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ABSTRACT - lhe outline of the mineral composition iii the clay fraction of some typical soils occuring 
in the Brazilian Amazon region is as foliows: In the soils with oxic B horizon, Yellow Latosols, Red-
-Yellow Latosols and "Latosois Roxo" Soil, kaolinite is predominant, goethite and haematite are íound 
lii general, an gibbsite is frequently detected. A small amount 01 trace of mica minerais occur ia 
several lateritic soils. The presence of the other 2:1-type clay minerais is rare in the lateritic soils. In 
Red-Yellow I'odzolic soils, kaolinite is also predominant, and iron-oxide minerais are always idenlified. 
Consíderable amount of gibbsite and sinall amounts of mica minerais and dioctaliedral vermiculite are 
present iii some aí these solis. In fite so-catled "Terra Roxa Estruturada" soils, kaolin minerais are 
dominant, but considerable amounts oí iron-oxide minerais are found in the clay fraction, so that 
haematite is especially rich. Metahalloysite is a dominant clay mineral in a "Terra Roxa Estruturada" 
Soil. A smaft amount of dioctahedral vermiculite is present in tbe other soils. The clay mineral 
composition of fite 10w land soils is a little complicated. Montmoriilonite/dioctaltedral-vermiculite 
interstratified mineral and mica minerais are dominant iii two Low-Humic Gley soils and a Ground-
-Water Latente soijs, respectively, although kaolin mineraIs are predominant in many lowland soils. 
Small amounts of 2:1-type clay minerais are frequently detected iii fim otber lowland soils. Quartz 
exists in the clay fraction of ali fite soU samples. 
Index terms: soU clay mineralogy, Amazon soU. 

MINERALOGIA DE ARGILA DE ALGUNS SOLOS TÍPICOS NA AMAZÓNIA BRASILEIRA 

RESUMO - A composiçffo mineralógica da fraçdo argila de alguns solos típicos ocorrentes na Amazônia 
Brasileira é a seguinte: nos solos com B latossólico, Latossolo Amarelo, Latossolo Vermelho-Ama-
relo, Latossolo Roxo, encontrou-se predominância de caolinita, geralmente acompanhada de goetita, 
hematita e frequentemente gibsita. Pequenas quantidades ou traços de mica ocorrem em alguns solos 
lateríticos. A presença de outros minerais tipo 2:1 foi rara. Nos solos com 6 textural, Podzólico 
Vermelho-Amarelo, também houve predominância de caolinita acompanhada de óxidos de ferro. Con-
sideráveis quantidades de gibsita e pouca de mica e vermiculita dioctaedral estiveram também presen-
tes em alguns destes solos. Em Terra Roxa Estruturada, predominararn as caolinitas, principalmente a 
metahaloisita, com quantidade considerável de óxidos de ferro, especialmente hematita. Identificou-se 
ainda traços de vermiculita dioctaedral em um perfil. A composiçilo da argila em solos de baixada evi-
denciou minerais 2:1 em quantidade mais significativa, assim é que em dois Glei Pouco Umido e uma 
Laterita Hidromárfica o mineral interestratificado montmorilonita/vermiculita-dioctaedral e minerais 
de mica foram dominantes. Jâ em outros solos, a dominância foi de caolinita, aparecendo pouca 
quantidade de argila 2:1. O quartzo esteve presente nas fraç8es de argila de todos os solos. 
Termos para indexaflo: mineralo9ia de argilas em solos, solos da Amazônia. 

INTRODUCTION 

The Amazon region is located ira the humid 
tropical zone, where soils develop under the drastic 
condition of high temperature and heavy rainfail. 
The primary silicates are quickly weathered, and 
alkalines and alkaline earths are taken away from 
soil horizons by rain water. Organic materiais are 
rapidly decomposed, and little accumulated in 
sou. Sol are enniched with aluminum and iran 
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because of the relatively high mobility of silica 
with water. 

The Amazon region is extremely vast, and 
many types of sol have developed under the 
various conditions of soil genesis, i.e., lateritic 
sol and Red-Yellow Podzolic soil in the uplands, 
and Alluvial soils, Low Humic day 5oil and 
Ground-Water Latente soil in the lowlands. These 
sol were described by Sombroek (1966), Falesi 
(1972), and Vieira (1975). About 70% of the 
Brazilian Amazon region is covered with the 
lateritic sol according to Falesi (1972). 

