoliths from Maguari 1 site archaeological sediment samples.  Horizontal bars represent percentages; circles correspond to 

presence of plant taxa lower than 1% in abundance. All the scales represent percentages.

 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 100-110 
47
98989898
98
9898

 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
0-5 5-15 15-2525-3535-4545-5555-6565-7575-8585-9595-105
54
54

Unit 1

Floor 4/ Fire pit

Floor 1/cache

Post hole
Vessel 5

Unit 4

Unit 7

Ceramic conc.
Fire pit

0 8 16

Non-d
iag

nos
tic 

Poace
ae

0 3 6

Bam
bus

oide
ae

0

Chlorido
ideae

0

Oryz
eae

0 2 3

Oryz
a sp

.

0 3 5

Pani
coi

dea
e

0 12 24

Tota
l Poace

ae

0 14 28

Aste
rac

eae

0

Comelina
ceae

0

Cype
rac

eae

0 11 22

Mara
ntac

eae

0 1 2

Cucurbit
a s

p.

0

Zea mays

0 11 22

Arec
ace

ae G
.E.

0 3 6

Arec
ace

ae C
.B.

0

Anno
naceae

0

Burs
era

cea
e

0

Celtis

0 49 98

Arbo
rea

l

0 49 98

Tota
l Arbore

al

0

Mend
onc

ia s
p.

0 3 5

Trich
om

anes s
p.

Grasses Herbs Cultigens Arboreal



	 	 	

276	
	
	

6.2.4.4. Summary of phytoliths in Maguari 1 site 
Overall, the phytolith assemblages from the mounds reflect the materials used 

in the building. Arboreal phytoliths dominate the assemblages from all three analysed 

structures. Four main sources of arboreal phytoliths into the mound assemblages are 

estimated. First, wood used as construction material for the house structures would 

add a significant amount of phytoliths. Second, the clayey Ferralsol employed as raw 

material of the house floors contains its own phytolith assemblage. Third, the charcoal 

used as floor filling material. Finally, firewood used in the various fire pits registered 

over and cut through the house floors. Altogether, these four categories of arboreal 

phytoliths input resulted in the high proportions of these morphotypes on the mounds 

phytolith assemblages. 

The floors surfaces, on the other hand, present increases in palm and herbs 

phytoliths. From roof thatch to basketry, hunting gear, medicine, timber, and food 

source, palms are used for a plethora of purposes in Amazonia (Smith, 2015). Thus, 

the palm phytoliths over the house floors may reflect these multiple uses. Among 

herbs, with few exceptions Asteraceae is by far predominant. The exceptions are the 

Ferralsol buried under Mound 1 and the top of Floor 1 in Mound 2, where Marantaceae 

is the most abundant herbaceous taxa. As previously mentioned, Asteraceae plants 

are used both as condiment and as medicine in Amazonia  (Clement, 1999). Phytoliths 

from this family are ubiquitous in mounds 1 and 2. In Mound 1, Asteraceae phytoliths 

are consistently present in the fire pit and cache assemblages.  However, in Mound 5 

they are mainly associated with the top layer. Other contexts are a ceramic cluster and 

a fire pit on top of Floor 1. Therefore, this plant family is securely tied to domestic 

contexts in Maguari site. Marantaceae, which yields edible roots, only traces are 

recorded in the fire pits and cache. This family appears in low proportions throughout 

the mounds profiles, except on the described contexts where they dominate. 

Cyperaceae phytoliths is also pervasive in the mounds assemblages, although only in 

small amounts. Cyperaceae phytoliths were recovered from the fire pits. In general, 

the expected origin of edible herbs in the mounds assemblages is everyday life food 

preparation. 
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Figure 186: Relative frequency diagram from Mound 1 displaying the distribution of herbs, cultigens, palms and 
non-diagnostic arboreal phytoliths throughout the profile. Silhouette represent percentages. Circles correspond to 

presence of plant taxa lower than 1% in abundance. All the scales represent percentages. 

Except for the fire pits, post hole, and ceramic caches, grasses appear in small 

amounts throughout the mounds stratigraphies. Potentially, the presence of grass 

phytoliths can be attributed mainly to its use as fuel in the fire pits. The presence in 

the caches indicate a deliberate deposition of this plant materials in these contexts, 

given the small amounts in Floor 1. Squash phytoliths are present in the assemblages 

from the surface of Floor 5 in Mound 1, Floor 2 in Mound 2, and Floor 2 in Mound 5. 

Maize phytoliths are present in the top layers of Mound 1 and 5 (Fig.186, 187, and 

188). 
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Figure 187: Relative frequency diagram from Mound 2 displaying the distribution of herbs, cultigens, palms and 
non-diagnostic arboreal phytoliths throughout the profile. Silhouette represent percentages. Circles correspond to 

presence of plant taxa lower than 1% in abundance. All the scales represent percentages. 

 

Figure 188: Relative frequency diagram from Mound 5 displaying the distribution of herbs, cultigens, palms and 
non-diagnostic arboreal phytoliths throughout the profile. Silhouette represent percentages. Circles correspond to 

presence of plant taxa lower than 1% in abundance. All the scales represent percentages. 

 

6.2.4.4.1. Arecaceae phytoliths in Maguari 1 site 
Overall, in the Ferralsol underneath the mounds palm phytoliths varied from 

absent to small amounts. In the Brown soil of mounds 2 and 5 palms also occurred in 

minor proportions increasing in the Black soil. The moderate presence of palms in the 

house floors of mound may reflect the use of this resource for roof thatching. Thus, 

fluctuations in palm phytoliths might be associated to the architecture as a result of 

the frequent rebuilding. As for edible palms, traces of G.E.4 and low numbers of 

conical bodies were found in the Black soil of mound 2. Additionally, the presence of 

conical bodies was persistently modest through the stratigraphy of mound 1 and 5. 

For instance, in Mound 5 Floor 1 conical bodies are exclusively present in the fire pit 

context. Once again, indicating consumption of peach palm, which requires boiling 

before consumption. Fig.189 is the relative frequency diagram of Arecaceae phytoliths 

from Maguari site archaeological sediments. 
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Figure 189: Relative frequency diagram of the Arecaceae (Palm) phytolith from Maguari 1 site archaeological 
sediment samples. Horizontal bars represent percentages. Circles correspond to presence lower the 1% in 

abundance. All the scales represent percentages. 

6.2.4.4.2. Test Pit 1 (Black ADE) 
In Layer I (Ferralsol), arboreal phytoliths dominate the assemblage. Non-

diagnostic arboreal make up average 78.5%, being widely represented by sclereids 

(average 45%), moderate percentages of globular granulates (average 26.6%), and 

small amounts of facetate bodies and elongate bodies (average 6.9%). Arecaceae 

G.E. form low numbers (average 1.5%) and only traces of Celtis sp. (average <1%) 

were encountered. As for non-arboreal phytoliths, Asteraceae and non-diagnostic 

Poaceae (average 9.5% each) predominate over traces of Bambusoideae, 

Cyperaceae, Mendoncia sp., and Panicoideae (average <1%).  

The assemblage from Layer II (Brown ADE) also exhibit a predominance of 

arboreal phytoliths. Although, non-diagnostic arboreal phytoliths decrease slightly 

(average 73%). Among non-diagnostic arboreal, sclereids were most common 

(average 42.8%), globular granulates persist in moderate proportions (average 25%), 

and other arboreal phytoliths also present a small decrease (average 5.2%). 

Arecaceae G.E.2 and Celtis sp. occur only in trace amounts (average <1%). In 
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comparison to the previous layer, non-diagnostic Poaceae (average 18%) exhibit a 

significant increase and consist of the second most abundant in the assemblage. In 

contrast, small amounts of Asteraceae (average ca. 7.5%) and traces of Marantaceae, 

Mendoncia sp., and Panicoideae were documented (average <1%). Also in trace 

amounts (average <1%), Cucurbita sp. represented cultigens. 

In Layer III (Black ADE), the majority of Arboreal phytoliths persist, but in lower 

frequencies. Non-diagnostic arboreal phytoliths formed the highest percentage 

(average ca. 66.5%), which consist mainly of sclereids (average 37.3%), a moderate 

frequency of globular granulates (average 24.7%), and minor proportions of other 

arboreal phytoliths (average ca. 4.5%). Arecaceae is mostly represented by G.E. 

(averaged ca. 5.5%), but traces of conical bodies occur (average <1%). Annonaceae 

and Celtis sp. appear in traces as well. Among non-arboreal phytoliths, Asteraceae 

(average ca. 15%) proportion doubled in contrast to a decrease in non-diagnostic 

Poaceae (average ca. 7%). Marantaceae (average ca. 2%) and Mendoncia sp. 

(average 1%) occur in low numbers. Bambusoideae, Chloridoideae, Cyperaceae, 

Oryzeae, Panicoideae, and Trichomanes sp. appear only in trace amounts (average 

<1%). Cultigens were represented by Cucurbita sp. (average ca. 2%) and traces of 

Zea mays. 

6.2.4.4.3. Test Pit 2 (Black ADE) 
The assemblage from Layer I (Ferralsol) has major proportions of arboreal 

phytoliths, with predominance of non-diagnostic arboreal phytoliths (average 62%). 

Sclereids (average 32.5%) represent the largest input of arboreal phytoliths, globular 

granulate phytoliths (average ca. 23.5%) form moderate and other arboreal phytoliths 

(average 6%) low percentages. Low numbers of Arecaceae G.E. (average ca. 8%) 

and conical bodies (average 1%), as well as, traces of Celtis sp. were also counted. 

Overall, non-arboreal phytoliths appear in minor proportions: Asteraceae make up 

average ca. 11.5%, non-diagnostic Poaceae average ca. 9.5%, Marantaceae average 

ca. 4%, Bambusoideae average ca. 1.5%, and Oryzeae average 1.5%. Several herbs, 

one liana and one fern were identified in traces, including cf. Commelinaceae, 

Cyperaceae, Heliconia sp., Mendoncia sp., Panicoideae, and Trichomanes sp. 

(average <1%). Traces of Cucurbita sp. were documented as well. 
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The predominance of Arboreal phytoliths persisted in Layer II (Brown ADE) 

assemblage. However, non-diagnostic arboreal phytoliths (65.5%) have a small 

increase. Sclereids (34%) represent the major input, though globular granulates (24%) 

also add up a moderate percentage, and other morphotypes (7.5%) display lower 

amounts. Arecaceae G.E. (ca. 2.5%) and conical bodies (ca. 1.5%) show minor 

proportions while Annonaceae and Celtis sp. appear only in traces. Amongst non-

arboreal phytoliths, non-diagnostic Poaceae counted for 11% of the assemblage, 

Asteraceae ca. 8%, cf. Commelinaceae and Marantaceae ca. 2.5% each, and 

Bambusoideae ca. 1.5%. Additionally, traces (<1%) of Cyperaceae, Heliconia sp., 

Mendoncia sp., Oryzeae, Panicoideae, and Trichomanes sp. were encountered. 

Representing cultigens, Cucurbita sp. makes up ca. 3%. 

As with the other layers, arboreal phytoliths consisted of the majority of the 

assemblage from Layer III (Black ADE). Although, being least abundant in non-

diagnostic arboreal phytoliths (average 57%), particularly sclereids (average 27.5%) 

and globular granulates (average 22%) while other arboreal phytoliths (average 7.5%) 

persist in the same proportions. In contrast, Arecaceae exhibit a significant growth in 

both GE. (average 7.5%) and conical bodies (average ca. 4%), as well as, minor 

increases in Celtis sp. (average ca. 3%) and Annonaceae (average ca. 1%). Higher 

frequencies were also recorded among herbs. Asteraceae (average ca. 9.5%), cf. 

Commelinaceae (average ca. 4%), Marantaceae (average ca. 3%), and Cyperaceae 

(average ca. 2%) were slightly more frequent. As for Poaceae, non-diagnostic 

Poaceae (average ca. 5.5%) has lower proportion and Bambusoideae (average ca. 

1.5%) persist in small amount. Chloridoideae, Oryzeae, Mendoncia sp. Panicoid, and 

Trichomanes sp. occur only in trace amounts (average <1%). Cultigens were identified 

in traces of Zea mays (average <1%) and low percentages of Cucurbita sp. (average 

ca. 1.5%).  

6.2.4.4.4. Test Pit 3 (Brown ADE) 
As well as in the previous soil profiles, the assemblage from Layer I (Ferralsol) 

is dominated by Arboreal phytoliths, most of which consist of non-diagnostic arboreal 

phytoliths (average 61%), largely represented by sclereids (average 36%), with 

moderate frequency of globular granulate (19.5%), and low percentages of elongate 

and facetate bodies (average 5.3%). This profile has the highest frequency of 
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Arecaceae (average ca. 11.5%) in the natural soil. Most were G.E. (average ca.11%), 

but there were traces of conical bodies (average <1%) as well. Annonaceae and Celtis 

sp. phytoliths appear only in traces (average <1%). Overall, herbs and Poaceae record 

low frequencies and include Asteraceae (average ca. 12.5%), non-diagnostic 

Poaceae (average 8%), Oryzeae (average ca. 4%), Marantaceae (average ca. 3.5%), 

Bambusoideae (average ca. 1.5%) and traces (<1%) of cf. Commelinaceae, Heliconia 

sp., Mendoncia sp., Panicoideae, Trichomanes sp. The cultigens Cucurbita sp. and 

Zea mays also occurred in trace amounts (average <1%).   

Likewise, arboreal phytolith predominate in the assemblage from Layer II 

(Brown ADE). However, here non-diagnostic arboreal phytoliths plummet (average ca. 

37.5%), with moderate percentage of sclereids (ca. 24%) and low levels of globular 

granulate (ca. 11%) and other arboreal phytoliths (3%). Just as non-diagnostic 

arboreal phytolith decrease, Arecaceae G.E. jump to ca. 32% with some trace of 

conical bodies (<1%). In addition, traces of Celtis sp. were documented as well. 

Amongst herbs, there was a high increase in Asteraceae (ca. 21%), but decreases in 

non-diagnostic Poaceae (ca. 3.5%) and Marantaceae (ca. 1.5%). The ratio of 

Bambusoideae (ca. 2%) growth slightly and Cyperaceae, Mendoncia sp., Oryzeae, 

and Panicoideae appear only in trace amounts (<1%). A minor proportion of Cucurbita 

sp. 1% represent cultigens. 

In the assemblage from Layer III (Black ADE), arboreal phytolith once again 

dominate, the majority of which comprise Arecaceae G.E. (ca. 38%) with traces of 

conical bodies (<1%). Frequencies of non-diagnostic Arboreal phytoliths (29.5%) were 

notably lower, among which sclereids (23%) make up moderate percentages while 

globular granulates (4.5%) and other arboreal phytoliths (2%) sum up low numbers. 

Celtis sp. (1%) add up a small amount to the assemblage and Annonaceae occurs 

only traces. Being slightly more abundant, Asteraceae (ca. 24%) persisted in 

moderate frequency. Low percentages were documented among non-diagnostic 

Poaceae (2%), Bambusoideae (ca. 1.5%), and Oryzeae (2.5%) while cf. 

Commelinaceae, Cyperaceae, Marantaceae, and Panicoideae occur in trace amounts 

(<1%). Cucurbita sp. (1%) persist in minor proportion. 
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6.2.4.4.5. Test Pit 4 (outside ADE) 
Similar to the other profiles, arboreal phytoliths dominate the assemblage from 

the Layer I (Ferralsol), the majority of which comprise non-diagnostic arboreal 

(average ca. 67.5%). Sclereids (38.5 %) predominated over globular granulate (26%) 

and facetate/elongate bodies (3%).  Arecaceae G.E. (average ca. 3%) and conical 

bodies (average ca. 2%) display low ratios and Celtis sp. appear in trace amounts 

(<1%). Regardless of the arboreal dominance, herbs and grasses were present in low 

to moderate levels. Particularly, Asteraceae (average ca. 12%), non-diagnostic 

Poaceae (average ca. 10.5%), Marantaceae (average ca. 7%), and Bambusoideae 

(average ca. 1.5%). In addition, Chloridoideae, cf. Commelinaceae, Cyperaceae, 

Mendoncia sp. Oryzeae, Panicoideae, and Trichomanes sp. occur only in trace 

amounts (<1%). 

Arboreal phytolith predominance persisted in the assemblage from Layer II. 

Although, in this layer the ratio of non-diagnostic arboreal (average 51.5%) decrease. 

Sclereids (ca. 30%) continue in moderate proportions, globular granulate (18.2%) has 

a small drop and elongate/facetate bodies (ca. 3.5%) a minor growth. Arecaceae G.E. 

(ca. 10.5%) has a significant increase and conical bodies make up only ca. 1.5%. 

Celtis sp.  phytolith (1%) also appear in minor proportions. In contrast, Asteraceae (ca. 

24.5%) frequency doubled. Concerning other herbs, Marantaceae (ca. 4%), Oryzeae 

(ca. 2%), non-diagnostic Poaceae (ca. 1.5%), Bambusoideae (1.5%), and cf. 

Commelinaceae (ca. 1.5%) are present in low percentages whereas Cyperaceae, 

Mendoncia sp., and Panicoideae occur only in trace amounts (<1%). 

6.2.4.4.6. Test Pit 5 (outside ADE) 
The assemblage from Layer I (Ferralsol) also shows a high abundance in 

arboreal phytoliths. Particularly, non-diagnostic arboreal (average ca. 72%), which are 

largely represented by sclereids (average 37.5%) and globular granulates (24%) with 

lower ratios of elongate/facetate bodies (average 10%). Once again, Arecaceae 

present small amounts of G.E. (average ca. 7%) and traces of conical bodies (average 

<1%). Similarly, Annonaceae and Celtis sp. are only observed in traces. Overall herbs 

and grasses present low ratios, including Asteraceae (average 8.5%), non-diagnostic 

Poaceae (average ca. 6%), cf. Commelinaceae (average ca. 3%), Marantaceae 
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(average 2%), Bambusoideae (average ca. 1.5%), and traces of Cyperaceae, 

Mendoncia sp., Oryzeae, and Panicoideae (average <1%). 

In the Layer II, arboreal phytoliths dominate the assemblage. Non-diagnostic 

arboreal (average 69.5%) are less frequent than in the Ferralsol, but sclereids (35%) 

and globular granulates (25%) persist in moderate numbers while elongate/faceted 

bodies appear in low ratios (9.4%). Being slightly more frequent, Arecaceae G.E. 

makes up ca. 10.5% and conical bodies (<1%) occur in traces. Celtis sp. 2% has minor 

proportions and only a trace of Annonaceae was recorded. Among herbaceous taxa, 

the percentage of Asteraceae (ca. 8.5%) persist the same, but non-diagnostic 

Poaceae (4.5%) and cf. Commelinaceae (1%) decrease. Oryzeae exhibit low amount 

(ca. 3.5%) while Bambusoideae, Cyperaceae, and Panicoideae appear only in trace 

amounts (<1%). Fig.190 is the relative frequency diagram from Maguari site test pits. 
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Figure 190: Relative frequency diagram of phytoliths from Maguari site test pit samples.  Horizontal bars represent percentages; circles correspond to presence of plant taxa 

lower than 1% in abundance. All the scales represent percentages. 

 0-5
 10-15
20-25
30-35
40-45
50-55
60-65
70-75

 0-5
 10-15
20-25
30-35
40-45

 0-5
 10-15
20-25
30-35
40-45

 0-5
 10-15
20-25
30-35
40-45

 0-5
 10-15
20-25
30-35

Test Pit 1

Test Pit 2

Test Pit 3

Test Pit 4

Test Pit 5

0 9 18

Non-d
iag

nos
tic 

Poace
ae

0 2 3

Bam
bus

oide
ae

0

Chlorido
ideae

0

Oryz
eae

0 2 4

Oryz
a sp

.

0

Pani
coi

dea
e

0 10 20

Tota
l Poace

ae

0 13 25

Aste
rac

eae

0 3 6

Comelina
ceae

0 2 3

Cype
rac

eae

0

Helico
nia

 sp
.

0 3 6

Mara
ntac

eae

0 2 3

Cucurbit
a s

p.

0

Zea mays

0 19 38

Arec
ace

ae G
.E.

0 3 5

Arec
ace

ae C
.B.

0

Anno
naceae

0 3 6

Celtis
 sp

.

0 42 84

Arbo
rea

l

0 42 84

Tota
l Arbore

al

0

Mend
onc

ia s
p.

0

Trich
om

anes s
p.

