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RELATORIO DA COOPERAGAO TECNICA SOBRE MINERALOGIA DE
ARGILA EM SOLOS DA AMAZONIA BRASILEIRA

Yasuo Kitagawa

O resumo de quatro estudos compdes este relatdrio:
1 = Mineralogia de argilas de alguns solos tfpicos na Amas&nia Brasileira.
2—  Mineralogia comparativa de arpilas na Terra Roxa Estruturada da Amazdnia.

3-— \Mineralogia de argilas em Terras Roxas Estruturadas na transicdo floresta/cerrado da

Amazdnia.
4 —  Mineralogia de argilas em Cambissolos do sudoeste da Amazdnia Brasileira.

O primeiro e Ditimo trabalho foram enviados para publicac,ﬁo a’PAB, e os demais a “Soil

Science and Plant Nutrition™.

Estas pesquisas foram desenvolvidas com Quinico Industrial Maria Regina Freire Moller,
EMBRAPA-CPATU durante a permangncia do autor no CPATU, enviado pela “Japan International .
Cooperation Agency (JICA)” baseado no Plano de Cooperagé’o Técnica Latino Americana., Espe-
cialmente o ltimo trabalho, foi desenvolvido por M, R. F. Moller.

Gostaria de agradecer ao Eng. Agr. Hérminio Maia Rocha, Ex-Chefe do CPATU; Eng. Agr.
Cristo Nazaré Barbosa do Nascimento, Chefe do CPATU; Eng. Agr. Virgilio Ferreira Libonati,
Chefe Adj. Téc do CPATU; Eng. Agr. José Furlan Junior, Chefe Adj. Adm. do CPATU; Eng. Agr.
Walmir Salies Couto, CPATU, pelo apoio recebido; Eng. Agr, ftalo Claudio Falesi, Eng. Agr. Bene-
dito Nelson Rodrigues da Silva, Eng. Agr. Emmanuel de Souza Cruz, Eng. Agr. Raimund Freire de
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1 — MINERALOGIA DE ARGILAS DE ALGUNS SOLOS TIPICOS NA AMAZONIA
BRASILEIRA.

1.1 — INTRODUGAO

A regiio Amazonia localizada nos tropicos Umidos, onde os silicatos primarios dos solos
sao rapidamente intemperizados, os alcalinos e alcalino terrosos sfo perdidos dos horizontes, e o
material organico rapidamente decomposto sendo pouco dele retido no solo, hi o enrequecimento

relativo de aluminio e ferro, sob condigdes drasticas da gé€neses do solo.

Os solos lateriticos distribuidos nas terras aitas desta regido, e solos aluviais e gleys em
terras baixas, foram descritos por SOMBROEK (1), FALESI (2) e VIEIRA (3). Cerca de 70% da

Amaz0nia Brasileira é coberta por solos lateriticos (2).

O conhecimento da composicao mineralégica da fracio argila na regido € de grande impor-
tancia para o estudo da géneses, classificacio, mangjo dos solos, e influéncia direta na fertilidade
pelo baixo conteido de material organico que os solos apresentam. Estudos anteriores sobre mine-
ralogia de argila em solos da Amazonia mostraram que os solos lateriticos na maioria das vezes sio
compostos de caulinita, sesquidxidos e pequenas quantidades de minerais de argila tipo 2:1 tais
como montmorilonita, vermiculita e minerais de mica, por outro lado, os solos de baixada sao
bastante complexos (SOMBROEK, 1; CHIBA, 4; IWASA, 5). Os ultimos sdo compostos por com-
pricados materiais de origem depositados recentemente pelas 4guas dos rios, € o intemperfsmo do
solo sob condicoes permanente ou periodicas de alagacdo, nao ¢ tio rapido como na anterior
(MATSUI, 6).

Neste estudo, a composigﬁo mineraldgica das argilas de 19 solos da Amazonia Brasileira e
discutida; solos com B latossSlico, trés Latossolos Amarelos (LA), trés Latossolos Vermelhos
Amarelos (LVA) e um Latossolo Roxo (LR); solos com B textural, tres Podzolicos Vermelhos
Amarelos (PVA) e duas Terras Roxas Estruturadas (TRE); e solos de baixada, tres Gleis Poucos
Humicos (GPH), duas Lateritas Hidromorficas (LH) e dois solos aluviais.

Os resultados de difragio de raio-X, analise térmica diferencial, microscopia eletronica e

analise qui‘mica sao apresentados e discutidos.
1.2 — AMOSTRAS E METODOS EXPERIMENTAIS

As amostras de solos com B latossolico, B textural € as de terras baixas estdo relacinadas

no quadro 1, 2 e 3, respectivamente,
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As argilas foram preparadas da Terra Fina Seca ao Ar menos que 2 mm de diametro, pelo
método de sedimentagio de acordo com a lei de Stokes, ap0s a decomposigﬁo do material organico
com H,0, a 10%, e examinadas com auxilio da difracio de raio-X e anilise térmica. Os graficos de
difracio de raio-X foram obtidos com radiagao Co-Ka (30kV, 15mA) utilizando-se difratometro
Geigerflex Rigaku Denki Ltda. As curvas da analise térmica diferencial foram obtidas utilizando-se
um termoanalizador Mitamura ecom aquecimento de 10 °C/min. na temperatura ambiente 2
1.000°C, em atmosfera comun. As fotografias eletronicas foram tiradas utilizando-se um micros-
copio eletronico da Siemens ELMISKOT 101.

1.3 — RESULTADOS, DISCUSSAQ E CONCLUSOES
1.3.1— Solos com B Latossélico

Os graficos de difrac;'io de raio-X (Fig. 2) € as curvas da analise térmica diferencial da frac’:ﬁo
argila em LA, LVA e LR, mostrarem predominancia de caulinitas; goetita ¢ hematita foram encon-
tradas exceto em un perfil de LVA, e gibsita estive frequentemente presente como mosira o

quadro 7,

Os trabalhos anteriores de SOMBROEK (1), CHIBA (4) e INASA (5) tambem mostratam a
predominancia de minerais caulirfiticos e tracos de minerais micas foi evidenciado. Acreditase ser
material muito estavel, e ndo intemperizavel sob condigaes drasticas de géneses dos solos tropicais,
KITAGAWA, et alli. (7) mostraram que os minerais de mica nos solos sio mais estavies sob um
tratamento qufmico que os de depositos minerais tais como muscovita e ilita. Pequenas quanti-

dades de montmorilonita ou vermiculita foram encontradas somente no subsolo de LVA.,

1.3.2— Solos com B textural

Caulinitas foram predominantes, e oxidos de ferro tais como hematita e goetita estiveram
presentes em todas as amostras dos PVA, alem de pequenas quantidades de minerais micas e vermi-
cutita dioctagdrica foram evidenciadas em alguns destes solos {Quadro 8); conforme os resultados
obtidos pelos metodos de difragé’o de raio-X (Fig. 3) analise térmica diferencial e analise qufmica
(Fig. 5). A vermiculita, como intemper’ismo de solos de terra firme, pode ser originﬁria das nticas
dioctaédricas,conforme mostrou KITAGAWA, et alli. (8). Os PVA da Amazdnia estio mineralogi-
camente na categoria dos solos Iateﬂticos, e s20 diferentes dos de Virginia, U. S, A. citados por
RICH, et alli. (9). A dominancia mineralbgica das argilas dos solos “gley brown podzolic” distri-
bu'idos em zona subfrigida e de minerais da familia da montmorilonita nos horizontes ‘A, , & ver-
miculita dioctaedica nos B (KITAGAWA, 10, BRYDON, et alli., 11). Os solos podzolicos da



AmazOnia sao portanto, diferentes dos “gley brown podzolic soils™,

Na fracdo argila das TRE, ha dominancia de caulinita e consideravel quantidade de oXidos
minerais conforme mostra o quadro 8 e Fig. 3. O contelido de hematita foi particularmente alto,
por terem estes solos, sido originados de rochas basicas. A TRE do Mato Grosso contém caulinita,
hematita e gibsita, mas auséncia de goetita. Pequenos teores de vermiculita diocta edrica tambem
foi encontrado neste solo. No outro perfil de TRE de 6bidos, Para, 2 metahaloisita foi dominante
apesar da predominancia de caulinita nos outros solos altos da Amazonia. A presenca de metaha-
loisita foi dominante apesar da predominancia de caulinita nos outros solos altos da Amazonia,
A presenca de metahaloisita em solos lateriticos da Indonesia, derivados de antigas disposigaes de
cinzas vulcinicas, foi mostrado por KITAGAWA, et alli. (12).

