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RESUMO

Na Amazénia sdo inumeras as ocorréncias de solos modificados pela ocupacdo de antigos
povos ceramistas. Estes solos, conhecidos como Terra Preta de indio ou Terra Preta
Arqueolodgica (TPA), geralmente ocupam pequenas areas, mas também sdo encontrados em
areas continuas por dezenas de hectares. Algumas dessas TPA sdo circundadas por solos
conhecidos por Terra Mulata Antropica (TMA). As TPA apresentam cor escura, teores
elevados de Ca, Mg, P, Mn, Zn, Cu e C organico, fragmentos ceramicos (FC) e carvdo. Ja a
TMA, embora de cor escura, é desprovida de FC e os seus contetudos de Ca, Mg, P, Mn, Zn,
Cu e C orgénicos sdao menores em relacdo a TPA, porém mais elevados quando comparados
aos solos adjacentes (AD). Na regido do Baixo Amazonas extensas areas de TPA sdo
acompanhadas por faixas igualmente extensas de TMA, que foram delineadas durante as
pesquisas de salvamento arqueolégico para implantagdo da industria de extracdo e
beneficiamento de bauxita da ALCOA, no municipio de Juruti, Para. Estes locais, conhecidos
como sitios arqueoldgicos, ricos em fragmentos ceramicos (FC) e matéria organica, foram
investigados com o objetivo de conhecer as possiveis inter-relagdes entre os solos TPA e
TMA, a real interferéncia da ocupacdo pré-histérica nos solos e delinear o padrdo
ocupacional, contribuindo assim para o esclarecimento da cronologia de ocupacdo da
Amazoénia. Foram realizadas amostragens de solos e de fragmentos ceramicos (FC) em dois
sitios arqueoldgicos com TPA e TMA selecionados para este estudo. As amostras de solo e
FC foram coletadas em perfis pedolégicos e em uma malha regular (60 x 120 m),
representativa das TPA, TMA e AD. Em seguida foram submetidas a analises mineralégicas
por DRX, MEV-EDS e microscopia Gptica; e quimicas (incluindo os elementos maiores e
tracos) determinadas por ICP-OES e ICP-MS. Além das analises quimicas e mineraldgicas, 0s
FC foram ainda examinados arqueologicamente com lupa binocular e datados por
termoluminescéncia (TL). Os fragmentos de carvao foram datados empregando-se 0 método
radiocarbono (C**) aplicando-se a técnica AMS. Os resultados obtidos mostram que os solos
sdo constituidos essencialmente por quartzo e caulinita, e em menores propor¢des por illita +
muscovita, goethita + hematita e anatasio. Estes minerais refletem a associagdo Al,O3-Fe;O3-
TiO, interpretada como a assinatura dos solos derivados de crosta ferro-aluminosa de perfis
lateriticos, equivalente aos solos adjacentes (AD). Embora as TPA e TMA guardem
semelhancas mineraldgicas e quimicas entre si, diferem parcialmente nos teores de cada espécie
mineral e nas concentragdes dos elementos quimicos. Por outro lado apatita, fosfato de Al e

cristobalita s@o praticamente exclusivos das TPA, raramente encontrados na TMA e ausentes nos solos

AD. A apatita e o fosfato de Al representam as principais fontes dos altos teores de Ca e P. Os solos
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TPA e TMA se caracterizam também pelo elevado contelido de matéria orgénica e se deixam
identificar pela associacdo P,05-CaO-MgO-Na,0-K,0-Zn-Cu-Mn-Ba-Sr-Li-Ni, interpretada
como indicadora de atividade humana. Os mapas geoquimicos desses elementos e de
distribuicdo dos FC permitiram delimitar as areas de TPA como de ocupagdo permanente,
delimitadas pelas concentragdes mais elevadas. Foram identificadas sete manchas de solos
enriquecidos e mais escuros, agrupadas em dois ndcleos principais, separadas por corredores
de solo equivalente & AD (associacdo geoquimica Al,O3-Fe;03-TiO,-Cr-Y-V-Zr). Tais
manchas, com abundéncia de FC, foram interpretadas como locais de antigas aldeias. A TMA
segue em extensa e continua faixa paralela ao rio, entre a TPA e a AD, interpretada como
locais de acampamento ou de atividades agricolas. As caracteristicas estilisticas e a sequéncia
cronoldgica destes fragmentos indicam que a ocupacgdo esta representada principalmente por
duas fases ceramicas: Konduri, mais recente e Poc6, mais antiga. As idades obtidas por C** e
TL sugerem que estes povos ceramistas provavelmente se estabeleceram na regido entre 140
AC e o século XIII da nossa era, tendo as TPA se formado subsequentemente. Os fragmentos
cer@micos constituiam vasilhas de uso cotidiano e cerimonial. Sua composi¢do mineraldgica e
quimica se assemelha a argila utilizada pelos artesdos atuais. As diferengas se resumem aos
elevados teores de fosforo (entre 1 e 4 % de P,0s) sob a forma de fosfatos de Al e Fe
amorfos, que na argila atual se encontram em nivel crustal. Isto reforga a proposta de sua
origem relacionada ao uso, especialmente ao cozimento dos alimentos. Portanto, diante das
similaridades mineralégicas e quimicas entre os FC de culturas e cronologias distintas é
possivel inferir que as matérias-primas utilizadas pelos povos antigos dessa regido, tiveram
sempre a mesma proveniéncia ou ambiéncia geoldgica, iniciada ha pelo menos 2.000 anos
atras, e que alcangou 0s povos atuais da regido. Portanto, as areas de TPA e TMA que ocupam
o vale do Amazonas na regido de Juruti por mais de 350 ha, indicam que elas sdo
consequéncia de atividades humanas pre-histéricas, extensivas e intensivas, que imprimiram
significativas transformagdes aos solos pre-existentes. As condi¢Bes de clima quente e tmido,

além da densa cobertura vegetal permitiram a sua formagéo.

Palavras chave: Mineralogia. Terra Preta. Terra Mulata. Fragmentos Cerdmicos. Pré-historia.
Geoquimica. Arqueologia da Amazonia.
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ABSTRACT

In the Amazon basin, the soils of a large number of sites have been modified by ancient
pottery-making peoples. These soils, known as Indian Dark Earth or Archeological Dark
Earth (ADE), generally cover relatively small areas, but in some cases, may extend to dozens
of hectares. Some of these ADE sites are surrounded by soils known as Terra Mulata (TMA).
The ADEs are dark in color, and have relatively high levels of Ca, Mg, P, Mn, Zn, Cu and
organic C, ceramic fragments (CF), and charcoal. By contrast, while the TMA are relatively
dark, they lack ceramic fragments, and have lower levels of Ca, Mg, P, Mn, Zn, Cu, and
organic C than the ADE, even though these levels are generally higher than those found in
adjacent soils or Latosol (Oxisols). Along the right bank of the lower Amazon River, at Juruti,
in the Brazilian state of Para, ample areas of ADE were found surrounded by equally
extensive tracts of TMA the during archeological rescue operation that preceded the
construction of the ALCOA bauxite extraction and processing plant. These locations, known
to be archeological sites rich in ceramic fragments and organic matter, were investigated with
the aim of understanding the possible inter-relationships between the ADE and TMA soils
and the specific role of the prehistoric occupation of these soils, and the determination of the
pattern of occupation, and the time scale of the occupation of the Amazon basin. Samples of
soil and CF were obtained from the two archeological sites with ADE and TMA selected for
this study. The soil and CF samples were collected from pedological profiles within a
standardized 60 m x 120 m grid, representative of the ADE, TMA and adjacent soils. The
mineralogy of the samples was then analyzed using XRD, SEM-EDS and optical microscopy,
and their chemistry (including major and trace elements) was determined using ICP-OES and
ICP-MS. In addition to these chemical and mineralogical analyses, the CF were examined
archeologically with a binocular lens, and dated using thermoluminescence. The fragments of
charcoal were dated using the radiocarbon (C**) method using the AMS technique. The results
show that the soils are made up essentially of quartz and kaolinite, with illite + muscovite,
goethite + hematite, and anatase in smaller proportions. These minerals reflect the Al,Os-
Fe,03-TiO, association that has been interpreted as the signature of soils derived from the
ferrous-aluminous crust of lateritic profiles, equivalent to the adjacent soils. While ADE and
TMA are relatively similar in their mineralogical and chemical composition, they are partly
different in the content of each mineral and in their concentrations of the chemical elements.
On the other hand, apatite, Al phosphate, and cristobalite are practically exclusive to the
ADE, being found only rarely in the TMA, and entirely absent from the Latosol. The apatite



and Al phosphate represent the principal sources of the high levels of Ca and P. The ADE and
TMA soils are also characterized by the high levels of organic matter, and can be identified by
the P,05-Ca0-MgO-Na,0-K,0-Zn-Cu-Mn-Ba-Sr-Li-Ni association, which can be
interpreted as an indicator of human activity. The geochemical maps of these elements and the
distribution of the CF permitted the delimitation of the ADE zones as representing areas of
permanent human occupation, defined by the higher concentrations. Seven patches of darker,
enriched soil were grouped in two principal nuclei, separated by corridors of soils equivalent
to adjacent area (Al,O3-Fe,03-TiO,-Cr-Y-V-Zr geochemical association). These patches,
characterized by an abundance of ceramic fragments, were interpreted as being the sites of
ancient settlements. The TMA lies in a wide, continuous belt parallel to the river, between the
ADE and the adjacent soil, and is interpreted as an area of campsites or the locations of
agricultural activities. The stylistic characteristics and the chronological order of these
fragments indicate that the occupation of the area is represented primarily by two distinct
ceramic phases, the older Pocé phase, and the more recent Konduri phase. The
thermoluminescence and C** dating indicate that these pottery-making peoples probably
occupied the region between 140 B.C. and the 13th century, with the ADE being formed
subsequently. The ceramic fragments represent the remains of both ceremonial vessels and
everyday artifacts. Their mineralogical and chemical composition is similar to that of the clay
used by the region’s present-day potters. The differences are restricted to the high levels of
phosphorus (between 1% and 4% P,0s) found in the fragments in the form of amorphous Al
and Fe phosphates, which are found at crustal levels in the present-day clay. This reinforces
the conclusion that their origin was related to the use of the ceramic vessels, especially for
cooking food. From the mineralogical and chemical similarities between the CF of distinct
cultures and ages, it is possible to infer that the raw material used by the ancient settlers of
this region were invariably sourced from the same deposits or geological formations,
beginning more than 2,000 years ago, and which are still used by the region’s present
inhabitants. Overall, then, the evidence indicates that the deposits of ADE and TMA soils in
the area of Juruti, which extend for more than 350 hectares, are a consequence of extensive
and intense prehistoric human activities, which imposed significant transformations on the
original local soils. The hot and humid climatic conditions, and the dense forest cover were

fundamental to the formation of these soils.

Key words: Mineralogy. Dark Earth. Terra Mulata. Ceramic fragments. Prehistory.
Geochemistry. Amazonian archeology.
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1 INTRODUCAO

Na Amazbnia a ocupacdo humana antiga ocasionou significativas alteragdes no
ambiente. Estima-se que cerca de 60.000 Km? ou 1% dos solos amazbnicos sofreram
modificaces antropicas. Esses solos conhecidos como Terra Preta de Indio (TPI), Terra Preta
Arqueoldgica ou Terra Preta Amazonica (TPA) compreendem a classe dos Arqueo-
antrossolos e apresentam ampla ocorréncia no Brasil e paises vizinhos como Colémbia,
Bolivia e Venezuela (Kern & Kampf 1989; Kampf & Kern 2005; Kémpf et al. 2010; Kern et
al. 2010).

A formacdo das TPA é geralmente atribuida ao descarte de residuos organicos
diversos que implicaram na significativa modificacdo das propriedades morfoldgicas, fisicas,
quimicas, mineralégicas e microbioldgicas do solo (Smith 1980; Sombroek 1966; Costa &
Kern 1999; Lehmann et al. 2003; Kern et al. 2003; Gleiser et al. 2003; Ruivo et al. 2009; Tsal
et al. 2009). A cor escura, contetdos elevados de Ca, Mg, P, Mn, Zn, Cu, C organico e
particulas de carvdo, combinados a fragmentos cerdmicos e artefatos liticos normalmente
encontrados no horizonte A antrépico, faz da TPA uma variavel fundamental no entendimento
do cenério arqueoldgico amazonico diante de condigdes ambientais adversas.

Nas margens dos rios da regido ha inimeros registros de sitios arqueoldgicos com
terra preta (Hilbert 1955; Sombroek 1966; Smith 1980; Hilbert & Hilbert 1980; Roosevelt
1992; Gomes 2008). Por vezes, as TPA sdo acompanhadas por extensas faixas de solos, de
cor bruno escuro, contendo pouco ou nenhum material ceramico mas que, no entanto,
apresentam teores elevados de matéria orgénica e nutrientes. Esses solos, denominados de
Terra Mulata (TMA) parecem ser o resultado de atividades agricolas praticadas pelas
comunidades indigenas pré-coloniais (Sombroek 1966; Sombroek et al. 2002; Kampf & Kern
2005; Denevan 2010).

Embora cerca de 80% dos sitios com TPA apresentem de 2 a 5 ha, areas superiores a
100 ha podem ser encontradas em Santarém, Belterra, Oriximina e Juruti, no estado do Parj;
em Rio Preto da Eva, Presidente Figueiredo e Manaus, no Amazonas (Sombroek 1966; Smith
1980; Kern et al. 2003). Os registros arqueoldgicos desses locais corroboram com os registros
historicos do século XVI, que descrevem aldeias e povoados grandes € numerosos, que se
estendiam por 12 a 30 km, localizados em porgdes elevadas da paisagem (Porro 1996;
Roosevelt 1992; Kampf & Kern 2005).

O estudo dos solos antrépicos representa uma ferramenta determinante para a
cronologia de ocupacdo amazo6nica. No entanto, ele se encontra em estagio inicial devido as

dimensdes continentais, associada as poucas abordagens sistematicas até entdo realizadas.



O significativo namero de sitios arqueoldgicos e fases ceramicas descritas sustentam
os argumentos de diversidade cultural que coexistiu na regido. Sdo observados avangos
significativos relativos as novas abordagens envolvendo os fragmentos ceramicos (FC)
contidos nas TPA. A abundancia e resisténcia as condic6es climéticas fazem dos FC o ponto
de partida das novas interpretagBes arqueoldgicas. Além de possibilitar a filiacdo cultural,
auxiliam na identificacdo de proveniéncia de matéria-prima e permitem inferir sobre
intercdmbio entre antigas comunidades (Latini et al. 2001; Costa et al. 2004a; Goffer 2007;
Schaan 2007). Além da beleza estilistica, as ceramicas arqueoldgicas da Amazdnia chamam a
atencdo pelos seus conteudos elevados de fésforo (Costa et al. 2004a, 2004b, 2006, 2010;
Rodrigues 2010; Silva 2010) quando confrontados aos conteldos das cerdmicas européias
(Duma 1972; Millani et al. 1998; Rathossi & Pontikes 2010) ou mesmo em relagdo aos solos
de TPA (Kern 1996).

Grandes areas de TPA e TMA foram delimitadas na regido do Baixo Amazonas,
precisamente no municipio de Juruti, fruto das atividades de salvamento arqueoldgico para
instalagdo da completa estrutura de extracdo, beneficiamento e transporte ferroviario e
portuario de bauxita, 0 minério de aluminio. Este estudo pretende, a partir da interacdo de
dados mineraldgicos, geoquimicos, arqueoldgicos e cronoldgicos obtidos a partir dos solos e
fragmentos cerdmicos arqueoldgicos, contribuir no avango das interpretacdes arqueoldgicas,
pedoldgicas e areas afins quanto as transformagdes causadas pela ocupagdo humana antiga e

suas relagdes com a paisagem atual.

1.1 OBJETIVOS
1.1.2 Objetivo Geral

Entender os processos de formacdo de sitios de TPA e TMA e as inter-relacbes entre
estes e 0s solos das areas adjacentes (AD), a partir de estudos arqueoldgicos, mineralégicos,
geoquimicos e datacdo por radiocarbono dos solos propriamente ditos e dos FC nele contidos.
E, desta forma, determinar diferentes areas de atividades antrOpicas pretéritas, como areas
residenciais, de atividades agricolas ou de descarte de materiais.

1.1.3 Objetivos Especificos

» Caracterizacdo mineraldgica e quimica dos solos TPA, TMA e AD, buscando relacdes
pedogenéticas entre si;



> ldentificacdo dos padrdes geoquimicos multi-elementares nas TPA, TMA e solos
adjacentes que permitam caracterizar cada tipo de solo e a contribuicdo humana

pretérita;

> Determinagdo dos aspectos técnico-estilisticos dos fragmentos cerdamicos, na tentativa

de reconhecer a filiagdo cultural e importancia para a arqueologia da Amazonia;

» Caracterizacdo mineraldgica e quimica dos fragmentos ceramicos, para auxiliar na

identificacdo das matérias-primas de producgdo, bem como de sua area fonte;

> ldentificagdo de padrdes de ocupacdo humana antigos, com base nas associa¢Ges
geoquimicas, mineraldgicas e na distribuicdo dos FC;

> Estabelecer a cronologia da ocupagdo humana pretérita com base em idades de
radiocarbono dos solos e FC.

1.2 A AREA DE ESTUDO

1.2.1 Localizacdo Geogréfica

A éarea selecionada para desenvolvimento deste estudo compreende dois sitios
arqueoldgicos com TPA (Terra Preta-1 e Terra Preta-2, aqui identificados como TPA-1 e
TPA-2) circundados por solo de Terra Mulata (TMA-1 e TMA-2) e solos da Area Adjacente
(AD). A érea, predominantemente de Latossolos, esta situada na margem direita do rio
Amazonas, no municipio de Juruti, regido do Baixo Amazonas, no extremo oeste do estado do

Paré (Figura 1).
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Figura 1- Mapa de localizagdo da area de estudo, com indicacdo dos sitios TPA-1
(coordenada central: 21M 600159E/9760433N) e TPA-2 (coordenada central: (21M
599557E/9759353N), em torno dos quais ocorre a TMA.

1.2.2 Aspectos Climaticos

A é&rea encontra-se em pleno dominio climatico Equatorial Continental Amazoénico,
gue combina calor e umidade elevados. A temperatura varia de 31,2°C a 23,8°C mas, dada as
condi¢cdes do tempo muito umido e com nebulosidade elevada, os registros mais freqiientes
ficam entre 25 e 28°C. A umidade relativa elevada varia entre 85 e 100% e a precipitacéo
média anual é de 2100 mm (Lucas 1997; CNEC 2002).

1.2.3 Relevo e Hidrografia

Segundo o mapa de unidades de relevo do Brasil (IBGE 1993), a regido estudada se
situa na Depressdo do Amazonas e na Planicie fluvial e flivio-lacustre do rio Amazonas. Os
tipos de relevo constituinte da Depressdo do Amazonas sdo as rampas com superficies
horizontais remanescentes da superficie sul-americana, as escarpas e as colinas pequenas, que

representam os remanescentes dissecados da superficie de aplanamento Plio-Pleistocénica. As



planicies fluviais constituem o compartimento de relevo da planicie fluvial e fluvio-lacustre
do rio Amazonas. Os sitios arqueoldgicos TPA-1 e TPA-2, bem como as TMA e o solo
circundantes estdo sobrepostos a unidade de relevo de rampas com superficies horizontais
margeadas por planicies fluviais e fllvio-lacustres do rio Amazonas (Costa 2008). A éarea €
drenada pela bacia hidrografica do rio Amazonas, que tem como sub-bacia o igarapé Juruti
Grande. O rio Amazonas é de agua branca e se caracteriza pela instabilidade de seu leito,
modificando o seu curso pela agdo simultdnea dos processos de eroséo e de sedimentagdo, um
dos principais responsaveis pela perda de parte dos sitios TPA-1 e TPA-2, em decorréncia da

erosdo dos barrancos.

1.2.4 Cobertura Vegetal

A éarea é dominada por formacOes florestais que se diferenciam em Florestas
Ombrofilas das Terras Baixas e Submontanas, caracteristicas das vertentes e dos platés (terra
firme) respectivamente, e Florestas Aluviais, as margens do rio Amazonas. Na terra firme
predomina a Floresta Ombréfila Densa, com grande riqueza em espécies. As formacdes
vegetais de possivel origem antropogénica na terra firme amazdnica incluem as dominadas
por palmeiras, florestas de bambu, florestas com alta densidade de castanheiras e matas de
cip6 sdo especies indicadoras de perturbacdo e ocorrem associadas a carvdo e fragmentos de
ceramica caracterizando vestigios de assentamentos (Balée 1989, 1993; Moran 1990). As
Florestas Secundarias também ocupam as varzeas, apresentam uma riqueza bem razoavel
quando comparada com as de terra firme, e mostram que 0s estagios sucessionais entre as

duas unidades de vegetacédo sdo bastante diferenciados (CNEC 2002).