Poaceae Herbs Cultigens Arboreal



	 	 	

286	
	
	

6.2.4.4.7. Summary of Test Pit results  
In the test pits phytolith assemblages, some interesting patterns are 

observed in the vertical and horizontal distribution of plant taxa. For instance, the 

profiles from ADE (TP1, TP2, and TP3) and from outside ADE (TP4 and TP5) 

present subtle but significant distinctions. All the assemblages are dominated by 

arboreal phytoliths. The Ferralsol layers in all the test pits have in average 72-

79% of arboreal phytoliths, among them 5-7% are Arecaceae phytoliths. The top 

5cm of TP4 and TP5 is a humic layer that present a brown color associated with 

litter decomposition (see chapter 3). In these test pits, there is increases in palms 

(ca. 11%) from 25cm upwards. Similarly, the proportion of herbs also increase at 

25cm b.s. Here appears an interesting difference between the test pits. In TP5 

herbs make up to 18% whereas in TP4 (closer to the ADE) the frequency of herbs 

increases to 31%. This proportion of herbs are alike in the test pits from ADE 

(TP1, 2 and 3) described below. Microcharcoal also begins to increase at 25cm 

b.s in TP4 and only from 15cm b.s. in TP5. The formation of ADE occurs at 25cm 

b.s. in TP2 and TP3 where herbs growth up to 34% (TP3) and 30% (TP2) and 

microcharcoal has sharp increases (fig.192 and 193). Minor amounts of 

microcharcoal were recorded in all test pits below 25cm, which indicate that 

human interference in the site started before the formation of ADE. Moreover, 

higher proportions of herbs, palms, and microcharcoal followed the development 

of ADE. The data from TP4 and TP5 suggest that vegetation change was more 

intense closer to the ADE. 

Fig.191 exhibits relative frequency diagrams from TP4 and TP5. The main 

difference between the profiles from inside (TP1, 2, and 3) and outside ADE (TP4 

and 5) is the absence of cultigens in the profiles outside. Arboreal phytoliths 

comprise high proportions of non-diagnostic arboreal (range: 51-76%). In TP4 

herbs and palms present increasing trends upwards while non-diagnostic 

arboreal decrease. In contrast, non-diagnostic arboreal has minor oscillations 

towards the top in TP5 whereas palms increase and herbs decrease. As 

described in sections 6.2.4.4.5 and 6.2.4.4.6, Asteraceae is the predominant herb 

in TP4 and TP5, presenting an increasing trend from bottom to top. Additionally, 

Poaceae are the second most abundant herbaceous taxa decreasing upwards 
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and other herbs such as Marantaceae, cf. Commelinaceae, and Cyperaceae 

display minor proportions.  

 
Figure 191: Relative frequency diagram from Test pit 4 (left) and Test pit 5 (right) displaying the 

distribution of herbs, palms and non-diagnostic arboreal phytoliths throughout the profile. Silhouettes with 
solid fill represent percentages. Silhouette filled with lines represent raw values of charcoal. 

Fig.192 displays relative frequency diagrams from TP1 and TP2. The 

assemblages are dominated by non-palm arboreal phytoliths in test pits 1 and 2. 

While in TP3 (Fig. 193) a mix of non-diagnostic arboreal and palm phytoliths are 

predominant, comprising 70-83% of the assemblages throughout the profiles. 

Herb phytoliths accounted for 17-31% in the assemblages. The assemblage from 

TP1 has a different pattern compared to the other test pits. TP1 was cut in a 

deeper ADE adjacent to Mound 2 and is likely to have been a discard area. The 

phytolith record from this test pit seems to be closely related to activities in the 

mound. For instance, at 55cm b.s. begins an increase in palm phytoliths at the 

expense of a decrease in non-diagnostic arboreal phytoliths. Herb phytoliths 

include edible plants, such as Marantaceae and Cyperaceae. These were also 

recorded in the assemblages from Mound 2. This data suggest that useful herbs 

were being processed in domestic contexts, possibly discarded near the mound, 

and managed in the surroundings as showed below. 
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Figure 192: Relative frequency diagram from Test pit 1 (left) and Test pit 2 (right) displaying the 

distribution of herbs, cultigens, palms and non-diagnostic arboreal phytoliths throughout the profiles. 
Silhouettes with solid fill represent percentages. Silhouette filled with lines represent raw values of 

charcoal. Circles correspond to presence of plant taxa lower than 1% in abundance.  

Overall, phytoliths from palms exhibit vertical increasing trends whereas 

herbs oscilate and peak in the top of the profiles. The exception is the top of TP2 

where arboreal phytoliths increase at the expense of herbs. Spatially, palms and 

herbs proportions increase towards the edge of ADE. Regarding cultigens, 

squash phytoliths are present before and after the ADE formation, whereas maize 

pertain exclusively to ADE layers. In addition, TP2 and TP3 record have sharp 

increases in microcharcoal. Altogether, these data suggest the cultivation of 

squash associated with the beginning of the site occupation, the incorporation of 

the nutrient demanding maize cultivation began after the formation of ADE and 

burning was used as soil amelioration. The rises in the proportion of herbs and 

palms after the formation of ADE point to a certain degree of openness in 

vegetation. Nevertheless, the continuous dominance of arboreal phytoliths 

indicate that cultivation and soil amelioration practices did not involved a 

completely open landscape. On the contrary, as recorded in Porto (see section 

6.2.2.2) and Cedro (see section 6.2.3.2) sites, data from the ADE layers suggest 

shady landscapes.  

As described in sections 6.2.4.4.2, 6.2.4.4.3, and 6.2.4.4.4, herbaceous 

taxa comprise Asteraceae, cf. Commelinaceae, Marantaceae, Cyperaceae, 

Heliconia sp., and Poaceae. Asteraceae is the most abundant herb followed by 
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Poaceae. This is consistent with a certain degree of openness in the vegetation 

indicated by decrease in non-diagnostic arboreal. In general, Asteraceae 

increases upwards while Poaceae decreases. The proportions of Asteraceae 

observed in the forest swidden composite samples showed that Asteraceae can 

grow even in plots with abundant palm distribution (see section 6.2.1.1). In 

addition, other sun adapted plants (e.g. Heliconia sp. and Cyperaceae) also 

exhibited minor proportions in the forest swidden samples. This appears to be the 

scenario evidenced by the test pits in the ADE. Except Heliconia sp. and cf. 

Commelinaceae, all the useful herbs recorded in the test pits were recovered 

from the archaeological contexts of the mounds. Suggesting that the useful plants 

in the surroundings of the mounds were being exploited. Among the arboreal, 

Annonaceae, cf. Burseraceae, and Celtis sp. appeared on both test pits and 

mounds assemblages.  

 

 
Figure 193: Relative frequency diagram from Test Pit 3 displaying the distribution of herbs, cultigens, 
palms and non-diagnostic arboreal phytoliths throughout the profile. Silhouettes with solid fill represent 

percentages. Silhouette filled with lines represent raw values of charcoal. Circles correspond to presence 
of plant taxa lower than 1% in abundance. 
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6.2.4.4.8. Arecaceae phytoliths from Test Pits in Maguari 1 site  
Fig.194 displays a relative frequency diagram of Arecaceae phytoliths 

from Maguari Test Pits. Areacaceae phytoliths are also ubiquitous in the profiles 

from Maguari test pits. However, in smaller proportions than in Porto. Although 

the horizontal distribution of palm phytoliths is not clearly distinctive from the ADE 

into the Oxisol profiles, there are small variances vertically in each profile. G.E.1 

and G.E.4 peak in the transition from the Ferralsol into the Brown soil in TP3, 

which is in the edge of the ADE in the transect. Traces of conical bodies were 

associated exclusively to the Black soil in TP1 and display an increasing trend 

upwards in TP2. In the other profiles conical bodies occur in minor proportions in 

all the layers. Overall, G.E. exhibit higher proportions than conical bodies, 

particularly in the ADE layers. 

 
Figure 194: Relative frequency diagram of the Arecaceae (Palm) phytolith from Maguari site test pit 
profiles. (Red) Test pit 1. (Green) Test pit 2. (Beige) Test pit 3. (Blue) Test Pit 4. (Yellow) Test pit 5. 
Horizontal bars represent percentages. circles correspond to presence lower the 1% in abundance. 

6.2.4.4.9. Maize phytoliths from Test Pits in Maguari 1 site  
 The assemblages from Maguari yielded few maize wavy top rondels 

(Fig.195) both in mounds and test pits. One wavy top rondel recovered from Floor 
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with a bowl, and firepits filled with large ceramic fragments, charcoal, and burnt 

clay. Another maize cob phytolith originated from Floor 5 (Mound 1) being 

stratigraphically associated to numerous charcoal flakes scattered and ceramic 

fragments deposited on top. The test pits in ADE (TP1, TP2, and TP3) each 

contain wavy top rondels: one was encountered in the black ADE of TP1, one in 

the top level (black ADE) of TP2, and one in the base of brown ADE in TP3. 

 
Figure 195: Maize cob wavy top rondels. (A) TP3 20-25cm. (B) Floor 5. 

 

  

6.2.4.4.10. Squash phytoliths from Test Pits in Maguari 1 site  
 The assemblage from Maguari 1 had a wider presence of Cucurbita sp. 

scalloped spheres phytoliths in the test pit profiles. However, traces to moderate 

levels of scalloped spheres were documented in the mounds stratigraphically 

associated to numerous Santarem phase ceramic fragments, charcoal pieces 

and burnt clay. Two phytolith were recovered from Mound 1: one from Floor 6 

and one from Layer IX (Table 23). Eleven scalloped spheres with mean length 79 

µm (range: 68-105 µm) originated from Floor 3 of Mound 2. Lastly, one phytolith 

with 88 µm (rounded up from 87.7 µm) was found in layer A3 of mound 5. The 

test pit adjacent to mound 2 (TP1) yielded thirty-five scalloped spheres with mean 

a length of 85 µm (range: 69-123 µm) comprising the highest amount of squash 

phytoliths. The Oxisol contained far fewer scalloped spheres than the uppermost 

layers, yet in sizes typical of domesticated Cucurbita sp. (Piperno 2006). Even 

though there was an increase in the number of scalloped spheres in the Black 

soil, the length of the phytoliths displayed minor variation. Table 23 exhibits 

detailed data of the Cucurbita sp. scalloped spheres analysed from Maguari site. 

Table 23: Cucurbita sp. phytoliths dimensions from Maguari site archaeological and test pits sediments. 

Unit Layer Cm B.S. N Length range 
(µm) 

Mean Length 
(µm) 

Thickness range 
(µm) 

Mean Thickness 
(µm) 

A B 
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1 IX 0-10 1 62.9 - 56.4 - 

1 Floor 6 20-30 1 48.8 - 45.5 - 

4 Floor 4 20-30 11 68-105 79.1 54-85 63.8 

7 A3 20-30 1 87.7 - 59.3 - 

Test Pit 1 A1 0-5 5 75-94 82.8 55-76 63.9 

Test Pit 1 A1 10-15 11 74-123 88.4 51-80 65.7 

Test Pit 1 A1 20-25 7 69-98 81.8 47-80 63.3 

Test Pit 1 A1 30-35 8 77-85 81.3 50-70 60.7 

Test Pit 1 A2 40-45 1 97.1 - 66.7 - 

Test Pit 1 B 50-55 1 87.0 - 65.7 - 

Test Pit 1 B 60-65 2 84-85 83.9 65-73 64.4 

Test Pit 2 A1 0-5 7 73-91 78.7 51-67 61 

Test Pit 2 A2 20-25 12 68-97 79.1 63-69 63.6 

Test Pit 2 B 40-45 1 70.3 - 54.9 - 

Test Pit 3 A2 10-15 4 71-100 84.1 43-58 54 

Test Pit 3 B 20-25 2 77-80 76.5 62-65 63.2 

Test Pit 3 B 30-35 1 76.5 - 47.4 - 

Test Pit 3 B 40-45 1 71.6 - 66.5 - 

 

In TP2 and TP3 Cucurbita sp. phytoliths were also recovered in lesser 

amounts from the Ferralsol upwards. Similar to TP1, the upper layers comprise 

higher amounts of scalloped spheres. As indicated in table 23, Cucurbita sp. 

phytoliths size increased from Ferralsol to Black ADE. In summary, scalloped 

spheres size and morphology consistently support the identification of 

domesticated Cucurbita sp. (Fig.196) in Maguari 1 site phytolith assemblages. 
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Figure 196: Cucurbita sp. phytoliths: (A-A’) TP3 20-25cm. (B-B’) TP1 10-15cm. (C-C’) TP1 60-65cm. 

 

6.3. Inter-Site Comparison of Phytolith Assemblages 
Up to this point I have described the results from the case study sites 

separately. The vegetation patterns and potential plant uses within each site have 

been outlined. Additionally, archaeological information has inspired preliminary 

interpretation of the results from domestic contexts. In general, the phytolith 

assemblages document local histories of plant exploitation. However, similarities 

in the plant taxa pertaining to the assemblages suggest shared practices of plant 

food production. For instance, the cultivation of crops combined with an 

exploitation of useful herbs and minor alterations in vegetation cover is recorded 

for the three sites. Below I describe the results of statistical analysis applied with 

the purpose of comparing inter-site phytolith assemblages. 

 

A A’ 
Distance 77.421 µm  Distance 64.864 µm 

Distance 100.238 µm  Distance 80.263 µm  B B’ 

Distance 84.446 µm Distance 72.641 µm C C’ 
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6.3.1. Principal component analysis and boxplot analysis 
Fig.197 exhibits the PCA plot for all Ferralsol samples from test pits and 

Porto site profile analysed in this study. The Ferralsol phytolith assemblages are 

not homogeneous. However, PC1 (30%) separates most understory Poaceae 

from arboreal taxa. Overall, arboreal phytoliths correlate positively with PC1. The 

exceptions are globular granulates and facetate elongate, which are strongly 

correlated positively with PC2 (17%). Grasses mainly associate negatively with 

PC1 and PC2, except Oryzeae that plots positively on PC1. Squash and maize 

are closely (positive) correlated with the axis as are Annonaceae and Mendoncia 

sp. Asteraceae is separated from both herbaceous and arboreal taxa. Heliconia 

sp. overlap with Celtis sp. and correlate negatively with PC2. In general, both 

PC1 and PC2 separate arboreal from grass phytoliths, with the exception of some 

overlapping. 

 
Figure 197: PCA of Ferralsol phytolith assemblages. 

Fig.198 exhibits the PCA plot for all Brown ADE samples from test pits and 

Porto site profile analysed in this study. PC1 (43%) clearly separates disturbance 

indicators and cultigens from arboreal and understory taxa. Squash, Oryzeae, 

and other herbs correlate negatively with PC1. By contrast, phytoliths from 
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arboreal taxa plot positively in PC1. Maize correlates positively with PC1, but is 

separated from arboreal forms by its close association with the axis. The axis is 

strongly correlated negatively with Poaceae and positively with forest taxa 

(arboreal and understory). Similar to observed in the forest swidden samples, 

Asteraceae do not separates from forest taxa. In the case of Brown ADE PCA, 

Asteraceae is closely correlated to the axis. PC2 (16%) divides understory taxa 

and palms from most of the arboreal phytoliths, except globular granulates. 

Overall, disturbance taxa and crops are apart from forest taxa.  

 
Figure 198: PCA of Brown ADE phytolith assemblages. 

Fig.199 displays the PCA plot for all Black ADE samples from test pits and 

Porto site profile analysed in this study. The Black ADEs PCA shows a clear 

separation of arboreal phytoliths from most grasses, except bulliforms (which are 

likely to represent understory grasses). Overall, squash and arboreal taxa 

phytoliths are correlated (positively) with PC1 (40%) while maize and herbaceous 

taxa plot negatively on PC1. Panicoid plots positively on PC1, but separate from 

arboreal phytoliths. The axis is negatively associated with Oryzeae phytoliths and 

positively with arboreal (Celtis sp., tracheid, and long cells), as well as, understory 
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taxa (Phareae). Palms and Annonaceae are separated from other arboreal taxa 

and correlate negatively with PC2 (21%). Asteraceae, Commelinaceae, and 

Poaceae (cross) are negatively associated with PC2 as well. In general, the PCA 

plot indicates that the highest variance in the data is explained by disparities 

between forest and disturbance taxa. 

 
Figure 199: PCA of Black ADE phytolith assemblages. 

The PCAs from the three soil types highlights main difference between the 

vegetation in the Ferralsol and the anthropogenic soil. Even though the phytolith 

assemblages from the Ferralsol are not homogeneous, the PCA scores generally 

separated arboreal from grasses forms. However, disturbance taxa are not 

evidently apart from the other vegetation types. Additionally, the crops clustered 

positively along the axis in PC1. Compared with the forest swidden analogue in 

SDM, both types of anthropogenic soils display clear separations of forest taxa 

(arboreal and understory herbs) from disturbance indicators (e.g. Heliconia sp. 

and Cyperaceae). Crop phytoliths also present distributions opposite to forest 

taxa in the PCs. Especially in the Brown ADE assemblages. Although, in contrast 

to the forest swidden PCA, the crops plot mainly negatively. In the Black ADE 

assemblages, maize is unequivocally apart from arboreal forms plotting 

negatively in PC1. Squash, on the other hand, does not cluster with forest taxa, 
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but correlates positively with PC1. Overall, the PCA indicate that phytolith 

assemblages are sensitive to the small scale vegetation changes associated with 

the anthropogenic soil formation. 

Another measure of comparison between the phytolith assemblages from 

the three sites was the use of boxplots. Considerable variabilities amongst the 

test pits were observed. For instance, the median of arboreal phytoliths range 

from 50 to 80% (Fig.200). Exceptions are recorded in Maguari 1 samples with a 

prominently higher percentage of arboreal phytoliths near 100%, as well as, an 

outlier below the range. The outlier is the top of TP3, where palms peak. Overall, 

Maguari presented the highest percentages of arboreal phytoliths. Therefore, the 

fluctuation in non-palm arboreal percentage is directly correlated to palm phytolith 

percentage in Maguari samples. Similar pattern of oscillation in the percentage 

of non-palm arboreal phytoliths due to palm phytoliths occur in Porto. The 

percentage of palm phytoliths is higher in Porto site and lower in Cedro site. The 

median of palm phytoliths in Porto site is 25% whereas in Cedro and Maguari is 

below 10%. Four outliers recorded in Maguari are equivalent to the 

aforementioned TP3 and to one level of Mound 1, where peaks in palm phytoliths 

were recorded. As for herbs, Cedro site exhibits significantly higher percentages 

with a median of 42% whereas Porto and Maguari display median around 25%. 

 These data suggest that while arboreal phytoliths cannot statistically 

separate sites from riverine and terra firme settings, palm and herb are efficient 

in statistically separating Cedro (terra firme) from Porto (riverine) and Maguari 1 

(plateau edge) sites. Palm phytoliths appear in the lowest proportions in cedro 

site. As discussed in section 6.2.3.2.3, the sparse record of palm phytoliths 

suggests a small scale exploitation of these plants in Cedro site. Moreover, the 

rates of conical bodies produced by Bactris sp./Astrocaryum sp. both in domestic 

contexts and test pits indicate the management of edible palms. The higher 

frequencies of herb phytolith in Cedro were also recorded in test pits and 

domestic areas. Among them, various edible herbs were recovered. Thus, the 

two groups of phytoliths that separate Cedro from the other sites document the 

local exploitation of vegetal resources for food purposes. 
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Figure 200: Phytolith assemblages of total samples analysed from the three case study sites. CED= 

Cedro site. POR = Porto site. SDM = Serra do Maguari site. 

The median trends of arboreal, palm, and herb phytoliths also vary 

considerably between the case study sites. In general, arboreal phytoliths present 

an increasing trend towards the surface in Cedro site while Porto and Maguari 1 

exhibit decreasing trends. Cedro and Maguari 1 display upward increasing trends 

in palm phytoliths. In contrast, palms present a decreasing trend in Porto followed 

by a trend of increasing herb taxa. In Cedro site herbs present a decreasing trend 

due to increase in arboreal taxa. Finally, Maguari 1 exhibit an increasing trend in 

herbaceous taxa (Fig.201). These data document an increasingly closed 

vegetation in the case studies sites in tandem with an intensified management of 

edible palms and herbs after the development of ADEs. However, the trends in 

vegetation composition varies. The differences in vegetation trends can be 

explained by the size of the sites and time of occupation. For instance, Porto is 

the larger and oldest site where palms are more intensely explored in the 

beginning of the occupation followed by a rise in herbs and arboreal phytoliths 

combined with sharp increases in charcoal throughout the profile. In the Black 

soil of Porto site a homegarden with edible plants is already developed. The later 

occupation of Maguari 1 and Cedro site documents increased exploitation of 

palms as part of the settlement and the home garden growth still in process. 
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Figure 201: Temporal trends from base to surface of the profiles. Positive values indicate increasing 

trends towards the surface. Negative values indicate decreasing trends. CED= Cedro site. POR = Porto 
site. SDM = Serra do Maguari 1 site. 