1.3.3— Solos de baixadas

Os resultados da difragio de raio-X (Fig. 4), analise térmica diferencial, microscopia ele-
tronica e analise qlﬁmica (quadro 6) mostraram que a composic,:'éo mineralogica da frat,:?io argila
de solos de baixada da Amazonia & um pouco mais complexa como citraram SOMBROEK (1) e
IWASA (5). Apesar da predominancia caulinita em muitos solos, montmorilonita/vermiculita
dioctaédrica interestratificada e minerais de mica foram dominantes em dois GPH e uma LH.
O componente dominante dos minerajs interestratificados pode ser montmorilonita, conforme
mostra as mudangas dos espacamentos basais pelos tratamentos com glicerol e aquecimento.
GIEMS (13) mostrou a ocorréncia de vermiculita dioctaédrica/montmorilonita interestratificada
em podzois da Escandinavia, entretanto era vm mineral vermiculita. Mica e outros minerais argi-
losos do tipo 2:1 s3o frequentemente formados em solos de baixada, mesmo quando caulinifas

sao dominantes.
1.3.4—~ Discussao geral

Minerais cauliniticos sao dominantes em solos de terra alta da Amazonia, e a fertilidade
destes solos € baixa sob ponto de vista argilo-mineral, em geral. A TRE, que ¢ um tipo de terra
firme, tem alta fertilidade, mas e argila dominante € caulinita. E importante solucionar este pro-
blema que sera discutido nos demais trabalhos, Alguns solos de terra baixa desta regiso contiveram
uma grande quantidade de minerais argilosos tipo montmorilonita, que olhados sob o ponto de
vista argilo mineraldgico sio férteis, porque a montmorilonita tem altos valores de CTC e grande
superffcie espec’iﬁca, assim € que aua existencia liva a uma alta ac’:Eo tampao e alta capacida de de

segurar nutrientes nos solos.



O quartzo existe em maior ou menor propor(,:"éo na fragé’o argila dos solos da Amazonia.
Segundo KITAGAWA, et alli. (12), o quarizo nao ¢ sempre encontrado em alguns solos tropicais
vulcanicos da Indongsia, em lugar dele, ocorre mais frequente a-cristobalita.

9 _  MINERALOGIA COMPARATIVA DE ARGILAS NA TERRA ROXA ESTRUTURADA
2.1 - INTRODUQ.KO

Um tipo de solo fertil da Amazonia, chamado de Terra Roxa Estruturada, que foi derivado
de rochas basicas, € muito conhecido pelas plamagaes de cafe no sul do Brasil. Este solo & agricul-
turalmente muito impartante pela alta produtividade embora sua area seja relativamente pequena
na Amazdnia. Este solo & chamado “Lateritico Bruno Avermelhado” por VIEIRA (3), “Low
Humic Latosol” no Hawai, “Red Loam™ na Australia, *“Laterita Pardo Rojisa” no Chili e “Reddish
Brown Lateritic soil” no sul dos Estados Unidos da America do Norte (VIEIRA 3). O termo
“Terra Roxa Estruturada® ¢ entretanto, mais comun no Brasil. Segundo FALESI (2), as proprie-
dades fisicas e qufmicas da TRE da AmazOnia sao as seguintes: CTC, 2, 17 a 39, 8me/100g: porcen-
tagem de cations trocaveis, 30 a 90%; contelido de argila, 30 a 69%; pH 5, O a 7, 3, contelido de
Fe, 01, 15 a 30%; P, O, assimilavel, 0, 5 a 3mg/{100g.

No presente estudo, a composigﬁo mineralogica da argila, principalmente-os minerais de
-, -~ - . -~ -~ -
axido de ferro da TRE, e discutida em comparagao com um PVA de area proxima, com resultados
de difracio de raio-X, analise termica diferencial analise quimica.

O minerat argiloso dominate da TRE da Amazonia € caulinita, além de minerais de dxido
de ferro (CHIBA, 4;IWASA, 5). Os solos do sul do Brasil, Hawai e sul dos Estados Unidos também
contem minerais caulinfticos, gibsita, oxidos de ferro e minerais amorfos (MONIZ, et alli., 13;
TAMURA, et alli,, 14;NYUN, et alli,, 15).

22 — AMOSTRAS E METODOS EXPERIMENTAIS

Dois perfis de TRE ¢ vm PVA foram coletados em Altamira, no Estado do Para, ¢ listados
no quadro 10. TRE-IV e a PVA-II estdo proximos, TRE-1V dista apenas 50m do PVA-Iil, e TRE-
V esta situada entre eles. TRE-IH esta localizada mais distante.

A temperature media e precipitat’:ﬁo anual em Altamira sao respectivamente 26 °C e 1.680
mm, as chuvas s30 mais intensas de dezembro a maio, e a classificacio climatica segundo Koppen
3



& Aw ou Am (BASTOS, 16).

A preparagﬁo das amostras de argila e os metodos experimentais foram os mesmos utili-

zados no estudo anterior.

Apds o pre-tratamento pelo sistema dithionito-citrato-bicarbonato segundo MEHRA,

et alli. (17), o conteudo de caulinita foi determinado pela seguinte formula:

Ix, (001
__ki___) X 100 (%)
I (001)
onde, I;o(001) e I (001) sao intensidades dos picos caulinita a 7,2 A em especies de po sem
tratamento e com tratamento respectivamente. O coeficiente de hematita, o qual e proporcio-

nal a seu conteudo, foi calcuiado conforme a férmula.

[5¢(110)
Tne(110) + L;(110)

Cfc

onde, Cg. - contetido de Fe,Q; da amostra de argila, e Ip(110) e I (110} sao as intensidades
dos picos de hematita (110)a 2,52 A e goetita (110) a 4,18 A, respectivamente.

2.3 — RESULTADOS, DISCUSSAO E CONCLUSAO
2.3.1— Conteitdo de caulinita e hematita

A frac’:ﬁo argila destes solos & principalmente composta de caulinita, hematita e goetita, e
muito pouca quantidade de minerais argilosos do tipo 2:1. Nao houve diferenga no contetdo de
caulinita da frac,ﬁo argila entre as TRE eutroficas e distroficas, embora tenha sido menor que no
PVA (quadro 11).

O conteudo de Fe, 0, na argila da TRE foi menor que no PVA, mas tambem nao houve
diferenga entre as eutrdficas e distroficas {quadro [1). O coeficiente de hematita foi relativa-
mente alto na TRE eutrofica, e extramamente baixo ou zero no PVA (quadro 11). Foram
encontrados os valores de 29 e 9 nos solos de Mato Grosso e Obidos que também sdo entrdficos. Q
conteitdo de caulinita, hematita e goetita nas fracdes silte e areia fina foram maiores que nas TRE,
especialmente nas eutrdficas, que no PVA. Este fato sugere que as TRE possuem grandes quanti-
dades de agregados de argilas ¢ micro agregados de minerais argilosos ¢ oxidos de ferro, e s3o mais



abundantes nos solos eutrdficos.
2.3.2— Propriedades da hematita do solo

A hematita na TRE @ similar a de desidratacdo de Oxidos de ferro preparados por aqueci-
mento de gels hidratados de dxido de ferro I e 111, e sua sequencia mineralogica deve estar situada
entre dois tipos de hematita dos depdsitos de Ouro Preto, Minas Gerais, e Serra dos Carajas, Para,
segundo a intensidade relativa de varios de difragﬁo de raio-X associadas a hematita (quadro 12).
Este fato sugere que a hematita da TRE foi formada por desidratav;ﬁo de precipitados de gels de
oxido de ferro. Os ions férrosos e ferricos devem ter sido originados de rochas paretais, e sua con-

centracad ¢ especial mente alta em rochas basicas.
3
2.3.3— Discussao geral e conclusao :

A hematita comporta-se como um material de mmentacao dos micro-agregados estaveis das
partzcu]as argilosas na TRE. A goetita ndao deve ser material de c:mentacao conforme mostra a
baixa incidencia de micro agregados estabeis no PVA que possue pouca quantidade de hematita.
LUTZ (17) sugere que o ferro livre as argilas do solo e o gel de ferro hidratado que precipita no
pH dos solos estudados por le, pode tornase um bom agente cimentante apos desidratacﬁo
CHAUVEL, et alli. (i8) estudou experimentalmente o papel do ferro na orgamzacao do material
caulsmtlco, e mostrou que ele tem grande importancia no fendmeno de orgamzacao do material

argiloso, apesar deste papel ngo ser simples.