1.2.5 Geologia

A regido de Juruti, onde se situa a area de estudo compreende rochas sedimentares
cretdceas da Formacdo Alter do Chdo da bacia geoldgica do Amazonas, que afloram
principalmente nos barrancos ingremes do rio Amazonas, em sua margem direita, as
proximidades da cidade de mesmo nome (Costa 1991; Lucas 1997). Sobre estas rochas
desenvolveram-se, entre o Paleoceno e o Mioceno, perfis lateriticos profundos, no topo dos
quais ricos depositos de bauxita (minério de aluminio), em parte lavrados pela ALCOA. Por
sua vez, as bauxitas foram recobertas por material argiloso amarelo ocre, localmente espesso,
conhecido como Argila de Belterra, que corresponde aos Latossolos Amarelos (Lucas 1997).
Nas areas mais arrasadas pela erosdo se sucedeu a formacdo de espessos perfis de Latossolo



Amarelo derivados das rochas sedimentares saprolitizadas da Formacdo Alter do Chéo e de
perfis lateriticos imaturos (Costa 1991;Vasquez et al. 2008; Costa et al. 2010).

1.2.6 Solos

Na Terra Firme predominam os Latossolos Amarelos de textura média associados a
Neossolos Quartzarénicos ou a Latossolos Amarelos de textura argilosa. Localmente, préximo
ao rio Amazonas, destacam-se solos com horizonte A escuro, contendo fragmentos de
ceramica, objeto de estudo do presente trabalho, equivalentes a TPA e TMA, em Latossolo
Amarelo. Segundo o Sistema Brasileiro de Classificagdo de Solos (EMBRAPA 1999), os
solos TPA e TMA correspondem ao Latossolo Amarelo Th mesotréficos, textura média, A
antropico. O solo AD compreende o Latossolo Amarelo Th distréfico, textura média, A
moderado. Na Classificacdo de Solos Antropicos (Kampf et al. 2010), os solos TPA
correspondem ao Arqueoantrossolo Hoértico-ebanico, mesotrofico, franca, ferralico, enquanto,
as TMA ao Arqueoantrossolo Agrico-ebanico, districo, franca, ferrélico.

Na varzea ocorrem solos hidromorficos, particularmente Gleissolos, associados, em
pequena proporcdo, a Neossolos Flavicos, ambos originados de sedimentos recentes

aluvionares do rio Amazonas.



2 REVISAO BIBLIOGRAFICA

2.1 AS TERRAS PRETAS AMAZONICAS

Na Amazonia é consideravel a ocorréncia de areas com solos de Terra Preta de indio,
Terra Preta (TP) ou Terra Preta Arqueoldgica (TPA) (Kern & Kampf 1989; Kémpf et al.
2003, 2010: Kampf & Kern 2005). Embora as TPA sejam descritas com maior freqliéncia na
Amazodnia Brasileira, estes solos também sdo reconhecidos na Bolivia, Equador, Colémbia,
Guaiana, Peru e Venezuela (Kern et al. 2003, 2010).

Os primeiros relatos a cerca das TPA remontam a segunda metade do século XIX,
porém, somente a partir da ultima década do século XX esses solos, de fato, despertaram o
interesse da comunidade cientifica. Desde entdo pesquisadores de instituicbes de diversos
paises e areas de conhecimentos se uniram em grupos de pesquisa multi e interdisciplinares
que tiveram como resultando imediato a realizacdo de véarios projetos e um significativo
aumento de publicagdes (Myers et al. 2003; Kern et al. 2010).

O gedblogo canadense Charles F. Hartt foi o primeiro a observar e registrar as Terras
Pretas durante uma expedicdo no Amazonas entre 0s anos de 1870 e 1871. Em 1874, Hartt
realizou pesquisas na regido do Baixo Tapajos, onde descreveu as escavagdes realizadas no
sitio Taperinha. Em 1879, Hartt e seu assistente Herbert Smith identificaram uma conexao
clara entre Terra Preta e aldeias indigenas (Roosevelt 1992, Kern et al. 2010). No inicio do
século XX, entre 1923-1926, o antropdlogo Curt Nimuendaju produziu 0s primeiros mapas
indicando a localizacdo das TPA, area da regido de Santarém, no estado do Para. Em 1944, o
alemdo Friedrich Katzer reconheceu a fertilidade desses solos e realizou as primeiras analises
quimicas de solos de Terras Pretas de Santarém (Myers et al. 2003; Kern et al. 2010). Nas
décadas seguintes os estudos pedoldgicos e arqueoldgicos impulsionaram as abordagens
quanto a fertilidade e provavel origem das TPA. Nesse periodo distintas hipdteses de
formac&o lhes foram atribuidas, desde eventos geoldgicos, cinzas vulcénicas, fundos de lagos
extintos (Barbosa de Faria 1946; Cunha Franco 1962; Falesi 1972, 1974), a areas de antigas
aldeias indigenas (Hilbert 1955; Smith 1980; Sombroek 1966; Hilbert & Hilbert 1980; Simdes
& Correa 1987; Kern & Kampf 1989; Roosevelt 1992). Esta Gltima interpretacéo € atualmente
a mais aceita.

Os residuos organicos acumulados durante a permanéncia do homem pré-historico
contribuiram para a formagdo e modifica¢Ges significativas no solo. De modo que Ranzani et
al. (1962), Sombroek (1966), Falesi (1972 e 1974), Bennema (1977), Smith (1980), Kern &
Ké&mpf (1989), Pabst (1991), Kern (1996) e Lehmann et al. (2003) confirmaram a fertilidade



elevada desses solos em relacdo aqueles comumente encontrados na regido. Em Cachoeira-
Porteira, Pard, trabalhos sistematicos efetuados em trés sitios com TPA, com teores elevados
de C organico, Ca, Mg, P, Zn e Mn indicaram areas preferenciais para a deposicdo de dejetos
(Kern 1988; Kern & Kampf 1989; Kampf & Kern 2005). Resultados semelhantes foram
observados nas TPA de Caxiuand, onde os teores desses mesmos elementos eram
significativamente mais elevados que nos solos circunvizinhos (Kern 1996).

De modo geral, as TPA costumam apresentar altos teores de nutrientes e C organico,
soma e saturagdo de bases moderadas ou elevadas, além de diversidade microbioldgica. Sdo
também mais estaveis e melhores estruturados em relacdo as adjacéncias. Sdo encontrados
principalmente em Latossolos (Oxisols) e Argilossolos (Ultisols), que juntos recobrem
aproximadamente 70% dos solos da Amazénia (Smith 1980; Rodrigues 1996; Pabst 1991;
Kern et al. 2003; Sambroek et al. 2002; Lehmann et al. 2003).

Nas cartas de solos que abrangem a regido Amazonica, apesar da freqiiente ocorréncia
de solos com TPA, estes sdo catalogados como inclusfes, pois ocupam em média até 5 ha.
Excepcionalmente, em alguns locais, podem alcangar &reas superiores a 100 ha (Kern et al.
2003; Sombroek et al. 2002). Em Caxiuand, no Para, os sitios com TPA apresentaram entre
0.19 e 3.82 ha (Costa 2003). Em Belterra, proximo a cidade de Santarém foram mapeadas
areas com cerca de 200 ha de TPA (Sombroek 1966). Nas proximidades das TPA registram-se
solos tipo Terra Mulata. Estes solos comparados com as TPA apresentam também coloragéo
escura; conteudo elevado de matéria organica; menores teores de P e nenhum ou muito pouco
material arqueoldgico (fragmentos de cerdmica e de material litico). A génese da TMA ¢
atribuida ao intenso uso agricola por comunidades indigenas pré-histéricas (Sombroek 1966;
Sombroek et al. 2002; Kern et al. 2003).

De acordo com Kern (1996), Kern & Costa (1997), Lima et al. (2002), Kern et al.
(2003) e Kampf & Kern ( 2005) o horizonte A das TPA apresenta coloragéo escura, podendo
variar de preta a bruno escuro (N2/; 2,5YR2/0; 5YR2,5/1; 7,5YR 2/0; 10YR 2/0 a 3/4), a
textura varia de arenosa a argilosa, alta densidade de fragmentos de cerdmica e/ou material
litico em relacdo as areas adjacentes. Kern et al. (2003) mostram que a espessura do horizonte
antrépico ou do refugo ocupacional, em 57% dos sitios arqueoldgicos analisados, varia de 30
a 60 cm, podendo eventualmente chegar a 2 m, enquanto que a espessura dos solos de floresta
ndo antropicos, geralmente é 10 a 15 cm. As variagdes na profundidade podem ser resultado
de processos de melanizagdo pelo escurecimento do horizonte superficial em fungdo do
descarte irregular de matéria orgénica e processos de bioturbacdo (K&mpf et al. 2003; Kampf
& Kern 2005).



As TPA apresentam em média 38,9 g kg-! de C organico; 507 mg kg-t de P disponivel;
9,4 cmol. kg-t de Ca+Mg e pH 5,6, contrapondo-se as médias dos Latossolos e Argissolos da
Amazonia que sdo de apenas 1,6 g kg-t de C organico; 1,7 mg kg-! de P disponivel; 1,4 cmol,
kg-! de Ca+Mg e pH 4,5 (Kampf & Kern 2005). Na regido, cerca de 90% dos solos apresenta
deficiéncia em fosforo (Rodrigues 1996) enquanto que na TPA o P disponivel ou total se
destaca com alto teor, e foi interpretado como um dos mais importantes indicadores de
ocupacdo humana passada. Sdo valores muito variaveis. Por exemplo, cerca 7.455 mg kg-* de
P disponivel foram encontrados nas TPA de Itaituba (Oliveira Jr et al. 2002), mas apenas de
30 a 448 mg kg-! em Cachoeira Porteira (Kern 1988), ambas no estado do Para. Os teores
andmalos de P e Ca sdo atribuidos a residuos de origem animal, principalmente 0ssos e
excrementos (Smith 1980; Kampf et al. 2003; Kdmpf & Kern 2005).

De acordo com Glaiser et al. (2003), as TPA sdo formadas por um grande deposito
estavel de matéria orgénica, contendo aproximadamente 30% de carbono preto, originado da
queima incompleta da biomassa, sendo ele provavelmente o responsdvel pela grande
capacidade de estoque de nutrientes no solo. Os contelldos maximos de carbono organico
foram encontrados nas TPA de Trairdo e Belterra: chegam a alcangar valores de 243 e 210 g
kg-t, respectivamente (Oliveira Jr et al. 2002; Pabst 1991). A matéria organica contidas nas
TPA, além de diferir em termos de quantidade, também difere em sua estruturacdo: é mais
estavel e ainda mais rica em componentes organo-metalicos que os Latossolos da Amazonia
(Pabst 1991; Lehmann et al. 2003).

Kern (1996) e Kern & Costa (1999) apontam a associa¢do geoquimica P,0Os-MgO-
Ca0-K;,0-Ba-Cu-CI-Mn-Sr-Zn como tipica de solos de terra preta, relacionados a atividade
humana pretérita, ao passo que Fe,O3-Na,0O-As-Cd-Co-Cr-F-Ga-Pb-V-B-Hg-Nb-Sc-Y-Zr
indica assinatura dos solos adjacentes, insinuando tratar-se do substrato das TPA.

2.2 A CERAMICA ARQUEOLOGICA DO BAIXO AMAZONAS

As tentativas de estabelecer uma cronologia de ocupagéo para regido Amazonica sao
limitadas pelas condi¢Ges climéticas, especialmente temperatura e umidade elevada,
responsaveis pela rapida decomposicdo dos vestigios de origem orgéanica, como habitaces,
ferramentas, armas, recipientes, vestuarios e ornamentos. Os vestigios inorganicos como
objetos de pedra sdo escassos e desta forma ndo permitem a obtencdo de informacGes
confiaveis sobre cronologia e proveniéncia. No entanto, a cerdmica € abundante, e

aparentemente duradoura e costuma ser representada por inimeros fragmentos. Esses relictos,
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em sua maioria ndo decorados, sdo as principais evidéncias dos antigos habitantes (Meggers
1990).

O aparecimento da ceramica, de fato, representa um impulso tecnolégico que se
estabeleceu como elemento necessario para 0 processamento e/ou 0 armazenamento de algum
tipo de alimento, ndo significando que esse fato possa ser ligado mecanicamente a origem da
agricultura, pois esta invencdo também pode ter surgido para satisfazer a necessidade de
manipulacdo de plantas selvagens (Scatamacchia 1991).

Nas Américas, a cerdmica mais antiga esta relacionada ao sitio Taperinha, no Baixo
Amazonas, com cerca de 7.000 anos AP (Roosevelt 1992). Esta regido é reconhecida como
um importante centro de producdo das mais belas e refinadas ceramicas, a exemplo dos estilos
Marajoara, Tapajonico, Globular, Konduri, Pocd, Paraud, entre outras (Hilbert 1955; Hilbert
& Hilbert 1980; Roosevelt 1992; Gomes 2008; Guapindaia 2008).

Segundo informagBes provenientes de pesquisas arqueoldgicas realizadas por Hilbert
(1955), Simdes (1984) e Roosevelt (1992) a maior concentracdo de grupos ceramistas pré-
coloniais, especialmente dos estilos Tapajonico e Konduri, ambos pertencente & Tradi¢ao
Incisa Ponteada, ocorre desde as proximidades da foz do Rio Nhamunda até o Xingu, por
ambas as margens do rio Amazonas. Para Simdes (1984) a falta de pesquisas com escavacoes
estratigraficas nas areas dos rios Tapajés e Nhamunda-Trombetas fez com que a ceramica e
outros artefatos da cultura Tapajonica e Konduri fossem tratados como complexos ceramicos
distintos. Nesta area, Curt Nimuendaju identificou sitios contendo ceramica Tapajonica e
Konduri, e concluiu que a regido Trombetas-Nhamunda foi o local de origem da cultura
Konduri (Hilbert 1955), definida com base em aspectos estilisticos. Por outro lado, resultados
oriundos de estudos de colegdes museoldgicas apontam alguns elementos comuns no que
tange a forma de organizagédo social das culturas Tapajonica e Konduri (Hilbert 1955; Gomes
2002).

A ceramica Tapajonica caracteriza-se pelo uso de apliques estilizados lembrando
animais (passaros, répteis e mamiferos) e figuras humanas, além de olhos tipo gréo de café,
raras tripodes e bordas vazadas combinadas aos inimeros modelados, incisdes e ponteados
(Hilbert 1955; SimBes 1984; Prous 1992). Embora a caracterizagdo estilistica induza a
homogeneidade pelas generaliza¢bes, Guapindaia (1993) ao estudar a ceramica Tapajonica da
colecdo “Frederico Barata”, identificou trés grupos cerdmicos distintos, denominados
cerdmica tipicamente tapajo, ceramica com influéncia tapaj0 e cerdmica de contato,

demonstrando variabilidade tecnolégica por provavel mudanca cultural.
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Por sua vez, a ceramica Konduri descrita por Hilbert (1955), Hilbert & Hilbert (1980)
e Guapindaia (2008) na bacia dos rios Trombetas-Nhamunda, compreende uma cerdmica
excessivamente temperada com cauixi, vasos globulares, tigelas, pratos e grelhas, bases
planas, anelares, em pedestal e abundancia de tripodes. Os motivos decorativos s&o
constituidos por incisdes e ponteados, com énfase na elaboracdo de adornos de borda e algas,
sendo traco diagndstico a modelagem de adornos biomorfos, muito elaborados. Porém, a alta
freqUéncia de cariapé (27,12%) e rocha triturada (10,61%), identificada por Guapindaia
(2008), diverge dos parametros inicialmente relacionados a esse estilo.

Nessa mesma area, Hilbert & Hilbert (1980) descreveram sitios contendo ceramica
Konduri nos niveis superficiais e Poco nos niveis mais profundos. A fase Pocé foi descrita
como temperada com cauixi, cariapé ou ambos, com superficie bem alisada, parcialmente
polida, cor predominantemente laranja e marrom-médio, decorada com engobo vermelho e
branco, pintura vermelha e incisbes espiraladas. Este estilo compbe a Tradicdo Incisa
Modelada ou Barrancéide, que abrange principalmente as bacias do Orenoco, além do Médio
e Baixo Amazonas (Lathrap 1970; Hilbert & Hilbert 1980; Lima et al. 2006). A anélise do
material ceramico do sitio Boa Vista, da regido de Trombetas apresenta caracteristicas
compativeis para cada uma das ocupacdes, Konduri e Pocd, confirmadas por datacbes
(Guapindaia 2008). No entanto, a clara diferenciacdo de datas e caracteristicas tecnologicas,
ndo se repete em termos estratigraficos, pois a mudanga entre os dois estilos é imperceptivel a
olho nu, visto que a camada de terra preta é continua da superficie até cerca de 60 cm de
profundidade. Porém, em algumas &reas do sitio a TPA aparece como bolsées com cerdmica
tipicamente Poco.

2.3 QUIMICA E MINERALOGIA DA CERAMICA ARQUEOLOGICA

Além da importancia como registro cultural, investigagdes mineralégicas e quimicas
de fragmentos cerdmicos tém contribuido para o avanco das interpretacGes arqueoldgicas,
trazendo novas perspectivas de abordagens. Esses dados contribuem na identificacdo de
aspectos tecnolégicos da cadeia de producdo, como pigmentos, antiplasticos, temperatura de
queima, fonte e procedéncia das matérias-primas utilizadas (Ruvalcaba-Sil et al. 1999; Mirti
et al. 2004; Hein et al. 2004). Além destes, a presenca de fosfatos nos fragmentos ceramicos
tem levantado questionamentos sobre a origem do fésforo (Duma 1972; Freestone et al. 1994;
Costa et al. 20044, 2004b, 2006, 2010).

A analise de vasos ceramicos provenientes de sitios arqueol6gicos europeus, portanto

sem ocorréncia de solo TPA, realizada por Duma (1974) apontou que os teores de P,0Os (0,09
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a 0,6 %) variavam conforme o uso de substéncias organicas. No entanto, Freestone et al.
(1994) defendem que as elevadas concentracdes de P na ceramica arqueoldgica ndo representa
um indicador de uso. Elas sdo principalmente reflexos do ambiente pds-deposicional e da
microestrutura da ceramica, e ndo necessariamente refletem adsorcéo de substancias organicas
durante a fabricacdo ou uso da ceramica.

Por outro lado, Costa et al. (2004a, 2004b, 2006, 2010) descrevem fragmentos
ceramicos de sitios com TPA da regido Amaz6nica com conteudos relativamente elevados de
fosforo, entre 1 e 2 % de P,Os, podendo chegar a 9 % em sitios do litoral. Além disso, analise
semi-quantitativa (MEV/EDS) realizada por esses pesquisadores permitiu, ainda, identificar
material criptocristalino, geralmente constituido por P, Al e algumas vezes Fe, indicando
fosfatos de aluminio amorfo ou criptocristalinos do tipo variscita-estrengita (Al,
Fe)(PO4).2(H20) na ceramica do Baixo Amazonas, enquanto que nos FC do litoral paraense a
formacéo de crandalita-goyazita, (Ca, Sr)Al3(PO4)2(OH)s, é mais expressiva.

A composicdo mineralogica dos fragmentos cerdmicos da Amazbnia é constituida
basicamente de quartzo, caulinita, illita, albita, muscovita, anatasio, Oxidos de ferro
(maghemita ou hematita) e anfibdlio (Costa et al. 2004a). Os fragmentos ceramicos de
Cachoeira Porteira, no Baixo Amazonas, apresentaram 12,2 % de albita e 5,3 % de fosfatos
(variscita), enquanto que no sitio Manduquinha, regido de Caxiuand, as concentragdes cairam
para 3 % de albita e 2,9 % de P,Os (Costa et al. 2006). Para Costa et al. (2004a, 2004b, 2006,
2010), Rodrigues (2010) e Silva (2010) os altos teores de fosforo encontrado nas ceramicas,
sdo provenientes dos alimentos durante o processo de cozimento. Além disso, defendem que a
fertilidade dos solos TPA, principalmente a fonte principal de macro e micronutrientes, esteja
em grande parte relacionada a gradual decomposicdo natural dos fragmentos durante a
formacéo e evolugao desses solos.
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3 MATERIAIS E METODOS

3.1 MATERIAIS

Os materiais analisados neste estudo compreendem amostras de solos e fragmentos
ceramicos (FC) coletados nas areas dominadas por solos TPA, TMA e AD, além de amostra
de argila utilizada atualmente como matéria-prima na producdo de vasilhas ceramicas. Todas

as amostras sao provenientes do municipio de Juruti, estado do Para.

3.2. AMOSTRAGEM
3.2.1. Coleta dos solos

Apo6s 0 mapeamento das TPA e TMA da &rea de estudo em Juruti, abriram-se 5
trincheiras assim distribuidas: duas nas terras pretas (TPA-1 e TPA-2), duas na terra mulata
(TMA-1 e TMA-2) e uma na area adjacente (AD) (Figura 2). Em seguida foram descritos os
perfis de solos ao longo destas trincheiras e coletadas 30 amostras seguindo os horizontes
pedoldgicos principais. A descricdo morfologica e coleta das amostras obedeceram aos
procedimentos propostos por Lemos & Santos (2002) e as cores do solo foram identificadas
por comparagdo com carta de Munsell (2000) (Figura 3). Os solos também foram coletados
com auxilio de sondagens de 50 x 50 cm em uma malha regular de 60 x 120 m (Figura 2),
compreendendo 43 amostras de TPA, 90 de TMA e 1 na AD, restritas ao intervalo 10 a 20 cm
de profundidade, correspondente ao horizonte pedoldgico A,, onde geralmente se concentra a
maior quantidade de fragmentos ceramicos (FC) nas TPA. A coleta de amostras aconteceu
entre 2006 e 2007 durante o resgate arqueoldgico realizado pela empresa Scientia Consultoria
Cientifica Ltda.
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Figura 2 — Mapa da malha de coleta das amostras de solo e fragmentos ceramicos (FC)
nos sitios TPA-1 e TPA-2. Além da indicagdo do ponto de coleta da argila, no Lago do
Piranha (coordenada central: 21M 598464E/9755450N).