 The decreasing trend in arboreal phytoliths in Maguari resulted in a higher 

magnitude of change in arboreal taxa at this site (Fig.202). As such, palms and 

herbs exhibit considerably lower changes in Maguari. Porto presents high 

magnitude of change for palms and herbs at the expense of arboreal taxa. Cedro 

displays generally low changes in vegetation, but the magnitude of change in 

herbs is slightly higher. These difference in the scales of change may reflect local 

histories of plant use related with a localized exploitation of natural resources. 

The size of the sites is likely to be a factor in the magnitude of change in 

vegetation. The smaller site (Cedro) exhibits the smaller change while the largest 

(Porto) presents higher change. The intermediate levels of change in Maguari 1 

are coherent with the site size as well. 

 
Figure 202: Magnitude of change in phytolith percentages within the profiles. CED= Cedro site. POR = 

Porto site. SDM = Serra do Maguari site. 
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6.3.2. Summary of phytolith results 
Overall, the phytolith assemblages from the three case study sites 

presented small differences in terms of phytolith morphotypes. The exceptions 

were phytoliths produced by Mendoncia sp., cf. Burseraceae and cf. 

Commelinaceae, which were exclusive to the terra firme sites. Intra-site 

variabilities in phytolith proportions were mainly associated to different 

functionalities of the sampled areas. The analysis of samples from domestic 

contexts improved the interpretation of plant use in each site. Edible herbaceous 

taxa recovered from both domestic activity areas and surrounding test pits were 

possibly explored as food sources. For instance, Asteraceae, Cyperaceae, and 

Marantaceae, which comprise species of economic importance among 

Amazonian groups (Clement, 1999) were recovered from cooking fire pits, refuse 

pits, and transect test pits. Similarly, in fire pit contexts of Cedro and SDM, conical 

bodies produced by edible palms (e.g. peach palm and tucumã) were interpreted 

as potentially deriving from peach palms, since these fruits require boiling prior 

consumption. Additionally, squash and maize were identified in samples from 

both domestic and test pit contexts. In Porto site, the arrival of maize is associated 

with a clearing event in Brown ADE. Both squash and maize are present in an 

agroforestry context pertaining to a pre-Tapajó occupation. In Maguari, squash is 

present before the formation of anthropogenic soils, but maize is associated 

exclusively with the ADEs. In Cedro site, maize and squash arrive together with 

the Tapajó occupation and the formation of ADE. 

 Inter-site variations appear to be primarily correlated with local plant uses, 

as well as, with site size. As such, the general magnitude of changes in vegetation 

are smaller in Cedro, intermediate in Maguari, and higher in Porto site. Small 

scale changes in the vegetation components follow the formation of ADEs in all 

three sites. Principal component analysis has shown that the phytolith 

assemblages are sensitive to these changes. In particular, the clear separation 

of cultigens and disturbance taxa from forest taxa (understory and arboreal forms) 

in the ADEs PCAs. The overall vegetation trends in the profiles may reflect the 

increased exploitation of useful plants, such as herbs and palms. In the next 

chapter I discuss the implications of these results and their potential to assess 

Tapajó subsistence strategies.  
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Chapter 7 

 

Tapajó subsistence strategies 
 

 

This chapter discusses the implications of the data described in the 

previous chapters. First, I present remarks on the methodologies adopted to 

address Amazonian Dark Earth formation in the three case studies, combining 

the geochemical data (chapter 4) with the archaeological context (chapter 5) and 

micro botanical remains (chapter 6). I then proceed to examine the use of micro 

botanical remains as proxies for subsistence strategies.regularly and abundantly 

recorded solely in the shell mound contexts.  

 

7.1. Methodological implications 
Phytoliths are useful vegetation proxies, even though the current low 

taxonomic resolution is a limitation for their use in environmental reconstruction. 

In Neo-tropical forested areas redundancy of eudicots has been a challenge. 

However, some studies have successfully distinguished modern vegetation forms 

using phytolith data (Dickau et al., 2013, Watling et al., 2016), and reconstructed 

the environmental context of geoglyphs building in western Amazonia (Watling et 

al., 2017). Other researchers mitigated eudicots over-representation by 

measuring human impacts based on proportions of palms and early successional 

herbs (e.g. Heliconia, grasses, and sedges). Following this approach, a gradient 

of impacts was suggested for riverine and interfluve areas in the Amazon 

(McMichael et al., 2012, McMichael et al., 2016, Piperno et al., 2015). The 

efficiency of this methodology was contested on the basis of the limited capability 



	 	 Tapajó	subsistence	strategies	

302	
	
	

of phytoliths to detect subsistence practices, such as agroforestry (Clement et al., 

2015, Stahl, 2015). Nevertheless, the results of phytolith analysis on samples 

from test pits presented in this study (see sections 6.2.3.2 and 6.2.4.4.7) indicate 

that these microfossils are useful for assessing agroforestry practices. I discuss 

it further in section 7.6 below. 

As outlined in chapter 3, most archaeobotanical studies in ADE sites focused in 

the identification of domesticates and useful plants, particularly palms (Bozarth 

et al., 2009, Cascon, 2010, Morcote-Ríos et al., 2013, Macedo, 2014, Herrera et 

al., 1992). While these investigations successfully exhibited the variety of plants 

associated with ADE sites, vegetation change and subsistence strategies have 

been overlooked. The sampling strategy adopted in this study integrated with 

other proxies proved effective in detecting vegetation changes associated with 

ADE formation in the investigated sites. The phytolith record, micro charcoal, and 

geochemical data document varying levels of transformation in the sites 

landscapes intrinsic to local land uses.  

The phytolith assemblages from domestic contexts and surrounding 

Brown ADEs tied evidences of domesticates and useful plants in a settlement 

basis, configuring a reliable interpretive tool for plant use. High proportions of 

arboreal taxa in contrast with low frenquencies of disturbance indicators revealed 

minor changes in vegetation cover on the sites. An ubiquity of micro charcoal with 

sharp increases towards the surface in the three sites indicates that in-field 

burning was used as soil amelioration, as well as an intensification of burning 

associated with the ADEs.  

As previously indicated (Schmidt et al., 2014, Silva and Rebellato., 2004), 

the soil chemical composition exhibited a strong correlation with activity areas. 

For instance, concentrations of nutrients in house floors were consistent with fire 

activities recorded during the excavations. Inter-site comparisons were also 

productive. The PCAs successfully detected differences in the vegetation 

components of the three soil types (Ferralsol, Brown and Black ADE). In 

particular, the separation of forest taxa from cultigens and disturbance indicators. 

However, the occurrence of overlaps should call for a cautionary approach. The 

employment of derived metrics to assess trends and scale in vegetation change 

also revealed interesting patterns. A gradient of change associated with site size, 

location, and local context was recognized.  
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Concerning the formation process of the phytolith record, precautions to 

minimize taphonomic factors were addressed in chapter 3. I only mention the 

topic again to observe that damaged phytoliths occurred, but were not quantified. 

The amounts of large phytoliths are indices of overall good preservation of the 

assemblages. Below I discuss the subsistence strategies proposed by this 

research for the studied sites. Issues of phytolith visibility are not disregarded, but 

I explore the possibilities provided by the obtained dataset. 

 

  

7.2. Amazonian Dark Earth 
Reflecting on the variety of human activities involved in ADE formation 

(Neves et al., 2003, Rebellato et al., 2009, Kern et al., 2009b, Glaser and Birk, 

2012), a diversity of soil horizons was observed inside the case study sites. Soil 

horizons were classified, described and interpreted as stratigraphic layers to 

integrate the geochemical results with the archaeological contexts of the samples 

analysed. The interpretation of soil variation in association with intra-site contexts 

is presented below. Scholars have debated the gradient in soil fertility fading 

away from core areas into the periphery of the sites (Fraser et al., 2011). My data 

shows that the spatial variability appears to be associated with the functionality 

of each area, not necessarily in a core to periphery gradient. Other sites in the 

Belterra Plateau present similar patterns (Soderström et al., 2013, 2016). In Bom 

Futuro and São Francisco sites, intra site ADE colour variations, as well as a 

gradient of fertility, was found. Higher densities of ceramics on the surface were 

associated with darker areas. ADEs were markedly strong in areas associated 

with past activities (e.g. artificial pond, house floor). 

7.3. House Floors 
In Bom Futuro site, the highest nutrient rates were documented in a 

platform filled with artefacts (e.g. ceramics, charcoal, lithics and burnt clay) 

(Stenborg, 2016a). Indeed, this area was interpreted as the remains of a dwelling 

(Eriksson et al., 2016).The description of this platform matches the structural 

attributes of the house floors recorded in Cedro and Maguari 1 sites  (see sections 

5.2.3.2, 5.4, and 5.6). The structure and chemical properties from the house floor 

in Cedro site is consistent with a wider building pattern on terras firmes (Schmidt 
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et al., 2014, Eriksson et al., 2016). Another common aspect of house floors in 

mounded structures is the melanisation (i.e. formation of Black soils) (Ribeiro, 

2017). The house floor from Cedro site has a Black soil (see table 5). In contrast, 

Mound 1 presents a non-melanised anthrosol (see table 7). 

In Rio Branco site, Marajo Island, chemical enrichment in less melanised 

soils was interpreted as a result of specific cultural practices (Schaan et al., 

2009). Mound 1 in Maguari 1 site is a case of an increase in nutrients with low 

melanisation. Sweeping of the house floors may explain the limited alteration in 

soil colour, since cleaning is likely to remove organic materials that cause 

melanisation. For instance, Silva and Rebellato. (2004) recorded high amounts 

of material remains on and frequent cleaning of domestic spaces among the 

Assurini in Xingu. The distribution of fireplaces over the house floors in Mound 1 

likely contributed to an accumulation of P, Ca, K and Mg. The presence of Zn and 

Mn, which are associated with plant material decay, might result from the use of 

palms as roof thatch.  The substantial percentages of arboreal phytoliths in 

Mound 1 indicate the use of woody eudicots and palms for building purposes. 

Arecaceae phytoliths have a steady moderate proportion throughout Mound 1 

profile (see chapter 6). Thus, palm leaves are likely to be the source of Mg and K 

in the house floor’s chemistry. In addition, the presence of various fire pits in the 

floor point to the exploration of wood plants as fuel. However, the other mound 

structures from Maguari 1 were not analysed for geochemistry and Arecaceae 

phytoliths are less frequent in their phytolith assemblages. Further studies 

exploring the representation of building materials in the soil chemical composition 

and phytolith record are required.  

In the Amazon basin, earth structures present varied chemical 

composition. Generally, house platforms have ADEs less enriched than adjacent 

midden mounds (Schmidt et al., 2014). This phenomenon was observed at 

archaeological sites from the Upper Xingu, Central Amazon and Lower 

Trombetas regions (Schmidt et al., 2014), although each site presented particular 

variations. In the Madeira River, a continuum between Brown ADE and Black 

ADE is suggested for ADES (Fraser et al., 2011). In addition, a diverse soil 

composition in different activity areas was observed in the Upper Xingu region 

(Schmidt and Heckenberger, 2009). The pH value obtained from the samples in 
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Cedro site house floor is the highest among the samples analysed. The house 

floor pH  is consistent with results from the house floor at Bom Futuro site in 

Belterra Plateau (Eriksson et al., 2016), as well as results from the domestic 

areas in the Upper Xingu (Schmidt and Heckenberger, 2009). The context of a 

fire pit in the house floor in Cedro site is highly enriched. The contribution of 

vegetal decomposition as a source of nutrients ( Zn and Mn) is supported by the 

phytolith data, which records cultigens and edible plants in the fire pit (see section 

6.2.3.2.1). 

The phytolith record and soil geochemistry from Mound 1 seems to 

represent bulding materials and fire activity involved in the formation of the 

mound. In the case of Cedro site house floor, soil nutrients and phytolith 

assemblage are proxies for the use and discard of edible plants. Variations in 

nutrients availability on the house floors are intrinsically connected with the 

activities performed in these spaces (Erickson, 2003, Silva and Rebellato., 2004, 

Schmidt and Heckenberger, 2009, Schmidt et al., 2014, Schaan et al., 2009).  

7.4. Refuse Pits 
Among the activity areas with distinctive chemical signatures in Cedro and 

Porto sites, refuse pits are particularly intriguing. In Cedro, the refuse pit filled 

with material culture did not form an Anthrosol, even though the filling and the 

phytolith assemblage indicate an anthropic origin for the pit. Phytolith analysis 

suggests decomposition of plant material in the pit. Squash, maize, and Oryza 

sp. phytoliths were recovered from the pit’s sediments. Additionally, the soil from 

the refuse pit’s upper horizon was melanised. Soil melanisation is attributed to 

the decomposition of organic matter (Costa and Kern, 1999, Woods, 2003). Thus, 

enough organic matter decomposed to change the soil colour. However, relative 

to other domestic structures intra site (e.g. pond, house floor) the refuse pit has 

a less enriched soil composition. In fact, soil properties and nutrients availability 

are barely above those of the Control profile.  

The samples from the refuse pit in Porto site also presented low 

concentrations of nutrients. In this refuse pit, nutrients commonly released by 

plant material (Zn and Mn) presented slightly higher rates (see section ). Ca and 

P are particularly low inside the refuse pit, regardless of the presence of bones in 

the pit’s ecofacts assemblage. In addition, the refuse pit from Porto comprised a 
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Black sediment, that is was melanised. In both cases, the pits present soil 

melanisation, but a limited soil enrichment. As previously mentioned, refuse 

areas commonly have strong human induced chemical signatures (Schmidt et 

al., 2014). For instance, a refuse pit from Rio Branco site in Marajo Island 

presented a melanised and chemically enriched sediment (Schaan et al., 2009). 

In the case of Cedro and Porto sites, what prevented the soil enrichment of the 

refuse pits? 

A possible explanation lies in the formation processes of the pits. Soil 

texture evidences a mixed origin of the soils inside the pit in Cedro site, which 

may reflect soil mixture from opening, filling, sealing, reopening and resealing the 

pit. Refuse pits are a common feature in Tapajó sites (Gomes, 2010, Gomes and 

Luiz, 2013, Gomes, 2016, Quinn, 2004, Araujo da Silva, 2016, Silva, 2016, 

Troufflard, 2017). One attributed function for these structures is the retention of 

ritual artefacts (Gomes, 2016, Quinn, 2004, Roosevelt, 1999) but recent studies 

have made cases for multiple formation processes involved in the Tapajó discard 

behaviours (Silva, 2016, Araujo da Silva, 2016). The assumed refuse pit’s 

retention function implies few event of deposition. In both Cedro and Porto site 

cases at least two events were recorded. Nevertheless, these features seem to 

result from few disposals. Considering that constant waste discards and multiple 

burning episodes are involved in Black ADE and Brown ADE formation (Costa 

and Kern, 1999, Kern, 2009) respectively, isolated or few depositions indicate 

less frequent burning inside the pits and could explain the limited soil enrichment. 

7.5. Artificial Pond 
The pond has elevated rates of P and Ca. Bones are suggested as the 

main P and Ca inputs, while the estimated function of the pond is as a water 

reservoir (Schaan, 2012a, Stenborg, 2016a). A secondary function for ponds, as 

corrals for turtles, caimans and fish, is proposed by Troufflard (2017), based on 

observation of modern uses of these structures in the Belterra Plateau, as well 

on ethnographic accounts of ponds for this purpose. The chemical signature of 

the pond, in particular the high Ca and P concentrations, suggests that use as a 

corral might be the case. Then again, assuming that it was a water reservoir, what 

would add Ca and P? The answer may rest in techniques for cleaning the water. 

Nowadays Bom Futuro site’s inhabitants use aquatic flora to keep the water clean 
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(Stenborg, 2016a). The decomposition of plant material is a Ca and P source. 

Accordingly, a long-term accretion of plant material in the pond could result in Ca 

and P enhancement.  

Another pond attribute is the Brown ADE underlying Black ADE. As 

discussed above, this Brown ADE was formed by a different process in 

comparison to ‘classic’ Brown ADE. The proposed origin of Brown soils is through 

management for cultivation (Arroyo-Kalin et al., 2009, Glaser and Birk, 2012, 

Neves et al., 2003, Woods et al., 2009). The presence of buried Brown ADE in 

domestic structures has been associated with space function change (Ribeiro, 

2017).  However, during the excavation of the pond in Cedro site movement of 

sediments from the pond rim into the bottom was recorded. The accumulation of 

upper sediments possibly resulted in the Brown ADE at the pond bottom. Intra 

site, TP5 is in a Brown ADE, the formation process of which appears to be related 

to gardening activities. TP5 has a pH range and nutrients analogous to those 

registered in fallow, plaza and flat terrace areas elsewhere in ADEs (Schmidt et 

al., 2014). Thus, the Brown ADE has a variety of formations in Cedro site.  

Mapping the colour variation and debris distribution intra sites allowed the 

identification of a mosaic spatial pattern of Brown and Black ADEs. In both 

Maguari I and Cedro sites domestic structures are surrounded by Black ADEs. 

Brown ADEs occur both surrounding and interspersed with Black ADEs. The 

geochemical analysis allowed the classification of the sediments from activity 

areas. In Cedro site, the house floor presented the strongest ADE signature, while 

the refuse pit presented a melanised less enriched ADE. The pond contains a 

Brown ADE buried under a Black ADE layer, both with a high accumulation of 

nutrients. The comprehension of the pond formation process based in the 

excavation record and soil chemical composition supports the interpretation of 

this as a Brown ADE with a distinct origin, rather than representing a change in 

function of the area.  

The Brown ADE from an estimated garden area exhibited a chemical 

signature similar to that observed in fallow areas registered ethnographically. In 

addition, this area contained a higher nutrients accumulation compared to the 

Control profile. The Control profiles in Maguari and Cedro exhibit decreasing pH 

upwards. Additionally, the pH range recorded in these Control profiles is similar 

to that recorded in forest surfaces surrounding a Kuikuro village in the Upper 
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Xingu (Schmidt and Heckenberger, 2009). In Porto site, the stratigraphic 

sequences show changes in the use of space. The lower sequence pertains to 

an agroforestry component, which bears remains from clearing events. This 

context presented a chemical signature consistent with regional Brown ADEs. 

The formation of Black ADE is clearly associated with increases in all the 

nutrients, but also strongly connected to the specific features from which the 

samples were taken. Similar to Cedro, the refuse pit did not present a rich Black 

ADE. 

In Maguari, profiles cut in vegetation plots provided information on the 

composition of ADE outside mound structures. Particularly interesting is ADE plot 

1, which was opened beside the ancient dug path opposite to the mounded area. 

In the mapping a high density of ceramics was identified in this area. Thus, ADE 

1 was plotted in a potential midden area. The profile presented a bottom-up 

increasing trend in all parameters observed, particularly in P availability. As a 

matter of fact, ADE 1 was the P-richest ADE analysed. The soil acidity (pH) and 

the concentrations of nutrients exhibit similarities with midden areas in Lower 

Trombetas, Upper Xingu and Marajo Island (Schaan et al., 2009, Schmidt et al., 

2014). As discussed above, Mound 1 presented a chemically enriched non-

melanised sediment. The strong P, Ca and Zn signatures are interpreted as by-

products of food preparation and construction material. The non-melanisation is 

attributed to maintenance cleaning. (Schmidt et al., 2014) documented domestic 

platforms with lighter colors and attributed it to cleaning. However, those domestic 

structures have far less enriched soils than Mound 1. In Maguari 1, Mound 1 was 

occupied for at least 150 years (see section 5.3.3). Over this period, multiple 

rebuilding events took place. The floors comprised hard-packed clay platforms. 

Filling materials consisted of numerous charcoal flecks, burnt clumps of clay, and 

scattered ceramic shards in a loose sediment.  

Throughout a lifetime humans perform numerous small activities in their 

inhabited places. The expected outcome is a varied chemical signatures in the 

soil. In the study case sites, this can be observed as morphological and physico-

chemical changes intra site, which vary horizontally and vertically. As reported in 

this chapter, the diverse formation and spatial variability of the soil reflect these 

multiple human actions and organization of space. 
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7.6. Subsistence strategies 
Food production in Amazonia is a topic widely debated by scholars from 

various disciplines. A common approach to this subject distinguishes the 

exploitation by Amazonian populations of floodplain and terra firme resources. 