KITAGAWA (19) estudou os agregados estavies dos solos de cinzas vulcanicas gue ocor-
rem nas regioes ﬁmidas e concluiu que os agregados estaveis devem ser formados pela desidrata-
cao de sesquloxndos hidratados, principalmente oxidos de ferro, como materal de c1mentacao dos
alofanos e outras part:culas de minerais argilosos. : -

A relativa alta fertilidade da TRE na Amazonia deve ser causada pela abundancia de
micro-agregados estaveis que resulta em: 1) As boas propriedades ifsicas destes solos tais como
porgsidade, permeabilidade e capacidade de reteng?io de ﬁgua; 2) A vigorosa respirat,:ﬁo rafzes de
plantas; 3) O crescimento vicejante das plantas. Por outro lado, as propriedades qu'i'micas da TRE
ndo s3o tdo boas como as de terras baixas que sio quimicamente ferteis, isto €, os relativamente
baixos valores de CTC, baixo conteido de material organico, baixo teor de fosforo assimilivel
e consideravel fixac’:'éo de fosforo que os demais solos later;ticos. O contendo de alcalino-terrosos,
porcentagem de cations trocaveis e valor de pH sao, entretanto, relativamente altos nas TRE eutro-

ficas. A situacao destes solos e similar aos solos de cinzas vulcanicas, ja que os tltimos tambam tem



grande capacidade quantidade de agregados estaveis KITAGAWA (19) e muito grande capacidade
de fixacao de fosforor queapesar disso sao chamados os solos férteis da zona tropical Gmida,
A condicao ferro baisca, consequentemente, deve levar a formacao de solos fisicamente bons das

terras altas dos tropicos timidos.

3~ MINERALOGIA DE ARGILAS EM TERRAS ROXAS ESTRUTURADAS NA TRAN-
SI(;.‘KO FLORESTA/CERRADO NA AMAZONIA

3.1 — INTRODUCAO

No estudo anterior, capitulo 2, as propriedades e a mineralogia das argilas das TRE foram
discutidas. A composic’:z"io miniralogica destes solos distribufdos na zona de transi(,:é'o entre a flores-

ta tropical e o cerrado na Amazonia, € abordado neste capftulo.
3.2~ AMOSTRASE METODOS EXPERIMENTAIS

Duas amostras de TRE eutroficas ocorrentes na floresta tropical e zona de transit,:'éo flores-
ta tropical/cerrado, alem de um Brunizem Avermelhado da zona de transigﬁ'o entre cerrado e a

regiao semi-arida foram usadas neste estudo, e listadas no quadro 13.

O tipo climatico segundo Koppen e Aw en Sao Felix do Xingu e Conceic,:z'io do Araguaia.
Por outro lado, o de Nazaré do Piau{ deve ser transig&'o entre Aw/BS conforme mostra a precipi-

ta(’:ﬁo anual de 990mm.
Os metodos experimentais deste estudo foram os mesmos do capftulo anterior.,
33 ~ RESULTADOS, DISCUSSAO E CONCLUSOES

Os graficos de difracdo de raio-X (Fig. 6) € as curvas da analise termica diferencial da fragdo
argila destes solos mostraram os resultados resumidos no quadro 14, isto &, composicio mineralo-
gica da TRE-IV de Sio Felix do Xingu, foi caulinita, hematita e goetita, vermiculita dioctagdica,

-taico e quartzo; a da TRE-VII de Concei(’:ﬁo do Araguaia foi caulinita, minerais micas, montmori-
lonita, vermiculita dioctaédica, talco e quartzo; e o Brunizem Avermelhado (BA-I) de Nazaré do
Piaui foi metahaloisita, hematita, goetita e quartzo. Minerais cauh'nfticos foram dominantes em

todas as amostras.



TRE-VI e -VII contém minerais argilosos do tipo 2:1 como montmorilonita, vermiculita
dioctaédrica, minerais micas e talco, mas €les niio foram encontrados no BA-I. Mica e talco sao
originarios do material de origem. Metahaloisita foi dominante no BA-I ¢ Também encontrada na
terra roxa estruturada de Obidos mencionada no capftulo 1. Gibsita nao foi encontrada em nen-
huma amostra. O contelido de hematita foi extremamente alto na TRE-VI semelhante ac solo de
Mato Grosso (capituio 1), e relativamente alto na TRE-VII e BA-1. Nao houve diferenca significa-
tiva na composig’éo mineralogica da fragﬁo argila entre a TRE da zona de transil’:?lo floresta/cerrado
e zona de floresta na Amazonia conforme a comparag'éo mutua entre estes trés solos e as outras
TRE da zona de floresta discutidas nos capftulos anterioures, Apeasar do solos BA-I ocorrer na
zona de transic,:ﬁo cerrado/semi-arido, sob o ponto de vista argilo-mineralogico foi similar a TRE de
Obidos, Para. Este fato segere que a formac,:EO da TRE ¢ influénciada sobretudo pelo material de
origem que o clima da AmazOnia. Esta conclusao e evidente ja que o TRE desenvolveu-se sob con-

- 7. . .
dicoes de géneses lateriticas nas zonas tropicais.

4— MINERALOGIA DAS ARGILAS EM CAMBISSOLOS DISTRIBUIDOS SUDOESTE DA
AMAZONIA BRASILEIRA

4.1 — INTRODUCAO

Os solos de terra firme ocorrentes na zona tropical imida, sio comumente caulinfticos, e
sua fertilidade geralmente baixa. Por outro lado, no sudoeste da Amazonia brasileira, solos de
terras altas relativamente ferteis, no Estado do Acre, chamados Cambissolos eutroficos segundo o
relatorio do Projeto RADAM BRASIL (20), tem alta CTC, calcio e magnésio trocaveis. A minera-
logia das argilas destes solos foram examinadas comparando-se com outros Estados do Amazonas.
As amostras estao listadas no quadro 15,

42 — RESULTADOS E CONCLUSOES

O mineral dominante nos cambissolos de Tarauaca, Acre foi montmorilonita/Al-vermicu-
lita interestratificada, ¢ o de Boca do Acre, Amazonas foi caulinita como os outros solos late
fiticos {quadro 16). A dominancia de minerais 2:1 na argila de Tarauaca explica a alta fertilidade,
CTC e ciicio e magnésio tracaveis, e acreditase tenha sofrido influencia das materiais vulcinicas ori-
ginarias dos Andes.



5 - EPILOGO

Na Amasonia, solos argilo-mineralogicamente {érteis nos quais a fraz,:'éo argila e dominan-
temente montmoﬁ]onitica, sao aqueles de terras baixas inundadas periodicamente pela bacia do
Rio Amazonas, Vertissois em terras altas, e os Cambissolos e Podzois Vermelhos Amarelos Eutrd-
ficos no Estado do Acre. A area distribuida dos Vertissois e muito pequena nesta regiao. Os outros
solos de terra firme sao cau]infticos, e considerase como distroficos. Por outro lado, a chamada
Terra Roxa Estruturada e fértil apesar de dominancia de minerais caulinfticos, causada pela coexis-
tencia de consideraveis quantidades de hematita como material cimentante dos micro-agregados
estaveis, resuitando numaboa condicao fisica destes solos. Além disso, a chamada Terra Preta do
Indio, e também fértil por cause de seu alto contelido de materiais orginicos embora seja caulini-

tica.
Sob o ponto de vista argilo-mineralogico, os solos baixos férteis, com uma area de distri-

buic,:ao aproximada de 19.000.000ha na Amazdnia Brasileira, tem grande possibilidades ao desen-

volvimento agricola se agua dos rios for controlada.
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—
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The summary of four studies constitute this report:

1) Clay mineralogy of some typical soils in the Brazilian Amazon region.

2) Comparative clay mineralogy of the ‘“‘terra roxa estruturada™ soil in the Amazon region.
£} Clay mineralogy of the “terra roxa estruturada™ soils in forest/savannah transition of the
Amazon region.

4) Clay mineralogy of cambisols distributed in the Southwest Brazilian Amazon region.

Which had already been sent for publication to “Pesquisa Agropecuaria Brasileira” and
“Soil Science and Plant Nutrition™. These studies were carried out with Quimijco Industrial
Maria Regina Freire Moller, EMBRAPA—CPATU, Belem, Para, when I was dispatched to CPATU
from November, 1976 to November, 1978 through Japan International Cooperation Agency
(JICA) based on the Latin America Technical Cooperation Plan, Especially, the last was mainly

studied by M. R. F. Moller.

1 CLAY MINERALOGY OF SOME TYPICAL SOILS IN THE BRAZILIAN AMAZON
REGION

1.1 INTRODUCTION

The Amazon region is located in the humid tropical zone, where the primary stlicates
in soil are quickly weathered, alkali and alkali earths are taken away from soil horizons, soil orga-
nic materials are repidly decomposed and little accumulated in soil, and soils are relatively en-
riched with aluminum and iron, under the drastic condition of soil genesis. Lateritic soils are
distributed in the uplands of this region, and atluvial and gley soils in the lowlands. These soils
were described by SOMBROEK (1), FALESI (2) and VIEIRA (3). About 70% of the Brazilian
Amazon region is covered with the lateritic soils (2).