Figura 3 - Descricao, coleta e determinagéo das cores das amostras de solo seguindo os

horizontes pedoldgicos.

3.2.2. Coleta dos fragmentos ceramicos

Os fragmentos cerdmicos foram coletados com auxilio de sondagens ou pequenas

trincheiras medindo 50 x 50 cm, segundo uma malha regular e sistematica (60 x 120m). As

coletas foram realizadas em intervalos de 10 cm, até o término da ocorréncia de fragmentos

ceramicos. Em geral em cada nivel de profundidade foram coletados de 1 a 22 FC, cujo

tamanho variava de 2 a 15 cm (Figuras 3 a 5) (Scientia 2008).
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Figura 5 - Fragmentos de ceramica arqueoldgica coletados nos TPA-1 e TPA-2. Foto:
Scientia Consultoria.

3.2.3 Coleta de argila

Na tentativa de identificar as matérias-primas empregadas na confeccdo dos artefatos
ceramicos arqueoldgicos, das quais derivaram os FC, coletou-se a margem do Lago do
Piranha, a 15 Km da cidade Juruti, uma amostra de argila “in natura” (Figura 2). A coleta
desta argila foi feita com base em levantamento etnografico, apds pesquisar as atividades
ceramistas que persistem na area e que fazem uso de técnicas similares as que foram
encontradas nos fragmentos arqueoldgicos. Segundo a historia oral, a argila do referido lago

corresponde a fonte de matéria-prima da atual indUstria ceramista.
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3.3 ANALISES DE LABORATORIO

3.3.1 Descri¢cdo macroscopica

Os fragmentos ceramicos foram individualmente numerados e analisados sob lupa
binocular ZEISS, onde foram identificados seus principais atributos técnico-estilisticos como:
técnica de confeccdo, antiplastico, queima, acabamento, decoracdo, forma e volume de
vasilhas, bem como a qual parte do artefato pertencia: borda, parede (corpo) ou base (Scientia
2008). No total foram analisados nesta etapa 6.300 fragmentos cerdmicos (FC). Estes
procedimentos foram realizados nos laboratorios da empresa Scientia Consultoria Ltda.

Apos a descricdo, vinte e quatro fragmentos (doze amostras para cada sitio, coletadas
entre 0 e 60 cm de profundidades) sem decoracéo, todos da categoria parede (corpo do pote),

foram selecionados, para as determinacGes mineraldgicas e caracterizacdo quimica (Tabela 1).

Tabela 1: Relacdo das amostras de fragmentos ceramicos quimica e mineralogicamente
investigados

Sitio TPA-1 TPA-2
Nivel (cm) Amostras
0-10 TP1-32 TP2-7, TP2-12, TP2-18
TP2-1, TP2-5, TP2-11, TP2-
10-20 - 14,TP2-17, TP2-21
20-30 TP1-28, TP1-33 TP2-6, TP2-24, TP2-25

TP1-30, TP1-31, TP1-
36, TP1-37, TP1-40,

30-40 TP1-42, TP1-44 -
40-50 TP1-39 -
50-60 TP1-43 -

3.3.2 Difracao de raios X (DRX)

Para determinacdo das fases mineraldgicas presentes, as amostras de solo, fragmentos
ceramicos e argila, previamente pulverizados, foram submetidos a difracdo de raios X,
segundo o método do po. Foi utilizado o difratbmetro XPERT PRO MPD equipado com
goniometro PW 3040/60 (theta-theta) PANalitical, com tubo de raio-x cerdmico de anodo de
cobre (+CuKe1 = 1,54060A) e condicdes de operacio de 40 kV e 30mA. Os dados obtidos
foram interpretados com auxilio do banco de dados ICDD e o software X’pert HighScore
versdo 2.1b, também da PANalitical. Estes procedimentos foram realizados no laboratério de
difracdo de raios X do grupo de Mineralogia e Geoquimica Aplicada do Instituto de
Geociéncias da UFPA.
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3.3.3 Microscopia eletronica de varredura (MEV)

As determinagdes mineraldgicas nas amostras de solo e FC foram complementadas
por analises em microscopio eletrénico de varredura, acoplado com de dispersdo de energia
(MEV-EDS), o que permitiu capturar imagens e realizar determina¢fes quimicas
micropontuais. As amostras foram secas a 50°C durante 4 horas, assentadas sobre plataformas
de aluminio, com uma fita adesiva de carbono dupla face e metalizadas com ouro. O detector
de retroespalhamento eletronico permitiu elaborar mapas de distribui¢cdo das concentracGes
quimicas. O equipamento utilizado foi o microscopio modelo LEO 1450 VP 500 DP e
detector de SED Gresham, utilizando software IXRF. Estes procedimentos analiticos foram

executados no laboratério de Microscopia Eletrdnica do Museu Paraense Emilio Goeldi.

3.3.4 Microscopia 6ptica

Amostras de solo foram agregadas com resina Araldite da série 750 e endurecedor da
série HY951 para confecgdo de laminas delgadas. O estudo das l&minas foi realizado com
auxilio de microscopio Zeiss Axiolab 450910, com lentes de aumento de 10, 20, 50 e 100
vezes. Estes procedimentos foram conduzidos no Laboratério de Geologia Sedimentar do
Instituto de Geociéncias da Universidade Federal do Para.

3.3.5 Analises quimicas

As amostras de solo provenientes das trincheiras, de FC e de sedimento foram
submetidas a analises quimicas totais que cobriram os elementos maiores e menores (SiOa,
Al,O3, Fe,03, MgO, CaO, K;0, Na,0, TiO,, P,0s, MnO), Perda ao Fogo, bem como o0s
elementos tragos (Be, Sc, V, Cr, Co, Ni, Cu, Zn, Ga As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn,
Sh, Cs, Ba, Hf, Ta,W, Hg, Pb, Bi, Th, U e os elementos terras raras). As amostras foram
fundidas com tetraborato e/ou metaborato de litio, entdo solubilizadas e as concentra¢des dos
elementos mencionados determinadas por ICP-OES e ICP-MS junto a Acme Analytical
Laboratories Ltd. As amostras de solo coletadas na malha regular (60 x 120 m) foram
submetidas a andlises quimicas parciais para a determinacdo das concentra¢fes de Al,Os3,
Fe,O3, MgO, Ca0, K;0, Na,0, TiO,, P,0s, Mn, V. Cr, Ni Cu, Zn, Sr, Y, Zr, Li, Pb e La.
As amostras foram inicialmente digeridas em meio multiacido (&cido fluoridrico, nitrico,
cloridrico e gotas de perclorico) e entdo analisadas por ICP-MS junto aos laboratérios da
Lakefield Geosol Ltda. As amostras de solo foram ainda oxidadas com dicromato de potassio
em meio sulfdrico e o valor de carbono organico obtido por volumetria (método Walkley-
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Black) foi entdo multiplicado pela constante 1,724 e determinado o teor de matéria organica

junto ao laboratdrio de solos da Universidade Federal de Vigosa.

3.3.6 Datacéo radiocarbonica e por termoluminescéncia

As datacdes por radiocarbono foram realizadas em amostras de carvao coletadas em
contexto arqueoldgico. As analises foram realizadas no Laboratério Beta Analytic
Incorporation, com auxilio de acelerador de particulas acoplado a um espectrémetro de massa
(AMS). As idades C-14 foram entdo calibradas em anos antes do presente (AP) que tem como
referéncia 0 ano de 1950. Estas analises foram obtidas por Scientia Consultoria Ltda (2008).
A datacdo por termoluminescéncia (TL) em grédo de quartzo foi realizada em apenas dois
fragmentos cerdmicos nos quais foi empregado o método de dose acumulada e dose anual
junto ao laboratoério Data¢do, Comércio & Prestacdo de Servico Ltda. As idades por TL foram
entdo calibradas em anos antes do presente, cujo ano referéncia € o ano de realizacdo da

analise, neste caso, 2010.

3.3.7 Tratamento estatistico
Os resultados obtidos foram tratados estatisticamente com softwares Origin 6.1 e Surf
8.0. Para as andlises de correlacdo e agrupamento (cluster) foi utilizado o Statistica 6.0.
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4 RESULTADOS E DISCUSSAO

Os resultados sdo apresentados e discutidos em trés artigos, submetidos a periddicos
internacionais. No primeiro, sdo discutidos os atributos mineralégicos e quimicos de perfis de
solo tipo Terra Preta e Terra Mulata como forma de entender os processos de sua formacao;
no segundo artigo, sdo identificadas as principais associagdes geoquimicas e sua distribuicdo
areal, mostrando como estas contribuem na identificagdo e interpretacdo de padrbes de
assentamentos; e, finalmente, no terceiro artigo sdo analisados aspectos tecnolégicos,
quimicos e mineraldgicos dos fragmentos cerdmicos provenientes de sitios com TPA, as
relacbes entre as ceramicas antigas e as atuais em termos de matérias-primas comuns e

procedéncia, bem como a cronologia de ocupacéo.

4.1 MINERALOGICAL AND GEOCHEMICAL CONTRASTS BETWEEN THE
PROFILES OF THE ARCHAEOLOGICAL DARK EARTH AND TERRA MULATA
SOILS OF THE LOWER AMAZON BASIN: CONTRIBUTIONS TO THE
UNDERSTANDING OF THEIR ORIGIN

(Submetido ao periddico Geoderma)

Jucilene Amorim Costa?, Marcondes Lima da Costa® & Dirse Clara Kern®

% Instituto de Geociéncias, Universidade Federal do Para, 66075-110, Belém, Par4, Brazil
Departamento de Ecologia e Ciéncia da Terra, Museu Paraense Emilio Goeldi, 66077-530, Belém, Para,
Brazil
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Abstract

At Juruti, on the right bank of the lower Amazon River, Archeological Dark Earth (ADE)
sites are surrounded by an extensive area of soils called Terra Mulata (TMA). The ADESs can
be recognized by the high levels of Ca, Mg, P, Cu, Zn, and Mn, organic C, ceramic fragments
and charcoal, which indicate the presence of ancient pottery-making settlers. The TMAs
present moderate levels of these elements and organic matter, but a complete absence of
ceramic fragments. The mineralogical and chemical analyses of five soil profiles
representative of ADE, TMA and adjacent latosol revealed that they are composed essentially
of quartz and kaolinite. Apatite, Al phosphate, and cristobalite can also be found in the ADEs,
but are rare in the TMAs. The principal chemical components are SiO, and Al,O3, which are
found at similar levels in ADE, TMA and latosol. However, the anthropogenic soils can be
distinguished from the latosol by their relatively high levels of P, Ca and Mg, while Mn, Cu,
Zn, Ba, and Sr are also typical of the geochemical signature of the ADE and TMA soils at
Juruti. These mineralogical and chemical variations in relation to the adjacent soils appear to
have resulted from the discarding of organic residues, in particular bones and plant remains,
and successive burnings. On the other hand, the overall abundance of quartz, kaolinite,
goethite + hematite, and anatase, which are responsible to the high levels of Si, Al, Fe and Ti,
demonstrate that the anthropogenic soils at Juruti retain the mineralogical and chemical
signature of the latosol, the original substrate for the formations of both ADEs and TMAs.
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1. Introduction

Anthropogenic soils are widely-distributed in the Amazonian landscape. These soils,
which are known as Indian Dark Earth or Archeological Dark Earth (ADE) are generally
found in relatively small patches, but may sometimes, cover an area of hundreds of hectares
(Kern et al., 2003). Whatever their size, these sites present evidence of modifications caused
by their ancient inhabitants, resulting from the use of the soil, the availability of resources for
the subsistence of the occupants, and their cultural habits.

The ADEs are characterized by their dark coloration, relatively high levels of Ca, Mg,
P, Mn, Zn, and Cu, organic C, fragments of charcoal, and large quantities of ceramic material
(Kern & Kampf, 1989) when compared with the region’s predominant soils. In addition, areas
of ADE are often surrounded by areas of Terra Mulata (Sombroek, 1966; Woods & McCann,
1999; Sombroek et al., 2002; Kern et al., 2003). This type of soil was first described by
Sombroek (1966) at Belterra, south of the city of Santarém, in central Brazilian Amazonia,
where an area of approximately 1000 ha of TMA encircles 200 ha of ADE. In comparison
with ADE, TMA soils are lighter in coloration — grayish or burnished — and have medium
concentrations of organic C, and little or no archeological material. They typically occupy
relatively extensive areas surrounding patches of ADE.

The current consensus is that, while ADEs represent ancient settlements formed by
prehistoric human occupants (Gourou, 1950; Hilbert, 1955; Sombroek, 1966; Kern & Kampf,
1989; Neves et al., 2003), the TMA soils are the product of intensive agricultural activities
conducted in the adjacent areas (Sombrdek, 1966; Kern et al., 2003; Sombréek et al., 2002,
2010; Denevan, 2010). Based on this interpretation, the TMA soils would be the result of the
deliberate application of organic matter of plant (residues, charcoal, and ashes) and animal
origin (the remains of fish and game, i.e., bones, skin, and viscera, and mollusk shells) with
the objective of improving the quality of the soil (Kern et al., 2003; Sombroek et al., 2010;
Denevan, 2010).

Given the controversies with regard to the origin of the TMA soils, due to the relative
lack of studies, the present paper focuses on the TMAs found in the region of Juruti, in
Amazonia, where TMA soils are found in association with relatively large areas of ADE. The
mineralogical and chemical analyses of these soils provide insights into their origin and their
relationship with the associated ADE soils.
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2. Study area

The ADE archeological sites selected for the present study — denominated ADE-1 and
ADE-2 - are located on the right bank of the lower Amazon River in the municipality of
Juruti (Fig. 1), in the western extreme of the Brazilian state of Pard (Scientia, 2008). These
ADE sites are surrounded by an extensive area of TMA soils.

The archeological sites are found on terraces with horizontal surfaces, lower than the
surrounding lateritic bauxite plateaus, and bordered by the Amazon floodplain and fluvial-
lacustrine plains. The areas of ADE and TMA soils are dominated by yellow Latosols derived
from the underlying lateritic bauxite formations, formed over the sandy-clayey saprolitic
sediments of the Alter do Chéo formation (Costa, 1991; Costa, 2008).
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Fig. 1. Map of the study area, showing the two ADE sites and the surrounding area of
TMA soil. The central coordinates of the trenches (UTM 21M) are ADE-1:
600159E/9760433N; ADE-2: 599557E/9759353N; TMA-1: 599917E/9759593N; TMA-2:
599377E/9759068N.

3. Materials and methods

Following the mapping of the ADE and TMA soils within the study area, five trenches
were dug, one at each ADE site (ADE-1 and ADE-2), two within the area of TMA soil
(TMA-1 and TMA-2), and one within the adjacent area, or Latosol (Fig 2). The soil profiles
were described along these trenches, based on 30 samples collected from the principal
pedological horizons. The morphological description was based on the scheme proposed by
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Lemos & Santos (2002) and the soil colors were identified by comparison with a Munsell
chart (2000).
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Fig. 2. Location of the soil sample collecting points in the trenches excavated within the
study area (ADE-1, ADE-2, TMA-1. TMA-2, and Latosol).

3.1. Chemical and mineralogical analyses

The chemical and mineralogicial analyses were conducted on samples pulverized in an
agate mortar and then sieved through a <120 mesh. The mineralogical analyses were
conducted in the X-ray diffraction laboratory of the UFPA Geosciences Institute, using an
XPERT PRO MPD diffractometer equipped with a PW 3040/60 (theta-theta) PANalitical
goniometer with a copper anode (¢ CuKe 1 = 1.54060) operating at 40 kV and 30mA. The data
were obtained using an ICDD database and X’pert HighScore software (version 2.1b). These
mineralogical measurements were complemented with analyses using scanning electron
(SEM) and optical microscopes. The SEM analyses were carried out in the Goeldi Museum
Electron Microscope Laboratory, using a LEO 1450 VP 500 DP microscope, while the optical
analyses were conducted in the UFPA Geosciences Institute, using fine slides and Zeiss

mMicroscopes.
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The chemical analyses of the total samples included the major and minor elements
(SiO,, Al,03, Fe,03, MgO, Ca0, K0, Na,0, TiO,, P,0s, and MnQO) and Loss on Ignition,
as well as trace (Be, Sc, V, Cr, Co, Ni, Cu, Zn, Ga As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sh,
Cs, Ba, Hf, Ta,W, Hg, Pb, Bi, Th, and U) and rare earth elements (REES), which were
obtained by the tetraborate and lithium metaborate fusion method, and determined by Acme
Analytical Laboratories Ltd. using ICP-OES and ICP-MS. The organic matter was estimated
by multiplying by a factor of 1.724, the value of the organic carbon fraction obtained by
oxidation with potassium dichromate in sulfuric medium and determined by volumetry

(Walkley-Black method) in the soils laboratory of the Federal University of Vigosa.

4. Results and discussion
4.1. Characterization of the soil profiles

The ADE-1 profile presented A1, Az, Az, A4, AB, BA, and B horizons, with the same
profile being found at ADE-2, except for the absence of A4. The A horizons reached a depth
of 140 cm at ADE-1, and 40 cm at ADE-2 (Fig. 3). These A horizons are relatively sandy,
with a moderate structure and diffuse transition between sub-horizons, with colors varying
from black (2.5YR2.5/1) to very dark grayish brown (10YR3/2). In addition, charcoal, ashes,
and an abundance of archeological ceramic fragments are common characteristics of these
soils. The soil is lighter in color in the transition horizons (AB and BA), varying from dark
brown (10YR3/3) to yellowish brown (10YR4/6). The texture is sandy loam, and charcoal
and ceramic fragments are found sporadically.

Horizons A, AB, BA, B, and B, were identified in the soil profile at TMA-1. The
same sequence was found in the TMA-2 profile, except that it was possible to distinguish the
A, Az, and As horizons (Fig. 3). The A horizons are 15 cm deep at TMA-1 and 44 cm deep
at TMA-2. The texture is sandy loam, moderately structured, with diffuse transitions. Particles
of charcoal are common. Horizon A is very dark gray (10YR3/2), varying to grayish brown
and dark yellowish (10YR4/2 and 10YR4/4) in horizons AB and BA.

In the adjacent area, the sequence of horizons (A1, Az, AB, BA, Bi, B») is similar to
that of TMA-2, except for the absence of horizon A3 (Fig. 3). The A horizons are 21 cm thick,
that is, thinner than in either the ADE or TMA soils. The texture is sandy, the structure
moderate, the transition between horizons diffuse, with occasional particles of charcoal,
grayish brown (7.5YR3/2) in color in horizon A and dark yellowish brown (7.5YR4/2 and
7.5YRA4/4) in horizons BA and AB.
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Morphologically, the B horizons of the ADE, TMA, and adjacent soils are all very
similar. The texture varies from sandy loam to sandy clayey, moderate structure and colors
varying from yellowish brown (10YR5/6 and 7.5YR5/6) to brownish yellow (10YR6/8).
Overall, then, the principal morphological differences between the anthropogenic soils, as
well as those between these and the adjacent soils, are found primarily in the A horizons.

TMA-1

, ADEZ -
W “P R/ B e T T Y
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1806 18
)Ceramic fragments
e Charcoal

Fig. 3. Simplified profile of the horizons of the ADE, TMA, and Latosol.

4.2. Mineralogy

The principal mineral components in the ADE and TMA profiles identified by XRD
were quartz and kaolinite. Anatase, muscovite + illite. goethite + hematite, apatite, and
cristobalite were identified as accessory minerals. Apatite, Cas(PO4)3(OH), was identified
only at the ADE sites and TMA-1.The stoichiometric calculations also indicated the presence
of aluminum phosphate (AIPO4.2(H20)), which is amorphous to XRD, but is found
frequently in soils and ceramic fragments, which are rich in Fe and Al oxy-hydroxides (Smith
1980; Valadares et al., 2003; Costa et al., 2004a, 2004b, 2006, 2010). The assemblage of
minerals is repeated in the adjacent soils, with the exception of cristobalite, apatite, and
aluminum phosphate, which are restricted to the anthropogenic soils (Fig. 4 and 5). The
mineral content, calculated by stoichiometry, indicates that quartz is predominant in all the
soils, but decreases slightly towards the base profiles, whereas kaolinite increases, in the
typical pattern for tropical soils (Fig. 5).