The study on the clay mineral composition 
of the sol distributed ira the Amazon region is 
a very interesting and important problem for 
the 'genesis, dassification, fertility and 
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management of the soils. li is generaily known 
that kaolin minerais are predominant in the 
lateritic soils developed under the drastic 
conditions of area and cation exchange capacity, 
so that the Iateritic soils have low fertility. 
Sombroek (1966) reported that more than 80% 
of crystalline minerais is kaolinite in the clay 
fraction of Yellow Latosol distributed in the 
Amazon region. Chiba (1970) also reported 
the predominance of kaolin minerais lii three 
samples of Yellow Latosol. Iwasa (1976) studied 
the clay mineral composition of fourteen lateritic 
soils in the Transamazon Highway zone, and 
conciuded that kaolin minerais are dominant 
although five soils contained small amounts 
of 2:1-type clay minerais. According to Knox 
(Grim 1968), "Kaolinite was the only mineral 
reported in more than haif of a total of over 20 
Red and Yellow Podzols. In the remainder, 
kaolinite was the dominant, but small amounts of 
Ulite and smectite were also reported". Nyun & 
McCaleb (1955) reported that kaolinite is the most 
abundant ciay mineral in the Red-Yellow Podzolic 
soils called Davidson and Hiwasse sedes itt the 
North Carolina Piedmont region in the U.S.A. On 
the other hand, Rich & Obenshain (1955)reported 
that a dominant clay mineral in a Red.Yellow 
Podzolic soil derived from a muscovite schist in 
Virginia, U.S.A., is dioctahedral vermiculite which 
had been already reported by Brown (1953). Con-
sirable amounts of 2:1-type day minerais such as 
montn-iorillonite, vermiculite and mica minerais 
were found in the Red-Yellow Podzolic soils itt 

the Brazilian Amazon region by Sombroek (1966) 
and Iwasa (1976). 

The lowiand soils should be less uniform in the 
day mineral composition than the upland soils, 
because they are composed of complicated parent 
materiais which had been deposited recently by 
tiver waters, and the soil weathering under the 
always or seasonaily flooded condition is not $0 

rapid as fite upland 5oils (Matsui 1967). Sombroek 
(1966) stated that the clay fraction of a Low 
Humic clay soil in the Low Amazon Floodplain 
called "várzea" is composed of quartz, kaolinite, 
feldspar, ulite, intermediate mineral between 
kaohnite and ulite, swelling ulite and chiorite, and 
the content of kaolin minerais is less than 30% in 
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it, while kaolinite is a dominant clay mineral in 
a Ground-Water Latente soU itt Caeté-Maracassuné 
area although a smaU amount of mica minerais is 
found iii the silt fraction. Iwasa (1976) reported 
the complexity of day mineral composition of an 
Aliuvial soU in Armaça island, Amazonas, which 
contained large amounts of rnontmorillonite and 
Ulite besides kaolinite. 

In this report, the clay mineral composition of 
nineteen soiis of the Brazilian Amazon region is 
discussed; the soils with oxic B horizon, three 
Yellow Latosois, three Red-Yellow Latosols and a 
"Latossolo Roxo" soU; the soils with texturai B 
horizon, three Red-Yellow Podzolic soils and two 
"Terra Roxa Estruturada" soils; and the lowland 
soils, three Low Humic clay sofis, two Ground-
-Water Latente soils and two Aliuvial souls. Results 
of X-ray diffraction, differential thermal analysis, 
electron microscopy and chemical analysis are 
presented for the discussion (Fig. 1). 