The clay mineral composition of the soils in the Amazon region is very interesting and
important to study for the genesis, classification, fertility and management of the soils, and direc-
tly influences to soil fertility because of the low content of soil organic material. The previous
studies on clay mineralogy of the Amazon soils pointed out that the lateritic soils mainly compsed



of kaolinite, hydrous sesquioxides and a small amout of 2:1-type clay minerals such as montmori -
lonite, vermiculite and mica minerals, while, the lowland soils are not simpte (SOMBROEK, 1;
CHIBA, 4; IWASA, 5). The latters are composed of complicated parent materials which have been
deposited recently by river water, and the soil weathering under the always or seasonally flooded
condition is not so rapid as the formers (MATSUI, 6).

In this study, the clay mineral composition of nineteen soils of the Brazilian Amazon
region is discussed; the soils with oxic B horizon, three yeliow latosols, three red yellow latosols
and a “latossolo roxo™ soil; the soils with textural B horizon, three red yellow podzolic soils and
two “terra roxa estruturada’ soils; and the lowland soils, three low humic gley soils, two ground

water laterite soils and two alluvial soils.

1.2  SAMPLES AND EXPERIMENTAL METHODS

The samples of the soils with oxic B horizon, with textural B horizon and from lowlands
are listed in Table 1, 2 and 3, respectively.

The clay samples were prepared from air-dried soil less than 2 mm in diameter by sedi-
mentation method according to the Stokes’ law after decomposition of soil organic materials with
10% H, O, and was examined by means of X-ray diffraction, differential thermal analysis, elect-
ron microscopy and chemical analysis. The X-ray diffraction pattern were obtained with Co-Ka
radiation (30 kV, 15 mA) using a Rigaku Denki Ltd, Geigerflex diffractometer. The differential
thermal analysis curves were obtained by using a Mitamura, thermal analyzer, at a heating rate of
10°C/min from room temperature to 1000°C in ordinary atmosphere. The electron micrograph

was taken by using a Siemens, ELMISKOP 101 electron microscope.

1.3  RESULTS DISCUSSION AND CONCLUSION
1.3.1 Soils with oxic B horizon

The X-ray diffraction patterns (Fig. 2) and the differential thermal analysis curves of the
clay fraction in the yellow latosols, the red yellow latosols and the “latossolo raxo™ soil showed
that kaolinite was predominant, goethite was detected, hematite was found except in one profile
of red yellow latosol, and gibbsite was frequently present as shown in Table 7.

The previous reports by SOMBROEK (1), CHIBA (4) and IWASA (5) also eonclided the
predominance of kaolin minerals in the lateritic soils of the Amazon region. A small amount or
trace of mica minerals was found. It should be very stable, and not be weathered under the
drastic condition of the soil genesis in the tropics, KITAGAWA, et. al. (7) pointed out that mica
minerals in soils are more stable under a chemical treatment than the deposit minerals such as
muscovite and illite. A small amount of montmorillonite or vermiculite was found only in the
subsoil of red yellow latosol.



1.3.2 Soils with textural B horizon

Kaolinite was predominant, and iron oxide minerals such as hematite and goethite were
present in all the samples of red yellow podzolic soils, more over, a small amount of mica minerals
and dioctahedral vermiculite was found in some of these soils (Tabie 8), judging from the result of
X-ray diffraction method (Fig. 3), diffrential thermal analysis and chemical analysis (Table S).
The vermiculite in the weathered upland soils should be otiginated in dioctahedral micas, of which
probability was presented by KITAGAWA, et. al. (8). The red yellow podzolic soils in the Amazon
region should fail clay mineralogically under the category of the lateritic soils, and be different
from the namesake in Virginia, U, S. A. reported by RICH, et. al. (9). A dominant clay mineral of
“gley brown podzolic” soils distributed in the subfrigid zone is montmorillonite-like minerals in
the A, horizon, and dioctahedral vermiculite in B horizons (KITAGAWA, 10; BRYDON, et. al.,
11). The podzolic soils in the Amazon region were also mineralogically different from gley brown
podzolic soils, consequently.

In the clay fraction of the soils called “Terra Roxa Estruturada’, kaolin minerals were do-
minant, and considerable amounts of iron oxide minerals were found as shown in Table 8 and Fig.
3. Hematite content was especially high, because they were originated from basic rocks. A “Terra
Roxa Estruturada® soil from the State of Mato Grosso contained kaolinife, hematite and gibbsite,
but goethite was absent. A small amount of dioctahedral vermiculite was also detected in this
soil. In the other “‘terra roxa estruturada” soil from 6bidos, Para, metahalloysite was dominant in
spite of the predominance of kaolinite in the other upland soils occurring in the Amazon region.
The presence of metahalloysite in the lateritic soils was reported in an Indonesian soil derived from
old “volcanic ash” by KITAGAWA, et. al. (12).

1.3.3 Lowland soils

The results of X-ray diffraction method (Fig. 4, 5}, differential thermal analysis, electron
microscopy and chemical analyses (Table 6) showed that the clay mineral composition of the
lowland soils in the Amazon region was a little complicated as SOMBROEK (1} and IWASA (5)
pointed out. Although Kkaolinite was predominant in many soils, montmorillonite/dioctahedral-
vermiculite interstratified and mica minerals were dominant in two low humic gley soils and a
ground-water laterite soil, respectively (Table 9). The dominant component of the interstratified
minerals should be montmorillonite, judging from the mode of the changes of basal spacing by
the treatments with glycerol and heating. GJEMS (13) reported the occurrence of a dioctahed-
ral-vermiculite/montmorillonite interstratified mineral in a Scandinavian podzolic soil, but it was
vermiculite mineral, Mica and other 2:1-type clay minerals were frequently found in the lowland

soils, even if kaolinite was dominatn.



1.3.4 General discussion
Kaolin minerals were dominant in the upland soils of the Amazon region, and the ferti-

lity of the soils was low from the viewpoint of clay mineralogy, in general. The soil called *‘terra
roxa estruturada” which is a kind of the upland soil have high fertility, but a dominant clay
mineral was kaolin minerals. It is important to solve this problem, and will be discussed in fol-
lowing studies. Some of the lowland soils of this region contained a large amount of montmoril-
lonite-like clay minerals, were regarded as clay-mineralogically fertile, because montmorillonite
have high CEC value and large specific surface area, so that its existence leads fo high buffer action
and high nutrients holding capacity of the soils.

Quartz existed more or less in the clay fraction of the Amazon soils. According to
KITAGAWA, et. al. (12), quartz is not always found in some tropical voicanogenous soils of

Indonesia. Instead a-cristobalite occur more frequently,

2 COMPARATIVE CLAY MINERALOGY OF THE “TERRA ROXA ESTRUTURADA”
SOIL IN THE AMAZON REGION

2.1 INTRODUCTION

A kind of fertile soil in the Amazon region is so-called “Terra Roxa Estruturada™ soil which
have been drived from basic rocks, and is famous for the coffee planting soil in the South Brazil.
This soil is very important in agriculture for the high productivity notwithstanding the relatively
small distribution area in this region. This soil is called “Lateritico Bruno Avermelhado®’ by
VIEIRA (3), “low humic latosol” in Hawaii, “red loam™ in Australia, “laterita pardo rojiza” in
Chili, and “reddish brown lateritic soil” in the South of U, S. A.{VIEIRA, 3). The term of “Terra
Toxa Estruturada” is, however, more common in Brazil. According to FALESI (2), the chemical
and physical properties of the “Terra Roxa Estruturada® soil in the Brazilian Amazon region are
as follows: cation exchange capacity, 2.17 to 39.8 me/100g; base-saturation percentage, 30 to
99%; clay content, 30 to 69%; pH, 5.0 to 7.3; Fe, O, content, 15 to 30%; and available P,0,,
0.5 to 2.3 mg/100g,

In this study, the clay mineralogical composition, mainly about iron oxide minerals, of
the “Terra Roxa Estruturada” soil was discussed through the comparision with that of a neighbo-
ring red yellow podzolic soil based on the results of X-ray diffraction method, differential
thermal analysis and chemical analyses,

A dominant clay mineral of the “Terra Roxa Estruturada” soils in the Brazilian Amazon
region is kaolin minerals, and iron oxide minerals are also present (CHIBA, 4; IWASA, 5), The-soils
in the South Brazil, in Hawaii and in the South of U. §. A. also contained kaolin minerals, gibbsite,
iron oxides and amorphous minerals (MONIZ, et. al., 13; TAMURA, et. al., 14; NYUN, et. al., 15).