Regarding the terra firme, the practice of shifting agriculture was used to support 

a range of opposite theories about ancient population density, settlement patterns 

and mobility behaviours, from propositions of terra firme as an empty space to 

being densely inhabited in pre-Columbian times (Carneiro, 2007, Denevan, 1984, 

Denevan, 1996, Denevan, 1992, Lathrap, 1968, Lathrap, 1970, Meggers, 1954, 

Meggers, 1971, Roosevelt, 1980). Over the past 30 years, studies of Amazonian 

Dark Earths (ADEs) sites considerably advanced the comprehension of human 

transformations of the landscape, and informed theories about food production in 

pre-Columbian times largerly inspired by modern management of ADE soils by 

amazonian comunities (Lehmann et al., 2003, Woods et al., 2009, Teixeira et al., 

2009).  

As previously discussed (chapters 2 and 4) ADEs are anthropogenic soils 

widespread in Amazonia associated to archaeological sites that present high 

rates of pH, organic carbon, Nitrogen, Calcium, Phosphorus, Potassium, Zinc, 

Magnesium, and Manganese (Kern et al., 2009b, Woods, 2003). The activities 

and processes involved in the formation of ADEs remain a matter of debate 

among scholars from several fields. The initial classification of these soils into 

Black and Brown ADEs attributed distinct origins for both soil types. Black ADEs 

were classified as the outcome of settlement activities, particularly waste discard. 

While Brown ADEs were determined as results from cultivation practices, 

including the intentional exploration of ADEs as a cultivation tool (Arroyo-Kalin, 

2010, Arroyo-Kalin, 2012, Arroyo-Kalin, 2014, Denevan, 2009, Woods and 

McCann, 1999a). The agricultural origin is contested by some scholars whom 

suggest that both soils result from long-term human activities, the Brown ADEs 

being the product of less intense uses instead of directly associated with 

cultivations practices (Kampf et al., 2003, Kern et al., 2009b, Schaan, 2012a). 

In Santarem region, the first ADEs investigations identified a pattern of 

Brown ADEs surrounding core areas of Black ADEs. The Brown ADEs were 

classified as a product of cultivation activities (Sombroek, 1966, Woods and 
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McCann, 1999a). Black and Brown ADEs present differences in fertility rates and 

in the amounts of artefacts, Brown ADEs being less fertile and containing fewer 

artefacts (Woods and McCann, 1999a). The distinction between the two soils 

inspired assumptions about pre-Colombian food production that considered 

Brown ADE as a by-product of ‘semi-intensive agricultural practices’ managed as 

part of an agroforestry system (Kern et al., 2009a, Denevan, 2009). It is also 

suggested that terra firme cultivation consisted of semi-permanent short-fallow 

agriculture complemented with permanent home gardens and managed 

agroforestry (Denevan, 1992, 1998). Agroforestry is ‘the intentional management 

of shade trees with agricultural crops’ (Bhagwat et al., 2008). Forest swiddens 

are anthropogenic patches that hold similarities in structure and diversity with 

home gardens in an agroforest system, but placed away from the house 

(Eyzaguirre and Linares, 2004). However, the lack of empirical data concerning 

the plants cultivated and/or other plants managed on ADEs in the region is 

notable. 

The practices associated with the formation of Amazonian Dark Earths are 

as diverse as the number of ADEs widespread over Amazonia. These anthrosols 

vary in distribution, density of material culture, and soil properties (i.e. varying 

degrees of anthropization). For instance, the three case study sites evidence 

particular ADE formation processes. The selection of these sites as case studies 

was based both on their similarities (e.g. presence of ADEs, Tapajó occupation) 

and their different locations in the landscape in order to access land uses in 

anthropogenic soils. As a result, the three sites present varied processes of ADE 

formation, as well as, impacts on the vegetation related to the formation of ADE. 

The different impacts can be attributed to site size, location in the landscape and 

possibly to local histories.  

The three sites presented changes in the vegetation associated with the 

formation of ADE, although in different scales. The boxplot analyses presented 

in section 6.3.1 successfully separated Cedro site from the other case studies 

based on the proportion of palm and herb phytoliths. The overall trends for each 

site were also presented. In addition, the magnitude of change in arboreal, palm, 

and herb phytoliths through the profiles was estimated by using maximum and 

minimum frequencies (delta= maximum-minimum) following the methodology 

from a previous study (McMichael et al., 2016). An important note is that these 
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calculations were applied to assess the human impact on vegetation associated 

with site settlement and ADE development. The proportions, trends and 

magnitude of change in arboreal, palms, and herbs in each site have an 

anthropogenic origin. As such, the phytoliths identified are proxies for an 

anthropic vegetation composed by edible forest species (e.g. cf. Euterpe sp., 

Astrocaryum sp./ Bactris sp., Celtis sp., cf. Annona sp., cf. Calathea allouia, cf. 

Maranta Arundinacea, and cf. Oryza sp.) and crops (maize and squash).  

Porto site, which is located in a riverine setting presented higher 

magnitude of change compared with Maguari 1 (intermediate), and Cedro (lower 

change). Similar pattern of larger impacts in riverine setting was reported in a 

phytolith study from the central Amazon (McMichael et al., 2016). In that study, 

the riverine site was used as a baseline of “human impact” to compare with the 

terra firme area. My research shows that using a riverine site as a baseline can 

be problematic considering that the sites from terra firme presented lower impact, 

despite the fact that they were occupied for at least a time span of 200 years. 

Crops were cultivated and the surrounding environment exploited for 

subsistence. 

Besides the ADE, the investigated archaeological sites share the material 

culture affiliated to the Santarem phase (see introduction for definition), the 

presence of earth structures, and archaeological features, such as ceramic 

caches. In terms of morphotypes, the phytolith assemblages from the three sites 

are similar. Almost all phytolith morphotypes were identified in the three sites. 

The exceptions are Mendoncia sp., cf. Burseraceae (cf. Protium sp.), and cf. 

Commelinaceae (cf. Commelina sp.), which were exclusively recoverd from 

Cedro and Maguari 1 sites. Reported Mendoncia sp. uses are fodder for animals, 

as rope, and for basketry (Cerón Martínez and Ayala, 1998), while cf. 

Burseraceae and cf. Commelinaceae are used for medicinal purposes among 

Amazonian communities (Sanz-Biset et al., 2009).  

Based on the similarities in material culture, settlement patterns, and 

landscape transformations (e.g. formation of anthropogenic soils and earth 

structures), the archaeological sites from the study area are considered to be part 

of the regional Tapajó culture. The Tapajó dispersion across the region has been 

interpreted as evidence for a deep knowledge of the environment and integrated 

exploitation of the natural resources (Gomes, 2016, Schaan, 2016, Stenborg, 
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2016b, Troufflard, 2017). The archaeobotanical results from this research 

indicate that human impacts varied in the three sites. I propose that the distinct 

impacts on vegetation are associated with site size and local histories of plant 

use. In other words, the longer history of human occupation in Porto site 

combined with a larger population had higher impact on vegetation change. 

Compared with Porto, Maguari 1 and Cedro have shorter human occupations and 

are smaller recording less impact on vegetation. 

The geochemistry indicates that the Tapajó occupation gives rise to soil 

fertility, which was previously documented in Porto site (Alves, 2016). Whereas 

the geochemistry data by itself does not clearly remark intentional soil 

amelioration, the large charcoal input on ADE soils is securely connected with 

maize and squash cultivation, as well as, the exploitation of wild plant food, such 

as palms, Marantaceae, Asteraceae, and Cyperaceae. Altogether, these data 

suggest that soil enrichment was explored for food production. 

Cedro site is the smaller site studied with only one house identified, located 

in the terra firme with limited access to water resources. This limitation was 

counteracted by building an artificial pond. The proposed function of the pond 

was water reservoir. However, the strong P and Ca signatures in the soil 

composition supports an alternative interpretation, namely a turtle corral (see 

discussion in chapter 4). Cedro has an increasing trend in arboreal phytolith at 

the expense of herbs. Palms present a trend near zero. The median scale of 

vegetation change in the site is around 10 for arboreal and herb taxa, while palms 

fall around 5. The distribution of palms indicated a spatial separation of conical 

bodies, which was interpreted as a facilitation of peach palm growth in the home 

garden area. Given the higher proportions of conical bodies in assemblages from 

a cooking context rich in palm carbonized seeds, the conical bodies were 

attributed to peach palms (Bactris gasipaes) since this palm requires cooking 

prior to consumption. As previously mentioned, among useful plants recovered 

from Cedro site samples are Asteraceae, Cyperaceae, Marantaceae, Mendoncia 

sp., Annonaceae, Celtis sp. (Huckleberry), cf. Burseraceae, cf. Commelinaceae, 

and traces of globular echinates produced by Euterpe and Oenocarpus. Thus, 

food and non-food plants pertain to Cedro assemblage. In addition, squash and 

maize recovered mainly from domestic contexts and surrounding potential home 

garden. Squash phytoliths were recovered from multiple levels of the refuse pit 
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interpreted as a ritual context (Troufflard, 2017). Maize and squash arrived at 

Cedro after the formation of ADE at the late Pre-Columbian period. Micro 

charcoal appears before and increases through the ADE. 

Maguari 1 is a middle size village comprising at least 6 house units and 

has a pathway connecting the site with a stream a few kilometres’ downslope and 

easier access to aquatic fauna. Arboreal taxa present a decreasing trend towards 

the surface while herbs and palms increase. The highest magnitudes of change 

are recorded for arboreal and herbs, whereas palms have minor changes. 

However, arboreal continue with high proportions throughout the profile. The 

phytolith assemblages from domestic contexts overall reflected the building 

materials (both earth, wood, and palm). However, the same edible herbs found 

in Cedro were also recovered in Maguari 1 samples from test pits and mounds. 

As well as in Cedro, conical bodies were recovered from a fire pit sediment 

sample. At the same level, conical bodies were absent in the house floor 

assemblage, reinforcing the interpretation of these phytoliths as peach palm. The 

arrival of squash precedes the formation of ADE in Maguari whereas maize is 

exclusively associated with the anthropogenic layer. Micro charcoal is ubiquitous 

in Maguari and increases through ADE. Given that both squash and maize were 

cultivated in Porto site much earlier, the later incorporation of maize post ADE 

formation in Maguari 1 can be explained by this plant requirement of a nutrient-

rich soil to grow.  

Finally, Porto is one of the largest sites in the region and has a riverine 

location. The vegetation in Porto tends to open with increasing trends in herbs 

and decreasing trends in palms and arboreal. Accordingly, herbs present higher 

magnitude of change. However, palms present the highest proportions overtime. 

As well as observed in Cedro and Maguari, Porto also presents increases in 

conical bodies associated with the Black ADE. Similar pattern has been 

document elsewhere in ADEs (Bozarth et al., 2009, Cascon, 2010, Macedo, 

2014, Morcote-Ríos et al., 2013). The same range of edible herbs from the terra 

firme sites is exploited in Porto. Porto has a Brown ADE buried under Black ADE. 

This area has been interpreted as part of an agroforestry context (Alves, 2016, 

Schaan and Roosevelt, 2008). Associated with this context, maize arrives in 

Porto site earlier than in Maguari and Cedro. Squash appears later than the maize 

and increases through Black ADE. However, both maize and squash appear in 
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Porto record before the Tapajó occupation. Returning to maize nutrient demand 

to grow, maize cultivation occurred on Brown ADE from Porto, but intensified after 

Black ADE formation in tandem with Tapajó occupation. Even though squash 

occurs before the development of anthropogenic soils in Maguari 1 and thrives in 

Black ADE in Porto, the arrival of this plant precedes the Tapajó culture. 

Suggesting that the Tapajó food production explored a knowledge about plant 

cultivation prior to their regional rise. Similar to Cedro and Maguari 1, Porto has 

a sharp increase in microcharcoal through ADE.  

Considering the hypothesis posed in the end of chapter 2, which were 

based in the research questions and theories about the origin of Amazonian Dark 

Earths, I propose that collectively the micro botanical, geochemical, and micro 

charcoal data indicate agroforestry practices in the three sites. Therefore, the 

data presented in the results chapters (4, 5, and 6) support hypothesis 2. 

The archaeobotanical data points to polyculture practices in an 

agroforestry system. Polyculture is characterized by the practice of growing two 

or more crops in the same area. The practice of polyculture is common in small-

scale agroforestry systems and is a sustainable way to maximize nutrients uptake 

and balance the soil fertility as well as suppresses weed and control pests. This 

is an ancient practice in Americas for efficient use of soil nutrients (Zhang et al., 

2014). The three sites studied evidence the exploration of at least two cultigens: 

squash and maize. Found in a pre-Tapajó and Brown ADE context at Porto site, 

maize is the earliest cultigen in this study (~ 2900 cal BP). While squash is 

stratigraphically associated with the late Pre-Columbian period. Together with 

maize and squash, Marantaceae and palm phytoliths are abundant, particularly 

those produced by edible palm genera (e.g. Astrocaryum and Bactris). 

Associated with the ADE formation in Porto site there is a large deposition of fish 

and turtle bones. Which points to a mixed economy based on production of plant 

food and exploitation of wild edible species combined with aquatic food 

resources. Regardless of a certain degree of openness, the phytolith record 

shows a consistent dominance of arboreal phytoliths. However, an increasing 

trend in herbs indicates the incorporation of useful plants in the diet. 

For instance, in TP5 in Cedro site the phytolith record comprises ca. 50% 

arboreal and ca. 50% herbaceous taxa. In addition, trace amounts of maize (Zea 

mays) were recorded on Brown-ADE’s base. The beginning of ADE in TP5 has 
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increases in C, P, and N contents (see section 4.2.2). Simultaneously, maize 

appears in the profile while arboreal phytoliths also increase. Even though 

evidence for maize plant parts (e.g. maize leaf presence) reflecting cultivation 

were not found on Cedro, cob phytoliths were recovered from domestic structures 

(See section 6.2.3.2.1). } 

 As aforementioned, maize is a highly nutrient and sunlight demanding 

plant. Macro and micronutrients in TP5 Brown ADE could support maize growth. 

Simultaneously, there’s increase in micro charcoal. Additionally, 50% of herbs 

are informative of a fairly open landscape. Nitrogen is a main nutrient limiting to 

maize growth. This can be mitigated by synchronizing maize N uptake and N-

releasers legume cover crops (Shi, 2013). Traditional intercropping of legumes 

and corn is an ancient practice known as “three-sisters” polyculture (Zhang et al., 

2014). The legumes being beans (Phaseolus sp.) and squash (Cucurbita sp.). 

Beans phytoliths were not recovered from any sample in this study. Squash, on 

the other hand, was ubiquitous in the sites analysed. In Cedro site, squash 

phytoliths were collected from the Refuse Pit, the house Floor, and Test Pit 3. 

Thus, squash is a good candidate for an intercropping system in Cedro site. Two-

species polycultures are not unusual and as advantageous as the “three sisters” 

systems (Zhang et al., 2014). Phytolith data evidences early access to squash 

and maize by the Tapajó group. However, maize and squash cultivation in Porto 

was much earlier than on the other two sites. Even though the vestiges only 

indicate consumption, it’s plausible assume that these plants were cultivated in 

Cedro site. Alternatively, the presence of phytoliths only from maize edible part 

(cob) may indicate that this plant arrived in Cedro through an exchange system 

among the Tapajó in a regional scale. An exchanging system was previously 

suggested as part of the Tapajó regional organization (Schaan, 2016). 

Other plants such as cotton and beans could be part of an intercropping 

system, but no record of bean was found and cotton is a phytolith silent crop. The 

soil composition of the ADEs shows nutrient availability for a polyculture 

production. I propose that Marantaceae could be used to balance maize high 

nitrogen demand since Marantaceae are N-releasers (Shi, 2013). Denevan 

(2003) suggested that short-fallow, intensive, multi-cropping systems dominated 

late pre-Columbian agro-ecosystems, complemented with permanent home 

gardens and managed agroforestry. 
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Combining phytoliths with other lines of evidence provided insightful 

information about food production and resource management. For instance, 

phytolith results from test pits in Maguari 1 site integrated with polen analysis and 

modern plant inventory were used to reconstruct the regional vegetation cover 

and subsistence practices during the last 4.500 years (Maezumi et al., 2018) 

(Maezumi et. al., 2018). The polen record documents the arrival of maize in the 

Lower Tapajós after ~4.300 cal BP at the Caranã lake ca. 5km from Maguari 1 

site. In addition, sweet potato (Ipomoea batatas) appears in the lake record 

~3.200 cal BP and manioc (Manihot esculenta) ~2.250 cal BP. The occurrence 

of these crops is combined with gradual increase in edible forest plants both in 

terrestrial and lake records. The polen record also evidences a closed vegetation 

through time. The sharp increase in microcharcoal on Maguari 1 test pit record 

contrast with a decrease in the lake record indicating that controlled fire practices 

were in place at Maguari 1 site. The persistent closed landscape in Maguari 1 

reinforces this interpretation. In sum, the data suggests a long-term polyculture 

agroforestry practice in the Lower Tapajós intensified by the Tapajó culture after 

the formation of ADE (Maezumi et. al., 2018). 

7.7. Conclusions 
 

Returning to the questions that oriented this research, below I summarize 

some answers based on the data presented in the previous chapters: 

1) what was the vegetal component on the diet of ancient inhabitants of 

Santarem-Belterra region? 

This study identified two crops (maize and squash) as well as various edible 

forest species (e.g. cf. Euterpe sp., Astrocaryum sp./ Bactris sp., Celtis sp., 

cf. Annona sp., cf. Calathea allouia, cf. Maranta Arundinacea, cf. Oryza sp., 

cf. Protium sp., and cf. Commelina sp.) as part of the diet of ancient 

inhabitants of Santarem-Belterra region. Suggesting polyculture combined 

with edible plants management. Moreover, distinct access to crops occurred 

in each studied site. 

2) How is plant food production related to the formation of Amazonian Dark 

Earth in the study area? 
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Following the ADE development, an intensification of on crop cultivation 

combined with gradual increase in edible forest species exploitation occurred 

in the investigated sites. In addition, the use of in-field burning with incomplete 

combustion was practiced as soil amelioration strategy.  

3) Does the Brown ADE have vestiges of cultivation? 

The Brown ADE underneath Black ADE in Porto site presented remains from 

maize leaf, which is an evidence for cultivation. In Maguari 1, there is evidence 

for squash cultivation and maize leaf phytoliths were also documented in 

Brown ADE. In Cedro site, no evidence of maize cultivation was found from 

the profiles in Brown ADE. Even though, squash and maize occurred in some 

test pits and domestic structures, suggesting that the consumption of these 

plants in Cedro could be part of ritual dynamics.  

4) Did this vegetal component change through time? Regarding which 

species are represented in the samples and its proportional frequencies 

both horizontal and vertically.  

The more important change was the intensification in crops and soil 

enrichment (sharp increase in micro charcoal) associated with the formation 

of Black ADE as well as increases in useful palms (e.g. cf. Euterpe sp., 

Astrocaryum sp./ Bactris sp) and roots (e.g. cf. Calathea allouia, cf. Maranta 

Arundinace). The roots were particularly higher in Porto site’s Black ADE. 

All the characteristics of each site influence the daily activities i.e. systemic 

context, which resulted in diverse archaeological contexts. For instance, daily 

activities in Cedro at the terra firme included the management of the artificial pond 

and surrounding home garden. Soil amelioration included controlled in-field 

burning leaving an increase in micro charcoal record. Because the formation of 

ADE is connected with daily activities, the ADE in Cedro is smaller and thinner 

than on the other two sites as well as the changes in vegetation. From the pattern 

of phytoliths in Cedro site, it was possible to propose the management of palms 

resources, since conical bodies locally attributed to Bactris sp. were strongly 

associated with two areas in specific. Troufflard (2017) proposed that Cedro was 

autonomous in relation to Porto site and that Cedro’s inhabitants participated in 

ceremonies at Porto site. In terms of the archaeobotanical data, the late access 

to crops by Cedro inhabitants may result from their social relations as members 

of the Tapajó regional organization. The presence of a funnel-shaped refuse pit 
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containing both ceremonial and utilitarian vessels was identified by Troufflard as 

part of a ritual ceremony, which included the consumption of squash and maize. 

These plants could be a special food in a community scale as result of exchange. 

The limited visibility of traditional plant management practices was 

mitigated by sampling known domestic contexts and the surrounding areas. The 

integration of different lines of evidence and use of statistical analysis showed 

that phytoliths are sensitive to even vegetation changes in small scale, such as 

the case studies in this research. Thus, combined with other data, phytolith can 

be a reliable proxy for plant management. The ADE soils presented a good 

preservation of phytoliths. Regarding the regional formation of ADEs, from 

geochemistry to phytoliths and microcharcoal a variety of processes were 

revealed, as previously documented elsewhere (Schmidt et al., 2014, Woods and 

McCann, 1999b, Lehmann et al., 2003, Woods et al., 2009, Eriksson et al., 2016). 