The presence of apatite in this profile indicates the presence of bone fragments, which
were in fact found during the sieving of the samples (retained in the 1 mm sieve). This
suggests that the area was subject to successive deposits of bony residues. Apatite is present
in horizons A1, Az, A4, and AB of ADE-1 (0.97 to 4.03%), A1, A,, and A; of ADE-2 (0.7 to
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1.0%) and AB of TMA-1 (1.67%). The levels of aluminum phosphate corresponded to those
of apatite in the horizons of ADE-1 (0.45 to 1.92% aluminum phosphate) and TMA-1
(1.05%). The presence of cristobalite indicates the calcination of amorphous silica, that is,
opaline, which is common in the make-up of plants such as cauixi, as well as in the remains of
ceramic vessels which contain cauixi and cariapé, which have been transformed into
cristobalite during firing (Costa & Kern, 1999; Costa et al., 2011). This mineral is found
principally in horizons A; to AB at ADE-1, horizons A, to BA at ADE-2, and in horizon A at
TMA-2.

The low levels of hematite and goethite (1.6 to 4.0%) in the superficial A horizons
indicate possibly intense activity of organic matter, which has reduced and decomposed these
minerals from the levels found in the adjacent soils, which represent the condition prior to the
formation of the ADE and TMA soils, and are equivalent to the yellow latosols encountered
by the study area’s first human settlers. Complementary analyses of the ADE and TMA soils
using optical microscopy found only fractured grains of quartz and abundant fragments of
charcoal, as well as isolated residues of Fe oxy-hydroxides found throughout the clayey
kaolinitic matrix (Fig. 6).

The distribution of the content of the principal minerals within the soil profiles is
equivalent in the ADE and TMA soils, but is slightly different in the adjacent profile. These
mineralogical differences suggest modifications provoked by the different forms in which the
environment was exploited by prehistoric humans during the settlement and long-term

occupation of the study area.
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Fig. 4. X-ray diffractograms for the principal minerals identified in the soils at ADE-1,
ADE-2, TMA-1, TMA-2, and latosol: quartz (Qtz), kaolinite (KIn), muscovite (Ms),
anatase (Ant), apatite (Ap), and cristobalite (Crs).
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Fig. 6. Photomicrograph of the natural optical transmitted light microscopy, showing
the fractured grains of quartz and the abundance of particles of charcoal in the matrix
dominated by kaolinite in the soils at (a) ADE-1 and (b) TMA-1.

4.3. Chemical composition of the soil profiles

The soils are composed primarily of SiO,, Al,O3, Fe,O3, and TiO, which, together
with LOI (represented by organic matter and H,O) make up more than 98% of most samples,
from all the different horizons, in the five profiles analyzed. The SiO, levels reflect the
abundance of quartz, and in part, the amorphous silica resulting from the calcination of
organic matter, present as cristobalite. The levels of SiO; vary little among the different ADE,
TMA, and latosol profiles. While the levels of Al,O3 are variable, they represent kaolinite,
with concentrations increasing towards the base of the profiles, and especially in the transition
horizons (AB and BA) and horizon B at ADE-1 and TMA-1 (Table 1, Fig. 7). This is typical
of the profiles of latosol-type soils, except at ADE-2, which may represent soil developed on
alternating layers of sandstone and limestone, a common pattern in the Alter do Chéao
formation, and the basic substrate of the region’s soils. The increase in the levels of Al,O3 in
these horizons is a result of the relative concentration of kaolinite, due to the greater
abundance of organic matter, which destabilizes this mineral, in the A horizon (Costa & Kern,
1999).

As for Al,O3, the levels of Fe,O3 were lower in the A horizons (Table 1, Fig. 7). As
mentioned above, this results from the partial decomposition of the Fe minerals, which are
represented by iron oxy-hydroxides compounds primarily in the organic matter of the A
horizon, which corresponds partly to the LOI (Fig. 7). The TiO; levels vary little between the
different profiles and represent anatase.

In terms of their content of SiO,, Al,O3, Fe,O3 and TiO», then, the ADE, TMA, and
latosol are chemically similar, a finding reinforced by their similarities in terms of their
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composition of quartz, kaolinite, and iron oxy-hydroxides. A similar pattern was observed in
the ADE soils of the region of Caxiuana by Kern (1996) and Carmo et al. (2007). However,
the levels of elements such as CaO, MgO, K;O, P,0s, MnO, Cu, Zn, Ba, and Sr were
divergent, suggesting that they were incorporated into the anthropogenic soils, based on an

original latosol substrate.

Table 1. Chemical composition of the soil profiles.

Horiz. 5i0: ARO: Fex0: Mg0 Ca0 M0 K0 TiOr P20s MnO LOI OM

%
ADE-1
Al 6486 1071 365 016 068 004 024 150 072 008 171 6.40
A2 6792 11.57 393 013 054 005 023 157 084 007 128 5.12
A3 7477 1054 38 005 001 002 0.05 181 006 <0.01 8§50 5.76
Ad 5204 17.08 571 023 225 007 0.3 177 257 007 1760 7.68
AB 5837 1584 530 014 173 006 030 183 209 005 1400 5.12
Ba 7590 ]2J8 30s  0p4 013 002 000 ]d4s 020 00] 570 (.64
ADE-2
Al 7483 7.21 28 013 032 005 018 140 029 0.06 1240 3.84
A2 7267 8.8 343 015 055 006 028 137 042 007 1190 3.84
A3 7610 854 335 010 042 004 006 153 032 003 910 3.20
AB 207 375 172 004 016 002 007 066 015 <0.01 330 077
B 160 82 322 005 009 002 007 135 015 <0.01 500 064
B 7652 1015 387 006 007 002 009 1.74 016 <0.01 700 0.64
THMA-1
A 7507 920 331 005 <001 002 0.04 1.60 007 <001 103 3.52
AB 6997 1144 405 012 093 004 023 132 118 005 105 154
B 81.15 826 297 004 <001 002 0.4 137 005 <001 590 090
211 7629 1144 381 005 <001 002 0.07 189 006 <001 600 0.64
B2 7601  11.83 377 005 <001 002 0.08 182 005 <0.01 600 0.38
TH A-2
Al 8146 654 167 007 018 002 010 140 012 002 8§20 052
A2 7703 10,67 247 007 010 003 003 170 013 001 740 168
A3 7248 13.64 314 007 007 003 0.4 167 016 <0.01 8§40 1.42
AB 7582 124 275 006 004 002 002 137 013 <001 750 1.03
B 6976 1623 359 008 004 003 016 182 014 <001 790 065
211 7040 1592 343 007 003 003 017 178 011 <0.01 780 052
B2 7264 1501 308 007 002 003 0.18 1.69 008 <0.01 700 0.39
Latosol
Al §182 600 226 006 001 003 015 092 007 <0.01 850 256
A2 8104 7.07 272 006 <001 003 018 1,00 007 <001 770 052
AB 8065 820 298 007 <001 004 020 106 006 <001 660 052
B 7945 943 328 007 <001 004 024 111 006 <001 610 0.26
211 7962 991 325 007 <001 004 026 105 005 <001 560 0.39

B2 82 .26 9.01 284 D06 <001 0.04 0.4 0.94 004 <0.01 440 013
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Fig. 7. Distribution of the levels of Al,O3, Fe;Os, TiO; and LOI in the ADE-1, ADE-2,
TMA-1, TMA-2, and latosol profiles.

The highest levels of CaO and P,Os are found in the A horizon, especially horizon A4
at ADE-1 (2.25%), which is clearly different from those of all the horizons in ADE-2 and the
TMA soils, with the exception of horizon AB of TMA-1 (0.93%), which is equivalent to
ADE. Major contrasts in the CaO content were observed only in relation to the profile of the
adjacent soil, which was at or below the detection threshold (CaO < 0.01%). In addition, P,Os
was strongly correlated with CaO in the ADE and TMA soils, with the highest levels being
recorded in the A4 horizon of ADE-1 (2.57%) and the AB horizon of TMA-1 (Table 1, Fig.
8). These very high values at the base of the ADE-1 profile correspond to archeological
features and structures containing charcoal, ash, and fragments of bone and ceramics, which

were found at varying depths of the ADE at Juruti.
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These anomalous values for phosphorus and calcium are chemical indices of
prehistoric refuse dumps subject to successive burn-offs. The elevated values of CaO and
P,0s, observed in the TMA-1 profile, also reflect the presence of apatite. The significant
correlation between the levels of CaO and P,Os confirm the chemical contribution of apatite
to the ADE and TMA soils (Fig. 9). While this is normally attributed to the presence of bone
remnants, the exceptionally strong correlation observed in the ADE soils studied here
indicates the historic presence of human and animal excrement (Smith, 1980; Lima et al.,
2002; Kampf & Kern, 2005). The relatively high levels of phosphorus in the ADE soils at
Juruti, as indicated by XRD and the stoichiometric calculations, are thus derived from two
sources of phosphates — bone residues and aluminum phosphate derived from the addition of
kaolinite, probably derived from the ceramic fragments, as shown by Costa et al (2004a,
2004b, 2006, 2010). In most of profiles, the levels of phosphorus are lower and those of
calcium are close to the detection threshold, which means that apatite is absent.
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Fig. 8. Distribution of the levels of CaO, P,0s, and OM in the ADE-1, ADE-2, AD,
TMA-1, and TMA-2 profiles. The same scale is used throughout, in order to highlight
the similarities and differences in the distribution patterns between the different
profiles.
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The levels of MgO are equivalent to those of CaO and P,0s, with a limited degree of
variation restricted to the A horizons of the ADE profiles (Table 1). This is supported by the
strong correlation between MgO and P,0s (r = +0.94). The MgO content of the TMA and
latosol are nevertheless relatively similar (Table 1). The levels of Na,O are also slightly
higher in the ADE soils. In addition to its relatively high levels in the A horizon of the TMA,
and in particular of the ADE profiles, the levels of KO in the B horizon of the latosol profile
indicates the resilience of muscovite to weathering. Once again, these results emphasize the
similarities between the ADE and TMA horizons, and to a lesser extent, with that of the AD
soils.

As for phosphorus, MnO is an important indicator of human occupation (Goffer,
2007). This compound is found at high concentrations only in the A horizons of the ADE
soils, and in part, in TMA-1. There is no significant variation between ADE profiles, even
where the highest levels of CaO and P,Os were recorded, with an overall mean of 0.06% of
MnO. In the case of the TMA soils, only the AB horizon at TMA-1 was notable, whereas all
the horizons of the latosol profile were below the detection threshold, i.e., Mn < 0.01% (Table
1).
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Similarly, the concentrations of MnO, Cu, Zn, Ba, and Sr are higher in the ADE soils
and TMA-1 (Table 2, Fig. 10). The strong correlations between Zn and MO, and Zn and CaO
reflect the importance of the contribution of the residues deposited in the soils, especially
bones (Fig. 11). The levels of Cu and Zn in the TMA-2 profile, in particular, are similar to
those of the adjacent profile. Just as for Cu and Zn, the presence of Ba and Sr is related to that
of organic matter, especially bone fragments, as suggested by the correlations between Ba and
organic matter (r = +0.60, +0.89) and Ba and CaO (r = +0.97, +0.98) in the ADE-1 and ADE-
2 profiles, respectively (Fig. 12).

Taken together, then, CaO, P,0s5, MgO, K,0, MnO, Cu, Zn, Ba, and Sr are the
chemical elements that discriminate ADE and TMA soils in comparison with those of the
adjacent area in Juruti. Kern et al. (1999) have attributed the high levels of K, Mg, Mn, Cu,
and Zn in ADE soils to the presence of discarded palm leaves that had been used to thatch the
occupants’ cabins and had subsequently decomposed through weathering and had released
these components, which were incorporated into the developing soil. These materials would
have been incorporated periodically as the settlers occupied the site sequentially over long

periods.
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Fig. 12. Correlation between the levels of organic matter (OM) and Ba, and Ba and CaO
in the ADE-1, ADE-2, TMA-1, and TMA-2 soil horizons.

While the ADE and TMA soils, and even the latosol, are highly similar in terms of
their principal chemical components, i.e., SiO, and Al,O3, then, they are clearly distinguished

from adjacent soils by their relatively high concentrations of P, Ca, and Mg. At Juruti, Mn,
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Cu, Zn, Ba, and Sr are also part of the geochemical signature of typical ADE and TMA soils,
as described at other Amazonian sites by Kern (1996), Costa & Kern (1999), and Lima et al.
(2002).

The normalization of the ADE (ADE-1 and ADE-2) and TMA (TMA-1 and TMA-2)
profiles relative to the equivalent horizons of the adjacent profile, which is assumed to be the
original substrate for these anthropogenic soils (both ADE and TMA), reveals that P,Os,
Ca0, MgO, and K,O were incorporated into these soils, especially in the A horizon of ADE
(Fig. 13). As shown above, the MnO, and most of the CaO, could not be normalized, given
that the corresponding horizons of the adjacent soil were below the detection threshold. The
slight enrichment of A,O3, Fe,03, and TiO; in the ADE and TMA soils represents the partial
signature of the latosols, the substrate from which the anthropogenic soils were formed.

100 4 ADE-1 1007 Tmad
A A2 A --AB
--BA -B1

-k AB -8-BA =1—B2

N

0 0
1007 ADE-2 1007 a2
Al A2
—AB -8-BA —-+A1 B-A2
B -+—AB -8-BA
10 1 101 -8Bl =-B2
1' 1 T rMn
« g 0 0 0 A o~ < g 0 0 0, « o
8 % 5 %8¢ g 00d 9 oS HF e s 09 d O
mw <4< L 2 0 Z ¥ = o w < 0w 2 0 2 ¥ o

Fig. 13. Distribution of major elements in the soil profiles at ADE-1, ADE-2, TMA-1,
and TMA-2 normalized to the respective horizons of the adjacent area.

By contrast, the slight enrichment of Cu, Zn, Rb, Sr, Cd, Cs, Ba, and Pb in the A, AB,
and BA horizons of the ADE soils, and the AB horizon at TMA-1, or even the
impoverishment observed in all the other horizons, reflects the quantity and quality of the
organic matter added to the soil (Fig. 14). The levels of Cu, Zn, Sr, Ba, and Cd correlated with
those of CaO, that is, they were related principally to the presence of bone fragments. Similar
results were obtained by Oonk et al. (2009) and Wilson et al. (2008), who attributed the
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increase in the levels of trace elements, including As and Pb, to the presence of fragments of
bone and plants during the mineralization of the organic matter. The variation between
horizons reflects the irregular distribution of the residues, as well as the reduced content of the
rock that originated the substrate (Horbe & Costa, 1997).

By contrast, the partial enrichment of Co, Ni, and Sn reflects the presence of iron oxy-
hydroxides compounds, probably in association with organometallic compounds, as indicated
by the significant correlations of both Co and Ni with Fe (r = +0.74, +0.59) and the organic
matter (r = +0.93, +0.86) in the ADE and TMA soils, respectively. The impoverishment of V,
Cr, Ga, Y, Zr, Mo, Hf, Nb, W, Hg Ta, Th, and U in the A horizons indicates the partial
decomposition of the iron oxy-hydroxides and Al compounds in the presence of organic
matter, and subsequent leaching, whereas these same elements are found at similar levels in
the B horizon in ADE, TMA and latosol (Fig. 14, Table 2). The geochemical similarities
represent a common heritage from the adjacent soils, which formed the basis for the
anthropogenic soils. These results also indicate that the yellow latosols at Juruti received
different contributions from residues rich in P, Mg, Ca, Mn, Cu, Zn, Sr, and Ba, in particular
bones, soft animals parts and plant residues, which were added to the basic latosols and
contributed over time to the tropical pedogenetic process, to form the local ADE and TMA

soils.



ADE-1

-+ Al A2 4« AB -%BA

ADE-2
100 7
-+ Al A2 -&AB -xBA -eB

100 1 TMA-2
-4~ A1 - A2 -k~ AB —%-BA -@-B1 -X-B2

n'Sc V. C Co Ni Cu Zn Ga As Rb Sr Y Zr Nb Mo Cd Sn Cs Ba Hf Ta W Au Hg Pb Bi Th U
1007 TMA-1
—-+A == AB -X-BA - B1 -xB2
\ S

S¢c V Cr Co Ni Cu Zn Ga As Rb Sr Y Zr Nb Mo Cd Sn Cs Ba Hf Ta W Au Hg Pb Bi Th U

39

Fig. 14. Distribution of trace elements in the soil profiles of ADE-1, ADE-2, TMA-1, and

TMA-2 normalized to the respective horizons of the adjacent area.



Table 2: Concentration of trace elements in the soil profiles.

Horiz.  Be S N Cr Co Ni Cu  Zn Ga As Se Rb Sr T Ir b Mo Ag Cd Sn 5h s Ba Hf Ta W Auw He TI P Bi Th U
mgkg-*
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Al <100 800 7400 4789 170 480 2320 PLO0 1590 270 050 33D 4710 &0 181220 2940 050 <D0 050 500 <000 390 9600 4750 220 300 050 008 <D0 690 010 1560 530
A2 <100 9.00 78O0 4789 180 500 20100 5600 1640 260 060 2810 4700 W0 195580 3170 040 <00 040 500 <000 370 9800 5150 240 310 <050 008 <DI0 6% 010 1700 580
A3 <100 800 9500 5473 050 LID 210 600 2010 210 <050 27D 2600 4650 207130 37.00 040 <00 <010 500 <000 050 2000 5540 270 380 <050 012 <D0 340 00 1940 61D
A4 <100 11.00 108.00 6842 2.60 890 4290 12600 2600 450 <050 3780 10360 4060 123110 3530 060 <010 130 500 <010 550 198.00 3210 260 360 090 011 <010 1030 02X 223 510
AB <100 10.00 10100 6842 2.0 620 3360 9300 2440 410 <050 000 9110 4230 145760 360 0460 <00 080 500 <000 4.00 14300 4030 270 380 060 013 <DI0 93 0N 2 530
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oy
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As observed in the trace elements, the similarity of the distribution of rare earth
elements in the horizons of the ADE and TMA soils reinforces the conclusion that they have a
common geochemical source in the adjacent soils (Fig. 15). However, the heavy REEs tend to
become enriched in contact with the light REEs, especially at ADE-2 and TMA-1.
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Fig. 15. Distribution of REEs in the soil profiles of ADE-1, ADE-2, TMA-1, TMA-2,
normalized to the respective horizons of the adjacent area.

Conclusions

The yellow latosols that form the soils that cover the ferrous-aluminous crusts of the
lateritic profiles the predominate in the Amazon basin (Costa, 1991; Costa et al., 2010) appear
to have provided not only the basic substrate, but also a number of components for the
formation of the anthropogenic (ADE and TMA) soils at Juruti. All three types of soil are
characterized by an abundance of quartz, kaolinite, goethite + hematite, and anatase, which
are responsible for the high levels of Si, Al, Fe, and Ti, and testify to the mineralogical and
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chemical heritage of the ADE and TMA soils at Juruti in relation to the adjacent soils. The
evidence indicates that a large number of densely-populated settlements were established
along the course of the lower Amazon River and its tributaries between one and three
thousand years ago. These communities were inhabited by horticultural potters with complex
social organization (Roosevelt, 1992; Carneiro, 2007; Heckenberger et al., 1999) who, during
their occupation of the sites, accumulated large quantities of organic residues, including plant
and animal remains, bones, charcoal, and an abundance of ceramic material. Thousands of
years of the hot and humid weathering typical of tropical pedogenetic processes, have resulted
in a thick parcel of Archeological Dark Earth type soils (Kern and Kampf, 1989; Costa and
Kern, 1997; Neves et al., 2003).

The quantity and in particular the quality of the organic matter accumulated in the
anthropogenic soils account for the enrichment of P, Mg, Ca, Mn, Cu, Zn, Sr, and Ba, which
constitute the geochemical signature typical of the ADE soils, as at other Amazonian sites
(Kern & Kampf, 1989; Kern, 1996; Costa & Kern, 1999; Lima et al., 2002). On the other
hand, the Terra Mulata located in the area surrounding the ADE soils, is distinguished by the
absence of ceramics or any other archeological remains. Even so, the TMA soils have clearly
received a contribution from organic residues, which has resulted in the modification of the
properties of its A horizon. The brownish colors and the thickness of this horizon — which is
twice that of the adjacent soils — indicate the addition of organic matter through anthropogenic
modifications. The occurrence of anthropogenic alterations is confirmed by the presence of
apatite and cristobalite, mineral phases restricted to the ADE soils. The apatite reflects the
continuous discarding of bones, which is reflected in the increased values of Ca, P, Mg, Cu,
Zn, Ba, and Sr, which are also found in the TMA soils. The higher levels in the ADE soils
may be related to domestic activities such as the preparation of food, the processing of game
and fish, and the discarding of excrements (Smith, 1980; Kern & Kampf, 1989; Lima et al.,
2002), whereas the lower concentrations of these elements in the TMA soils suggests possible
agricultural practices aimed at increasing the quality of the soil, as suggested by Sombroek
(1966), or simply a similar pedogenetic process based on reduced quantities of residues, in
particular, bones and excrements. The levels of Ca, P, K, Zn, and Cu are as high as the ADE
in some localized spots, indicates more intensively-used areas, which may represent ADE
without the ceramic fragments.