2.2 SAMPLES AND EXPERIMENTAL METHODS
Two profiles of the eutrophic “Terra Roxa Estruturada’ soils, one of the dystrophic
“Terra Roxa Estruturada” soil and one of the red yellow podzolic soil were collected from
Altamira county, the State of Para, and listed in Table 10. TRE-4, -5 and PVA-3 are neighboring,
TRE-4 is only about 50 meter distant from PVA-3, and TRE-5 is situated between them. TRE-3 is
located in the distance.

The mean temperature and annual precipitation in Altamira is 26.0°C and 1,680 mm, res-
pectively, the rains are December to May, and the classification of climate after Koppen is Aw or
Am (BASTOS, 16).

The preparation of clay sample and experimental methods were in accorance with the
previous study.

After the pretreatment with a dithinite-citrate-bicarbonate system after MEHRA, et, al.
(17), the content of kaolinite was determined from a following formuia:

Iko (001)

Loy 100 (%)

where, I;5(001) and Ix(001) is the intensity of kaolinite peak at 7.2 A of untreated and treated
powder specimen, respectively, The hematite coefficient which is in proportion to its content was

calculated from a following formuia:

144(110)
Tn(110) + 1 (110)

X er

where, Cp is the Fe; O; content of the clay sample, and I5,(110) and I(110) is the peak inten-
sity of hematite (110) at 2.52 A and goethite (110) at 4.18 A, respectively.

2.3 RESULTS DISCUSSIONS AND CONCLUSION
2.3.1 Content of kaolinite and hematite

The clay fraction of these soils mainly composed of kaolinite, hematite and goethite, and
extremely small amounts of 2:1-type clay minerals. There was a no difference between the kaoli-
nite content in the clay fraction of eutrophic and dystrophic “Terra Roxa Estruturada” soils,
although it was lower than the red yellow podzalic soil (Table 11).

The Fe,O; content in the clay fraction of the “Terra Roxa Estruturada” soils was higher
than the red yellow podzolic soil, but there was also a no difference eutrophic and dystrophic
(Table 11). The hematite coefficient was relatively high in the eutrophic “Terra Roxa Estru-
turada” soils, and extremely low or zero in the red yellow podzolic soil (Table i 1), The value was
29 and 9 in the soil from Mato Grosso and Obidos which are also eutrophic, respectively. The c-
ontents of kaolinite, hematite and goethite in the silt and fine sand fraction were higher in the

“Terra Roxa Estruturada” soils, especially in eutrophic, than in the red yellow podzolic soil.



This suggests that the “Terra Roxa Estruturada’ soils contain a large amount of the stable micro-

aggregate of clay minerals and iron oxides, and it is abundant in the eutrophic soils.

2.3.2  Property of soil hewmatite

Hematite in the “Terra Roxa Estruturada® soil was similar to the dehydration iron oxides
which had been prepared by heating the hydrous gel of ferrous or ferric oxide, and there mineralo-
gival sequence should be situated between two types of hematite from the deposits in Ouro Preto,
Minas Gerais, and Serra dos Carajas, Para, judging from the relative intensity of several X-ray dif-
fraction peaks associated with hematites (Table 12). This fact suggests that hematite in the “Terra
Roxa Estruturada™ soils was formed by the dehydration of precipitated iron oxide gels. The
ferrous and ferric ions should be originated in the parent rocks, 'and their concentration is

especially high in basic rocks.

2.3.3  General discussion and conclusion

Hematite behaves itself as a cementing material of the stable micro-aggregate of the clay
particles in the “Terra Roxa Estruturada” soils. Goethite should not be the cementing material,
judging from a few appearence of the stable microaggregate in the red yellow podzolic soil
contained a small amount of hematite. LUTZ (17) suggested that the free iron in soil solution acts
as a flocculating agent for the soil clays and a hydrated iron gel which precipitated at the pH of the
soils studied by him would become a good cementing agent upon depydration. CHAUVEL, et. al.
(18) studied experimentally the role of iron for the organization of kaolinic materials, and pointed
out that jron plays an important role in clay materials organization phenomena although this role
is not simple. KITAGAWA (19) studied the stable aggregate in the volcanic ash soils occur-
ring in humid region, and concluded that the stable aggregates should be formed by the dehy-
dration of hydrous sesquioxides, mainly iron iron oxide, as a cementing material of the allophane
and other clay mineral particles.

The relatively high fertility of the “Terra Roxa Estruturada” soils in the Amazon region
should de caused by the abundant occurrence of this stable micro-aggregate which results in;
1) the good physical properties of this soil such as the porosity, the permeability and the water
holding capacity; 2) the vigorous respiration of plant roots; and 3) the thriven growth of cro-
ps. On the other hand, the chemical properties of the “Terra Roxa Estruturada® soils are
not so good as the lowland soils which are chemically fertile, i. e., the relatively low CEC valu-
¢, the low content of organic materials, the low available phosphorus and considerablly high
phosphorus fixation, as if the other lateritic soils. The content of alkaline earths, the exchang
eable cation percentage and the pH value are, however, relatively high in the eutrophic “Terra
Roxa Estruturada™ soils. The situatiin of this soil is similar to that of voleanic ash soils, because
the latters also have a Jarge amount of the stable aggregate (KITAGAWA, 19) and the very high



phosphorus fixation capacity although it is called fertile soil in the humid tropical zone. The
ferrobasic condition, consequently, should lead to the formation of the physically good soils in the
humid tropical uplands.

3 CLAY MINERALOGY OF THE “TERRA ROXA ESTRUTURADA” SOILS IN FOREST/
SAVANNAH TRANSITION OF THE AMAZON REGION

3.1 INTRODUCTION

In previous study, chapter 2, the properties and the clay mineralogy of the “Terra
Roxa estruturada” soils were already discribed. The clay mineral composition of this soil
distributed in the transition zone between the tropical rain forest and savannah (cerrado) in the

Amazon region is discussed in this chapter.

3.2  SAMPLES AND EXPERIMENTAL METHODS

Two samples of eutrophic “Terra Roxa Estruturada” soils occurring in tropical rain forest
and tropical forest/savannah transition zone, and a reddish brunizem in the savannah/semi-arid
transition zone were used in this study, and listed in Table 13.

The type of climate after Koppen is Aw in S3o Félix do Xingu and Conceigé‘o do Araguaia.
On the other hand, that of Nazaré do Piaui should be Aw/BS transition, judging from the annual
precipitation of 990 mm.

The experimental methods in this study were the same as the previous chapters.

33 RESULTS, DISCUSSION AND CONCLUSION

The X-ray diffraction patterns (Fig. 6) and differential thermal curves of the clay fraction
of these soils showed the results summarized in Table 14, that is, the clay mineral composition of
“Terra Roxa Estruturada” soil (TRE-6) from Sdo Félix do Xingu was kaolinite, hematite, goethite,
dioctahedral vermicuflite, talc and quartz; that of the ““Terra Roxa Estruturada’ soil (TRE-7) from
Coneicdo do Araguaia was kaolinite, hematite, goethite, mica minerals, montmorillonite, diocta-
hedral vermiculite, talc and quartz; and that of reddish brunizem (BA-1) from Nazaré do Piaui was
metahalloysite, hematite, goethite and quartz, Kaolin minerals were dominant in all the samples.

TRE-6 and -7 contained 2:1-type clay minerals such as montmorilionite, dioctahedral ver-
miculite, mica minerals are originated in parent rocks. Metahalloysite was dominant in BA-1, and
also found in the “Terra Roxa Estruturada® soil from Obidos as mentioned in chapter 1. Gibbsite
was not found in all the soil samples. Hematite content was extremely high in TRE-6 likewise to
the soil from Mato Grosso (chapter 1), and slightly high in TRE-7 and BA-1. There was no diffe-
rence between the clay mineral composition of the TRE soil in the forest/savannah transition and

forest zone in the Amazon region, judging from the mutual comparasion among these three soils



and other “Terra Roxa Estruturada” soils in the forest zone discussed in the previous chapters.
Even in BA-1 occurring in the savannah/semiarid transition zone, the clay mineral composition was
similar to the “Terra Roxa Estruturada™ soil from Obidos, Pard, This fact suggests that the forma-
tion of the “Terra Roxa Estruturada” soil is influenced rather strongly by parent materials than
climate in the Amazon region. This conclusion should be natural because the “Terra Roxa Estru-

turada” soils have devioped under a condition of laterite genesis in the tropical zone,

4 CLAY MINERALOGY OF CAMBISOLS DISTRIBUTED IN THE SOUTHWEST
BRAZILIAN AMAZON REGION

4.1 INTRODUCTION

In the upland soils occurring in the humid tropical zone, kaolinite is commonly predomi-
nant, and their fertility is generally low. On the other hand, relatively fertile upland soil is distri-
buted in the South-west Brazilian Amazon region, the State of Acre, which is called eutrophic
cambisol according to the report of Radambrasil project (20), and have high cation exchange capa-
city and high contents of exchangeable Ca™ and M/g'H'. The clay mineral composition of these
soils was examined by comparing that of the other cambisol in the State of Amazonas. The soil

samples are listed in Table 15.