This was measured in the phytolith assemblages by assessing trends in 

vegetation and magnitude of change, which has resulted in a diversity as well. 

Even though the method has its limitations, phytoliths are still a good proxy and 

allow for the addressing of more general questions. The phytolith data shows the 

cultivation of maize, as phytoliths from different parts of the plant were recovered 

in Porto site.  

The data from Porto and Maguari 1 sites indicate the exploitation of edible 

resources and cultigens before the emergence of the Tapajó. The polen record 

from Caranã lake indicate a long-term multi-cropping combined with the 

management of edible forest resources. The terrestrial record from Maguari 1 

indicates that the development of ADEs involved in-field burning as soil 

amelioration technique followed by the incorporation of maize cultivation in 

tandem with the Tapajó occupation. In Porto site, maize and squash cultivation 

are intensified by the Tapajó with an increase in edible resources exploitation. In 

Cedro, the Tapajó also managed the local resources and enriched the soil. All in 

all, the data suggests that the Tapajó culture regional organization intensified 

plant management strategy already practiced in the region prior to their rise. 

The three case studies consistently demonstrated small scale changes in 

the vegetation associated with the formation of ADE, as well as, the adoption of 

crops. In Maguari 1, the results from test pits suggest that vegetation change was 
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more intense closer to the anthropogenic soil (see section 6.2.4.4.7). Collectively, 

the phytolith, geochemistry, and micro charcoal data indicate that the subsistence 

system included polyculture (maize and squash) combined with management of 

wild edible resources. The data supports the assumption of agroforestry 

practices. The scales of vegetation change varied according with site size 

(population numbers) and location, as well as, local land use practices. A 

complimentary subsistence including sites from terra firme and riverine areas 

exchanging goods Schaan (2016) may be the case of Cedro late access to crops. 

Alternatively, in terms of regional socioeconomic relations, the late arrival of crops 

in Cedro might indicate restriction in the access of these plants among the Tapajó 

and the consumption in local ritual dynamics. Further research is needed to 

address this assumption. 

My research contributes to the debate in progress regarding the origins of 

Amazonian Dark Earths by providing extensive microbotanical (phytoliths and 

charcoal) and geochemical data from riverine and terra firme sites in the Lower 

Tapajós region. The regional emergence of the Tapajó in tandem with the 

development of ADE involved an intensification of a subsistence strategy 

previously practiced, including a soil enrichment technique. Furthermore, my 

thesis is the first in-depth study combining different lines of empirical evidence to 

address food production and vegetation change associated with the origin of 

ADEs in the Lower Amazon. 

This research highlights the potential of multi-proxy analysis for the 

comprehension of Amazonian Dark Earth formation and assessment of 

subsistence practices. Given the limitations of phytoliths studies, integrating other 

lines of evidence was fruitful. Future studies should also include starch grains 

and macro botanical remains in addressing ancient subsistence practices. 

Amazonian Dark Earths are a fundamental tool for comprehending ancient 

transformations in Amazonia. This study evidences the importance of empirical 

data for plant management for exploring the potential offered by the Amazonian 

Dark Earths as evidence of ancient food production practices. 

The Tapajó took advantage of earlier knowledge on plant and soil 

management and developed a regionally organized society. Their intelligent 

exploitation of natural resources had overall low impact on vegetation cover and 
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enriched vegetation composition by favouring edible forest species (Maezumi et 

al., 2018). The standing vegetation surrounding the studied sites is a living 

heritage of this resilient history of food production by ancient people in the Lower 

Tapajós. I trust this thesis can be a contribution for our comprehension of these 

enduring past lifeways.
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APPENDIX 1:  
Plants previously documented in Santarem Region  
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Common name Scientific name Use Period Reference 

Açaí Euterpe oleracea Mart. Food Tapajó Roosevelt 2000 

Achiote Bixa Orellana L. Condiment and 
tint 

Tapajó Heriarte 

Achuá Sacoglottis guianensis 
Benth. 

Food Paleoindian Roosevelt 2000 

Andiroba Carapa guianensis Aubl. Medicine Post-Tapajó Bates 

Apixuna Coccoloba P. Browne Food Paleoindian Roosevelt 2000 

Arrowroot Maranta arundinacea L. Food Post-Tapajó Bates 

Banana Musa L. Food Post-Tapajó S. Jose 

Beans Phaseolus L. Food Post-Tapajó S. Jose 

Bottle gourd Lagenaria siceraria (Molina) 
Standl. 

Craftwork Post-Tapajó Ferreira 

Brazil nut Bertholletia excelsa Bonpl. Food Paleoindian 

Post-Tapajó 

Wallace, Roosevelt 

Breu-branco Protium heptaphyllum (Aubl.) 
Marchand 

Fragrance Post-Tapajó Bates 

Buriti Mauritia flexuosa L. f. Food Tapajó Roosevelt 2000 

Caranã Mauritiella armata (Mart.) 
Burret 

Food Tapajó Roosevelt 2000 

Cashew Anacardium occidentale L. Wine and 
Medicine 

Tapajó 

Post-Tapajó 

Roosevelt 2000 

Bates 

Cotton Gossypium hirsutum L. Craftwork Post-Tapajó S. Jose 

Cultivated Muruci Byrsonima crassifolia (L.) 
Kunth 

Food Tapajó Roosevelt 2000 

Cumin Cuminum L. Condiment Post-Tapajó S. Jose 

Curuá Attalea spectabilis Mart. Food Paleoindian 

Formative 

Post-Tapajó 

Bates, Roosevelt 

Forest cashew Anacardium giganteum W. 
Hancock ex Engl. 

Food, wine Tapajó Roosevelt 2000 

Gogó de guariba Moutabea chodatiana Huber Food Tapajó Roosevelt 2000 

Jatá Syagrus cocoides Mart. Food Tapajó Roosevelt 2000 

Jatobá Hymenaea cf. parvifolia 
Huber and oblongfolia 

Food Paleoindian Roosevelt 

Maize Zea mays L. Beverage Tapajó  Heriarte 

Roosevelt 

Manioc  Manihot esculenta Crantz Food Formative Gomes 
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Post-Tapajó Wallace 

Maracujá do mato Passiflora nítida Kunth Juice Tapajó Roosevelt 2000 

Mucajá Acrocomia aculeata (Jacq.) 
Lodd. ex Mart. 

Food Tapajó Roosevelt 2000 

Mouriri Mouriri apiranga Spruce ex 
Triana 

Food Paleoindian Roosevelt 

Muruci da mata Byrsonima crispa A. Juss. tint Tapajó 

Post-Tapajó 

Roosevelt 2000 

Bates 

Papaya Carica papaya L. Food Post-Tapajó S. Jose 

Piquiá Caryocar villosum (Aubl.) 
Pers. 

Food, oil Post-Tapajó Bates 

Pitomba Talisia esculenta (A. St.-Hil.) 
Radlk. 

Food Paleoindian Roosevelt 

Rice Oryza L. Food Post-Tapajó S. Jose 

Sacurí Attalea microcarpa Mart. Food Paleoindian Roosevelt 

Sapupira Hymenolobium excelsum 
Ducke 

Fishing poison Post-Tapajó Bates 

Sarsaparilla  Smilax L. Medicine Post-Tapajó Wallace 

Sucuuba Himatanthus sucuuba 
(Spruce ex Müll. Arg.) 
Woodson 

Medicine Post-Tapajó Bates 

Sugar apple Annona squamosa L. Food Post-Tapajó S. Jose 

Taperebá Spondias mobin L. Juice Tapajó Roosevelt 2000 

Tarumã Vitex cf. cymosa Bertero ex 
Spreng. 

Food Paleoindian Roosevelt 

Timbó Paullinia pinnata L. Fishing poison Post-Tapajó Bates 

Tonka bean Dipteryx odorata (Aubl.) 
Willd. 

Food Post-Tapajó Bates 

Tucumá Astrocaryum tucuma Mart. Food Paleoindian Roosevelt 

Uxi do campo Endopleura uchi (Huber) 
Cuatrec. 

Food Tapajó Roosevelt 2000 

Umiri Humirium floribundum Mart. Fragrance Post-Tapajó Bates 

Watermelon Citrullus lanatus (Thunb.) 
Matsum. & Nakai 

Food Post-Tapajó S. Jose 
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APPENDIX 2:  
Palm Reference Collection*  
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In the review of several Santarem regional botanical inventories, 19 

species belonging to 9 genera of Arecaceae (palms) were documented as 

abundant. Given the importance of palms to Amazonian societies, as well as, the 

strong association of ADEs with this family (Macedo, 2014, McMichael et al., 

2016), a palm reference collection was built comprising 13 species of 7 genera 

of palm plants economic and socially important (Smith, 2015). The bulk of plant 

material analysed was collected from the INPA-Manaus herbarium. Vegetative 

and reproductive plant specimens were sampled according to the availability at 

the herbarium. Appendix 2.1 exhibits the taxonomic distribution of phytolith 

morphotypes identified in palm species analysed. 

A modest number of studies invested in establish morphological 

parameters for palm phytoliths analyses have been published during the past 

years (Albert et al., 2009, Benvenuto et al., 2015, Bowdery, 2014, Macedo, 2014, 

Morcote-Ríos et al., 2016, Patterer, 2014). Carrying quantitative and qualitative 

analysis, these researchers applied shape and size measurements and 

abundance of spines (protuberances) to classify globular echinate morphotypes. 

This study follows the classification methodology developed by Morcote-Ríos et 

al. (2016). In a recent study, (Morcote-Ríos et al., 2016) classified palm phytoliths 

into 8 subtypes: (1) globular echinate symmetric, (2) globular echinate, (3) 

globular echinate elongate, (4) globular echinate with dense short projections, (5) 

reniform echinate, (6) globular echinate with long acute projections, (7) conical, 

and (8) conical with acute basal projections. Hereafter, globular echinates are 

going to be referred as G.E. + number (e.g. G.E. 1, G.E. 2, and so forth). Twenty 

random phytoliths from each echinate morphotype identified were analysed using 

computer-assisted measurements. The images taken using an Axiovision 40 

microscope at 500x magnification were analysed on NIH's ImageJ with the macro 

program “Phytoliths_Batch” developed by the ICPM (Ball et al., 2016b). 
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Appendix 2. 1: List of Arecaceae species analysed and respective phytolith morphotypes identified* 

Species Plant Part G.E.1 G.E.2 G.E.3 G.E.4 G.E.5 C. bodies 

Attalea maripa Fruit x x x    

Attalea speciosa Inflo x x x    

Astrocaryum gynacanthum Fruit      x 

Bactris gasipaes Bud      x 

 Thorn      x 

 Leaf      x 

 Fruit      x 

 Inflo      x 

Bactris maraja Fruit      x 

Euterpe oleracea Fruit  x x  x  

 Inflo x  x    

 Leaf    x   

 Twig  x x  x  

Mauritiella aculeata Fruit  x     

Mauritiella armata Leaf  x x    

Mauritia flexuosa Bud  x x    

 Inflo  x x    

 Leaf  x     

 Rachis x x x    

Oenocarpus bacaba Fruit  x     

 Inflo x x x    

 Leaf  x x x   

 Seed  x x    

 Rachis  x x    

Oenocarpus bataua Bud  x x    

 Fruit x x x    

 Leaf  x x  x  

 Rachis  x     

Oenocarpus distichus Inflo  x x    

 Rachis  x x    
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Twig   x    

 

 

Overall, the palm species analysed produced six out of the eight phytolith 

morphotypes identified by (Morcote-Ríos et al., 2016). Consistent with their study, 

different morphotypes of globular echinates co-occurred in the same plant part. 

Conical bodies were exclusively documented in species from subtribe Bactridinae 

(Appendix 2.1). The main difference resided in the globular echinate elongate 

(hereafter G.E.3) produced by bud and inflorescence of Mauritia flexuosa. In this 

plant parts, G.E.3 surfaces were more densely decorated. In contrast, G.E.3 

observed in M. flexuosa rachis and in another species parts were similar to 

(Morcote-Ríos et al., 2016) descriptions.  

G.E.1 presented a reduced taxonomic distribution (Morcote-Ríos et al 

2016). In this study G.E.1 was observed particularly in reproductive parts 

(inflorescence and fruits). Although, the rachis of M. flexuosa also produced this 

morphotype. A t-test addressing variances in G.E.1 sizes exhibited statistical 

significance for E. oleracea and A. maripa. The test was also positive among 

these two plants. However, the overlaps between size ranges has proven this 

parameter as inconclusive for establishing a significant taxonomic association. 

Appendix 2.2 is a boxplot of G.E.1 measurements. Additionally, the elongate 

echinate produced in the bud/inflorescence of M. flexuosa showed mean size 

larger than the morphotype observed in another species. The number of spines 

were counted using Zen mate software. Appendix 2.3 shows some examples of 

the peripheral spines counted in G.E.1 (A) and G.E.3 (B and C). Although this is 

a tentative study, the separation of these echinates based in the morphology and 

size is promising for identifying palms in archaeological sites. Though, further size 

studies are required for improving diagnostic significance of identifications. The 

Arecaceae phytoliths found in archaeological and test pit samples were classified 

according to the subtypes described above.  
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Appendix 2. 2: Boxplot of G.E.1 measurements in each species. 

 

 

 

 

Appendix 2. 3: Globular echinates measurements. 
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Porto profile 

Morphotype Taxa 0-5cm 10-15cm 20-25cm 30-35cm 
40-

45cm 
50-55cm 60-65cm 

70-

75cm 
80-85cm 

90-

95cm 

100-

105cm 

110-

115cm 

120-

125cm 

  Layer A1 Layer A2 Layer A3 Layer A4 

  Black ADE Brown ADE 

Cuneiform 

Bulliform 
Poaceae 11 8,0 6 5 7 1 1 1 2 3  1 2 

  3.5% 2.6% 2,0% 1,3% 2,8% 0,5% 0,4% 0,4% 0,7% 1,2%  0,5% 0,9% 

Parallepiped 

Bulliform 
Poaceae 21 7 6 10 3 1 1   1   1 

  6.6% 2,3% 2,0% 2,6% 1,2% 0,5% 0,4%   0,4%   0,5% 

Cross variant 5 Poaceae   1  1  1 5 1 2  1 2 

    0,3%  0,4%  0,4% 2,0% 0,4% 0,8%  0,5% 0,9% 

Saddle Poaceae 5 4         2   

  1.6% 1,3%         1,0%   

Rondel Poaceae 23 13 2 2 1 2 3 4 1 2  5 2 

  7.3% 4,2% 0,7% 0,5% 0,4% 0,9% 1,2% 1,6% 0,4% 0,8%  2,4% 0,9% 

Cross variant 1 Poaceae 3 9 2 1 5 1 1 5  2   2 

  0.9% 2,9% 0,7% 0,3% 2,0% 0,5% 0,4% 2,0%  0,8%   0,9% 

Bilobate Bambusoidea
e     1         

 Bambusoidea
e     0,4         

Collapsed saddle Bambusoidea
e 2  2  5 11 1 1 1 2   2 

 Bambusoidea
e 0.6%  0,7%  2,0% 5,0% 0,4% 0,4% 0,4% 0,8%   0,9% 
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Spiked rondel Bambusoidea
e 1 1 1  1  1  1     

 

Bambusoidea
e 0.3% 0,3% 0,3%  0,4%  0,4%  0,4%     

Pharus body Bambusoidea
e 1    1  1       

 Bambusoidea
e 0.3%    0,4%  0,4%       

Tall rondels Bambusoidea
e  2  7 3 1   4 3  1  

   0,7%  1,9% 1,2% 0,5%   1,4% 1,2%  0,5%  

Olyreae short cell Bambusoidea
e  4  1 1     1    

   1,3%  0,3% 0,4%     0,4%    

Short-saddle Chloridoideae  1 4 3 3 2 2 1 2     

   0,3% 1,3% 0,8% 1,2% 0,9% 0,8% 0,4% 0,7%     

Bilobate Panicoideae 13 13 3 1 2 3 2 1 2 1  1 1 

  4.1% 4,2% 1,0% 0,3% 0,8% 1,4% 0,8% 0,4% 0,7% 0,4%  0,5% 0,5% 

Polylobate Panicoideae  1 1 1   1       

 Panicoideae  0,3% 0,3% 0,3%   0,4%       

Rondell Panicoideae             1 

Flared cross Panicoideae 1 3 1  1     3   0,5% 

  0.3% 1,0% 0,3%  0,4%     1,2%    

Scooped bilobate Oryzeae  2 1 3 1 1 1 1 1 1    

   0,7% 0,3% 0,8% 0,4% 0,5% 0,4% 0,4% 0,4% 0,4%    

Scooped cross Oryzeae  1  1      1    

   0,3%  0,3%      0,4%    
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Scalloped 
bulliform Oryza sp.  3  1  1 1       

   1,0%  0,3%  0,5% 0,4%       

Wavy-top rondel Zea mays 2 3 2 1 1 1 1  1 2  1  

  0.6% 1,0% 0,7% 0,3% 0,4% 0,5% 0,4%  0,4% 0,8%  0,5%  

Total Grasses  83 75 32 37 37 25 18 19 16 24 2 10 13 

  26,3% 24,5% 10,7% 9,8% 14,6% 11,3% 7,2% 7,6% 5,8% 9,8% 1% 4,8% 5,9% 
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Porto Profile 

Morphotype Taxa 0-5cm 10-15cm 20-25cm 30-35cm 40-45cm 50-55cm 60-65cm 70-75cm 80-85cm 90-95cm 100-105cm 110-115cm 120-125cm 

  Layer A1 Layer A2 Layer A3 Layer A4 

  Black ADE Brown ADE 

Opaque perforated 
body Asteraceae 7 1 7 60 1 4 9 30 47 20 20   

  2.2% 0,3% 2,3% 15,9% 0,4% 1,8% 3,6% 12,0% 17,0% 8,1% 9,6%   

Polygonal body Cyperaceae 8 8 2 5 7 3 2 2 6 23 4 3 5 

  2.5% 2.6% 0.7% 1.3% 2.8% 1.4% 0.8% 1.2% 2,2% 9,3% 1,9% 1,4% 2,3% 

Leaf conical body Cyperaceae        1   6   

         0,4%   2,9%   

Troughs body Heliconiaceae  1 2   1   1   1  

   0,3% 0,7%   0,5%   0,4%   0,5%  

Globular rugulate Marantaceae 20 1 28 26 9 5 6 5 2 2  1  

  6.3% 0,3% 9,4% 6,9% 3,6% 2,3% 2,4% 2,0% 0,7% 0,8%  0,5%  

Flat domed 
rhizome Marantaceae  1 1 2 8 4 1 1 1 1  2 1 

   0,3% 0,3% 0,5% 3,2% 1,8% 0,4% 0,4% 0,4% 0,4%  1,0% 0,5% 

Druse Marantaceae     3 1 1 1 1 9    

      1,2% 0,5% 0,4% 0,4% 0,4% 3,7%    

Total Herbs  35 12 40 93 28 18 19 41 58 55 30 7 6 

  11,1% 3,9% 13,4% 24,6% 11,1% 8,1% 7,6% 16,5% 20,9% 22,4% 14,4% 3,3% 2,7% 
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Porto profile 

Morphotype Taxa 0-5cm 
10-

15cm 

20-

25cm 
30-35cm 40-45cm 50-55cm 60-65cm 70-75cm 80-85cm 90-95cm 100-105cm 110-115cm 120-125cm 