MATERIALS AND METHODS 

!'rcparation of CIa>' Samples 
The clay fraction was separated from the air-dnied sol] 

Iess than 2 mm in diameter 1,>' the following method: at 
first, organic materiais in soil sample were decomposed 
with 10% of hydrogen peroxide until its da'k color 
disappeared, then the sol] sample was stirred vigorously 
in distilled water by using an electrie stirrer to make 
suspension, and its pH value was adjusted to 8.5 with 
a NaOH solution. fle suspension of cia>', the fraction iess 
than 2 microns, was collected from that of the sou 
according to the Stokes' Law. To the collected suspension, 
CaCl2 was added for aggregation of the cia>' particles, and 
the aggregate was sepaxated by centnifugation, washed 
successiveiy with distilled water, aceton-water mixture 
and aceton, dried at zoom temperature, and pulvenized by 
using an agate mortar. This is the Ca 2t  . saturated cia>' 
sample, and was employed for X-ray diffraction, 
differentiai thermal anaiysis, chemical analysis and 
electron microscopy. 

The cia>' sample saturated with iC was prepared from 
the Ca - saturated sample by washing with 1 N KCi and 
distilled water, sucessively, and used for X-ray diffraction. 

X-Ray diffraction method 
The X-ray difínaction patterns were obtained with 

Co-Ka radiation using a Rigaku Kenki Ltd, Geigerflex 
diffiactometer. The condition of measunement was as 
foliows: voltage and current of X-ray tube, 30kv, 15 mA; 
radius and silt system of goniometen, 190 mm and 1? of 
divergence silt, 0.30 mm of receiving silt, 19of scatter slit; 
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FUI 1. Location af Soil Samples. 

filter for Co-Ka radiation, Fe; counter, argon-sealed-off 
proportional counter, type FR250A;scanning speed, 1 to 
2/min; count fuil scall, 1000 to 4000 cps lime caristant, 
1 to 2 sec. A powder specimen was put in a 18 mm 
x 20 mm rectangular opening of an aluminum sample 
holder on the measurement. A specimen oriented on the 
glass sEde af 50 mm x 35 mm was used to emphasize the 
basal reflection (001) of clay minerais, In addition to the 
random powder specimen. 

Twa types of the specimen saturated with Ca 2  and 
were prepared for examining the change af basal 

spacing aí 2 :1-type clay minerais. Moreover, Ca 2t  - 
saturated specimen was treated with 10% glycerol 
solution in ethanol for the determination aí 
montmorillonite, and 1<' - saturated clay was heated at 
300 and 600 0C for 2 hr in order to confirm gibbsite, 
vermiculite, chiorite and kaolin minerais. Some samples 
were treated with a dithionite-citrate-bicarbonate 
system (Mehra & Jackson 1959), and measured by 
powder method, for the purpose of confirming the  

reflection af iron-oxide minerais such as haematite, 
goethite and lepidocrocite. 
Differential Thermal Analysis 

fle differential thermal analysis (DTA) curves were 
obtained by using a Mitamura, thermal analyzer, at a 
heating rate of 10 0C/min from room temperature to 
i000°c in an ordinaxy atmosphere. 
Chemical A.nalysis of Clay Fraction 

Silicon in the clay sample was determined by 
colorimetiy, molybdenum blue method, after fusion 
with NaOH. fle other elements were determined after 
the dissolution of the sample with a LTF-11 2SO4  system 
treatment. Hydrogen peroxide and o-phenanthroline 
method was used for the colorimetric determination of 
ttanium and iron, respectively. Aiuminum was 
determined by the titration with sodium ethylen-diamine-
tetraacetic acid 4a-EDTA). Manganese, magnesium and 
calcium contents were measured by means of atomb 
absorption method, and that of sodium and potassium by 
flame-photometry. The content of structural water 
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(1120 +) jn the clay samples was determined by heating Clay Mineral Composition of the Soils with Oxid li 
at 800°C for a day in a muffle furnace. Horizon 

Yellow Latosol Samples 
The contents of these elementa were based on the ree proflies of Yellow Latosois in the States of weight dned at 1 10 C for 24 hr ia an oven. Acre, Amazonas and Para were used, and tbe outline of 

Electron Microscopy location, 	original 	material, 	relief, 	dedivity, 	erosion, 
The electron 	micrograph was 	talcen by using a drainage, vegetation 	and 	actual 	use, 	in 	addition 	tu 

Siemens, 	ELMISKOP 	101, 	electron 	microscope, 	at physical 	and 	chemical 	properties 	of the 	sofia, 	are 
accelating voltage of 80 kV and direct magnification presented ia Tables 1 to 3. Each three horizons of the 
of x10000. 11w specimens for the observaflon were samples were used in the experiment, because the ela)' 
treated 	beforehand 	with 	dithionite-citrate-bicarbonate mineral composition is not 5° different among horizons, 
system, to prevent the influence of iron-oxide minerais. iii general. 