4.2  RESULTS AND CONCLUSION

The dominant mineral in the cambisols from Tarauaci, Acre was montmoritlonite/diocta-
hedral-vermiculite interstratified minerals, while that of Boca do Acre, Amazonas was kaolinite
alike to the other lateritic soils (Table 16), The dominance of 2:1-type clay minerals in Tarauaca
soils explains the high fertility, high cation exchange capacity, high exchangeable Ca*t and MgH

content and so on, and should be influenced by the volcanic materials originated from Andes,

5 EPILOGUE

In the Amazon region, clay-mineralogically fertile soils of which clay fraction is dominan-
tly montmorillonite are the lowland soils in the Amazon flood plain, vertisol in the upland, and
moreover, cambisol and eutrophic red-yellow podzolic soil in the State of Acre. The distribution
area of vertisol is very small in this region. The other soils in the vplands are **kaolinitic”, and
regarded as “dystrophic”. On the other hand, so-called “Terra Roxa Estruturada” soil is fertile in.
spite of the dominance of kaolin minerals, which is caused by coexisting a considerable amount of
the stable micro-aggregate, and resulting in a good physical condition of this soil. Moreover, so-



called “Terra Preta do Indio” soil is also fertile because of the high content of organic materials,
although it is kaolinitic.

From the view point of clay mineralogy, the fertile lowland soils of which distribution area
is about 19,000,000 ha in the Brazilian Amazon region have a great possibility of agricultural deve-
lopment if the rever water is controlled.
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Quadro |

Amostras de solos com B latossdlico; Latossolo Amarelo (LA), Latossolo Vermelho

Amarelo (LVA) e Latossolo Roxo (LR).

Table 1 Samples of soils with oxic B horizon; yeliow latosol (LA), red yellow latosol (LVA)
and “Latossolo Roxo” soil (LR).
Solos Protocolo Localizagdo M.at.el:i a‘] Vegetacio
originario 3
. . iginal .
Soils Protocal Location %r;fgg‘;] Vegetation
15951 a Km 45 da BR-236 do Rio Floresta tropical
LA-] 15956  Branco-AC. Gimida.
15951 45 km of BR-236 from Rio Humic tropical
to 15956 Branco, Acre. forest.
21592a Sedimentos do
21599 Boca do Acre-AM. tercario. Floresta densa.
ka2 21592 Boca do Acre, Amazon Tertiary Dense forest
to 21599 » AMAZONas. sediments. 5 :
20429 a Km 20,3 da Rodovia Acara- Sedimentos Floresta tropical
LA3 20433 Moju-PA. argilosos. timida.
” 20429 20.3 km in the highway, Acara- Clayey Humic tropical
20433 Moju, Para. argilosos. umida,
111304 Seéingal Montevideo, Brasileia- Mata virgem.
LVA-1 11134 AC. _
11130 Montevideo rubber field, Virgin forest
to 11134 Brasileja, Acre, g :
20;3393 6 Uapés-AM, Granito. Graminea.
20493 - . G
LVA-2 to 20496 Uapes, Amazonas, Granite. rass land.
20049 a Km 1 da Rodovia Obidos Formagﬁo
VA3 20053 Oriximing-PA. ) Barreiris. Floresta densa.
i 20049 1 km in the highway, Obidos- Barreiras Dense forest
to 20053 Oriximina, Para. formation. ;
18?;;135 Rio Fresco-PA. Grupo Grio Para. Floresta densa.
18511 Rio Fresco, Para. Grio Para group. Dense forest.
to 18515
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Quadro 2 Amostras de solos com B tetural; Podzolico Vermelho Amarelo (PVA) e Terra Roxa
Estruturada (TRE).
Table 2 Samples of soils with textural B horizon; red yellow podzolic soil (PVA) and “terra
roxa estruturada” soil (TRE).
Solos Protocolo Localizagio ﬂgigfih Vegetacdo
Soils Protocal Location 1?12%::;11 Vegetation

21020 a Km 15 da BR-236/317do Rio  Sedimento do -

puat 205 BumoAC tercirio. Capocirdo.
21020 15 km of BR-236/317 from Rio . .
t6 21025 Branco, Acre. Tertiary sediment. Secondary forest.
20%2831 Uapés-AM. Flocesta densa.

PVA2Z 20677 )
to 20681 Uapes, Amazonas, Dense forest.
23722 a Km 23 da Rodovia Transama- Devoniano sup. .

buAs 23726  zGnica de AltamiraPA. Formaggo Curug, | oresta tropical.
23722 23 km in the Transmazon high-  Sup. Devonian Trovical forest
to 23726 way from Altamira, Para. Curua formatjon. pica st
17773 a Rio Negro, Mato Grosso

trEy 17771 CiceresMT. Basalto. Floresta.
17773 Rio Negro, Mato Grosso Basalt Forest
to 17777 Caceres, Mato Grosso. asait. orest.
200542 Km 28 da Rodovia Obidos- Rochas bisi -

TRE-2 20058 Alenquer-PA ) ocnas pasicas. oresta.
20054 28 km in the highway, Obidos- Basi K E
to 20058  Alenquer, Pari. asiC rocks. orest.
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Quadro 3

Amostras de solos de varzea; Glei Pouco Humico (GPH), Laterita Hidromorfica (LH)

e Solo Aluvial (SA).
Table 3 Soil samples of lowlands; low humic gley soil (GPH), ground water laterite soil (LH)
and aluvial soil (SA).
Solos Protocolo Localizacao ;\fiagtiilzfilo Vegetacio
Soils Protocal Location %r;%é:l-ﬁl Vegetation
21 ;‘? :4 Sena Madureira-AC. %efai;?:gc;éio Floresta de varzea.
GPH-1 51740 Sena Madureira. Acre Quarternary Forest in flood
to 21144 ! : sediments. plain.
20612 a Km 33 da Boca do Rio Icand, S. Floresta dens
20615 Gabriel da Cachoeira-AM. a a
GPH-2 20612 33 km from the conflux of
to 20615 Igand river, S. Gabriel da Dense forest.
Cacheira, Amazonas.
11810 a Serigal 414, CPATU, Sedimentos do .
11814  Belem-PA. Quartenirio,  Soringal de Cultura.
GPH3 11810 Rubber ficld 414, CPATU, Quartenary Rubber forest
to 11814 Belém, Para. sediments. ’
20%33 _;15 IPSAn 116 da PA-150 de Maraba- Floresta tropical.
LH-1 ; 2
tzct))%{é)gﬂs Il’;fﬁ km of PA-150 from Maraba, Tropical forest.
7522(?5 Ponta de Pedras, Marajo-PA. Gramineas.
LH-2 7599 Ponta de Pedras, Marajo Is., Grass land
to 7605 Para. :
213?}1534 Jacundi, Porto Velho-RO. Quartenario. Floresta aberta.
SA-1
%ol 4251 L 54 Jacundd, Porto Velho, Ronddnia. Quarternary. Open forest.
18329 2 Clareira na Beira do Xingu-PA.  Quartenirio. F.logeita com
SA-2 18532 cipoal.
: 55]?;32 Clareira na Beira do Xingu, Para. Quartenary. Forest with vine.
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Quadro 4 Composi¢io quimica da fracao argila nos solos com B latossolico.,

Table 4 Chemical composition of clay fraction in the soils with oxic B horizon.

ggﬁ’ LA-1 LA-2 LA-3 LVA-l  LVA2 LVA3 LRl

Hor. Bg] B2| Aa B?. B2 BI B}
Prot. 15954 21596 20430 11133 20496 20051 18513
SiO, 33,53 38,75 43,75 42,87 26,40 40,90 34,75
TiO, 1,48 1,57 2,38 0,96 2,59 0,76 1,12
AL O, 34,95 32,63 32,41 29 42 44,04 36,99 30,96
Fe, O, 12,57 10,49 5,45 12,29 5,54 541 15,74
MnO 0,01 0,01 0,01 0,05 tr. 0,01 0,05
MgO 0,02 0,15 0,02 0,26 tr. 0,01 0,04
Ca0 0,65 1,21 0,55 0,65 0,90 0,79 0,96
Na, O 0,25 0,25 0,29 0,35 0,11 0,14 0,13
K,O 0,24 0,73 0,10 1,85 0,08 0,07 0,23
H,0t 15,67 14,11 14,09 10,81 21,30 14,60 15,97
Total 99,37 9991 99,05 99 51 100,96 99,68 99,95
8i0, 1,63 2,02 2,29 247 1,02 1,88 1,90
ALC; : ’ ’ J ’ ’ ’
SiO, 1,32 1,67 2,08 1,95 0,94 1,72 1,44
R2 03 1 I

Baseado no péso séco a 110°C,
Based on the weight dried at 110°C.