The identification of cristobalite in the TMA and ADE horizons represents the
transformation of amorphous silica (SiO;) into a crystalline form by firing and suggests the

successive burning of organic matter, a common practice in domestic environments, related to
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the clearing and preparation of the soil, for example, which is still practiced by present-day
local communities that follow a traditional lifestyle (Hecht, 2003; Heckenberger et al., 1999;
Denevan, 2002). Overall, the mineralogical and chemical differences found in the different
horizons provide strong evidence of the modifications to the environment provoked by the
presence of past human settlers, and by the pedogenetic processes that following their

occupation of the study area.
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Abstract

Extensive areas of soils of the Archeological Dark Earth (ADE) and Terra Mulata (TMA)
types are found in Juruti, in the lower Amazon Basin, a region dominated by yellow Latosols.
While ADE soils are dark in color and contain large quantities of ceramic fragments, the
TMAs are dark, but do not contain ceramics. Multi-element chemical analyses of ADE and
TMA soils from horizon A; (depth of 10-20 cm) revealed that the ADEs are differentiated by
their relatively high concentrations of P,Os, CaO, K;O, MgO, Cu, Mn, and Zn, while the
TMA have medium levels of these components, and the adjacent Latosols are characterized
by low concentrations. These chemical elements constitute the geochemical signature of these
anthropogenic soils, while Al,O3, Fe;O3, TiO,, Cr, Sr, La, Li, Ni, Pb, V, Y, and Zr define the
geochemical signature of the Latosols, but can still be identified in the ADEs and TMA. The
isoline maps of the concentrations of the elements of these two geochemical associations
delimited the ADEs as areas of permanent occupation, and the TMA as temporary sites,
probably linked to agricultural activities. Seven settlements were defined, grouped into two
nuclei separated by corridors. The villages were established along the riverbank with the more
temporary cultivated areas to the rear running almost parallel to the river. The identification of
functional patterns based on the geochemical associations, and the map of the distribution of
ceramic fragments and organic matter, revealed that the area occupied covered a total of more
than 350 ha. The P,05-Ca0-MgO-Na,0-K,0-Zn-Cu-Mn-Ba-Sr-Li-Ni geochemical signature
can be interpreted as the result of permanent human settlement on yellow Latosols.

Key words: Prehistory, anthropogenic soils, geochemical association, settlement, ceramic fragments, Amazonia

1. Introduction

In tropical regions, areas altered by paleoindigenous settlements for the construction of
shelters or agriculture are increasingly well-known (Sombroek, 1966; Kern, 1996; Kern et al.,
2003; Denevan, 2010). Different uses and durations of these settlements result in distinct
patterns of modification of the physical, chemical, mineralogical, and microbiological
properties of the local soils (Smith, 1980; Costa & Kern, 1999; Lehmann et al, 2003; Gleiser
et al., 2003; Ruivo et al., 2009; Tsai et al, 2009). These modifications reflect the quantity and
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quality of organic residues, specific cultural aspects of the settlers, and post-occupation (bio)-
geochemical processes, such as pedogenesis.

The hot and humid environments typical of the tropics are the principal factor limiting
the conservation of archeological evidence, in particular organic remains. Given this, the use
of archeometric techniques has been fundamental to the interpretation of archeological
contexts, such as settlement patterns (Kern & Kampf, 1989; Kern, 1996; Costa & Kern,
1999), and archeological features and structures (Wells et al., 2000; Wilson et al., 2008;
OonK et al., 2009).

The anthropogenic soils known as Archeological Dark Earth (ADE) and Terra Mulata
(TMA) are typical of the Amazon region, and provide the basis for the study of settlement
patterns, given that they indicate the location of the functional areas of ancient settlements,
due to the very distinct properties of their horizons of occupation (Kern & Kampf, 1989;
Kern, 1996; Lima et al., 2002; Costa et al., 2004a; Costa et al., 2010). The A (anthropogenic)
horizon is characterized by its dark color, relative thickness, presence of ceramic and stone
fragments, and high levels of Ca, Mg, P, Mn, Zn, Cu, organic C, and particles of charcoal in
comparison with adjacent, dominant soils (Smith, 1980; Kern & Kampf, 1989; Kern & Costa,
1997, Kampf & Kern, 2005; Sombroek, 2002).

At the Manduquinha site in Caxiuand on the lower Amazon, elevated concentrations
of Ca and P have been associated with deposits of organic matter from animal sources,
whereas high concentrations of Cu, Zn, and Mn indicate areas in which plant residues have
been deposited (Kern, 1996). In Piedras Negras, Guatemala, abnormal concentrations of P
were associated with urban market gardens, whereas relatively high levels of Hg, Fe, Mn, and
Cu indicate areas reserved for ceremonies or the production of artifacts (Wells et al., 2000).
At the Tiel-Passewaaij site in Holland, high concentrations of Ca and P were associated with
areas that were once horse stables (Oonk et al., 2009).

Clearly, then, it is possible to link different chemical signatures with specific
archeological contexts resulting from distinct patterns of political, economic, and ritualistic
organization in past human groups characterized by varying levels of complexity. Based on
this premise, the objective of the present study was to identify functional patterns in ADE-
type soils from two prehistoric settlements of the lower Amazon Basin, based on the cross-

referencing of geochemical and archeological data.
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2. Study area
For the present study, two ADE archeological sites were selected - ADE-1 and ADE-2
(Figure 1). These sites are located on the right margin of the lower Amazon River in the

municipality of Juruti, in the Brazilian state of Para, and are surrounded by TMA soils.
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Figure 1. Location of the study area, showing sites ADE-1 (central coordinates: 21M
600159E/9760433N) and ADE-2 (central coordinates: 21M 599557E/9759353N), which
are surrounded by TMA soils.

Sites ADE-1 and ADE-2, and the surrounding area of TMA soils are located on a
ramped river terrace, of which the horizontal surfaces are surrounded by the fluvial and
fluvial-lacustrine plains of the Amazon River. The course of the white-water Amazon is
characterized by its instability, which is constantly modified by the simultaneous processes of
erosion and sedimentation (Sioli, 1984). This is principal cause of the loss of part of the

archeological sites originally found along the banks of the river (Costa, 2008).

The terra firme is dominated by medium-grained yellow Latosols, derived from the
sandiest levels of the Alter do Chdo Formation, which is overlaid by ADE and TMA soils in
some parts of Juruti, close to the Amazon River. The vegetation at these sites is dominated by
rainforest formations and secondary habitats. Balée (1989 and 1993) and Moran (1990)
consider forests dominated by palms, bamboo and liana forests, and dense stands of Brazil-
nut trees to be typical of habitats of anthropogenic origin in the Amazonian terra firme. The
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presence of fruit-bearing trees such as the bacuri (Platonia insignis Mart.) and Spanish plum,
known locally as tapereba (Spondias lutea L), is also indicative of disturbance and these
species are often associated with soils containing charcoal and ceramic fragments, that is, the

remains of agricultural settlements.

3. Materials and methods

The present study was based on the analysis of soil samples collected from the ADE
and TMA areas, as well as the adjacent Latosol. Samples were collected from 50 cm x 50 cm
excavations dug in a 60 m x 120 m grid, with 43 holes in ADE soils, 90 in TMA, and one in
adjacent Latosol (Figure 2). Excavation was limited to a depth of 10-20 cm, which
corresponds to the A, pedological horizon, in which the highest concentrations of ceramic
fragments are found. The samples were collected in 2006 during the retrieval of archeological

material by Scientia Consultoria Ltd.
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Figure 2. Map showing the distribution of ADE, TMA, and Latosol, and the sampling
points for the ADE and TMA soils and the collection of ceramic fragments (CF).
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3.1. Chemical analyses

The soil samples were analyzed in order to determine the concentrations of major
(Al,03, Fe,03, TiO,, P,0s5, Ca0, K;0, Na,O, and MgO) and trace elements (Mn, Cu, Zn,
Cr, Sr, La, Li, Ni, Pb, V, Y, and Zr) using multi-acid digestion (hydrofluoric, nitric, and
hydrochloric acids, and drops of perchloric acid) and analysis by ICP-OES, conducted by
Geosol laboratories. Levels of organic matter (OM) were determined by the Walkley-Black
procedure and quantified by volumetry in the soils laboratory of the Federal University of
Vigosa. Statistical procedures (correlation and cluster analysis) were conducted in Statistica
(version 6.0).

4. Results and discussion

The two main ADE sites (ADE-1 and ADE-2) are slightly elongated in shape, more or
less parallel to the margin of the Amazon River (Figure 3). Based on Kern’s (1996)
reconstruction of human settlement patterns derived from the analysis of ADE soils, the sites
appear to correspond to two distinct occupations. The thick layer of ADE exposed on the
riverbank suggests that, in the past, these settlements extended as far as the river itself. The
natural dynamic processes of the river, together with the recent deforestation of its margins,
have likely contributed to increasing vertical erosion and subsidence of the banks, which in
turn has provoked erosion of part of the ADE soils. The partial loss of the A horizon
(occupied) is a result of the surface run-off of ADE topsoil.

Site ADE-1 covers an area of at least 29 hectares, although a considerable portion of
its area (which may possibly be a distinct site) has been occupied by a recent-built suburb of
the town of Juruti, known as Terra Preta (literally, “Black Earth”). The area of site ADE-2 is
also at least 28 hectares. Heckenberger et al., (1999) have reported areas of ADE larger than
this, such as a 30 ha site on the Xingu River and one of 50 ha in central Amazonia, which they
associated with complex societies.

The two ADE sites are separated by a large area of TMA, of more than 300 hectares,
although this area extends well beyond that shown on the map, which corresponds only to the
area affected by the implantation of the ALCOA ore-shipping port. The area of TMA also
extends as far as the riverbank (Figure 3). By analogy with the pioneering studies of
Sombroek (1966) in Belterra, also in Pard, the area of TMA probably represents the
settlements’ plantations. At Belterra, an area of 200 hectares of ADE is surrounded by some



52

1000 hectares of TMA, which disperses outwards into the terra firme. In the present case, the
two ADE sites and the TMA soils together cover an area of 350 hectares. Similar results were
reported for Juruti by Smith (1999), apud Denevan (2002), who found ADE soils distributed

over an area of 1 km by 3.5 km.
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Figure 3: Distribution of the areas occupied by ADE and TMA soils, based on coloration
and the presence of ceramic material.

4.1. Chemistry of the ADE soils vs. TMA

While only partial, the chemical analyses (Table 1) indicate that the soils mapped as
ADEs and TMAs at Juruti cannot be distinguished on the basis of the mean concentrations of
their principal components, such as Al,03, Fe,0s3, TiO2, and Na,O. However, there is a clear
distinction in the mean levels of P,0s5, Ca0, K;0, and MgO, the concentrations of which are
much higher in the ADEs. In the case of the trace elements, Cr, Sr, La, Li, Ni, Pb, V, Y, and
Zr were all present in relatively similar concentrations in ADE and TMA, although higher
levels of Cu, Mn, and Zn were recorded in the ADEs. Overall, then, the set of elements P,0Os,
CaO, K0, MgO, Cu, Mn, and Zn, all of which present relatively high concentrations in
ADE, can be considered to be its geochemical signature on the basis of their contribution to
the mineral content of the soils. Kern (1996) and Costa & Kern (1999) consider this chemical
signature to be typical of ADE soils.



Table 1. Chemical composition of the ADE-1, ADE-2, TMA, and Latosol soils.
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Element ADE-1 ADE-2 TMA AD

% n X min max n X min max | n X min max | n
Al203 24 7.5 4.50 10.001 19 6.00 5.00 6.50( 90 8.00 500 12.50] 1 5.32
Fe)0s 24 3.5 210 5.001 19 3.00 220 4.50) 90 3.00 2.00 7401 1 1.85
TiO: 24 1.00 1.00 1201 19 1.00 0.70 1.00] 90 1.00 0.70 1.30] 1 0.63
P20s 24 040 007 1.20] 19 0.26 012 0.78) 90 0.09 0.05 050] 1 0.05
Ca0 24 0.22 0.02 1.20] 19 0.30 0.03 1.18] 90 0.04 0.02 0.30] 1 <0.01
MgO 24 0.06 0.03 0.20( 19 0.08 0.03 0.21f 90 0.04 0.02 0.07] 1 0.06
K20 24 0.12 0.04 0.30( 19 0.13 0.05 0.40( 90 0.06 0.02 0.14] 1 0.1
Naz0 24 0.07 0.04 0131 19 0.06 0.04 0.11f 90 0.06 0.03 0.09] 1 0.03
oM 1 - - 5121 1 - - 384 2 260 1.68 352 1 2.56
mg kg-'
Cu 24 16.00 6.00 37.00] 19 16.00 8.00 36.00f 90 7.00 4.00 18.000 1 6.80
Mn 24 216.00 <100.00 615.001 19 305.73 116.00 870.00 90 - — <100.00] 1 <100.00
Zn 24 58.00 13.00 204.00| 19  56.00 18.00 145.00) 90 23.00 9.00 62.00f 1 3.00
Cr 24 4210 33.00 50.00] 19  39.00 34.00 43.00f 90 4310 31.00 63.00 1 22.00
Ba 24 43.00 1500 114.00f 18 49.00 19.00 157.00f 90 2230 940 39.00] 1 39.00
Sr 24 27.00 14.00 55.001 19 27.00 18.00 54.00f 90 2040 1200 3200 1 22.00
La 24 2400 21.00 30.00] 19 20.20 21.00 22.00f 90 2230 21.00 34.00 1 21.00
Li 24 4.50 3.40 8.00( 19 5.00 3.10 11.00] 90 3.50 3.10 5.001 1 4.90
Ni 24 10.00 6.50 13.001 19 8.00 550 13.00] 90 7.50 500 11.00f 1 3.00
Pb 24 12.00 8.70 28.00] 19 10.00 8.50 17.00| 90 10.00 810 22.00f 1 14.00
v 24 82.00 57.00 108.00|1 19 71.00 56.50 83.00( 90 90.00 53.00 135.00f 1 64.00
Y 24 7.30 3.70 11.00] 19 7.00 5.20 9.00( 90 8.50 520 14.00] 1 2.90
Zr 24 15440 121.00 198.00] 19 126.00 99.00 152.00f 90 158.00 104.00 224.00] 1 87.00
n = number of samples analyzed X = mean

The chemical differences, which are clear from a comparison of the mean values
(Table 1), are further emphasized by the cluster analysis, based on Pearson’s correlation
coefficient. The following geochemical associations (groups) were identified within the area
dominated by ADE:

The P,05-Ca0-MgO-Na;0-K;0-Zn-Cu-Mn-Ba-Sr-Li-Ni association (group 2) is
formed by elements considered to be typical of ADE, in addition to the elements Na, Li, and
Ni. These elements are indicative of human settlement (Kern & Kampf, 1989; Kern, 1996;
Costa & Kern 1991; Wells et al., 2000; Goffer, 2007, Holliday & Garter, 2007; Wilson et al.,
2008; OonK et al., 2009), and represent the ADE signature (Figure 4). These results are
consistent with those obtained at other Amazonian ADE sites (Kern, 1996; Costa & Kern,
1999; Kampf et al., 2003).

The Al,03-Fe;03-TiO,-La-V-Y-Zr association (group 1) can be interpreted as the
signature of the soils derived from lateritic formations, which underlie the ADE sites in the
present study area (Figure 4). This signature clearly represents the adjacent soils, which are of
a similar composition, as identified by Kern (1996) at Caxiuand, and by Costa (1991), Horbe
& Costa (1997) and Horbe et al., (2005) at a number of other Amazonian sites. At site ADE-
1, two sub-associations were recognized: Al,O3-TiO2-Zr (group 1A) and Fe,O3-V-Cr-La
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(group 1B), which represent the principal minerals — kaolinite + anatase + zircon and goethite
+ hematite, respectively — found in soils derived from lateritic formations (Costa, 1991; Horbe
& Costa, 1997). This demonstrates that the chemical transformations induced by human
settlement did not eliminate completely the geochemical signatures of the original soils, and
at the same time, reinforces the assumption that the ADE, and even the TMA soils were
derived from these original substrates.
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Figure 4. Geochemical associations derived from the dendrograms of the cluster
analysis of the concentrations of different chemical elements in the soils from sites ADE-
1 and ADE-2.

It was not possible to identify chemical groupings characteristics of the TMA soils,
only the definition of a possible association by greater similarity, Al,O3-Sr-Cr-V-K,0O-Ba-
MgO-TiO, (Figure 5), a partial legacy of the signatures of both the ADE and adjacent soils.
This appears to further reinforce the conclusion that the TMA soils represent the products of
the physical and chemical degradation of the ADE soils, by leaching out most of the chemical
information associated with the organic matter, but retaining residues of the subsurface and
adjacent soils, which are hyper-stable under the prevailing tropical conditions, related to
typically stable minerals, like oxy-hydroxides of iron (OHFe) such as goethite and hematite.
The marked correlations between K,O and Ba (r = 0.96, n = 90) and CaO and Zn (r = 0.96, n
= 90), which are also typical of ADE soils, indicates that the TMAs maintain a partial ADE

signature.
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Figure 5. Dendrogram of the cluster analysis of the concentrations of chemical elements
found in the TMA soils surrounding sites ADE-1 and ADE-2.

4.2. Spatial distribution of the principal chemical components in ADE and TMA soils

Given that the two principal types of soil were originally mapped based on their
characteristics (color, presence of ceramic fragment, and organic content), which
corresponded perfectly with their chemical composition and associations, it was possible to
construct maps of isolines for the concentrations of the specific chemical elements of each
association, in order to evaluate their distribution patterns and interactivity. This analysis also
provided the basis for a discussion of the occupation of the region by prehistoric peoples.
Isoline maps of the chemical elements of the surface soil horizon have been used as indices of
functional areas in a number of archeological studies (Kern & Kampf, 1989; Kern, 1996;
Wells et al., 2000; Wilson et al., 2008; Oonk et al., 2009). For example, phosphorus may be
an important indicator and delimiter of human occupation (Wells et al., 2000; Goffer, 2007,
Holliday & Garter, 2007).

The isoline maps of the elements of the P,05-CaO-MgO-Cu-Mn-Zn association
(ceramic fragments) at Juruti discriminate the ADE and TMA domains quite clearly, with the
isolines of higher values corresponding to the ADE and lower values to the TMA (Figure 6).
The distribution pattern of the values for P,Os, CaO and MgO reveals two ample areas with
higher concentrations, running parallel to the Amazon, coinciding with the location of sites
ADE-1 and ADE-2 (Figure 6). The highest values are found parallel to the riverbank,
reinforcing the conclusions based on the intensity of the dark coloration and the presence of
ceramic fragments. The higher concentrations recorded at ADE-1 (Table 1, Figure 6) may be
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interpreted as the result of a much longer period of occupation in comparison with site ADE-
2.

The distribution pattern observed at site ADE-1 supports the conclusion that the
settlement originally extended further north into the urban area of the town of Juruti. The
isolines for lower values delineate clearly the TMA domain, which can be interpreted as an
area of agricultural activity, which has been improved by the insertion of OM (1.68-3.52%),
as shown by the variable levels of CaO (0.02-0.30%), MgO (0.02-0.07%), and P,0Os, 0.05-
0.50% (Table 1). The values are consistent with those for MO (1-6%) and P,O5 (0.04-0.12%)
recorded in ancient agricultural terraces constructed in the Peruvian Andes for growing maize,
Zea mays (Branch et al., 2007), as well as the concentrations of Ca (0.09-0.26 %) and P (0.04-
0.13 %) found in cultivated fields (Wilson et al., 2008).

The isolines delimiting the highest values for P,Os, CaO, and MgO overlap with the
areas mapped for the two ADE sites, emphasized primarily by phosphorus and calcium, as the
principal components of the phosphates, as well as apatite, the principal mineral or chemical
compound of fish and mammal bones, as well as those of chelonians, and excrement (Smith,
1980; Neves et al., 2003; Goffer, 2007). These components form a clear association and
together distinguish the same configuration. Microscopic bone fragments found in the ADE
soils were in fact composed of apatite. This configuration is further reinforced by the
similarity of the composition of the soils in the two ADE sites.

The positive correlation between P,O5 and CaO levels observed at ADE-1 (r = 0.90, n
= 24) and ADE-2 (r =0.79, n = 19) is quite conclusive, and contrasts clearly with the situation
found in the TMA (r = 0.17, n = 90), which suggests different sources for these elements
(Figure 7), considering that Ca and P normally occur at low concentrations in lateritic soils
(Costa, 1991; Horbe & Costa, 1997), except in soils derived from formations rich in primary
phosphates. The areas with the highest concentrations of CaO, P,0s, and MgO coincide with
those in which ceramic fragments are most common, and probably correspond to sites
occupied over longer periods, where foods were processed and prepared, and also discarded,
together with parts of ceramic utensils. This conclusion is supported by the presence of fired
ceramic structures, a type of oven associated with charcoal, ceramics and stone micro-chips
(Figure 6). In addition, the semicircular or possibly circular (considering the intense erosion
of the riverbank) configuration of the remains, together with the spatial distribution of the
chemical anomalies, suggests the organization of residential cabins around a communal space

(Figure 6). The whole array corresponds to an area of approximately 500-600 m across, a
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pattern typical of indigenous settlements in the Amazon to this day (Heckenberger et al.,
1999; Neves, 2009).

As for P,05, CaO and MgO, the isolines for Cu, Zn, and Mn indicate higher values in
the ADE (Figure 6). The distribution of these elements in ADE-1 is clearly related to the
location of sites at which foodstuffs were manipulated and consumed, that is, where deposits
of organic residues are concentrated (Wells et al., 2000; Goffer, 2007). The Cu, Mn, and Zn
isolines form an elongated plot interspersed with lower levels (Figure 6). In ADE-2, two areas
are delineated by isolines for higher values, separated by areas of lower concentrations,
indicating less occupied areas or access paths.