TABLE 1. Some properties of samples of LA.!: Location, km 45 of Blt-236, Rio Branco, Acre; Relief, plain to gentie 
undulate; Diclivity, i%;Vegetation, humic tropical foreM; Actual use, unused. 

Hor. 	(Lab. No) 	Depth 	Color 	Texture Partido distribution, % 	Org. - C 	Total - N 	C/N 
cm % 

Coarse 	Fino 	Silt 	Clay 
sand 	sand 

A3 	(15952) 	7-18 	10YR 518 	CL 21 	17 	24 	38 	0.95 	0.09 	11 
B 21 	(15954) 	34-71 	7.5YR 416 	C 22 	14 	22 	42 	0.68 	0.05 	14 
B23 	(15956) 	107- 	7.5YR 518 	C 20 	14 	17 	49 	0.21 	0.03 	7 

pH (1:1) 	 Exchangeable cations, mEll 00 g 	 CEC 	 Avail. -P 
mE/lOOg 	ECP • 	mg/lOOg 

H20 	KCI 	Ca 2 	Mg 2 	NC 	K H 	AI 3  

4.1 	3.9 	0.02 	0.04 	0.01 	0.03 3.70 	2.60 	6.40 	2 	.0.11 
4.6 	4.0 	0.02 	0.03 	0.02 	0.03 3.31 	2.00 	SAl 	2 	0.19 
SÃ 	4.2 	0.04 	0:03 	0.04 	0.02 1.67 	0.80 	2.60 	5 	-0.11 

Exchangeable - Cation Percentage. 

TABLE 2. Some properties of samples of LA-2:Location, Boca do Acre, Amazonas; Relief, piam; Declivity, O to 1% 
Erosion, none; Drainage, good drained; Original material, terciazy sediments; Vegetation, dense forest; 
Actual use, unused. 

Hor. 	(Lab. No) 	Depth 	Color 	Texture Partido distribution, % 	Org. . C 	Total - N 	C/N 
cm 

Coarse 	Fine 	Silt 	Clay 
sand 	sand 

A 1 	(21593) 	0-10 	10YR 313 	L 1 	35 	43 	21 	3.26 	0.21 	15 
8 21 	(21596) 	80-120 	IOYR 618 	CL 0 	27 	38 	35 	0.25 	0.04 	6 
B3 	(21599) 	190- 	IOYR 618 	C O 	23 	34 	41 	0.24 	0.04 	6 

pH (1:1) 	 Exchangeablo cations, mE/100 g 	 CEC 	 Avail. -P 
mE/lOOg 	ECP * 	mgIlOOg 

H20 	ICCI 	Ca 2 	M9 2 	NC 	K H 	AI 3  

3.5 	3.0 	0.14 	0.11 	0.03 	0.16 1.17 	4.60 	6.21 	7 	9.80 
4.4 	3.6 	0.06 	0.04 	0.03 	0.04 1.67 	4.60 	6.44 	3 	-0.11 
4.5 	3.8 	0.09 	0.04 	0.03 	0.04 1.43 	5.00 	6.63 	3 	.0.11 

•Exchangeable . Cation Percentage. 
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TABLE 3. Some properties of samples or LA-3: Location, km 20.3 o( the highway, Acará - Moju, Pará; Reief, plain to 
gentie undulate; Declivity, piam; Erosion, practicalley fone; Drainage, good drained; Original material, clayey 
sediments;Vegetation, humic tropical forest; Actual use, unused. 