Quadro 5 Composicao quimica da fracdo argila nos solos com B textural.

Table 5 Chemical composition of ¢lay fraction in the soils with textural B horizon.
gglf’ PVA-1 PVA-2 PVA-3 TRE-1 TRE-2
HOI'. Bn Bu Ag B1 BZl
Prot. 21023 20679 23723 17775 20056

SiO, 43,02 24,19 37,06 18,94 37,87
TiO, 1,14 2,13 0,98 1,25 0,88
Al O, 29,48 38,75 35,58 32,53 27,72
Fe,0, 11,52 15,83 11,48 29,86 19,25
MnO 0,02 0,01 0,01 0,04 0,05
MgO 0,20 0,03 tr. 0,04 0,16
Ca0 1,10 0,89 0,72 0,84 0,81
Na, O 0,35 0,16 0,11 0,20 0,11
K,0 1,55 0,28 0,08 0,41 0,41
H, 0" 11,26 17,01 14,24 15,50 12,53
Total 99,64 99,28 100,26 99,61 99,79
Si0, 0,99 2,32
ALO, 2,48 1,06 1,77 , ,

Si0, 0,62 1,61
R 1,98 0,84 1,47 , )

Baseado no péso séco a 110°C.
Based on the weight dried at 110°C,



Quadro 6  Composicio qu’imica da fra¢go argila nos solos de varzea.
Table 6 Chemical composition of clay fraction in the lowland soils.
e GPH-1 GPH-2  GPH3 LH-1 L2 SA-1 SA-2
1
Hor. Cs Asg B1g Bipy B,, o I

Prot. 21142 20613 11812 20271 7602 21452 18530
Si0, 51,71 49,35 4943 48,54 45,41 41,86 46,74
TiO, 0,82 1,66 1,06 1,34 1,27 1,02 - 1,03
AL O, 24,69 31,11 27,14 26,71 35,85 39,19 32,72
Fe, O, 9,65 3,74 9,46 10,01 3,37 4,08 4,74
MnO 0,04 0,01 0,02 0,03 0,01 0,01 0,01
MgO 0,87 0,18 0,51 0,70 0,17 0,04 0,26
Cal 1,39 0,74 0,53 0,80 0,44 0,65 0,68
Na, O 0,30 0,35 041 0,22 0,25 0,17 0,16
K,O 1,21 0,81 1,14 2,85 0,90 0,35 0,91
H, ot 892 11,07 9,72 8,18 11,54 13,92 12,53
Total 99,60 99,02 99,28 99,38 99,21 99,29 99,78
Si0,

Al, 0, 3,55 2,69 3,09 3,08 2,15 1,91 242
e 285 2,50 2,53 2,49 2,03 1,79 2,22

2 3

Baseado no p€so séco a 110°C.

Based on the weight dried at 110°C.



Quadro 7 Composigdo de minerais na fragdo argila em solos com B latossblico.

Table 7 Mineral composition in the clay fraction of the soils with oxic B horizon,
Minerais
Solo Minerals
Soil Dominante Acessorio ou trago
Dominant Accessory or trace
LA-1 caolinita gibsita, goitita, hematita, quartzo

kaolinite gibbsite, goethite, hematite, quartz

LA caolinita goetita, quartzo, gibsita, hematita
) kaolinite goethite, quartz, gibbsite, hematite
LAS3 caolinita goetita, quartzo
i kaolinite goethite, quartz
. minerais micas, quartzo, goetita, hematita, montmorilonita ou vermiculita
caolinita e e
LVA-1 dioctaédrica
. mica minerals, quartz, goethite, hematite montmorillonite or dioctahedral
kaolinite ..
vermicuiite
LVAD caolinita gibsita, goetita, quartzo, feldspato
i kaolinite gibbsite, goethite, quartz, feldspar
VA3 caolinita goetita, hematita, quartzo
Lva- kaolinite goethite, hematite, quartz
LRI caolinita gibsita, goetita, hematita, quartzo, minerais micas

kaolinite gibbsite, goethite, hematite, quartz, mica minerals

—-51—



Quadro 8 Contposigdio de minerais na fragio argila em solos com B textural.
Table 8 Mineral composition in the clay fraction of the soils with textural B horizon,
Minerais
Solo Minerals
Soi Dominante Acessorio ou trago
Dominant Accessory or trace
PVA4 caolinita minerais micas, quartzo, goetita, hematita, feldspato
kaolinite mica minerals, quartz, goethite, hematite, feldspar
L vermiculita dioctakdrica, gibsita, goetita, hematita, quartzo,
caoflinita
PVA2 feldspato
. dioctahedral vermiculite, gibbsite, goethite, hematite, quartz,
kaolinite
feldspar
PVA3 caolinita goetita, gibsita, quartzo, hematita
kaolinite goethite, gibbsite, quartz, hematite
caolinita, hematita  gibsita, vermiculita dioctaédrica, quartzo, feldspato
TRE-] kaolinite, hematite  gibbsite, dioctahedral vermiculite, quartz, felspar
TRE-2 metahaloisita hematita, goetita, quartzo
metahalloysite hematite, goethite, quartz




Quadro 9

Composigdo de minerais na fragio argila em solos de virzea.

Table © Mineral composition in the clay fraction of the lowland soils.
Minerais
Solo Minerals
Soil Dominante Acessorio ou trago
Dominant Accessory or frace
GPH-1 mont/ver* caolinita, minerais micas, guartzo, feldspato
mont/ver* kaolinite, mica minerals, quartz, feldspar
.. montmorilonita ou vermiculita dioctaédrica, minerais micas,
caolinita ; .
GPH-2 quartzo, lepidocrocita
.. montmorillonite or dioctzhedral vermiculite, mica minerals,
kaolinite . .
quartz, lepidocrocite
mont/ver*, caolinita minerais micas, quartzo
GPH-3 . . .
mont/ver*, kaolinite mica minerals, quartz
caolinita, minerais .
. linita, quartzo, hematita
micas
LH-1 .. .
kaolinite, mica uartz. hematite
minerals quartz, atl
.. montmorilonita ou vermiculita dioctagdrica, minerais micas,
caolinita . .
LH2 guartzo, goetita, hematita
kaolinit montmorillonite or dioctahedral vermiculite, mica minerals,
AachinIte quartz, goethite, hematite
SA-1 caolinita minerais micas, gibsita, goetita, quartzo
kaclinite mica minerals, gibbsite, goethite, quartz
SA-2 caolinita minerais micas, montmoriionita, quartzo, gibsita
kaolinita mica minerals, montmorillonite, quartz, gibbsite

* minerais interestratificados de montmorilonita/vermiculita-dioctatdrica.

montmorillonite/dioctahedral-vermiculite interstratified minerals.



Quadro 10 Amostras de Terra Roxa Estruturada e Podzélico Vermeltho Amarelo em Altamira-
PA.
Table 10 Samples of the “terra roxa estruturada” and red yellow podzolic soils in Altamira,
Para.
Solos Protocolo Localizagdo obfigiggilo Vegetagdo
Soiis Protocol Location 1?11;%;?&21] Vegetation
23712a Km 101 de Altamira, Campo Rochas basicas .
23716 Experimental da EMBRAPA, ferromagnesianas. Floresta tropical.
TRE3 23712 10! kin from Altamira, Experi- Ferromagnesian .
t023716  mental field of EMBRAPA.  basic rocks. Tropical forest.
23732 a Rochas basicas
23736 ferromagnesianas.
TRE-4 23732 Ferromagnesian
to 23 736 Kn-l 23 de Altalnira’ Ca_n]po baSiC rOCkS.
Experimental da EMBRAPA.
24241 a Transica F ,
14944 ransicao. loresta tropical.
TRE-5
24241 Transiti Tropical forest
to 24244 23 xm from Altamira, Experi- ranstion. ropical forest.
mental ficld of EMBRAPA.
237222 Folhelho da
i 23726 formacao Curu.
PVA-3 23722 Clayey rock of
to 23726 Curua formation.




Quadro 11 Quantidade de caolinita e Fe, 05, e relagdo entre 1(110) do pico de difragdo raio-X
da hematita e da goetita, na fragdo argila de TRE ¢ PVA em Altamira-PA.

Table 11 Content of kaolinite and Fe, O3, and the ratio between I(110) of diffraction peak
of hematite and of goethite, in the clay fraction of TRE and PVA in Altamira, Para.