The numerous spaces of approximately two hectares outlined by medium-level
isolines in the TMA can be interpreted as sites which received an input of organic residues, as
indicated by the higher concentrations of Cu (0.40-18.00 mg kg-*) and Zn (20.00-62.00 mg
kg-1), as well as P,0s5 (0.07-0.50%) and CaO (0.04-0.08%). Moderate levels of Ca (0.09-
0.26%) and Zn (30.20-80.80 mg kg-1) have been related to the presence of abandoned gardens
and cultivated fields in the United Kingdom (Wilson et al., 2008). By contrast, the Mn content
of the TMA samples is at or below the limit of detection (<100 mg kg-t) (Table 1, Figure 6).
This reflects the instability of the OHFe resulting from the intense leaching of deposits of

organic matter.
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Figure 6. Spatial distribution of the concentrations of P,Os CaO, MgO, Cu, Mn, Zn, organic matter (OM), and ceramic fragments in
the areas dominated by ADE and TMA soils.
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Figure 7. Correlation between the concentrations of P,O5s and CaO at sites ADE-1
(n =24), ADE-2 (n =19) and TMA (n = 90) in relation to the apatite curve.

On the other hand, the elements of the Al,03,-Fe;03-TiO,,-V-Y-Zr association,
which is characteristic of the soils derived from the lateritic subsoil from which the
ADE and TMA originated (Horbe & Costa, 1997), are strongly delineated by the
isolines, and contrast with the high levels of the elements typical of human occupation
found in the TMA, and in particular in the ADE. The superficial distribution of the
levels of Al,O3, Fe,03, TiO,, Zr, and Y indicates that the highest concentrations are
found in the central-northern part of site ADE-1, indicating that deposits of organic
matter were relatively limited in this area, or may have been eroded or leached out,
leading to a greater stability in OHFe and OHAI (Figure 8). In ADE-2 and part of the
TMA, by contrast, the lower levels of the elements of this association suggest the
opposite pattern. The areas with lower concentrations of Al, Fe, Zr, and Y are correlated
with the sites at which human settlement was probably more extensive, as indicated by
the chemical signature of the ADEs and the greater frequency of ceramic fragments.



ppm

150

100

50

Fe,O,
%
6,0
5,0
4,0
3,0
2,0
1,0

Zr
ppm

230
200
150
100
50

TiO,

1.2
0.8

L0.4

[+]

" 1800

ppm

12,0

40

T3 =
wl 4 &/ ADE
w & ]
E v [ tm——e :
660+ “._
?K}: /"‘. !
1 s I ¥
] '(' ; TMA /. OM (%)
1024 I i L
= oeal g
o) 7 ADE2 | o o @3.01a4,00
ws60] ! ; @4.01a5,00
wl @ ! @s.01a6,00
T
SI‘G ’ m'm ! |:Iﬁﬂ ! 1560 1800
IF "l
/  ADE-]
. N°CF
r 12
TMA
- 10
- 8
o 6
! 4
fl.J 2
.-’: 120 Qo 20m 1]
T gs0 | 1080 1320 | 1560 1800

Figure 8. Spatial distribution of Al,O3, Fe,O3, TiOy, Zr, V, Y, organic matter and ceramic fragments in the areas dominated by ADE and

TMA soils.

09



61

4.3. Ceramic archeology

The ceramic fragments found at sites ADE-1 and ADE-2 correspond to multi-component
artifacts, with a predominance of the Konduri and Poc6 ceramic styles. These styles are relatively
common in the settlements of the lower Amazon basin. Konduri ceramics are characterized by an
abundance of spicules of cauixi, as well as pointing and complex modeling, while the Poco style
is also defined by this complex modeling, as well as the frequent presence of large spiral
incisions and elaborate painting (Hilbert, 1955; Hilbert and Hilbert, 1980; Scientia, 2008).

The subsurface distribution of the ceramic fragments runs parallel to the Amazon river
(Figures 6 and 8). In these areas, the highest concentrations of ceramic fragments coincide with
the highest concentrations of the elements indicative of human occupation (P,0s5-CaO-MgO-
K,0-Zn-Cu-Mn-Ba-Sr), which indicates that these were the sites of greatest occupancy or
activity, and thus related to domestic units such as cabins, and areas at which foods were stored,
prepared, and consumed. The distribution of ceramic material within site ADE-1 delineates a
continuous, semicircular area of approximately 6 hectares (Figure 6). Within ADE-2, ceramic
material is distributed within two distinct sites, in the north (6 ha) and south (5 ha) of the area.
This distribution coincides with the typical chemical signatures of ADE soils and suggests that,
during the most recent period of human occupation, the southern settlement was the most
intensively occupied, which is reflected in the lower values of Al, Fe, Zr, and Y in ADE-2, as a
result of the more recent, accumulated deposits of organic matter, which have diluted the
concentrations of these elements.

Within the ADEs, the areas in which ceramic fragments were rare or absent corresponded
with those in which the lowest concentrations of P, Ca, Mg, Mn, Cu, and Zn were found, and
were thus related to the least occupied or peripheral areas of the villages. However, where there
are no ceramic fragments, the chemical content (P, Ca, K, Mg, Cu, Zn, and Ba) remains high,
indicating the accumulation of organic residues, so these areas were interpreted as sites at which
material from game, fish or plants was discarded. No ceramic fragments or any other type of
archeological structure were found on the periphery of the ADE sites, or in the TMA (Figures 6
and 8).



62

4.4. Hypothetical settlement pattern

The geochemical isoline maps of the chemical elements representative of the two
principal associations (Figure 4) provide a baseline for the interpretation of the possible pattern of
prehistoric human occupation of the study area (Figure 9), supported by the archeological data
presented above. The areas dominated by anomalously high values of P, Ca, Mg, Mn, Zn, Cu, Ba,
and Sr, as well as ceramic fragments and organic matter, are assumed to correspond to sites of
human occupation, at which everyday activities, such as the preparation, consumption, and
storage of foods, and the production of tools and artifacts were conducted, and cabins and refuse
deposits were constructed. Based on these chemical signatures, the areas of archeological dark
earth at Juruti appear to correspond to not two, but probably as many as seven settlements,
covering 2-3 hectares at ADE-1 and up to 6 ha at ADE-2, located along the bank of the Amazon
(Figure 9).

However, two of these, one located in the eastern portion of ADE-1 and the other in the
north of ADE-2 were characterized by relatively high levels of P,Os, CaO, Mg, Cu, Zn, Ba, and
Sr, similar to those found in the settlements, but did not contain ceramic fragments (Table 2). The
lack of ceramic fragments indicates that these areas may have been communal sites that included
fireplaces and ovens, as well as residues of foods such as game (skins and bones) and fish, or
even human or animal excrement (Smith, 1980; Oonk et al, 2009; Sullivan & Kealhofer, 2004).
In other words, these sites may represent locations for the disposal of specific types of residues.

However, the dimensions of the sample grid (60 m x 120 m) were relatively ample, and
may thus have been insufficient for the delimitation of specific sites such as residences, waste
deposits, transit areas and communal spaces. It was nevertheless able to delimit the area of daily
life in the village. The proximity of the settlements, the abundance and distribution of ceramic
styles, and the dark color of the soil all contributed to the apparent homogeneity of these areas.
These common features indicate that the inhabitants of these settlements shared the same habits
or belonged to the same group.

The isolines that correspond to medium-range values for the typical anthropogenic
geochemical association in areas with no ceramic fragments delimit an ample area to the rear of
the seven villages, making up an almost homogeneous space forming the TMA (Table 2). This
area can be interpreted as temporary agricultural plots on terra firme soils, indicated primarily by

the small patches of slightly higher values (Figure 10). At least seven of these patches were also
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identified. Soils of this type with no ceramic fragments or archeological structures are typical of
agricultural plots (Sombroek, 1966; Sombroek et al., 2002, 2010).

The total area of TMA forms a distinct zone parallel to the margin of the Amazon, ranging
inland some 700 m, where there is a transition to the adjacent soils, which have a signature
typical of the region as a whole. The TMA zone reaches as far as the riverbank between the two
settlements, ADE-1 and ADE-2. This zone is indicated clearly by the isolines for higher
concentrations of the elements of the primary association with latosols, that is Al-Fe-Ti-V-Y-Zr
(Figure 9). A north-south corridor in the transition between ADE-2 and TMA is indicated by the
high values for the Latosol association (Figure 9) and the lower values for the anthropogenic
geochemical association (Figure 8). This corridor appears to extend as far as the major feature
that separates the two ADE sites. The corridors do not appear to have been the focus of human
occupation or intense agricultural activity, but appear to form a relatively wide, long neutral area
used for access to the river, possibly even to a dock. A second, similar corridor appears to have
existed in the north, associated with ADE-1, with an approximately east-west orientation.

Radiocarbon dating (20-30 cm layer) indicates that the human population which
(intentionally or not) left the archeological and chemical residues for the formation of the ADE
and TMA soils settled here between 640150 and 69040 years ago, respectively (Scientia, 2008).
This period corresponds to the 13-14th centuries, in other words, just prior to the arrival of

European colonizers.
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Table 2. Mean content and standard deviation (S.D) of chemical elements in the area of the
villages, TMA soils and Corridor.

Village TMA Latosol
Element with CF without CF high values | medium values Corridor
% mean * SD mean ¥ SD mean ¥ SD mean * SD mean * SD
AlLO, 6.94 £ 1.60 743%1.51 3.05+1.42 7.34+1.34 914 *1.97
Fe,O, 336+ 0.84 335 £1.04 3.24+0.97 2.73x 046 3.20x0.M
TiO, 0.94% 0.14 0.96%0.14 1.03%0.14 0.93 £ 0.11 1.16 £ 0.10
P,0, 0.36+0.24 0.3920.15 0.13x0.11 0.07 £ 0.01 0.07 £ 0.01
CaO 0.31 £ 0.33 01820.11 0.05+0.06 0.03% 0.02 0.04 % 0.02
MgO 0.08 20.05 0.0520.01 0.04%0.01 0.03% 0.01 0.04 £ 0.01
K,O 0.14 £0.09 011 20.03 0.06 £0.02 0.06 % 0.02 0.08 £0.03
NaO, 0.07 £ 0.02 0.07 £0.01 0.06 £0.01 0.06 * 0.01 0.06 £ 0.01
mg kg-'
Mn 29213+ 228.18]182.50+87.14 < 100.00 <100.00 <100.00
Zn 6448 £ 49.38 | 55.50+£21.05| 27.18%*10.68 20.27 £ 7.83 2276 £7.79
Cu 16.80 £ 8.49 15.45 £ 3.97 7.39+3.46 5.26 110 9.78 £ 2.65
Ba 5045+ 3463 | M1.75+12.58 23.09 % 5.85 20.03 % 5.25 25.5327.72
Cr 41.06 * 3.87 42.50%2.89 43.45 % 6.31 4011 % 5.71 49.35 £ 6.86
La 22.39£3.25 22.50+2.89 23.03 13.45 2054 £ 3.41 24.94 £ 4.85
Li 4.88 £ 1.80 4.25%0.70 3.56%+0.39 3.62% 048 2.96 * 1.56
Ni 912+ 244 9.25%2.90 8.16+1.33 7.16%1.20 7.54+1.00
Pb 10.50 £ 2.48 13.62+2.70 1117 £ 3.78 8.56 % 1.08 9.80 £ 2.69
Sr 28.90 £10.27 26.00t6.16 20.97 £ 3.53 18.43 % 3.20 2449440
v FT.70¥13.60 | 82.55%15.29 ] 90.89%+13.89 84.55 % 1412 10114 £13.20
Y 7.30£1.38 6.83 +1.45 8.38+2.27 7.77 X186 10.21 £1.07

2r

142.49 * 27.78

146.50 £ 20.57

160.12 * 27.80

147.77 £ 21.19

176.59 +13.53
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5. Conclusions

The ADE (Archeological Dark Earth) and TMA (Terra Mulata) soils found at Juruti are
very similar to those found at other Amazonian sites located within an area of yellow latosols.
The ADEs are found in areas adjacent to the Amazon River, while the TMAs are peripheral, with
the whole area being surrounded by latosols. The ceramic fragments are typical of ADEs, but are
much rarer in the TMA. The chemical composition of the ADEs and TMAs indicates their
derivation from adjacent soils, in particular with regard to the levels of Al,O3, Fe,03, TiO3, V,
Y, and Zr, although their concentrations of P,Os, CaO, MgO, Mn, Zn, Cu, Ba, and Sr are
divergent, with distinctly higher levels in the ADE soils and medium levels in the TMA in
comparison with the adjacent soils. The concentrations of P,Os and CaO in the ADE reflect the
presence of microfragments of bone, in the form of apatite as well as amorphous phosphates,
probably of aluminum.

Two geochemical associations were identified — P,05-CaO-MgO-Mn-Zn-Cu-Ba-Sr,
which distinguished the ADEs categorically, and the TMAs partially, and Al,O3-Fe;03-TiO,-Y-
V-Zr, which is typical of the adjacent latosols, and can be identified in both ADEs and TMAs,
indicating their derivation from these adjacent substrates. The geochemical maps of the elements
associated with anthropogenic soils delimit perfectly the area within which ceramic fragments
were found, as well as two smaller areas, which are interpreted as possible communal sites, and
were not occupied by waste deposits during shifts in occupation. The TMA zone is demarcated
by medium values for the anthropogenic association, and the absence of ceramic fragments.
Slightly higher values were identified as possible campsites. Corridors between the two ADE
sites and between these sites and the area of TMA were identified through the higher values of
the association with Al,Os.

The large areas of both ADE and TMA indicate that human activity was both extensive
and intense. Overall, the geochemical signature typical of ADE soils, i.e. P,05-Ca0-MgO-K,0-
Na,O-Zn-Cu-Mn-Ba-Sr-Li-Ni (Kern and Kampf, 1998; Kern, 1996; Lima et al., 2002), covered
an area of 350 ha, probably with distinct patterns of spatial organization.

The same ceramic styles were found in the two ADE sites, suggesting that the human
groups that occupied these settlements between the 13th and 14th centuries probably shared the
same customs or practices, or belonged to the same group. The greater abundance of ceramic
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fragments in the more superficial levels of the soil, which coincide with lower values of the

Al,Oj3 association, indicates that the recent occupation of ADE-2 was more intense.
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ABSTRACT

In the context of Amazonian archeology, Juruti, in the lower Amazon basin, is one of the most
culturally diverse and complex, given its location at the center of the region that produced the
most refined and elegant ceramic styles during this period. At this site, large quantities of ceramic
fragments in the Konduri and Pocd styles can be found throughout a 60-hectare area of Dark
Earth (ADE). The archeological analyses indicate that the ADE areas were occupied by pottery-
making peoples, since approximately 140 B.C. and up until the 14th century. The archeological
analyses, mineralogy and multi-element chemical of samples of ancient ceramic fragments and
the clay used by present-day potters for the production of ceramic vessels, which has thus been
used locally for the production of ceramics for more than two thousand years. The ceramic
fragments are rich in phosphorus (1 to 4% P,0s) in the form of Al and Fe phosphates. The
phosphorus is nevertheless found at crustal levels in the local clay, which indicates that it
originated from other sources, such as the use of the vessels for cooking food, a pattern recorded
previously at other Amazonian sites.

Key words: Ceramic fragments, Raw material, Mineralogy, Archeology, Amazonia.

INTRODUCTION

The prehistoric cultures of the lower Amazon Basin are characterized by their complexity
and diversity, emphasized by a rich ceramic tradition, which is the oldest of the New World, with
the earliest finds coming from Taperinha, south of the city of Santarém, dating to 7000 BP
(Roosevelt 1992). These ceramics are among the most refined and elegant known, and include
the Tapajbnica, Marajoara, Konduri, Globular, Pocd, and Paraué styles (Hilbert 1955; Hilbert &
Hilbert 1980; Roosevelt 1992; Gomes 2008; Guapindaia 2008). The Paraua style has been
discovered only recently (Gomes 2008).

The Tapajénico and Koduri ceramic styles dominated the Trombetas-Nhamunda river

basins as far as the confluence of the Tapajos River with the Amazon, and share many stylistic
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and chronological similarities. The ceramic artifacts are rarely found intact, but more typically as
fragments inserted in soils of the Archeological Dark Earth (ADE) type. These soils correspond
to recent prehistoric settlements in the region (Hilbert 1955; Kern & Kampf 1989, 2005;
Roosevelt 1992). The two styles are contemporary and represent the incision and stippled
tradition, which date from between the tenth and the sixteenth centuries (Simbes 1984; Gomes
2002). These styles are characterized by extensive modeling, stippling and deep, dense incisions.
Artifacts include relative fine and carefully elaborated vessels with narrow necks and caryatids,
which are typical of the Tapajonico style, while the conical (tripod) bases are typical of the
Konduri style (Hilbert 1955; Roosevelt 1992). The Konduri style was more widely distributed,
and has been considered a derivative of the Tapajonico style (Hilbert 1955; Simdes 1984; Gomes
2008).

While it is sometimes found together with Konduri pieces, the Pocd style is normally
found in the upper archeological strata (Hilbert & Hilbert 1980; Guapindaia 2008). The principal
characteristics of this ceramic style are the modeling, large and spiraled incisions related to the
Barrancoid or modeled incision tradition, from the first millennium, found primarily in the
Orinoco basin, and the middle and lower Amazon (Lathrap 1970; Hilbert & Hilbert 1980; Lima
et al. 2006). The marked chronological and technological differentiation of the Konduri and Pocé
styles is not reflected in stratigraphic patterns, given that the continuous formation of Dark earth
deposits obscures the shifts between the different stylistic complexes (Guapindaia 2008).

In addition to the importance of this cultural record, these ceramic artifacts and their
fragments are noted for their resilience to the intense weathering provoked by the region’s hot
and humid equatorial climate, which sustains its dense rainforests, but also decays most material
deposited in the soil. The ceramic fragments are practically the only archeological remains to
survive, but these remains permit the identification of technological aspects of the production
process, such as painting, appliqués, tempers, firing temperatures, dimensions, forms, and
designs, as well as the sources of the raw material, all indicators of cultural complexity. All these
features can contribute to the understanding of cultural exchange and shifts, and the distribution
of commercial routes between ancient settlements (Latini et al. 2001; Costa et al. 2004a; Goffer
2007; Schaan 2007).

Mineralogical, chemical, and geochemical studies have provided important insights for

the development of archeological research, based on new approaches to the analysis of
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specimens. For example, the presence of phosphates in ceramic fragments has raised a number of
questions with regard to the origin of the phosphorus. Costa et al. (2004a, 2004b, 2006, 2011) and
Rodrigues (2010) demonstrated that the phosphorus is derived from the function of the artifacts
and the diet of their users. In addition, Costa et al. (2004, 2006, 2011), Rodrigues (2010), and
Silva (2010) argue that the fertility of ADE soils, in particular as a major source of macro- and
micronutrients, is related primarily to the gradual decomposition of the ceramic fragments they
contain. Knowledge of the distribution of the phosphorus within the structure of the vessels may
help reconstruct them from the ceramic fragments (Duma 1972). The high levels of phosphorus
found in Amazonian ceramics, generally of the order of 1-3% P,0Os (Costa et al. 2004a, 2006,
2011), are much higher than those found in equivalent residues at European sites (Millani et al.
1998; Rathossi & Pontikes 2010).

Recent archeological studies in the lower Amazon Basin, in particular those in the
municipality of Juruti, where archeological sites have been salvaged prior to the installation of a
bauxite processing plant, have mapped large areas of ADE soils rich in ceramic fragments, which
are still partially preserved from weathering. The composition of these remains was investigated
using the mineralogical and geochemical techniques discussed above, and the results of the
analyses are presented and discussed in the present study.

STUDY AREA

The area surveyed in the present study is located on the right bank of the lower Amazon
River, in the municipality of Juruti, in the Brazilian state of Pard (Fig.1l). The area is
characterized by ample areas of ADE, surrounded by “Terra Mulata” (slightly dark earth), from
which two archeological sites, denominated ADE-1 and ADE-2, were selected for the present
study. The two sites cover a total of approximately 60 hectares of ADE soils. These soils were
established over the yellow latosols which dominate the area and are found adjacent to the main
survey area. The archeological horizon of the ADE soils is found at depths of between 60 and

150 cm, and is rich in ceramic fragments.
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Figure 1. Map showing the locations of sites ADE-1 (central coordinates: 21M
600159E/9760433N) and ADE-2 (central coordinates: 21M 599557E/9759353N)

As for the rest of the Amazon basin, the archeological context of the Juruti site does not
present a clear chronological sequence of occupation. Hilbert (1955) recorded ceramics with
characteristics of the Konduri style in the dark earths located on the margins of the Juruti-Velho
and Juruti-Mirim lakes. The limited archeological evidence available indicates that the principal
concentrations of pre-colonial groups were located along both margins of the Amazon River
between the mouths of the Nhamunda and Xingu rivers. In general, the settlements in these areas
are associated with dark earth soils (Hilbert 1955; PRONAPA 1968; Hilbert & Hilbert 1980;
Roosevelt 1992; Costa & Kern 1999). While inconclusive, the ethno-historic data from the
European conquest of the Amazon basin, between the mid-sixteenth century and the nineteenth
century, describe continuous and densely-populated settlements along the margins of the region’s
principal rivers. These settlements appear to have been based on socially and politically stratified
societies, such as that of the Tapajo people on the Tapajés River, and their neighbors, the Canuri
or Konduri, on the Trombeta-Nhamunda. According to historical reports, these peoples produced

fine pottery, which was appreciated not only by neighboring peoples, but also the European



75

colonizers (Roosevelt 1992; Porro 1996; Hilbert 1955). Other groups living in the same area
included the Bobui, Jamunda, Parucoatd, Uaboi, and the belligerent Mundurucu (Barbosa de

Farias 1946; Hilbert 1958).