  Layer A1 Layer A2 Layer A3 Layer A4 

  Black ADE Brown ADE 

G.E.2 Arecaceae 27 33 49 78 25 41 51 60 54 25 66 57 69 

  8.5% 10,8% 16,4% 20,6% 9,9% 18,6% 20,4% 24,1% 19,5% 10,2% 31,7% 27,1% 31,5% 

G.E.3 Arecaceae 4    15 10 36 15 12 2 4 24 16 

  1.3%    5,9% 4,5% 14,4% 6,0% 4,3% 0,8% 1,9% 11,4% 7,3% 

G.E.4 Arecaceae   1  10     9 2  4 

    0,3%  4,0%     3,7% 1,0%  1,8% 

Conical bodies Arecaceae 15 18 18 13 20 14 6 9 12 2  3  

  4.7% 5,9% 6,0% 3,4% 7,9% 6,3% 2,4% 3,6% 4,3% 0,8%  1,4%  

Irregular 
facetate Annonaceae            1  

             0,5%  

Stippled 
platelet Celtis sp.  1 1  1 1 1 1 1 1  1  

   0,3% 0,3%  0,4% 0,5% 0,4% 0,4% 0,4% 0,4%  0,5%  

Globular 
granulates Arboreal 100 100 88 73 74 94 98 100 100 100 100 100 100 

  31.6% 32,7% 29,5% 19,3% 29,2% 42,5 39,2% 40,2% 36,1% 40,7% 48,1% 47,6% 45,7% 

Sclereid Arboreal 9 22 41 54 27 1% 12 1 14 17 1 4 3 

  2.8% 7,2% 13,8% 14,3% 10,7% 0,5 4,8% 0,4% 5,1% 6,9% 0,5% 1,9% 1,4% 

Sclereid with 
protrusions Arboreal 3 4 8 10 6 4 3 2 2 8  2 6 

  0,9% 1,3% 2,7% 2,6% 2,4% 1,8% 1,2% 0,8% 0,7% 3,3%  1,0% 2,7% 
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Elongate 
facetate Arboreal 4 10 5 9 1 1  1 3 2 3  1 

  
1.3% 3,3% 1,7% 2,4% 0,4% 0,5%  0,4% 1,1% 0,8% 1,4%  0,5% 

IST Arboreal 20 1  2 6 6 3  1   1 1 

  6.3% 0,3%  0,5% 2,4% 2,7% 1,2%  0,4%   0,5% 0,5% 

Tracheid Arboreal  4 3  3         

   1,3% 1,0%  1,2%         

Total 

Arboreal 
 182 193 214 242 188 172 212 189 199 166 176 193 200 

  57,6% 63,1% 71,8% 64% 74,3% 78,3% 84,8 75,9% 72,2% 67,5% 84,6% 91,9% 91,3% 

Crater sphere Trichomanes 
sp.   2 3  1 2  1 1    

    0,7% 0,8%  0,5% 0,8%  0,4% 0,4%    

Cucurbita Cucurbita sp. 16 26 10 5  5 1  3     

  5.1% 8,5% 3,4% 1,3%  2,3% 0,4%  1,1%     

 

 

 Cedro Unit 6/9 – Refuse Pit 

Morphotype Taxa 74-84cm % 64-74cm % 54-64cm % 28-38cm % 18-28cm % 8-18cm % 

  Brown ADE Black ADE 

Cuneiform Buliform Poaceae 112 27,0 76 18,6 99 24,1 88 21,6 70 16,9 57 13,4 

Parallepiped Bulliform Poaceae         12 2,9   

Cross other Poaceae         1 0,2   

Cross variant 1 Poaceae 1 0,2 1 0,2   1 0,2 1 0,2 1 0,2 

Cross variant 5 Poaceae     1 0,2   1 0,2   

Long cell Poaceae 1 0,2   8 2,0       
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Saddle Poaceae             

Rondell Poaceae             

Plateau saddle Bambusoideae 1 0,2     1 0,2     

Bilobate Bambusoideae           1 0,2 

Cuneiform ‘flared’ Bulliform Bambusoideae 5 1,2 4 1,0 5 1,2 1 0,2   3 0,7 

Tall/Collapsed saddle Bambusoideae 2 0,5 5 1,2 3 0,7 1 0,2 3 0,7 2 0,5 

Chusquea body Bambusoideae 1 0,2           

Tall rondel Bambusoideae   1 0,2   1 0,2 1 0,2   

Cross variant 10 Bambusoideae   1 0,2 1 0,2     1 0,2 

Pharus body Bambusoideae 1 0,2     3 0,7 1 0,2 2 0,5 

Olyreae body Bambusoideae 1 0,2 1 0,2 2 0,5 1 0,2 1 0,2 1 0,2 

Spiked rondel Bambusoideae     1 0,2   1 0,2 1 0,2 

Keystone Bulliform Oryza sp. 6 1,4   5 1,2   3 0,7   

Scooped bilobate Oryzeae           1 0,2 

Short saddle Chloridoideae   1 0,2   1 0,2 1 0,2   

squat saddle Chloridoideae 1 0,2 1 0,2 1 0,2   1 0,2 1 0,2 

Bilobate Panicoideae 1 0,2 3 0,7 1 0,2 1 0,2 2 0,5 1 0,2 

Rondel Panicoideae 1 0,2 3 0,7 5 1,2 4 1,0 4 1,0 3 0,7 

Flare cross Panicoideae 1 0,2 1 0,2   1 0,2   1 0,2 

Polylobate Panicoideae           1 0,2 

Wavy-top rondel Zea mays   1 0,2   1 0,2 1 0,2 3 0,7 

Total grasses 135 32,53 99 24,21 132 32,20 105 25,74 104 25,06 80 18,82 

Stippled polygonal body Cyperaceae 1 0,2 6 1,5 1 0,2 2 0,5 1 0,2 8 1,9 

Opaque perforated platelet Asteraceae 12 2,9 16 3,9 8 2,0 10 2,5 15 3,6 38 8,9 

Globular rugulate Marantaceae 22 5,3 29 7,1 25 6,1 9 2,2 20 4,8 38 8,9 



	 	 APPENDIX	3:	

337	
	
	

Flat domed rhizome Marantaceae 1 0,2 2 0,5   3 0,7 3 0,7   

Nodular sphere Marantaceae 2 0,5 3 0,7 4 1,0   1 0,2 3 0,7 

Cylindrical body with shaft Marantaceae 2 0,5 1 0,2 2 0,5 4 1,0   1 0,2 

Total herbs 40 9,64 57 13,94 40 9,76 28 6,86 40 9,64 88 20,71 

Irregular facetate Annonaceae 1 0,2 3 0,7 1 0,2   2 0,5   

Stippled platelet Celtis sp. 2 0,5 1 0,2 3 0,7 2 0,5 1 0,2 1 0,2 

G.E.2 Arecaceae   2 0,5   1 0,2 1 0,2 2 0,5 

G.E.3 Arecaceae           1 0,2 

G.E. 4 Arecaceae             

G. E. 7 Arecaceae   2 0,5         

Conical body Arecaceae 1 0,2 16 3,9   2 0,5 14 3,4 11 2,6 

G. granulate Arboreal 100 24,1 100 24,4 100 24,4 100 24,5 100 24,1 100 23,5 

Sclereid Arboreal 126 30,4 118 28,9 113 27,6 162 39,7 128 30,8 122 28,7 

Sclereid with protrusions Arboreal 6 1,4 7,00 1,7 5,00 1,2 5 1,2 16,00 3,9 7,00 1,6 

Elongate laminate tracheid Arboreal 3 0,7 1 0,2 4 1,0   2 0,5 5 1,2 

IST Arboreal     8 2,0     3 0,7 

Globular with rugulose 
sphere Mendoncia sp. 1 0,2 3 0,7 3 0,7 1 0,2 5 1,2 4 0,9 

Scalloped sphere Cucurbita sp.     1 0,2 1 0,2 2 0,5 1 0,2 

Total Arboreal 240 57,83 253 61,86 238 58,05 274 67,16 271 65,30 257 60,47 
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Unit 7 

  CED CED CED CED CED CED CED CED CED CED 

Morphotype Taxa 20-27cm % 27-37cm % 37-47cm % 47-57cm % 67-77cm % 

  Black ADE Brown ADE 

Cuneiform Buliform Poaceae 31 10,8 38 12,8 71 17,2 112 28,8 49 22,1 

Parallepiped Bulliform Poaceae       18 4,6   

Cross other Poaceae 1 0,3 1 0,3   1 0,3   

Cross variant 1 Poaceae 2 0,7 2 0,7       

Cross variant 5 Poaceae       2 0,5   

Long cell Poaceae     1 0,2     

Saddle Poaceae       1 0,3   

Rondell Poaceae       7 1,8   

Saddle Bambusoideae          

Bilobate Bambusoideae  1 0,3 1 0,2     

Cuneiform ‘flared’ Bulliform Bambusoideae  2 0,7   2 0,5   

Tall/Collapsed saddle Bambusoideae 3 1,0 4 1,3 4 1,0 5 1,3 2 0,9 

Chusquea body Bambusoideae        1 0,5 

Tall rondel Bambusoideae  1 0,3 1 0,2   3 1,4 

Cross variant 10 Bambusoideae          

Pharus body Bambusoideae 1 0,3 4 1,3 1 0,2 1 0,3 1 0,5 

Olyreae body Bambusoideae 1 0,3 1 0,3 1 0,2 2 0,5 1 0,5 

Spiked rondel Bambusoideae 1 0,3 1 0,3 1 0,2   1 0,5 

Keystone Bulliform Oryza sp.     1 0,2 4 1,0 1 0,5 

Scooped bilobate Oryzeae           

Short saddle Chloridoideae       3 0,8 1 0,5 
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squat saddle Chloridoideae     1 0,2     

Bilobate Panicoideae 2 0,7 8 2,7       

Rondel Panicoideae 6 2,1 2 0,7 2 0,5   1 0,5 

Flare cross Panicoideae           

Polylobate Panicoideae 1 0,3 1 0,3       

Wavy-top rondel Zea mays 1 0,3 1 0,3   2 0,5   

Total grasses 50 17,42 67 22,48 85 20,63 160 41,13 61 27,48 

Stippled polygonal body Cyperaceae 1 0,3 2 0,7       

Opaque perforated platelet Asteraceae 9 3,1 10 3,4 37 9,0 20 5,1 4 1,8 

Globular rugulate Marantaceae 38 13,2 28 9,4 44 10,7 30 7,7 15 6,8 

Flat domed rhizome Marantaceae 1 0,3 1 0,3 1 0,2     

Nodular sphere Marantaceae    2 0,5 4 1,0   

Cylindrical body with shaft Marantaceae  1 0,3 3 0,7   1 0,5 

Total herbs  49 17,07 42 14,09 87 21,12 54 13,88 20 9,01 

Irregular facetate Annonaceae 2 0,7 1 0,3 3 0,7 2 0,5   

Stippled platelet Celtis sp. 2 0,7 1 0,3 2 0,5   1 0,5 

G.E.2 Arecaceae 4 1,4 9 3,0 3 0,7 1 0,3 1 0,5 

G.E.3 Arecaceae       2 0,5   

G.E. 4 Arecaceae       2 0,5   

G. E. 7 Arecaceae           

Conical body Arecaceae 13 4,5 21 7,0 2 0,5     

G. granulate Arboreal 100 34,8 100 33,6 100 24,3 100 25,7 100 45,0 

Sclereid Arboreal 62 21,6 51 17,1 121 29,4 27 6,9 29 13,1 

Sclereid with protrusions Arboreal 4 1,4 2 0,7 8 1,9 11 2,8 10 4,5 

Elongate laminate tracheid Arboreal   3 1,0       
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 IST Arboreal     1 0,2 30 7,7   

Globular with rugulose sphere Mendoncia sp.           

Scalloped sphere Cucurbita sp. 1 0,3 1 0,3       

Total Arboreal 188 65,51 189 63,42 240 58,25 175 44,99 141 63,51 

 

 

 

 

Cedro Unit 13 

Morphotype Taxa Vessel 1 Outside vessel 1 

 

   %  %  %  % 

Cuneiform Buliform Poaceae 47 21,9 119 37,4 55 13,8 37 15,2 

Parallepiped Bulliform Poaceae       5 2,1 

Cross other Poaceae   1 0,3 1 0,3   

Cross variant 1 Poaceae     2 0,5 1 0,4 

Tall/Collapsed saddle Bambusoideae 2 0,9   1 0,3 2 0,8 

Tall rondel Bambusoideae  1 0,3 1 0,3   

Cross variant 10 Bambusoideae    1 0,3   

Pharus body Bambusoideae 1 0,5   1 0,3 1 0,4 

squat saddle Chloridoideae       1 0,4 

Bilobate Panicoideae 1 0,5 1 0,3 4 1,0 1 0,4 

Rondel Panicoideae 1 0,5 1 0,3 5 1,3 2 0,8 

Polylobate Panicoideae     1 0,3   
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Wavy-top rondel Zea mays     1 0,3   

Total grasses 52 24,19 123 38,68 75 18,75 50 20,58 

Stippled polygonal body Cyperaceae 1 0,5 1 0,3 1 0,3   

Opaque perforated platelet Asteraceae     100 25,0   

Globular rugulate Marantaceae 3 1,4 6 1,9 13 3,3 25 10,3 

Nodular sphere Marantaceae    1 0,3   

Total herbs  4 1,86 7 2,20 115 28,75 25 10,29 

Irregular facetate Annonaceae       1 0,4 

Stippled platelet Celtis sp.   1 0,3 2 0,5 1 0,4 

G.E.2 Arecaceae   1 0,3 1 0,3 2 0,8 

G.E. 4 Arecaceae 1 0,5       

Conical body Arecaceae 2 0,9   2 0,5   

G. granulate Arboreal 100 46,5 100 31,4 100 25,0 100 41,2 

Sclereid Arboreal 48 22,3 82 25,8 80 20,0 55 22,6 

Sclereid with protrusions Arboreal 6,00 2,8 3,00 0,9 24 6,0 8,00 3,3 

Elongate laminate tracheid Arboreal       1 0,4 

 IST Arboreal 2 0,9   1 0,3   

Globular with rugulose sphere Mendoncia sp.   1 0,3     

Total Arboreal 159 73,95 188 59,12 210 52,5 168 69,14 
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Cedro Test Pit 1 

Morphotype Taxa 0-5cm % 10-15cm % 20-25cm % 
30-

35cm 
% 

Cuneiform Buliform Poaceae 41 9,95 63 15,44 68 16,67 98 24,14 

Cross other Poaceae   1 0,25 1 0,25   

Cross variant 1 Poaceae   1 0,25 1 0,25   

Cross variant 5 Poaceae         

Long cell Poaceae   1 0,25     

Saddle Bambusoideae     1 0,25 1 0,25 

Bilobate Bambusoideae         

Cuneiform ‘flared’ Bulliform Bambusoideae 10 2,43 16 3,92 5 1,23 11 2,71 

Tall/Collapsed saddle Bambusoideae 3 0,73 4 0,98 2 0,49 3 0,74 

Chusquea body Bambusoideae   2 0,49     

Tall rondel Bambusoideae     1 0,25 2 0,49 

Cross 10 Bambusoideae 1 0,24       

Pharus body Bambusoideae 1 0,24     1 0,25 

Olyreae body Bambusoideae 2 0,49 1 0,25 1 0,25 1 0,25 

Spiked rondel Bambusoideae 1 0,24   1 0,25 1 0,25 

Keystone Bulliform Oryza sp. 7 1,70 2 0,49 1 0,25 6 1,48 

Buliform t3 Oryzeae   10 2,45     

Squat saddle Chloridoideae 1 0,24 1 0,25 1 0,25 3 0,74 

Bilobate Panicoideae 1 0,24   1 0,25 1 0,25 

Rondel Panicoideae 3 0,73 1 0,25 3 0,74 3 0,74 
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Total grasses  71 17,23 103 25,25 87 21,32 131 32,27 

Opaque perforated platelet Asteraceae 35 8,50 24 5,88 18 4,41 6 1,48 

Stippled polygonal body Cyperaceae 2 0,49     1 0,25 

Conical body Cyperaceae 1 0,24       

Globular rugulate Marantaceae 27 6,55 18 4,41 37 9,07 11 2,71 

Nodular sphere Marantaceae 1 0,24 3 0,74 1 0,25 2 0,49 

Cylindrical body with shaft Marantaceae   2 0,49   1 0,25 

Total Herbs  66 16,02 47 11,52 56 13,73 21 5,17 

Irregular facetate Annonaceae   4 0,98 1 0,25 2 0,49 

Stippled platelet Celtis sp. 1 0,24 1 0,25 1 0,25 5 1,23 

G.E.1 Arecaceae 25 6,07 1 0,25   4 0,99 

G.E.2 Arecaceae 1 0,24 3 0,74 10 2,45 2 0,49 

G.E.3 Arecaceae 7 1,70   1 0,25   

G.E. 4 Arecaceae     2 0,49   

Conical body Arecaceae 3 0,73 5 1,23 8 1,96 2 0,49 

G. granulate Arboreal 100 24,27 100 24,51 100 24,51 100 24,63 

Sclereid Arboreal 126 30,58 129 31,62 123 30,15 127 31,28 

Sclereid with protrusions Arboreal 5 1,21 7 1,72 7 1,72   

Elongate facetate Arboreal 2 0,49 6 1,47 9 2,21 5 1,23 

Elongate laminate tracheid Arboreal 1 0,24 1 0,25 2 0,49 4 0,99 

IST Arboreal 1 0,24       

Total Arboreal  272 66,02 257 62,99 264 64,71 251 61,82 

Globular with rugulose sphere Mendoncia sp. 3 0,73 1 0,25 1 0,25 3 0,74 
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Cedro Test pit 2 

Morphotype Taxa 0-5 % 10-15 % 20-25 % 30-35 % 40-45 % 

Cuneiform Buliform Poaceae 53 12,86 85 20,33 94 22,93 76 18,45 25 8,33 

Cross other Poaceae     1 0,24 1 0,24   

Cross variant 1 Poaceae 1 0,24 1 0,24 2 0,49 1 0,24 1 0,33 

Cross variant 5 Poaceae 1 0,24 2 0,48       

Saddle Bambusoideae     1 0,24     

Cuneiform ‘flared’ Bulliform Bambusoideae 2 0,49     17 4,13   

Tall/Collapsed saddle Bambusoideae 2 0,49 2 0,48 3 0,73 5 1,21 2 0,67 

Chusquea body Bambusoideae           

Tall rondel Bambusoideae   1 0,24 3 0,73 3 0,73 1 0,33 

Pharus body Bambusoideae   1 0,24       

Olyreae body Bambusoideae 1 0,24 1 0,24   1 0,24 1 0,33 
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Spiked rondel Bambusoideae 1 0,24 1 0,24 1 0,24 1 0,24   

Keystone bulliform Oryza sp.       1 0,24   

Scooped bilobate Oryzeae     1 0,24 1 0,24   

Short saddle Chloridoideae     1 0,24     

Squat saddle Chloridoideae   1 0,24 1 0,24     

Bilobate Panicoideae 1 0,24 1 0,24 1 0,24 2 0,49 1 0,33 

Rondel Panicoideae 4 0,97 1 0,24 6 1,46 11 2,67 4 1,33 

Flare cross Panicoideae     2 0,49 1 0,24   

Polylobate Panicoideae 1 0,24 1 0,24   1 0,24   

Total Grasses  67 16,26 98 23,44 117 28,54 122 29,61 35 11,67 

Asteraceae Asteraceae 48 11,65 11 2,63 9 2,20 3 0,73   

Achene body Cyperaceae 1 0,24 1 0,24 1 0,24 1 0,24   

Globular rugulate Marantaceae 49 11,89 71 16,99 58 14,15 61 14,81 86 28,67 

Nodular Marantaceae 1 0,24     2 0,49 2 0,67 

Cylindrical body with shaft Marantaceae 4 0,97       1 0,33 

Total herbs  103 25 83 19,86 68 16,59 67 16,26 89 29,67 

Irregular facetate Annonaceae   1 0,24       

Stippled platelet Celtis sp. 4 0,97 2 0,48   2 0,49 1 0,33 

G.E.1 Arecaceae 4 0,97 1 0,24       

G.E.2 Arecaceae     1 0,24   3 1,00 

G.E.3 Arecaceae 1 0,24 1 0,24       

Conical body Arecaceae 12 2,91 7 1,67 22 5,37 10 2,43 12 4,00 

Globular granulate Arboreal 100 24,27 100 23,92 100 24,39 100 24,27 100 33,33 

Sclereid Arboreal 115 27,91 116 27,75 97 23,66 103 25,00 58 19,33 

Arboreal 1 Arboreal 1 0,24 1 0,24 1 0,24 3 0,73   
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Elongate facetate Arboreal 3 0,73 4 0,96   2 0,49 1 0,33 

Elongate laminate tracheid Arboreal 1 0,24 3 0,72 4 0,98 2 0,49   

IST Arboreal 1 0,24 1 0,24       

Total Arboreal  242 58,74 237 56,70 225 54,88 222 53,88 175 58,33 

Globular with rugulose sphere Mendoncia sp.       1 0,24 1 0,33 
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Cedro Test Pit 3 