-~

caolinita

kaolinite Fe, 0, H/(H+G)* AxB
% % (A) (B)
Ay 58 26,3 0,23 6,0
TRE-3 B, 58 259 0,23 5,7
B 62 25,6 0,22 5,6
A 72 i4,4 0,39 5,6
TRE4 B, 79 15,4 0,37 5,7
B22 78 15,7 0,32 5,0
Ay 72 20,8 0,13 2.7
TRE-5 B, 67 20,5 0,14 2.9
B, 65 19,7 0,14 2,8
A 87 9.9 0 0
PVA-3 B, 79 10,2 0,02 0,2
B;, 77 9.8 0,04 0,4
* 1{110) da hematita

I(110) da hematita + I(110) da goetita

I{110) of hematite
I(110) of hematite + I(110) of goethite




Quadro 12 Intensidade relativa do pico de difragdo raio-X das hematitas.

Table 12 Relative intensity of X-ray diffraction peak of hematites.
d A (hkD) TRE PPT-1 PPT-2 DEP-1 DEP-2
3,70 012) 36 39 40 77 19
2,71 {104) 100 100 100 100 100
2,52 (110) 85 62 60 97 23
2,21 (113) 44 34 32 49 15
1,85 (024) 34 37 33 70 16
TRE separada da TRE de Mato Grosso.
separated from TRE soil of Mato Grosso,
PPT.1 preparada pele aguecimento do precipitado do ion ferroso,
prepared by heating precipitated ferrous gel.
PPT.2 preparada pelo aquecimento do precipitado do ion ferrico,
prepared by heating precipitated ferric gel.
DEP-1 deposito mineral de Ouro Preto-MG.
deposit mineral from Outo Preto, Minas Gerais.
DEP2 deposito mineral da Serra dos Carajs, Maraba-PA .

deposit mineral from Sarra dos Carajas, Marabi, Para.



Quadro 13 Amostras de Terras Roxas Estruturadas e Brunizem Avermelhado em floresta e
cerrado da Amazonia,

Table 13 Sarnples of the “terra roxa estruturada® soils and reddish brunizem in forest and
savannah in the Amazon region.

N Material ~
Solos Protocolo Localizacdo originario Vegetacao
. . Originat .
P
Soils rotocal Location material Vegetation
500 a Km 53 de Sio Félix Andesita e riolitas Florest
- do Xingu-PA. do Precambriano. o o
500 53 km from Sao Félix do Xingu, {\ndes}t}e}: and rio- Forest
z ites of Precam- .
to 503 Para. brian.
11550 a Km 9,4 de Conceicdo do Rochas ultraba- Floresta aberta
11552 Araguaia-PA. sicas do Precam- ’
TRE.7 riano.
11550 9.4 km from Conceicio do Ultrabasic rocks  Open forest.
to 11552 Araguaia, Para. of Precambrian.
I 1??;;8 Km 17 de Nazaré do PiauiPI.  Rochas bésicas.  Cerrado.
BA-I 11397 17 km from Nazaré do Piaui,

S Basic rocks Savannah.
to 11398 Piaui.




Quadro 14 Composi¢io de minerais na fragdo argila de TRE e BA em'floresta e cerrado ~
da Amazonia.
Table 14 Mineral composition of clay fraction in TRE soils and BA from forest and savannah
in the Amazon region.
Minerais
Minerals
Dominante Acessorio ou trago
Dominant Accessory or trace
TRES caolinita, hematita goetita, vermiculita dioctaédrica, talco, quartzo
kaolinite, hematite goethite, dioctahedral vermiculite, tale, quartz
. hematita, goetita, minerais micas, montmorilonita,
caolinita iculita dioctaédrica, tal rt
‘ vermiculita dioctaedrica, taleo, quartzo
TRE-7 : o
. hematite, goethite, mica minerals, montmorillo-
kaolinite ] ] . s
nite, dioctahedral vermiculite, talc, quartz
BA-1 metahaloisita hematita, goetita, quartzo
metahalloysite hematite, goethite, quartz




Quadro 15  Amostras de cambissolos sobre a Formagio Solimdes no sudoeste da Amazonia

brasileira.
Table 15 Samples of cambisols on the Solimoes formation in the southwest brazilian Amazon
region.
No de perfil Localzagio Situacdo e Declividade Vegetagﬁo
Profile No Location Situation and Declivity Vegetation

oL Eu Parte superior do platd. Floresta aberta.

e Superior part of plateau. Open forest.
14, Eu Terco superior, 45%. Floresta densa.

» Superior terrace, 45%. Dense forest.
03.E meia encosta, 25 a 30 %. Floresta densa.

» Sl Tarauaca-AC. Middle of slope, 25 to 30 %. Dense forest.
13.E Tergo inferior da encosta. Floresta densa.

» Bl Tarauaca, Acre. Inferior terrace of slope. Dense forest.
16. D Terco superior da encosta. ~ Floresta densa.

, Dis, Superior terrace of slope. Dense forest.
19, Al Parte superior do topo, 10 %. Floresta densa.

s AL Superior part of top, 10 %.  Dense forest.
31 Ali Boca do Acre-AM. 0a2%. Floresta densa.

e Boca do Acre, Amazonas. 0to 2 %. Dense forest.

) Labrea-AM. 0a2% Floresta tropical.
78, Ali. Labrea, Amazonas. 0to2% Tropical forest.
* By, eutrofico. Dis. distrofico. Ali. alico.
eutrophic, dystrophic. alic.



Quadro 16  Dterminacio quantitativa da fracdo argila em Cambissolos.

Table 16 Quantitative determination of the clay fraction in cambisols.
Horiz.onte, cm M/V % Mica % Cao % Amor % Qz%
Horizon, cm
01 B,, 40-60 87 2 6 2 3
14 B,, 3550 83 2 7 2
03 B,, 3560 55 7 30 5 3
13 B, 2040 86 tr. 6 5 3
16 B,, 2040 66 8 13 8 5
12 B., 40-60 71 9 3 6 6
31 B,,, 5080 35 tr, 44 17 4
78 By, 5090 Y 10 56 23 2

M/V:  Minerais interestratificados de montmorilonita/vermiculita-dioctagdrica, ou montmori-
lonita.
Montmorillonite/dicctahedral-vermiculite interstratified minerals, or montmorillonite.

Mica: Minerais micas.
Mica minerals.

Cao: Minerais da familia da caolinita.
Kaolin minerals,

Amor: Materiais amorfos inorganicos.
Amorphous inorganic materials.

Qz: Quartzo.
Quartz.
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Grafico de difragdo raio-X da fraghio argila em solos com B latossolico: K, caolinita;

Mi, minerais micas; Gb, gibsita; Gt, goetita; H, hematita; Q, quartzo.

X-ray diffraction pattern of clay fraction of soils with oxic B horizon: K, kaolinite;
Mi, mica minerals; Gb, gibbsite; Gt, goethite; H, hematite; Q, quarts.
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Grafico de difragio rajo-X da fracdo argila em solos com B textural: K, caolinita; Mi,
minerais micas; V, vermiculita dioctaédrica; Gb, gibsita; Gt, goetita; H, hematita; Q,

quartzo; F, feldspato.

X-ray difraction pattern of clay fraction of soils with textural B horizen: K, kaolinite;
Mi, mica minerals; V, dioctahedral vermiculite; Gb, gibbsite; Gt, goethite; H, hematite;

Q, quartz; F, feldspar.
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rais micas; M/V, minerais interestratificados de montmorilonitafvermiculita-dioctaéd-

rica; Gb, gibsita; Q, quartzo,

X-ray diffraction pattern of clay fraction of lowland soils: K, kaolinite; Mij, mica mine-
rals; M/V, montmorillonite/dioctahedral-vermiculite interstratified minerals; Gb, gib-
bsite; Q, quartz.
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Mudanga do pico (001) de difragdo raio-X do horizonte Cg (21142) na GPH-1: 1) satu-
rada com Mg2*, 2) saturada com Mg>* e glicerina, 3) saturada com K*, 4) aquecida
a 300°C, 5) aquecida a 600 °C.

Changes of basal spacing of specimen from Cg horizon (21142) in GPH-1: 1) saturated

with Mg?*, 2) saturated with Mg2* and glycerol, 3)saturated with K*, 4) heated at
300°C, 5) heated at 600 °C.
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Fig. 6 Grafico de difragdo raio-X da fra(,:iio argila em TRE e BA: K, caolinita; Mh, metaha-
loisita; Mi, minerais micas; M, V, montmorilonita efou vermiculita-dioctagdrica; T,

talco; G, goetita; H, hematita; Q, quartzo.
Fig. 6 X-ray diffraction pattern of clay fraction in TRE and BA: K, kaolinite; Mh, metahal-

loysite; Mi, mica minerals; M, V, montmorillonite and/or dioctahedral-vermiculite;
T, talc; G, goethite; H, hematite; Q, quartz.
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