MATERIALS AND METHODS

The ceramic fragments were collected from e series of small excavations of 50 cm x 50
cm in area and varying depths, which were dug in a 60 m x 120 m grid within both ADE sites
(Fig. 2). The trenches were excavated in 10 cm intervals down as far as the level at which
ceramic fragments were absent. Between one and 22 fragments were observed in each interval,
with sizes varying from 2 cm to 15 cm. Once collected, the fragments were washed to eliminate
excess soil particles and then observed under a binocular hand lens for the identification of
technical and stylistic attributes, such as manufacturing technique, tempers, finishing, and
decoration, as well as the part of the artifact represented, i.e. rim, wall or base (Scientia 2008). A

total of 6300 ceramic fragments were analyzed in this phase of the study.
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Figure 2. Maps showing the excavation grid used for the collection of ceramic fragments at
sites ADE-1 and ADE-2, and Piranha Lake (central coordinates: 21M 598464E/9755450N),
from which samples of clay were collected.
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Twelve samples of ceramic fragments representing the Konduri and Poco cultures were
collected from each site at depths of up to 60 cm (Table 1) for the determination of their
mineralogical composition and chemical characteristics. All the samples were chosen from pieces

representing the main body (wall) of vessels with no decoration.

Table 1- Samples of ceramic fragments analyzed in the present study by site, depth, and
probable culture.

Samples collected at site:

Depth (cm) ADE-1 ADE-2 Probable culture
0-10 DE1-32 DE2-7, DE2-12, DE2-18 Konduri
10-20 - DE2-1, DE2-5, DE2-11, Konduri

DE2-14, DE2-17, DE2-21
20-30 DE1-28, DE1-33 DE2-6, DE2-24, DE2-25 Konduri
30-40 DE1-30, DE1-31, DE1-36, - Konduri and Poc6
DE1-37, DE1-40, DE1-42,
DE1-44
40-50 DE1-39 - Poc6
50-60 DE1-43 - Poc6

The identification of the probable raw material used for the production of the ceramic
artifacts, and their possible origin, was based on the analysis of samples of clay obtained from the
margin of Piranha Lake (21M 598464E, 9755450N), located some 15 km south of the town of
Juruti (Fig. 2). This site was selected based on an ethnographic survey of the region’s present-day
potters who have adopted techniques similar to those used by the original settlers. These artisans
obtain their raw material from the margins of the lake.

The samples were pulverized in an agate mortar until their grain size had reached a <125
mesh. The mineralogical analyses were carried out in the X-ray diffraction laboratory of the
UFPA Geosciences Institute, using an XPERT PRO MPD diffractometer equipped with a PW
3040/60 (theta-theta) PANalitical goniometer, copper anode (¢ CuKe 1 = 1.54060) run at 40 kV
and 30mA. The data were obtained using an ICDD database and X’pert HighScore software
(version 2.1b). The mineralogical analysis were complemented with data from scanning electron

microscopy (SEM), using a microscope coupled to an energy-dispersed spectrometer (EDS),
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which provided both images and chemical microanalysis. The backscatter electron detector
provided data for the production of maps of the distribution of chemical concentrations. All
procedures were conducted in the electron microscopy laboratory of the Goeldi Museum in
Belém, using a LEO 1450 VP 500 DP microscope.

The chemical analyses of the total samples included major and minor elements (SiOq,
Al,O3, Fe,03, MgO, Ca0, K;0, Na;0, TiO,, P,0s, MnO), Loss on ignition (LOI), as well as
trace (Be, Sc, V, Cr, Co, Ni, Cu, Zn, Ga As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Cs, Ba, Hf,
Ta,W, Hg, Pb, Bi, Th, U) and rare earth elements (REEs), which were obtained by fusion with
lithium tetraborate, and determined by ICP-OES and ICP-MS by the Acme Analytical
Laboratories Ltd.

Two ceramic fragments were used for quartz-grain thermoluminscence dating by Datacéo,
Comércio & Prestacdo de Servico Ltda, while samples of charcoal were used for radiocarbon 14
dating. This analysis was obtained by Scientia Consultoria Ltda (2008) from the Beta Analytic
Incorporation Laboratory. The general data on the frequency of the 6300 ceramic fragments, and
the results of the chemical analyses of the 24 samples were processed statistically using the
program Statistica (version 6.0), while the distribution map was produced using Surfer (version
8.0).

RESULTS AND DISCUSSION

Frequency and spatial distribution

The ceramic fragments are found between the surface and depths of up to 180 cm,
although most are concentrated into the 0-40 cm stratum (Figure 3). Fragments are abundant at
the surface (depths of 0-10 cm) only at site ADE-2, whereas the greatest abundance was recorded
in the immediately lower levels at both sites, at depths of between 10 cm and 40 cm. The
frequency of fragments falls away rapidly at ADE-2 below the 40-50 cm stratum, and they
disappear completely below 80 cm, whereas at ADE-1 they remain relatively abundant at lower
levels, but within a reduced area (Fig. 3).
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Figure 3. Map of the frequency of ceramic fragments (CF) by archeological horizon at sites
ADE-1 and ADE-2 in Juruti, Para.

Ceramic technology and corresponding culture

The morphological analysis of the 6300 ceramic fragments indicated that only 24% of the
remains at ADE-1 represent utensils or undecorated vessels, whereas the proportion at site ADE-
2 was 60%. In general, the fragments have a porous surface, often worn or weakened, varying in
color from gray to ochre, with a fine microporous matrix containing grains of quartz and micro-
particles calcined of organic matter such as cariapé (Licania utilis or Licania turiuva) and cauixi
(Tubella reticulata or Parnula betesil). Cauixi is the principal temper used in these ceramics,
being found in more than 90% of the fragments at both sites. This material is widely-used as one
of the principal components of the production of ceramic throughout the lower Amazon basin
(Hilbert 1955; Simbes 1984; Roosevelt 1992; Gomes 2008).

The reconstruction of the vessels’ shapes permitted the identification of distinct functional

classes, although artifacts with an open or slightly closed morphology and a flat or rounded base
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predominate. These vessels were clearly cooking pots, plates, and rounded bowls with volumes
varying from 2.5 | to 24.0 I. The vessels with a more closed structure and medium volume (3.5 to
4.5 1) had thicker walls (1.2 to 2.0 cm) than the larger vessels (5.5 to 8.4 I), with walls of between
0.5 and 1.1 cm. Rye (1981) and Viana (1996) found that vessels with thinner walls were more
appropriate for cooking, given their better heat conduction, and thus faster cooking times, as well
as greater resistance to thermal shock. Closed forms are also more appropriate for cooking food.

It was also possible to confirm that the principal pottery technique was coiling method.
Modeling was less common, and mainly involved attachments, adornments, and other decorative
motifs. The ceramic fragments of the upper strata (0-40 cm) are characterized by grooving,
stippling, brushing, and fine incisions with details in red paint. The appliqués are zoomorphic and
anthropomorphic, typical of the Konduri style, related to the stippled incision tradition (Fig. 4).
Clearly, then, the Konduri was the last prehistoric culture to occupy the ADE sites at Juruti.

By contrast, the ceramic fragments from the deeper strata (> 40 cm) are characterized by
ample spiral incisions painted red, located on both the walls and the internal and extroverted rims
of the vessels, which were sometime painted in red and orange over white (Fig. 4). Multi-colored
vessels were almost certainly used in religious ceremonies or rituals. This style is typical of the
Poco phase, representing the modeled incision or Barrancoid tradition, which is found throughout
the Orinoco basin, and the Trombetas-Nhamunda and Negro basins in central Amazonia (Lathrap
1970; Hilbert 1980; Roosevelt 1992; Lima et al. 2006; Neves 2010). In Juruti, the Barrancoid
style is found exclusively at site ADE-1 (Fig. 3). The occupation of the area by pottery-making
human populations probably began at site ADE-1, with the Pocd culture, an interpretation
compatible with the chronological sequence determined by the radiocarbon and
thermoluminescence dating (Table 2), which indicated that the oldest inhabitants arrived around
140 B.C., and remained until 1300 A.D., that is, a continuous occupation of some 1400 years.
The level immediately above, consisting of 90 cm of discarded material, now representing soil
with ceramic fragments, indicates either a prolonged occupation or dense population, which
began at site ADE-2. The Konduri style predominates in these deposits (Table 2, Fig. 3).

The more limited dating results from site ADE-2 indicate a much shorter sequence of
occupation, given that the oldest date is 690 A.D., and the most recent is 1300, indicating that the
area was occupied for some 600 years. While ADE-1 was settled for longer overall, the data

indicate that the two sites were occupied simultaneously for a long period up until the 14th



80

century, given the presence of ceramic fragments at ADE-2 in the 70-80 cm stratum. The greater

concentration of ceramic fragments in the 20-40 cm strata indicate that the peak of the occupation

of site ADE-2 occurred between the 3rd and 9th centuries. The gradual decrease in the abundance

of ceramic material in the upper levels of site ADE-1 indicates that it was the first to be

abandoned, while the increasing abundance of ceramics at ADE-2 suggests a possible increase in

the population of this site during the same period. It thus seems likely that the population of
ADE-1 migrated to ADE-2 (Figure 3). The dating that corresponds to the 4th century at ADE-1

and the 10th century at ADE-2 indicate stratigraphic disturbances.

Table 2. Chronological sequence of the occupation of sites ADE-1 and ADE-2 based on
radiocarbon and thermoluminescence dating.

Site Depth (cm) Age Year/Century
ADE-1 20-30 640 £ 50 BP (a) XI1 A.D.
ADE-1 40-60 1760 £ 40 BP (a) Il A.D.
ADE-1 70-80 1960 + 40 BP (a) 10 B.C.
ADE-1 80-90 2040 £ 40 BP (a) 90 B.C.
ADE-1 90-100 2090 + 50 BP (a) 140 B.C.
ADE-1 120-130 1710 + 50 BP(a) 111 B.C.
ADE-2 20-30 690 + 40 BP (a) X A.D.
ADE-2 20-30 1400+160 BP (b) VIl A.D.
ADE-2 40-50 1170+180 BP (b) IX AD.

(a) by C* dating (Scientia 2008), (b) by thermoluminescence dating.
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Photo: Scientia Consultoria

Figure 4. Stylistic features of the artifacts and ceramic fragments of the (a, b) Konduri and
(c, d) Poco cultures found at sites ADE-1 and ADE-2.

Mineralogical composition

The ceramic fragments from sites ADE-1 and ADE-2 are constituted (in decreasing order
of abundance) of quartz, metakaolinite, illite+muscovite, microcline, albite, maghemite, hematite,
and anatase. Metakaolinite is amorphous, and is normally derived from the dehydration of
kaolinite — the principal mineral in ceramic clays — during the firing process. These same
minerals make up the natural clay used by potters in the present day. However, in its raw form,
this clay lacks metakaolinite, and contains only kaolinite (as well as smectite), which confirms
the derivation of metakaolinite from the kaolinite in the clay. The maximum temperature for the
thermal dehydration of kaolinite is 550°C, which also ruptures the structure of smectite. As the
vitrification of ceramics occurs at temperatures above 600°C, this evidence indicates that the
vessels were fired at between 550°C and 600°C (Goffer 2007; Costa et al. 2011).

The mineralogical composition of the ceramic fragments from Juruti is equivalent to that
of fragments from a second site in the lower Amazon basin, Cachoeira Porteira (Costa et al.

2004a). In fact, the chemical and mineralogical composition was identical, indicating that the raw
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material was derived either from the same source or from different sources with the same
lithology and geological environment.

In addition to the minerals identified by XRD, which includes the amorphous forms, such
as metakaolinite, the total chemical analyses identified significant levels of P,Os, varying from
0.94% to 4.35% (Table 3) in different samples, although the mineral phase responsible for this
pattern was not found. Chemical analyses using SEM-EDS also identified phosphorus levels of 1
to 7 wt%, in particular in the matrix dominated by metakaolinite. The values for P,Os suggest the
presence of phosphates in the Juruti ceramics in a pattern similar to that found at other
Amazonian sites (Costa et al. 2003; 2004a, 2006, 2010; Rodrigues 2010; Silva 2010). These
phosphates appear to be of aluminum, aluminum-iron, and sometimes calcium/strontium-
aluminum, amorphous to microcrystalline, represented by variscite, variscite-strengite, and
crandallite-goyazite (Costa et al. 2004b, 2006, 2010; Rodrigues 2010). The SEM-EDS analysis of
the matrix of sample DE2-24, which contains cariapé as temper, found that the microspherulites
(Fig. 5) are composed of phosphorus, aluminum, and iron, which suggests the variscite-strengite
series (Al, Fe)(PO4).2(H,0) identified by Costa et al. (2004a, 2010) in ceramic fragments from
other ADE sites.

The SEM-EDS microchemical mapping confirms that these phosphates are distributed
throughout the matrix, given the homogeneous distribution of Si, Al, Fe, P, and K (Fig. 6).
However, phosphates were not identified as minerals in the clay presumed to be the raw material
for the ceramics. Within this same metakaolinite matrix, the chemical analysis identified
occasional concentrations of P and Ca consistent with apatite. This mineral is a component of
rare, miniscule bone particles (Fig. 6). Bone fragments in the form of apatite were described by
Lima et al. (2002) and Costa et al. (2004a) from ceramic fragments collected from ADE soils at
other sites in the Amazon basin, and were likely added accidentally to the clay matrix during the
production of the artifacts, given that they are not normally used as temper. This same chemical
mapping demonstrated that the high values of Si highlight the spicules of cauixi and its fragments
in the metakaolinite matrix, which are originally constituted of amorphous silica (Costa et al.
2004a). These chemical maps show that the areas occupied by cauixi have no Al, P, Fe, Ca or K
whatsoever, and are composed exclusively of SiO5.

The data presented here indicate that the ceramic fragments analyzed from the superficial

layers (down to 30 cm) of ADE-2, in which the Konduri style predominates, or even the lower
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levels (20-60 cm at ADE-1), where Konduri and Pocdé may occur simultaneously, are
mineralogically homogeneous. This supports the deduction that the peoples that produced the
vessels from which the fragments were derived, whatever their depth or age, were almost
certainly produced from the same raw materials obtained from the same sources in the vicinity of

the settlements, and possibly also used the same firing technology.

Figure 5. Scanning electron microscope (SEM) image showing the spherulitic features of
the matrix of a ceramic fragment. The overall pattern suggests the substitution of the
cellulose tissue of the cariapé, as observed by Costa et al. (2004) in ceramic fragments from
Cachoeira-Porteira.
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Figure 6. SEM image of the respective chemical maps for the elements Si, Al, P, Fe, Ca,
and K. The EDS spectra of the metakaolinite matrix, indicating the presence of Al, P, Fe,
and to a lesser extent, Ca, which correspond to phosphates of Al and Fe. Spectrum of a
spicule of cauixi composed of Si, as well as microfragments of bone, indicating the dominance of
Ca and P, in addition to Al and Fe, interpreted as apatite + phosphates of Al and Fe.
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Total chemical composition

The chemical composition of the ceramic fragments is dominated by SiO,, with a mean of
65.69% of the fragments from ADE-1 and 62.43% of those from ADE-2, followed by Al,Os3,
with means of 16.46% (ADE-1) and 16.41% (ADE-2), and Fe,Os3, with mean values of 4.41%
and 4.01%, respectively (Table 3). The levels of SiO, and Al,O3 constitute basically the principal
minerals metakaolinite and quartz, as well as the predominant temper, cauixi, or occasionally,
cariapé, both of which are composed principally of SiO,. Remains of diatoms found in the
metakaolinite matrix of the fragments (Fig. 7) also contribute to the SiO, levels, and were
probably present in the raw material, which permits the classification of this material as a
sediment or sedimentary rock. The Fe,O3 concentrations, which were higher at ADE-1, represent
hematite (+maghemite), and occasionally goethite. The levels of these three chemical compounds
(SiO2, Al,O3, and Fe,03) vary very little overall (Table 3). The levels of TiO, vary even less
and the mean concentrations at the two sites were statistically equal, at 75%, which represents
anatase. Similarly, while the mean values for K,O - 1.82% (ADE-1) and 1.74% (ADE-2) — and,
to a lesser extent, MgO — 0.67% (ADE-1) and 0.66% (ADE-2) — were equal, individuals values
were relatively more variable. While these values of K,O reflect the presence of illite/muscovite
+ microcline, K;O + MgO are the principal components of illite/muscovite. The reduced
correlation between these two chemical components (Fig. 8) confirms the presence of the two

mineralogical phases, illite/muscovite and microcline.

Figure 7. SEM images of ceramic fragments with cariapé, which was used as coarse
temper, and diatomic skeletons, which were probably primary components of the original
clayey raw material, both of which are composed of amorphous silica.
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On the other hand, while the concentrations of Na,O were well below 1.0 % (mean values
0f 0.28% and 0.23% at ADE-1 and ADE-2, respectively), they vary considerably among different
fragments, and correspond to small concentrations of albite. A similar pattern was recorded for
Ca0, with mean values of 0.28% and 0.26 % at sites ADE-1 and ADE-2, respectively (Table 3).
By contrast, the levels of P,O5 were expected, given that it appears to be a common component
of the ceramic fragments found at Amazonian ADE sites (Costa et al. 2004b, 2006, 2010;
Rodrigues 2010; Silva 2010). The mean levels of this compound — 2.92 % at ADE-1 and 2.47 %
at ADE-2 — are of the same order of magnitude as those found in ceramic fragments at Cachoeira
Porteira (Table 3). However, the levels of P,Os, like those of CaO and Na,O, vary considerably
between samples, ranging from 0.94 % to 4.35 %.

As in the fragments studied at other Amazonian sites, these high levels of P,Os are not
expressed in the form of a phosphatic mineral, which can be identified by XRD or optical
microscopy. As discussed previously, these are in fact amorphous aluminum phosphates, as
demonstrated by Costa et al. (2010) in ceramic fragments from ADE soils in Cachoeira Porteira,
Caxiuang, and to some extent in Jabuti. These are not Ca-Al phosphates, given that the levels of
CaO, as shown above, are very low, in addition to which, they do not correlate with P,Os (Fig.
8). Even so, it seems reasonable to assume that they represent a less abundant phase, such as
crandallite, which is supported by the strong correlations between CaO and Ba (r = 0.68) and
CaO and Sr (r = 0.84), a pattern also found by Costa et al. (2010) and Rodrigues (2010) at Jabuti.
These extremely low values for CaO indicate clearly that apatite is not present as the principal
phosphate. It is important to note that the levels of P,Os in the clay identified as the raw material
for the ceramics were crustal, i.e. <0.10 %. As the phosphorus was not found at equivalent levels
in this clay, it was almost certainly incorporated subsequently. These results confirm the
originating process defined by Costa et al. (2003, 2004b, 2006, 2009, 2010, 2011), in which the
high levels of phosphorus found in the ceramics were incorporated after the production of the
vessels, and may have occurred during the cooking of foods rich in phosphorus. During this
phase, the formation of aluminum phosphates is favored, given the establishment of a
hydrothermal reaction between the vessel wall, dominated by metakaolinite, and the liquid, an
environment which is propitious for the formation of phosphates, whether in nature or the
laboratory.
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One unexpected finding is the fact that, with the exception of P,Os, the mean levels of the
other main components of the clayey raw material — SiO,, Al,O3, Fe;03, K;0, MgO, CaO,
Na,O (slightly higher) and TiO, — were similar to those found in the ceramic fragments from
both sites. The H,O lost from the fragments during calcination was replaced through their
exposure to the weathering process, partly through the accumulation of P,Os, such that it was not
necessary to apply mathematical corrections to recalculate the concentrations for comparison
(Table 3). Overall, then, the chemical elements and compounds, such as SiO;, Al,O3, TiO,,
K20, MgO, and even Fe,O3 (Fig. 9), varied little between sites or archeological strata (and thus,

cultures), and are chemically, and also mineralogically homogeneous.