Morphotype Taxa 0-5 % 10-15 % 20-25 % 30-35 % 40-45 % 

Cuneiform Buliform Poaceae 59 13,95 116 28,29 122 29,83 128 31,22 95 23,51 

Parallepiped Bulliform Poaceae         41 10,15 

Cross other Poaceae 1 0,24 1 0,24 1 0,24     

Cross variant 1 Poaceae 1 0,24 1 0,24       

Rondell Poaceae     6 1,47 2 0,49   

Saddle Bambusoideae    2 0,49     

Cuneiform ‘flared’ Bulliform Bambusoideae 1 0,24 3 0,73 7 1,71 5 1,22 3 0,74 

Tall/Collapsed saddle Bambusoideae 2 0,47 4 0,98 2 0,49 3 0,73 4 0,99 

Tall rondel Bambusoideae 1 0,24       1 0,25 

Cross 10 Bambusoideae      1 0,24   

Pharus body Bambusoideae 3 0,71 3 0,73 1 0,24   2 0,50 

Olyreae body Bambusoideae 1 0,24 1 0,24 1 0,24   1 0,25 

Spiked rondel Bambusoideae  1 0,24 1 0,24 1 0,24 1 0,25 

Keystone Bulliform Oryza sp. 1 0,24 1 0,24 2 0,49     

Scooped bilobate Oryzeae     1 0,24     

Short saddle Chloridoideae     1 0,24     

Squat saddle Chloridoideae 1 0,24         

Bilobate Panicoideae 3 0,71 1 0,24 1 0,24 1 0,24 1 0,25 

Rondel Panicoideae 7 1,65 11 2,68 6 1,47 1 0,24 5 1,24 

Flare cross Panicoideae     1 0,24     

Polylobate Panicoid 1 0,24 1 0,24       

Total Grasses 82 19,39 144 35,12 155 37,90 142 34,63 154 38,12 
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Opaque perforated platelet Asteraceae 47 11,11 41 10,00 19 4,65 62 15,12 27 6,68 

Scalloped sclereid Commelinaceae 2 0,47         

Stippled polygonal body Cyperaceae 4 0,95 1 0,24 1 0,24 1 0,24   

Troughs body Heliconiaceae 1 0,24         

Globular rugulate Marantaceae 24 5,67 28 6,83 35 8,56 14 3,41 21 5,20 

Nodular sphere Marantaceae 1 0,24 2 0,49 2 0,49     

Cylindrical body with shaft Marantaceae 2 0,47 2 0,49   2 0,49   

Total herbs 81 19,15 74 18,05 57 13,94 79 19,27 48 11,88 

Irregular facetate Annonaceae 1 0,24         

Stippled polygonal body Burseraceae 10 2,36 2 0,49       

Stippled platelet Celtis sp. 1 0,24 4 0,98 1 0,24 1 0,24 2 0,50 

G.E.2 Arecaceae 1 0,24 1 0,24       

Conical body Arecaceae 16 3,78 13 3,17 11 2,69 1 0,24   

G. granulate Arboreal 100 23,64 100 24,39 100 24,45 100 24,39 100 24,75 

Sclereid Arboreal 124 29,31 41 10,00 33 8,07 46 11,22 51 12,62 

IST Arboreal 1 0,24 1 0,24     1 0,25 

Elongate facetate Arboreal   25 6,10 51 12,47 36 8,78 32 7,92 

Elongate laminate tracheid Arboreal 4 0,95 4 0,98 1 0,24 4 0,98 15 3,71 

Total arboreal 258 60,99 191 46,59 197 48,17 188 45,85 201 49,75 

Globular with rugulose sphere Mendoncia sp. 1 0,24     1 0,24   

Crater sphere Trichomanes sp.   1 0,24     1 0,25 
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CED Test Pit 4 

Morphotype Taxa 0-5 % 10-15 % 20-25 % 30-35 % 40-45 % 

Cuneiform Buliform Poaceae 46 11,11 90 21,33 68 16,43 77 19,64 105 29,49 

Parallepiped Bulliform Poaceae 7 1,69   26 6,28 12 3,06 4 1,12 

Cross variant 1 Poaceae 1 0,24         

Cross variant 5 Poaceae 1 0,24 1 0,24 7 1,69     

Saddle Bambusoideae 1 0,24 1 0,24 1 0,24     

Cuneiform ‘flared’ Bulliform Bambusoideae   1 0,24 1 0,24 1 0,26   

Tall/Collapsed saddle Bambusoideae 2 0,48 4 0,95 3 0,72 11 2,81 10 2,81 

Chusquea body Bambusoideae   1 0,24       

Tall rondel Bambusoideae   1 0,24 3 0,72 1 0,26 1 0,28 

Cross 10 Bambusoideae         1 0,28 

Pharus body Bambusoideae 1 0,24 1 0,24 1 0,24   2 0,56 

Olyreae body Bambusoideae 1 0,24 1 0,24 1 0,24 1 0,26 1 0,28 

Bilobate Panicoideae 2 0,48 2 0,47 1 0,24 1 0,26 1 0,28 

Rondel Panicoideae 6 1,45 2  1  3 0,77   

Polylobate Panicoideae 1 0,24 1 0,24 1 0,24     

Wavy-top rondel Zea mays     2 0,48     

Total Grasses 69 16,67 106 24,64 116 27,78 107 27,30 125 35,11 

opaque perforated platelet Asteraceae 44 10,63 23 5,45 29 7,00 28 7,14 36 10,11 

Stippled polygonal body Cyperaceae 1 0,24 1 0,24 1 0,24     

Globular rugulate Marantaceae 43 10,39 40 9,48 24 5,80 51 13,01 25 7,02 

Flat domed rhizome Marantaceae         1 0,28 

Nodular sphere Marantaceae 1 0,24 2 0,47 11 2,66     
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Cylindrical body with shaft Marantaceae 1 0,24 4 0,95     3 0,84 

Total Herbs 90 21,74 70 16,59 65 15,70 79 20,15 65 18,26 

Irregular facetate Annonaceae   2 0,47 3 0,72 2 0,51 1 0,28 

Stippled polygonal body Burseraceae 2 0,48         

Stippled platelet Celtis sp. 1 0,24 3 0,71 1 0,24 2 0,51 1 0,28 

G.E.1 Arecaceae           

G.E.2 Arecaceae 13 3,14 18 4,27 33 7,97 8 2,04 4 1,12 

G.E.3 Arecaceae 1 0,24 3 0,71   3 0,77   

G.E. 4 Arecaceae 1 0,24 3 0,71   2 0,51   

Conical body Arecaceae 11 2,66 8 1,90 12 2,90 12 3,06 6 1,69 

Globular granulate Arboreal 100 24,15 100 23,70 100 24,15 100 25,51 100 28,09 

Sclereid Arboreal 68 16,43 34 8,06 41 9,90 38 9,69 32 8,99 

sclereid with protrusions Arboreal 6 1,45 3 0,71 1 0,24 7  8  

Elongate facetate Arboreal 22 5,31 67 15,88 21 5,07 22 5,61 2 0,56 

Elongate laminate tracheid Arboreal   2 0,47       

IST Arboreal 28 6,76 1 0,24 19 4,59 9 2,30 2 0,56 

Total arboreal 253 61,11 244 57,82 231 55,80 205 50,51 156 41,57 

Globular with rugulose hemisphere Mendoncia sp. 2 0,48 1 0,24 2 0,48 1 0,26 1 0,28 
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CED Test Pit 5 

Morphotype Taxa 0-5 % 10-15 % 20-25 % 30-35 % 40-45 % 

Cuneiform Buliform Poaceae 72 18,60 69 20,78 119 29,75 40 13,29 40 17,47 

Parallepiped Bulliform Poaceae 17 4,39 5 1,51 25 6,25 8 2,66 2 0,87 

Cross variant 1 Poaceae 1 0,26         

Cross variant 5 Poaceae     1  1    

Saddle Bambusoideae 1 0,26         

Bilobate Bambusoideae   1 0,30       

Bulliform Bambusoideae 1 0,26   5 1,25   5 2,18 

Tall/Collapsed saddle Bambusoideae 6 1,55 4 1,20 13 3,25 15 4,98 10 4,37 

Chusquea body Bambusoideae           

Tall rondel Bambusoideae 1 0,26 2 0,60 1 0,25 1 0,33 1 0,44 

Pharus body Bambusoideae 5 1,29 1 0,30 2 0,50 2 0,66 1 0,44 

Olyreae body Bambusoideae 1 0,26 1 0,30       

Spiked rondel Bambusoideae   1 0,30   1 0,33   

Keystone Bulliform Oryza sp.   1 0,30 1 0,25   3 1,31 

Bilobate Panicoideae 7 1,81 2 0,60 4 1,00 3 1,00 1 0,44 

Rondel Panicoideae 8 2,07 12 3,61 13 3,25 24 7,97 4 1,75 

Polylobate Panicoideae 1 0,26 1 0,30 1 0,25     

Wavy-top rondel Zea mays   1 0,30       

Total Grasses 121 31,27 101 30,42 185 46,00 95 31,23 67 29,26 

opaque perforated platelet Asteraceae 41 10,59 31 9,34 41 10,25 31 10,30 10 4,37 

Stippled polygonal body Cyperaceae 1 0,26 1 0,30       

Troughs body Heliconiaceae 1 0,26         
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Globular rugulate Marantaceae 30 7,75 30 9,04 12 3,00 35 11,63 37 16,16 

Total Herbs 73 18,86 62 18,67 53 13,25 66 21,93 47 20,52 

Irregular facetate Annonaceae     1 0,25     

Stippled platelet Celtis sp. 1 0,26 1 0,30       

G.E.2 Arecaceae 10 2,58 15 4,52   4 1,33 7 3,06 

G.E.3 Arecaceae 7 1,81 5 1,51   6 1,99 1 0,44 

G.E. 4 Arecaceae 1 0,26 1 0,30       

Conical body Arecaceae 19 4,91 15 4,52 2 0,50 7 2,33 3 1,31 

Globular granulate Arboreal 100 25,84 100 30,12 100 25,00 100 33,22 100 43,67 

Sclereid Arboreal 36 9,30 21 6,33 43 10,75 17 5,65 2 0,87 

sclereid with protrusions Arboreal 3  6 1,81 4    1  

Elongate facetate Arboreal 9 2,33 4 1,20 12 3,00 6 1,99 1 0,44 

IST Arboreal 8 2,07 1 0,30       

Total Arboreal 194 49,35 169 50,90 162 39,50 140 46,51 115 49,78 



	 	 APPENDIX	3:	

354	
	
	

 
Maguari Mound 1 

Morphotype  0-
10 % 10-

20 % 20-
30 % 30-

40 % 40-
50 % 50-

60 % 60-
70 % 70-

80 % 80-
90 % 90-

100 % 100-
110 % 

Cuneiform Buliform Poaceae 4 1,0   1 0,3 1 0,4 1 0,5     1 0,5       

Parallepiped Bulliform Poaceae               1 0,5       

Cross variant 1 Poaceae       1 0,4         1 0,5 2 1,0   

Cross Variant5/6 Poaceae 1 0,2               1 0,5   1 0,5 

Rondell Poaceae   7 1,8 1 0,3   1 0,5   1 0,3   1 0,5 5 2,5 2 1,0 

Pharus body Bambusoidea
e 1 0,2   1 0,3 1 0,4 1 0,5       1 0,5     

Spike rondell Bambusoidea
e   1 0,3 1 0,3     3 1,4 1 0,3   5 2,5 9 4,4   

Collapsed saddle Bambusoidea
e       1 0,4           1 0,5 3 1,5 

Chusquea body Bambusoidea
e               1 0,5       

Tall rondell Bambusoidea
e       1 0,4         5 2,5 2 1,0   

Cuneiform ‘flared’ 
Bulliform 

Bambusoidea
e       1 0,4 1 0,5             

Olyreae body Bambusoidea
e       1 0,4               

Short saddle Chloridoideae           1 0,5 1 0,3   1 0,5     

Bilobate Panicoideae   4 1,0 1 0,3 2 0,8 1 0,5 1 0,5 1 0,3 1 0,5 3 1,5 2 1,0   

Polylobate Panicoideae     1 0,3 1 0,4       1 0,5     1 0,5 

Rondell Panicoideae 1 0,2                   2 1,0 

Wavy-top rondell Zea mays       1 0,4           1 0,5 1 0,5 

Opaque perforated 
platelets Asteraceae 81 20,

0 100 25,
3 61 18,

1 4 1,6 9 4,2 10 4,5 56 18,
7 5 2,4 4 2,0 8 3,9   

Stippled polygonal body Cyperaceae     1 0,3 1 0,4   1 0,5 3 1,0 1 0,5 3 1,5 2 1,0 2 1,0 
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Globular nodular Marantaceae 3 0,7 5 1,3 18 5,3 20 7,9 11 5,2   1 0,3 2 1,0 1 0,5   42 20,
6 

Globular rugulate Marantaceae 21 5,2   1 0,3   6 2,8 14 6,3 21 7,0 11 5,2 2 1,0   1 0,5 

irregular cylinder Marantaceae 1 0,2   2 0,6       8 2,7 2 1,0 1 0,5 2 1,0 1 0,5 

flat domed rhizome Marantaceae                   1 0,5 1 0,5 

G.E. 2 Arecaceae 67 16,
6 43 10,

9 43 12,
8 36 14,

2 10 4,7 33 14,
9 32 10,

7 11 5,2 19 9,4 11 5,4 5 2,5 

G. E. 3 Arecaceae 19 4,7 18 4,6 2 0,6 3 1,2 4 1,9 18 8,1 8 2,7 2 1,0 4 2,0 2 1,0 6 2,9 

Conical body Arecaceae 3 0,7 22 5,6 17 5,0 14 5,5 3 1,4 20 9,0 15 5,0 8 3,8 5 2,5   8 3,9 

Scalloped sphere Cucurbita sp. 1 0,2     3 1,2               

Faceted body Annonaceae                   2 1,0   

Burseraceae Burseraceae 1 0,2   1 0,3                 

Stippled platelet Celtis sp.       1 0,4               

Globular granulate Arboreal 82 20,
3 100 25,

3 100 29,
7 100 39,

4 100 46,
9 100 45,

0 100 33,
3 100 47,

6 100 49,
5 100 49,

0 100 49,
0 

sclereid Arboreal 99 24,
5 88 22,

3 77 22,
8 54 21,

3 46 21,
6 9 4,1 50 16,

7 50 23,
8 26 12,

9 42 20,
6 16 7,8 

Elongate facetate Arboreal 2 0,5 5 1,3   7 2,8 17 8,0     13 6,2 4 2,0   3 1,5 

IST Arboreal 16 4,0   6 1,8   5 2,3 12 5,4 2 0,7   14 6,9 11 5,4   

Globular with rugulose 
sphere Mendoncia sp. 1 0,2                     

Crater globular Trichomanes 
sp.   2 0,5 2 0,6           1 0,5 1 0,5 9 4,4 
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Maguari Mound 2  

Morphotype Taxa 0-10cm % 
10-

20cm 
% 

20-

30cm 
% 

30-

40cm 
% 

40-

50cm 
% 50-60cm % 60-70cm % 70-80cm % 

Parallepiped bulliform Poaceae   8 3,4 37 9,3       1 0,3 2 0,6 

Cuneiform bulliform Poaceae     20 5,0 1 0,4 4 1,7 3 0,9   3 0,9 

Cross other Poaceae 1 0,5         3 0,9     

Cross variant 1 Poaceae 1 0,5   4 1,0   2 0,9       

Cross variant 5 Poaceae       4 1,7         

Long cell Poaceae     1 0,3           

Rondel Poaceae   1 0,4   1 0,4         

Bilobate Bambusoideae     3 0,8 2 0,8         

Collapsed saddle Bambusoideae   1 0,4 4 1,0 4 1,7         

Spiked rondell Bambusoideae 3 1,4 2 0,9 2 0,5 3 1,3         

Pharus body Bambusoideae 1 0,5 1 0,4   1 0,4         

Short saddle Chloridoideae     2 0,5           

Bilobate Panicoideae     6 1,5 1 0,4 1 0,4       

Panicoid rondell Panicoideae 1 0,5 1 0,4 12 3,0 3 1,3     1 0,3 1 0,3 

Total grasses 7 3,15 14 6,01 91 
22,

75 
20 

8,3

3 
7 3,00 6 1,86 2 0,61 6 1,78 

Opaque perforated 
platelets Asteraceae 12 5,4 23 9,9 11 2,8 12 5,0 14 6,0 16 5,0 22 6,7 26 7,7 

Stippled polygonal body Cyperaceae 1 0,5   1 0,3 3 1,3 1 0,4     1 0,3 

Quadrilateral sclereid with 
scalloped surface Commelinaceae 2 0,9               

Globular rugulate Marantaceae   49 21,0 3 0,8 15 6,3 20 8,6 29 9,0 20 6,1 22 6,5 

Nodular sphere Marantaceae         15 6,4 1 0,3 2 0,6 8 2,4 

Total Herbs 15 6,76 72 30,90 15 
3,7

5 
30 

12,

50 
50 21,46 46 14,29 44 13,50 57 16,91 
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G.E. 2 Arecaceae 24 10,8 14 6,0 7 1,8 4 1,7 6 2,6 1 0,3     

G. E. 3 Arecaceae 2 0,9 3 1,3 2 0,5 1 0,4 1 0,4       

G. E. 4 Arecaceae   1 0,4             

Palm conical body Arecaceae 5 2,3   2 0,5 1 0,4         

Stippled platelet Celtis sp. 1 0,5 5 2,1     1 0,4       

G. granulate Arboreal 100 45,0 100 42,9 100 25,
0 100 41,

7 100 42,9 100 31,1 100 30,7 100 29,7 

Sclereid Arboreal 45 20,3 23 9,9 130 32,
5 76 31,

7 38 16,3 152 47,2 166 50,9 154 45,7 

IST Arboreal 17 7,7 1 0,4 39 9,8 7 2,9 19 8,2 14 4,3     

Elongate facetate Arboreal 6 2,7   6 1,5  11 4,7    13 4,0 20 5,9 

Total Arboreal 200 90,09 147 63,09 286 
71,

50 
189 

89,

75 

169,721

03 
70,82 267 82,92 279 85,58 274 81,31 

Globular with rugulose 
hemisphere Mendoncia sp.     1 0,3     1 0,3     

Scalloped sphere Cucurbita sp.     7 1,8           

Crater sphere Trichomanes sp.       1 0,4   2 0,6 1 0,3   
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Maguari Mound 5  

Morphotype Taxa 

0-5 

cm 

% 

5-15 

cm 

% 

15-25 

cm 

% 

25-35 

cm 

% 

35-45 

cm 

% 

45-55 

cm 

% 

55-65 

cm 

% 

65-75 

cm 

% 

75-85 

cm 

% 

85-95 

cm 

% 

95-105 

cm 

% 

Cuneiform 
Bulliform Poaceae 5 1,3 7 2,6 3 1,2 1 0,5 7 3,5 2 1,0   2 1,0 2 1,0 3 1,5 5 2,5 

Parallepiped 
bulliform Poaceae   1 0,4     1 0,5 2 1,0 1 0,5 2 1,0 1 0,5     

Cross other Poaceae 1 0,3 1 0,4 1 0,4   1 0,5 1 0,5   1 0,5 1 0,5 1 0,5   

Cross variant 
1 Poaceae         1 0,5 1 0,5   1 0,5       

Long cell Poaceae               2 1,0       

Rondel Poaceae 1 0,3   4 1,6   3 1,5 4 2,0 2 1,0 1 0,5       

Saddle Bambusoideae 1 0,3 1 0,4   1 0,5     1 0,5 2 1,0 1 0,5 1 0,5   

Spiked rondell Bambusoideae 1 0,3 1 0,4 1 0,4     1 0,5 1 0,5       1 0,5 

Pharus body Bambusoideae 1 0,3 4 1,5 2 0,8 1 0,5 1 0,5 1 0,5           

Olyreae body Bambusoideae 1 0,3 1 0,4 1 0,4   1 0,5   1 0,5   1 0,5     

Short saddle Chloridoideae             1 0,5         

Scooped 
bilobate Oryzeae 1 0,3       1 0,5 1 0,5           

Bilobate Panicoideae 1 0,3 1 0,4 4 1,6 1 0,5 1 0,5 1 0,5 1 0,5 6 3,0 1 0,5     

Polylobate Panicoideae 1 0,3         1 0,5   2 1,0       

Wavy top 
rondel Zea mays 1 0,3                     

Total grasses 15 3,94 17 6,39 16 6,20 4 2,00 17 8,50 15 7,50 8 4,00 19 9,45 7 3,50 5 2,50 6 3,00 

Opaque 
perforated 

platelet 
Asteraceae 100 26,2 21 7,9 23 8,9                 

Stippled 
polygonal 

body 
Cyperaceae         1 0,5 1 0,5   1 0,5 1 0,5     

Globular 
rugulate Marantaceae 11 2,9 5 1,9 3 1,2 10 5,0       1 0,5       
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Flat domed 
rhizome Marantaceae 1 0,3                     