Table 3. Chemical composition (%) of the ceramic fragments from sites ADE-1 and ADE-2,
compared with that of local raw clay and archeological ceramics from Cachoeira Porteira.
Samples  5i02 AbO3 Fex03  MgO Ca0 N20 K20 Ti0z P205s _MnO_LOI
%

ADE-1
DE1-28 6573 1423 450 075 013 0322 195 067 229 002 940
DE1-30 6336 1507 360 051 035 035 204 072 424 003 910
DE1-31 6432 1474 399 056 020 041 199 073 304 004 930
DE1-32 5417 2081 540 063 033 009 149 090 222 002 1330
DE1-33 6335 1546 4322 08 017 0322 167 074 137 006 1130
DE1-36 6113 1638 396 048 026 0326 154 033 410 005 1030
DE1-37 6302 1641 425 078 035 042 212 072 310 004 360
DE1-39 5811 1932 546 084 046 039 202 033 402 003 330
DE1-40 6237 1500 501 061 021 017 178 062 283 003 10.70
DE1-42 6147 1574 471 078 041 036 206 073 416 005 930
DE1-43 5433 2118 344 020 003 004 155 077 227 001 1610
DE1-44 6602 1272 441 000 0323 037 167 034 133 003 10.40
Iean 6160 1646 441 066 026 028 18 077 293 003 1033
£DE 2
DE2-1 5959 1833 205 0.8 022 005 110 033 256 002 14320
DE2-3 6014 1576 578 131 024 0328 208 071 084 010 1270
DE2-6 6400 1501 337 043 020 032 167 030 262 003 1150
DE2-7 6164 1675 430 067 045 032 231 079 427 004 340
DE2-11 6390 1635 418 063 013 024 18 076 185 003 10.00
DE2-12 6217 1626 440 09 024 045 203 033 076 002 1170
DE2-14 6279 1618 468 088 072 044 194 075 086 009 440
DE2-17 5998 1842 268 027 014 004 133 065 381 003 12350
DE2-18 5891 1641 512 035 015 0328 162 073 140 004 1490
DE2-21 6132 1824 251 033 029 009 195 070 435 002 10.00
DE2-24 6511 1374 474 060 029 002 100 071 271 <001 11.00
DEL2s 6337 1530 430 070 pge 027 221 g2 324 004 200
Mean 6243 1641 401 067 028 0323 174 075 247 004 1083
Clay 5171 2460 360 100 007 017 23 079 007 001 1560

. Porteiral 6355 1637 579 043 043 049 090 086 237 001 fa
fia = not analyzed t=Costaet al, 20044
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The chemical similarities of the ceramic fragments from the two sites are reinforced by
the multivariate statistical analysis (Fig. 10), in which only three samples are outliers, but group
with the local clay. Relatively high levels of Sr, Ba, and Zn are characteristic of these samples.
This further reinforces the conclusion that the ceramic vessels of the upper levels, which
represent the Konduri culture, were produced from the same raw material, probably obtained
from the same source site or local geological unit as the ceramics of the Pocd culture, the
fragments of which were found in the lower levels. The chemical and mineralogical composition
of these clays is consistent with that of the raw material used for the production of the artifacts
(Table 3). This conclusion based on the major chemical elements is further reinforced by the
concentrations of trace elements (Table 4), which link the fragments and the clay unequivocally,
and are related intimately with the Fe and Al oxy-hydroxides compounds. Of the elements that
have some affinity with Fe;O3, only Co presents a strong correlation (r = 0.75), whereas Cr, Ga,
Sc, Th, U, and the REEs correlate more closely with Al,O3 (r > 0.6), which is probably due to
the greater reactivity of metakaolinite to reduced concentrations of Fe, while V and Y are
correlated more weakly with Al and Fe (r < 0.5).

Of the other elements analyzed, Be, Cd, Mo, Hg, Ag, and Sb all presented concentrations
close to or below the limit of detection, and only Zn, Ga, Cr, and V are above crustal levels
(Table 4). The trace elements in the fragments also vary little, with the most marked fluctuations
being observed in Sr, Ba, Zn, Rb, and the REEs (Table 4, Fig. 9). These subtle chemical
variations reflect the mineralogical similarities between the raw materials used for the production
of the vessels and the chemical modifications resulting from the daily use of these artifacts for the
preparation of foods by the populations that produced them.

When normalized to chondrite (meteorite) levels, the distribution of the REEs in the
fragment samples was highly similar to that of the clay presumed to be the raw material. The
curves show the enrichment of light REEs, with a strong positive anomaly for cerium and subtle
negative anomalies for Eu and Ho (Fig. 11). The geochemical signature of these rare earth
elements may contribute to the identification of the raw material used for the production of the

ceramic vessels.
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Figure 8. Correlation between the levels of CaO and P,0Os5, CaO and Ba, CaO and Sr, CaO
and Zn, Cu and Zn , ETR and Ba, MgO and K-O in the samples of ceramic fragments (n=
24) obtained from sites ADE-1 and ADE-2.



Table 4. Concentration of trace elements (mg kg-!) in the ceramic fragments of the sites ADE-1 and ADE-2, compared with
those of the raw clay and upper terrestrial crust.

Supls B & Vo @ N G Zw G A RSV & M M A O S S ¢ B H Tu W Pb__Bi Th UER

mg kg-'

ADE-1
DE1-28 <100 1500 .00 6138 610 15.80 1230 6500 1910 390 10040 5290 1980 12200 1270 020 <000 030 300 <010 1110 365.00 350 100 130 010 1970 040 1460 270 13990
DE1-30 100 400 8100 6158 6.20 16.60 1030 9700 1830 150 11960 8730 2460 14720 1430 030 <010 020 300 <000 750 38500 420 L10 L60  0.02 1700 020 1370 3.00 17333
DE1-31 200 1300 8800 3473 4.00 1580 1730 9300 1830 310 10460 5480 2210 179.00 1500 060 <010 040 200 <010 880 42000 480 110 LeD 002 1670 030 1230 3.00 13667
DEL-32 L00 1800 13600 73261040 1380 1600 9200 2420 410 16160 3270 3640 18700 1710 020 <010 <010 300 <010 960 3500 360 LID LSO 001 2310 030 1600 350 25170
DE1-33 <100 1500 103.00 6138 620 1510 2030 63.00 2070 410 11280 4680 1880 I15L70 1340 020 <010 <010 300 <010 970 31000 420 110 170 D02 2100 040 1430 300 13049
DE1-3 <00 1500 W00 6188 TI0 1500 1460 12300 2180 330 9270 5T60 240 15190 1620 010 <010 <010 300 <010 830 49500 470 120 130 0441 A0 030 1280 330 12836
DEL-¥7 100 1500 9100 6841 7.0 1740 1380 11100 2040 230 13990 9050 2340 15040 1380 020 <010 020 300 <010 1360 STI00 450 L10 L8O 001 1790 030 1330 .80 17517
DE1-3% 200 1700 99.00 6842 970 1380 700 TLOO 2350 210 8920 11210 2850 169.20 1570 030 <010 <010 300 020 360 3S000 460 120 LT0 001 1580 0.0 1540 330 20945
DEL-40 300 1400 %900 6138 T40 1770 1990 9200 1890 470 11860 6140 1830 11000 1170 030 <000 020 200 <010 1050 44400 300 090 130 002 2080 030 1230 270 13391
DE1-42 300 1500 6700 6158 610 19.60 1760 12700 2020 420 11710 11430 2180 ML00 1430 00 <010 020 300 <00 910 79200 410 110 L8O 009 1830 020 1240 180 13494
DE1-43 200 2200 12200 8210 340 1510 1790 7600 2790 380 8130 2890 1940 14820 1480 060 <010 <010 400 <010 810 28300 420 120 190 005 3010 040 2840 530 174.08
DEL-Y4 <100 1400 9.00 3473 6.30 1530 1630 68.00 1760 430 9500 5700 2240 21840 1580 020 <00 020 300 <00 9.0 34700 330 110 180 003 1320 0.20 1180 340 12866
Mean 1131538 9508 6443 689 1593 1530 8980 2094 400 11107 6800 2303 15645 1438 035 <010 02 300 020 925 46050 442 L11 L69 D03 1955 0.9 1478 325 16158

ADE-2
DEX-1 <100 1200 .00 8894 350 &80 1330 10500 2080 260 10830 5190 1450 15080 1270 020 <000 020 300 <000 &30 40000 440 100 100 002 2540 030 1550 330 13070
DE-5 <100 1500 12000 61381130 2830 2330 13800 2030 1160 12540 35020 1700 11370 1340 020 <010 020 300 <010 &80 32400 360 110 120 006 1920 040 1520 2.60 11292
DEL-¢ <00 1300 10000 6158 440 1240 980 3TO0 2140 500 8890 5070 050 16330 1360 000 <010 <010 300 <010 6A0 G400 470 L10 LeD 007 1280 030 1330 2.80 11082
DE2-T 00 1500 500 6847 T80 80 1630 16600 2240 240 11620 10160 2300 16430 1570 040 <010 020 A00 <010 680 6YLOUD 470 LI0 LT0 001 1630 020 1420 320 16L1%
DE-11 <100 1500 11600 6842 .60 1160 1140 4800 2090 370 12250 4950 1920 14020 1510 020 <010 <000 300 <010 930 35800 430 120 L70 D01 1800 030 1450 280 9343
DE)-12 200 1500 11900 6842 770 1940 1780 6100 20160 290 12560 £T00 M 17340 1650 010 <010 <010 300 <010 1060 42600 450 130 170 405 1800 040 1500 320 15652
DE-l4 200 1500 10000 6135 990 T.20 900 4300 1900 70 10050 10520 2490 12600 1440 010 <010 <010 300 <010 720 500 400 100 130 0M 10 010 1280 310 16643
DE-17 200 16.00 80.00 6138 3.0 1290 2010 7500 2370 270 6720 374D 2520 16040 1320 040 <010 <010 300 020 510 303.00 440 100 160 002 2970 030 1970 470 18370
DEX-18 100 1500 11900 6842 620 13.50 1980 800 2190 540 7O00 4410 340 14440 1380 040 <000 <000 400 <000 380 33600 410 100 170 003 1930 030 1470 330 16387
DE-1 200 1500 89.00 6842 270 1190 1650 10800 2200 360 12540 7980 2250 20060 1400 020 <010 <010 300 <010 1130 453.00 360 L10 L30 Q01 2730 04D 1830 370 186.69
DEX-M 00 1300 .00 e8AT LS 670 430 FLO0 1820 ADD 20 4150 2670 2180 1360 040 <010 <00 300 <010 380 3500 630 090 130 002 3110 030 1380 380 17003
DELB 200 1400 90.00 3473 6.0 1700 1330 11000 1990 430 11280 7680 1990 11560 1300 030 <010 <010 300 <000 810 51500 360 100 L30 006 1740 030 1280 2.80 13316
Mean 200 1442 %42 6671 587 1455 1463 8317 2112 424 10223 6305 2B 13543 M5 027 <000 020 308 020 766 42033 433 107 L300 030 025 032 1306 3.18 14750
(lay 200 1900 17300 6842 600 2000 2040 2700 2910 130 11490 8440 30 13T 1870 40 040 <010 400 <010 1280 41300 420 130 2.60 008 3290 050 1870 4.00 288.70

Farth's Crust'  3.00  7.00 5_3.']'] 35.00&60 19.00 ldjﬂ $200 1400 200 uﬂ.I]EI 31600 Eﬁ] 07.00 2600 140 035 000 300 0.03 380 66&@ 341 L3N0 140 005 1700 0.0 1030 230 14682
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Figure 9. Diagram showing the dispersion of mean, minimum, and maximum chemical

concentrations of in the ceramic fragments from sites ADE-1 and ADE-2.

The cluster analysis (Fig. 10) indicated that the ceramic fragments from both sites were

relatively homogeneous, further reinforcing the conclusion that they were produced from the

same raw material using the same technology. The only discrepancy in the composition of the

fragments and the clay is the relatively high concentrations of P,Os found in the former.

Figure 10.
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92

—@— DE2-1
—— DE2-5
—A— DE2-6
—x— DE2-7
1000 <% DE2-11
—e—DE2-12
—+—DE2-14
—i%4— DE2-17
——DE2-18
—o— DE2-21
—+—DE2-24
—e+— DE2-25
—»— DE1-28
—%— DE1-30
—0— DE1-31
-~+- DE1-32
8 - DE1-33
—=—=—DE1-36
—e— DE1-37
—[1— DE1-39
—A— DE1-40
—»— DE1-42
—3— DE1-43
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu——DE1-44
@ Clay

100 -

10 A

Chondrites\Samples

1 T T T T T T T T T T T T T

0 .

Figure 11. Normalization to chondrites of the concentrations of rare earth elements in the
ceramic fragments and local clay (Evensen et al., 1978).

The spatial distribution of P,0s, CaO, MgO, and Sr concentrations in the ceramic
fragments varied considerably both within and between sites. The highest levels are relatively
more frequent at ADE-1. In addition to the conclusion that most of the ceramic fragments at
ADE-1 were derived from vessels used for cooking, the evidence indicates that the fragments
from ADE-2 suffered more accentuated weathering, related to the fact that they were collected
from more superficial levels, and were thus more exposed to micro-organisms (Fig. 12). Overall,
then, the analysis of the chemical components indicates that the ceramic fragments were derived
from vessels produced from the same raw material, which were all used for the preparation of
food.
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Figure 12. Isoline maps for the concentrations of (a) P,Os, (b) CaO, (c) MgO, and (d) Srin
the ceramic fragments found at sites ADE-1 and ADE-2.

CONCLUSION
The occupation of the ADE areas at Juruti by pottery-making human populations probably

began at site ADE-1 with the Pocé culture, which is compatible with the dating of the arrival of
the first inhabitants to approximately 140 B.C., with continuous occupation until the 14th
century. The more superficial levels are occupied by the Konduri style, which predominates at
site ADE-2. The ceramic material from these sites is made up of fragments of vessels made for
daily and ceremonial use, which were tempered predominantly with cauixi, and produced using
technigues common in the Amazon Basin and neighboring areas, that can be recognized based on
their decorative motifs, composed of incisions and stippling, which is characteristic of the

Konduri style. The incisions and modeling, as well as the painting in bands, are typical of the

Pocd or Barrancoid styles.
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The principal minerals in the ceramic fragments are quartz and metakaolinite, supported
by OHFe, illite+muscovite, microcline, albite, and anatase. Kaolinite and smectite were found
only in local clays. The Al and Fe phosphates, variscite-strengite, which are amorphous to the
XRD, are restricted to the ceramic fragments, and originated from a phase subsequent to the
production of the vessels, given that they are absent from the clay, while calcium phosphate,
found in rare bone fragments, was probably introduced accidentally during the production of the
artifacts. The Al phosphates are abundant and amply distributed throughout the metakaolinite
matrix. The high concentrations of phosphates (1.37 to 4.30% P,05) are related to the use of the
vessels for cooking foods rich in phosphorus, as shown by Costa et al. (2004ab). The slightly
lower values (0.7 to 0.9% of P,0s) recorded for some of the fragments indicate that their primary
function was not cooking, but rather the storage or processing of solids and liquids.

The chemical and mineralogical similarities of the fragments from different archeological
strata and cultures, including those more than two thousand years old, indicate that the raw
materials were extracted from the same sources or geological unit as those used by local potters
in the present day.
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5 CONCLUSOES

Parcelas dos terrenos de terra firme situados a margem direita do rio Amazonas em seu
trecho conhecido como Baixo Amazonas, em Juruti, sdo ocupadas por extensas e continuas areas
de solos tipo TPA e TMA. Os estudos arqueoldgicos sugerem que entre o primeiro milénio antes
e o primeiro depois de Cristo houve densas ocupagdes de horticultores ceramistas que alcangaram
niveis complexos de organizacdo social. A grande quantidade de matéria organica, representada
por himus, carvao, bem como fragmentos de 0sso0s, sugere que estas areas de TPA e, em parte,
TMA, representem acumulagdes deixadas por grupos humanos durante sua permanéncia nestes
locais, conclusdo que é reforcada pela grande quantidade de material cerdmico contido nos solos
de TPA. Os resultados arqueoldgicos, mineraldgicos e quimicos relativos aos solos e seus
fragmentos ceramicos permitiram identificar processos pedoldgicos decorrentes do clima tropical
quente e imido, com contribui¢do de antigas ocupac¢des humanas.

Os solos das TPA, TMA e AD sédo Latossolos Amarelos que recobrem a crosta ferro-
aluminosa dos perfis lateriticos dominantes na area. Os minerais predominantes sao quartzo e
caulinita, responsaveis pelos teores elevados de SiO, e Al,O3, seguidos de goethita + hematita e
anatasio, como acessorios. Os minerais apatita e cristobalita estdo restritos aos solos TPA e TMA.
A apatita constitui os fragmentos de 0ssos, sendo assim uma das principais fontes de Ca e P das
TPA e TMA. A cristobalita identificada nos horizonte de TPA e TMA esta como constituinte de
carvdo e cinzas resultantes da queima sucessiva de matéria organica, pratica comum entre
comunidades tradicionais no preparo do solo para o cultivo. Nas TPA certamente ainda ha a
contribuicdo dos relictos submilimétricos de FC, que contém cariapé e cauixi que, ao serem
calcinados, se transformam parcialmente em cristobalita.

A associacdo SiO,-Al,03-Fe,03-TiO,-Cr-Y-V-Zr representa a assinatura geoquimica
dos Latossolos, portanto encontrada nas TPA, TMA e AD. Enquanto que associa¢do geoquimica
P,05-Ca0O-MgO-Mn-Zn-Cu-Ba-Sr é comum nas TPA e TMA, demonstrando que esses solos
sofreram influéncia antrépica. Porém, nas TMA a associacdo geoquimica é menos clara,
sugerindo um uso diferente da area.

A distribuicdo areal tanto dos elementos P,Os-CaO-MgO-Mn-Zn-Cu-Ba-Sr quanto da
frequéncia de fragmentos cerdmicos permitiram identificar um conjunto de sete manchas, que
variam de 2 a 6 ha, distribuidas em dois nlcleos paralelos ao rio Amazonas. Supde-se que nelas

as atividades humanas cotidianas permitiram acumular residuos organicos vegetais e animais,
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além de fragmentos ceramicos. Nestes locais as pessoas moravam; preparavam, consumiam e
guardavam alimentos; confeccionavam ferramentas e artesanato, principalmente utensilios
ceramicos; realizavam rituais e ceriménias religiosas. Enfim, ao que tudo indica, toda a gama de
atividades cotidianas de aldeias.

Por sua vez, o dominio das TMA, entre as TPA e a AD, delineado por valores medianos
da mesma associacdo, permite delimitar possiveis locais de acampamento ou de atividades
agricolas. De modo que é possivel inferir que a ocupacdo humana que levou a formagdo das TPA
e TMA foi intensa e se estendeu por mais de 350 ha por pelo menos 1.400 anos. A julgar pela
abundancia de fragmentos ceramicos, uma grande quantidade de artefatos ceramicos foi
confeccionada, a maioria destinada ao uso diario. Muitos desses artefatos que obedeceram a
regras rigidas de elaboracdo, reconhecidas nos motivos decorativos relativos aos estilos Pocé e
Konduri. De ocorréncia restrita as TPA, o0s aspectos técnicos e estilisticos dos fragmentos
ceramicos sugerem que 0S povos que se estabeleceram na regido compartilhavam costumes ou
habitos semelhantes ou pertenciam aos grupos Pocé e Konduri.

A cronologia de ocupagéo horticultora ceramista em Juruti provavelmente se iniciou ao
norte, pelo sitio TPA-1 com a cultura Pocd, por volta de 140 AC, posteriormente sobreposta pela
cultura Konduri, que ocupou simultaneamente os dois sitios com TPA e ali permaneceu até a
chegada do colonizador europeu.

Os fragmentos cerdmicos pertencentes tanto a vasilhas de uso diario como as de uso
cerimonial eram temperados principalmente com cauixi e confeccionados por acordelamento,
técnica ainda hoje utilizada na regido. Sao fragmentos constituidos por quartzo, metacaulinita e,
em menor propor¢do, oxi-hidroxidos de Fe (goethita e hematita), illita + muscovita, microclinio,
albita e anatasio, além de fosfatos de Al e Fe, variscita-estrengita, abundantes e amplamente
distribuidos na matriz de metacaulinita. Provavelmente os fosfatos se originaram do uso das
vasilhas para preparacdo de alimentos, portanto se constituem em mais uma informagéo sobre a
contribuicdo antrépica para o desenvolvimento dos solos de TPA.

A similaridade mineral6gica e quimica entre os fragmentos cerdmicos e a argila local,
utilizada ainda hoje para produgdo de utensilios cerdmicos do cotidiano, permite inferir que as
fontes de matéria-prima utilizadas pelas popula¢6es que ocuparam a regido hd mais de 2.000 anos
tém a mesma proveniéncia ou ambiéncia geoldgica das fontes empregadas pela populacdo atual.

Portanto, as TPA e TMA que margeiam o vale do Amazonas por centenas de hectares indicam
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que elas estdo relacionadas diretamente as intensas atividades de grupos pré-historicos ceramistas
horticultores nos Latossolos Amarelos. Os residuos vegetais e animais, solidos e liquidos, bem
como aqueles do descarte das vasilhas ceramicas, os FC, em contato e/ou incorporados aos
Latossolos, submetidos a quase 2.000 anos de transformacfes pedogenéticas (geoldgicas e
biogeoquimicas) pos-ocupacionais, sob intensa a¢do do clima tropical quente e imido amazénico,
deram origem as expressivas coberturas de solos tipo TPA e TMA, que preservaram

parcialmente, direta ou indiretamente 0s registros antropicos do seu passado.
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