Cylindrical 
body with shaft Marantaceae 1 0,3                     

Total Herbs 113 29,66 26 9,77 26 10,08 10 5 1 0,50 1 0,50 0 0 2 1,00 1 0,50 0 0 0 0 

G. E. 2 Arecaceae 27 7,1 15 5,6 4 1,6 3 1,5 4 2,0 14 7,0 1 0,5 1 0,5     1 0,5 

Conical body Arecaceae 1 0,3 2 0,8 1 0,4   2 1,0 1 0,5 1 0,5 1 0,5 1 0,5   1 0,5 

Stippled 
platelet Celtis sp. 1 0,3           1 0,5         

G. granulate Arboreal 100 26,2 100 37,6 100 38,8 100 50,0 100 50,0 100 50,0 100 50,0 100 49,8 100 50,0 100 50,0 100 50,0 

Sclereid Arboreal 113 29,7 91 34,2 100 38,8 74 37,0 58 29,0 59 29,5 78 39,0 61 30,3 75 37,5 79 39,5 73 36,5 

Elongate 
facetate Arboreal 11 2,9 15 5,6 10 3,9 9 4,5 18 9,0 10 5,0 11 5,5 17 8,5 16 8,0 17 8,5 19 9,5 

Total 

Arboreal 
 253 66,40 223 83,83 215 83,33 186 93,00 182 91,00 184 92,00 192 96,00 180 89,55 192 96,00 196 98,00 194 97,00 

scalloped 
sphere Cucurbita sp.     1 0,4                 
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Morphotype Taxa 

0-5 

cm 

% 

10-15 

cm 

% 

20-25 

cm 

% 

30-35 

cm 

% 

40-45 

cm 

% 

50-55 

cm 

% 

60-65 

cm 

% 

70-75 

cm 

% 

Bulliform Poaceae 10 2,5 22 5,4 36 9,0 28 7,0 66 16,5 50 12,3 21 5,9 31 8,4 

Buliform t2 Poaceae   4 1,0 1 0,3 1 0,3 2 0,5 5 1,2     

cross other Poaceae   1 0,2             

Cross variant 1 Poaceae           1 0,2     

Long cell Poaceae 3 0,7       4 1,0   2 0,6   

Rondell Poaceae   1 0,2             

Saddle Poaceae 1 0,2               

Cuneiform ‘flared’ Bulliform Bambusoideae           1 0,2     

Collapsed saddle Bambusoideae           1 0,2 2 0,6   

Tall rondel Bambusoideae 1 0,2     2 0,5   1 0,2     

Spiked rondel Bambusoideae 1 0,2 1 0,2             

Olyreae body Bambusoid           1 0,2     

Pharus body Pharus sp. 3 0,7 1 0,2 1 0,3     1 0,2     

Squat saddle Chloridoid 1 0,2               

Scooped bilobate Oryzeae     1 0,3           

Bilobate Panicoid       2 0,5 1 0,3 1 0,2 1 0,3   

Polylobate Panicoid 1 0,2 1 0,2       1 0,2 1 0,3   

Rondel Panicoid           1 0,2     

Wavy-top rondel Zea mays   1 0,2             

Total Grasses 21 5,1 32 7,8 39 9,8 33 8,3 73 18,3 64 15,8 27 7,6 31 8,4 

Opaque perforated platelet Asteraceae 74 18,1 59 14,4 46 11,5 58 14,5 30 7,5 34 8,4 34 9,5 38 10,4 
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Stippled polygonal body Cyperaceae 1 0,2 2 0,5 1 0,3 1 0,3   1 0,2     

Conical body Cyperaceae 1 0,2               

Globular rugulate Marantaceae 5 1,2 8 2,0   11 2,8 1 0,3       

Nodular sphere Marantaceae   1 0,2   2 0,5         

Total herbs 81 19,9 70 17,1 47 11,8 72 18,0 31 7,8 35 8,6 34 9,5 38 10,4 

Irregular facetate Annonaceae   1 0,2             

Stippled platelet Celtis sp. 12 2,9 2 0,5 1 0,3 2 0,5 1 0,3 1 0,2   1 0,3 

G.E. 1 Arecaceae 13 3,2 1 0,2   1 0,3         

G.E. 2 Arecaceae 13 3,2 15 3,7 8 2,0 5 1,3 1 0,3 3 0,7   2 0,5 

G.E. 3 Arecaceae 20 4,9 1 0,2       5 1,2     

G.E. 4 Arecaceae 5 1,2 7 1,7 2 0,5 1 0,3         

Conical body Arecaceae       1 0,3         

G. granulate Arboreal 100 24,5 100 24,4 100 25,0 100 25,0 100 25,0 100 24,7 100 28,0 100 27,2 

Sclereid Arboreal 107 26,2 154 37,6 179 44,8 162 40,5 171 42,8 162 40,0 178 49,9 165 45,0 

Elongate facetate Arboreal 22 5,4 15 3,7 11 2,8 14 3,5 10 2,5 24 5,9 16 4,5 30 8,2 

IST Arboreal 9 2,2       11 2,8 9 2,2     

Total Arboreal 301 73,8 296 72,2 301 75,3 286 71,5 294 73,5 304 75,1 294 82,4 298 81,2 

Scalloped sphere Cucurbita sp. 5 1,2 11 2,7 7 1,8 7 1,8 1 0,3 1 0,2 2 0,6   

Crater globular Trichomanes sp.   1 0,2             

Globular with rugulose sphere Mendoncia sp.     6 1,5 2 0,5 1 0,3 1 0,2     
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Maguari – Test Pit 2 

Morphotype Taxa 0-5cm % 10-15cm % 20-25cm % 30-35cm % 40-45cm % 

Cuneiform Buliform Poaceae 3 0,7 11 2,6 14 3,3 9 2,2 13 3,2 

Parallepiped Bulliform Poaceae 3 0,7 26 6,2 28 6,5 18 4,4 32 7,9 

Cross variant 1 Poaceae 1 0,2     1 0,2 1 0,2 

Cross Variant 5 Poaceae         1 0,2 

Long cell Poaceae   1 0,2 1 0,2 1 0,2   

Rondel Poaceae     4 0,9     

Saddle Poaceae 1 0,2       1 0,2 

Cross other Poaceae 1 0,2 1 0,2     1 0,2 

Cuneiform ‘flared’ Bulliform Bambusoideae       1 0,2   

Pharus body Bambusoideae 2 0,5 1 0,2 1 0,2 1 0,2 1 0,2 

Olyreae body Bambusoideae 2 0,5 1 0,2 1 0,2 1 0,2   

Cross variant 10 Bambusoideae 1 0,2 1 0,2   1 0,2   

Tall/collapsed Saddle Bambusoideae 1 0,2 1 0,2 2 0,5 3 0,7   

Bilobate Bambusoideae 1 0,2 1 0,2 1 0,2   1 0,2 

Spiked rondel Bambusoideae 1 0,2 1 0,2 1 0,2 1 0,2   

Short saddle Chloridoideae 1 0,2         

Scooped bilobate Oryzeae   2 0,5       

Keystone Bulliform Oryza sp.     1 0,2   6 1,5 

Bilobate Panicoideae 1 0,2 1 0,2 1 0,2 1 0,2 1 0,2 

Polylobate Panicoideae     1 0,2   1 0,2 

Rondel Panicoideae 1 0,2 2 0,5   1 0,2 1 0,2 

Flare cross Panicoideae 1 0,2 1 0,2       
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Wavy-top rondel Zea mays 1 0,2         

Total Grasses  22 5,0 51 12,1 56 13,1 39 9,5 60 14,9 

Opaque perforated platelets Asteraceae 39 8,9 43 10,2 34 7,9 56 13,6 39 9,7 

Stippled polygonal body Cyperaceae 12 2,7 2 0,5 2 0,5 2 0,5 1 0,2 

Conical body Cyperaceae   1 0,2       

Scalloped sclereid Commelinaceae   8 1,9 11 2,6 3 0,7   

Troughs body Heliconiaceae     1 0,2   2 0,5 

Globular rugulate Marantaceae 1 0,2 19 4,5 10 2,3 17 4,1 10 2,5 

Nodular sphere Marantaceae 1 0,2 1 0,2   1 0,2 1 0,2 

Cylindrical body with shaft Marantaceae 1 0,2     2 0,5   

Total Herbs  54 12,3 74 17,5 58 13,5 81 19,7 53 13,1 

G.E.1 Arecaceae 3 0,7 10 2,4   4 1,0 4 1,0 

G.E.2 Arecaceae 33 7,5 16 3,8 8 1,9 27 6,6 21 5,2 

G.E.3 Arecaceae 2 0,5 2 0,5   3 0,7 3 0,7 

G.E 4 Arecaceae 1 0,2   1 0,2   1 0,2 

Conical body Arecaceae 20 4,5 14 3,3 7 1,6 4 1,0 4 1,0 

Irregular facetate Annonaceae 5 1,1   1 0,2     

Stippled platelet Celtis sp. 23 5,2 2 0,5 1 0,2 1 0,2 1 0,2 

Scalloped bodies Commelinaceae 25 5,7         

G. granulate Arboreal 89 20,2 99 23,5 100 23,3 100 24,3 100 24,8 

Sclereid Arboreal 119 27,0 118 28,0 146 34,0 131 31,8 136 33,7 

Elongate facetate Arboreal 31 7,0 27 6,4 30 7,0 13 3,2 15 3,7 

IST Arboreal 8 1,8       2 0,5 

Total Arboreal  359 81,6 288 68,2 294 68,5 283 68,7 287 71,0 

Scalloped sphere Cucurbita sp. 4 0,9 7 1,7 12 2,8   1 0,2 
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Crater globular Trichomanes sp. 1 0,2 1 0,2 1 0,2 1 0,2 2 0,5 

Globular with rugulose sphere Mendoncia sp.   1 0,2 3 0,7 1 0,2 1 0,2 
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Maguari Test Pit 3 

Morphotype Taxa 0-5cm % 10-15cm %2 20-25cm %3 30-35cm %4 40-45cm %5 

Cuneiform Buliform Poaceae 3 0,7 10 2,4 2 0,5 9 2,3 6 1,5 

Parallepiped Bulliform Poaceae     15 3,6   51 12,4 

Cross other Poaceae 2 0,5 1 0,2       

Cross variant 1 Poaceae     1 0,2     

Cross Variant 5 Poaceae 1 0,2 1 0,2   1 0,3   

Long cell Poaceae 3 0,7 2 0,5 1 0,2 3 0,8 2 0,5 

Rondel Poaceae     1 0,2   3 0,7 

Bilobate Bambusoideae  1 0,2       

Rondel Bambusoideae 1 0,2 1 0,2 1 0,2   1 0,2 

Saddle Bambusoideae 1 0,2 1 0,2 1 0,2     

Collapsed saddle Bambusoideae 1 0,2 1 0,2 2 0,5 1 0,3 2 0,5 

Cross Variant 10 Bambusoideae        1 0,2 

Spiked rondell Bambusoideae 1 0,2 1 0,2 1 0,2 1 0,3   

Olyreae body Bambusoideae  1 0,2 1 0,2   1 0,2 

Pharus body Bambusoideae 1 0,2 1 0,2 1 0,2   1 0,2 

Chusquoid body Chusquea sp.     1 0,2     

Rondel Panicoideae 1 0,2 1 0,2 1 0,2 1 0,3 2 0,5 

Bilobate Panicoideae 1 0,2 1 0,2 1 0,2 1 0,3   

Flare cross Panicoideae 1 0,2         

Polylobate Panicoideae 1 0,2     2 0,5 1 0,2 

scooped bilobate Oryzeae   1 0,2       

Keystone Bulliform Oryza sp. 6 1,4   16 3,8     
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Wavy top rondel Zea mays     1 0,2     

Total Grasses 24 5,7 24 5,7 47 11,2 19 4,8 71 17,2 

Opaque perforated platelets Asteraceae 100 23,9 87 20,8 55 13,1 73 18,3 23 5,6 

Cyperus Cyperaceae 2 0,5 2 0,5 2 0,5 1 0,3 2 0,5 

Scalloped sclereid Commelinaceae 1 0,2 2 0,5 1 0,2     

Troughs body Heliconiaceae     1 0,2     

Globular rugulate Marantaceae   4 1,0 2 0,5   23 5,6 

Nodular sphere Marantaceae 1 0,2 1 0,2 3 0,7     

Total Herbs 104 24,9 96 23,0 64 15,2 74 18,5 48 11,7 

G.E. 1 Arecaceae 20 4,8 21 5,0 37 8,8   3 0,7 

G.E. 2 Arecaceae 41 9,8 8 1,9 33 7,9 2 0,5 6 1,5 

G.E. 3 Arecaceae 63 15,1 23 5,5 9 2,1   2 0,5 

G.E. 4 Arecaceae 34 8,1 81 19,4 35 8,3 3 0,8 5 1,2 

Conical body Arecaceae 3 0,7 1 0,2   4 1,0 2 0,5 

Irregular facetate Annonaceae 2 0,5   1 0,2     

Stippled platelet Celtis sp. 4 1,0   2 0,5 4 1,0 1 0,2 

G. granulate Arboreal 19 4,5 45 10,8 29 6,9 100 25,0 100 24,3 

Sclereid Arboreal 96 23,0 99 23,7 139 33,1 171 42,8 135 32,8 

IST Arboreal 7 1,7 11 2,6 11 2,6 4  26 6,3 

Elongate facetate Arboreal 1 0,2 2 0,5 7 1,7 15 3,8 10 2,4 

Total Arboreal 290 69,4 291,0 69,6 303 72,1 303 74,8 290 70,4 

Scalloped sphere Cucurbita sp.   4 1,0 3 0,7 1 0,3 1 0,2 

Globular with rugulose sphere Mendoncia sp.   2 0,5 1 0,2 3 0,8 1 0,2 

Crater globular Trichomanes sp.     2 0,5   1 0,2 
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Maguari Test Pit 4 

Morphotype Taxa 0-5cm % 10-15cm % 20-25cm % 30-35cm % 40-45cm % 

Cuneiform Bulliform Poaceae 2 0,5 5 1,2 20 4,9 45 11,3 65 16,3 

Parallepiped Bulliform Poaceae       16 4,0   

Cross other Poaceae 1 0,2         

Cross Variant 5 Poaceae 1 0,2 1 0,2 1 0,2     

Long cell Poaceae 1 0,2   14 3,4     

Rondel Poaceae 1 0,2 1 0,2 1 0,2 1 0,3   

Cuneiform ‘flared’ Bulliform Bambusoideae   1 0,2       

Saddle Bambusoideae 1 0,2 1 0,2 1 0,2 2 0,5 1 0,3 

Pharus body Bambusoideae 1 0,2   1 0,2     

Olyreae body Bambusoideae 1 0,2 2 0,5 1 0,2 1 0,3 2 0,5 

Spiked rondell Bambusoideae 1 0,2 1 0,2 1 0,2 3 0,8   

Tall rondel Bambusoideae 1 0,2 1 0,2 1 0,2 1 0,3   

Squat saddle Chloridoideae     1 0,2     

Bilobate Panicoideae 1 0,2 1 0,2 1 0,2     

Polylobate Panicoideae   1 0,2 1 0,2     

Rondel Panicoideae   1 0,2       

Keystone bulliform Oryza sp. 7 1,7 2 0,5 3 0,7     

Scooped bilobate Oryzeae 1 0,2 1 0,2       

Total Grasses  20 4,9 19 4,6 47 11,4 69 17,3 68 17,0 

Opaque perforated platelets Asteraceae 100 24,3 90 22,0 50 12,1 28 7,0 28 7,0 

Stippled polygonal body Cyperaceae 1 0,2 1 0,2 1 0,2 1 0,3 1 0,3 

Conical body Cyperaceae 1 0,2         
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Scalloped sclereid Commelinaceae 5 1,2 1 0,2 2 0,5     

Nodular sphere Marantaceae 1 0,2 24 5,9 4 1,0     

Globular rugulate Marantaceae 16 3,9   29 7,0     

Total herbs  124 30,1 116 28,3 86 20,9 29 7,3 29 7,3 

G.E. 1 Arecaceae 19 4,6 8 2,0 3 0,7 3 0,8   

G.E.2 Arecaceae 7 1,7 7 1,7 2 0,5     

G.E.3 Arecaceae 1 0,2   1 0,2     

G.E.4 Arecaceae 16 3,9 1 0,2 6 1,5 5 1,3   

Conical body Arecaceae 7 1,7 12 2,9 5 1,2 9 2,3   

Celtis Celtis sp. 4 1,0 1 0,2 1 0,2     

G. granulate Arboreal 75 18,2 100 24,4 100 24,3 100 25,0 100 25,0 

Sclereid Arboreal 123 29,9 138 33,7 138 33,5 167 41,8 175 43,8 

Elongate facetate Arboreal 11 2,7 6 1,5 7 1,7 6 1,5 14 3,5 

IST Arboreal 3 0,7 1 0,2 16 3,9 9 2,3 13 3,3 

Total Arboreal  266 64,6 274 66,8 279 67,7 299 74,8 302 75,5 

Globular with rugulose sphere Mendoncia sp. 2 0,5 1 0,2     1 0,3 

Crater globular Trichomanes sp.       3 0,8   
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Maguari Test Pit 5 

Morphotype Taxa 0-5cm % 10-15cm % 20-25cm % 30-35cm % 

Cuneiform Buliform Poaceae 15 3,7 16 3,9 27 6,6 23 5,7 

Cross other Poaceae   1 0,2     

Cross variant 1 Poaceae   1 0,2   1 0,2 

Rondel Poaceae 3 0,7       

Saddle Poaceae   1 0,2     

Collapsed saddle Bambusoideae   2 0,5   2 0,5 

Pharus body Bambusoideae   1 0,2     

Olyreae body Bambusoideae   1 0,2 1 0,2 1 0,2 

Spiked rondell Bambusoideae 1 0,2 2 0,5 3 0,7 2 0,5 

Keystone Buliform Oryza sp. 9 2,2 5 1,2 3 0,7 2 0,5 

Scooped bilobate Oryzoideae 1 0,2       

Bilobate Panicoideae 1 0,2   1 0,2 1 0,2 

Rondell Panicoideae   1 0,2 1 0,2 1 0,2 

Total Grasses  30 7,4 31 7,5 36 8,8 33 8,2 

Opaque perforated 
platelets Asteraceae 35 8,6 36 8,7 37 9,1 31 7,7 

Scalloped sclereids Commelinaceae 4 1,0 14 3,4 9 2,2 3 0,7 

Stippled polygonal body Cyperaceae 1 0,2 1 0,2     

Nodular sphere Marantaceae       1 0,2 

Globular rugulate Marantaceae     7 1,7 6 1,5 

Total Herbs  40 9,9 51 12,3 53 13,0 41 10,2 

G.E. 1 Arecaceae 23 5,7 13 3,1 3 0,7 7 1,7 
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G.E. 2 Arecaceae 5 1,2 10 2,4 7 1,7 10 2,5 

G.E. 3 Arecaceae   6 1,4 4 1,0 3 0,7 

G.E. 4 Arecaceae 15 3,7 8 1,9 8 2,0 2 0,5 

Conical body Arecaceae 1 0,2 4 1,0 1 0,2 3 0,7 

Irregular facetate Annonaceae 2 0,5 3 0,7 2 0,5   

Stippled platelet Celtis sp. 8 2,0 1 0,2 2 0,5   

G. granulate Arboreal 100 24,6 98 23,6 99 24,3 100 24,9 

Sclereid Arboreal 142 35,0 155 37,3 153 37,5 150 37,3 

Elongate facetate Arboreal 35 8,6 21 5,1 29 7,1 34 8,5 

IST Arboreal 5 1,2 13 3,1 10 2,5 15 3,7 

Total Arboreal  336 82,8 332 80,0 318 77,9 324 80,6 

Globular with rugulose 
sphere Mendoncia sp.   1 0,2 1 0,2 4 1,0 
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Appendix 3. 1: Phytolith raw data from inside Vessel 1 - Mound 1 
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Appendix 3. 2: Phytolith raw dat from sample collected underneath vessel 4 
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Appendix 3. 3: Phytolith raw data from sample colected on top of the ceramic cache in Mound 1 
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Appendix 3. 4: Phytolith raw data from inside Vessel 5 
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Appendix 3. 5: Phytolith raw data from inside the pit where vesse 5 was deposited 
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Appendix 3. 6: Phytolith raw data from a ceramic cluster in Mound 5 
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Appendix 3. 7: Phytolith raw data from sample collected inside a fire pit in Mound 5 
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