Hor. 	(Lab. No) 	Depth 	Color 	Texture 	Particle distribution, % 	Org. - C Total - N 	C/N 
cm 	

% 
Coarse 	Fine 	Silt 	Clay 

sand 	sand 

A 1 	(20429) 	0-7 	10YR4/3 	Si- 	28 	33 	22 	17 	1.24 	0.09 	14 
83 	(20430) 	7-22 	10VA 614 	SC 	18 	31 	13 	38 	0.55 	0.05 	11 
822 	(20432) 	56-94 	IOYR 616 	C 	13 	18 	11 	58 	0.39 	0.03 	13 

pH (1:1) 	 Exchangeable cations, mE/100 g 	 CEC 	 Avail. -P 
mE/lOOg 	ECP * mg/lOOg 

H 20 	KCI 	Ca 2 	Mg 	Na 	iC 	H' 	A1 3  

3.9 	35 	0.25 	0.11 	0.04 	0.06 	2.65 	1.80 	4.91 	 9 	0.38 
4.0 	3.6 	0.07 	0.05 	0.03 	0.04 	1.66 	1.80 	346 	 5 	013 
4.6 	4.4 	0.03 	006 	0.04 	0.03 	0.68 	1.40 	2.11 	 6 	-0A1 

Exchangeable - Cation Percentage. 

These 	soils have very 10w pli value, low cation- LA-i and LA-2 suggests high content of kaolin minerais 
-exchange 	capacity 	(CEC) 	value 	and extremely low and free iron oxides, respectively. The contenta o! MgO 
exchangeable-cation 	percentage 	(ECP). 	Available and K20 were low in LA-1 and LA-2, which indicates 
phosphorus is also very poor except ia the A' horizon the 	rare 	presence 	o! 2:1-type 	clay 	minerais such as 
ofLA-2. montmorillonite, 	vermiculite 	and 	mica 	minerais. 	An 

Chemical analysis unusuaily high content o! CaO ia the A
' 
 horizon o! 

LA-2 should be caused by its precipitationwith oxalate 
Chemical composition of the clay fractions of three which 	is 	an 	intermediate 	product 	during 	the 

Yeilow Latosols ia shown ia Table 4. The 10w values of composition of organic materiais with warmed hydrogen 
the ratio of silicato alumina, and high content ofironin peroxide. 

TABLE 4. Chemical composition of the clay fracüon o! Yellow Latosols. 

Soil 	 LA-1 LA-2 	 LA-3 
Hor. 	- 	 A3 	821 	823 	A 1  B2 1 	83 	A 1 	A3 	822 

LabNo 	15952 	15954 	16956 	21593 21596 	21599 	20429 	20430 	20432 

Si02  34.66 33.53 33.04 38.70 38.76 
TiO2 122 1.48 1-67 1.92 1.57 
Al 203 36.06 34.95 35.81 29.46 32.63 
Fe203 11.74 12.57 12.26 969 10.49 
MnO 0.01 0.01 0.01 0.01 0.01 
MgO 0.02 0.02 0.03 0.19 0.15 
CaO 0.76 0-65 0.75 2.68 1.21 
Na20 0.20 0.25 0.17 0.25 0.25 
K20 0.26 0.24 0.28 0.65 033 
H 20 15.73 15.67 15.95 15.90 14.11 
Total 99.66 99.37 99.97 99.35 99.91 

37.63 44.59 43.75 40.63 
1.57 2.89 2.38 2.33 

30.75 32.39 32.41 36.68 
14.68 4.94 545 5.29 
0.01 0.01 0.01 0.01 
0.13 0.02 0.02 0,01 
0.87 0.61 0.55 0.52 
0.25 0.14 0.29 0.13 

0.76 0.09 0.10 009 
1309 14.62 14.09 14.52 
99.74 100.30 99.05 100.21 

Si021Al203 	1.68 	1.63 	1.57 	2.23 	2.02 	2.08 	2.34 	2.29 	1.88 
5i021R203 	1.38 	1.32 	1.29 	1.84 	1.67 	1.59 	2.13 	2.07 	1.72 

Based on 1100C - dried weight. 
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X-ray diffractian 
ln Fig. 2, the X-ray difíraction patterns of fite clay 

fraction of Yellow Latosols by a powder method are 
presented, and ali of the charts ind a very strong 
diííraction peak at 7.24 and 3.58 A associated with 
kaolinite Kitagawa & Watanabe (1970). Dais result shows 
that kaolinite is a dominant clay mineral in Yellow 
Latosois, and coincides with that aí previous studies 
(Sombroek 1966, Chiba 1970, Iwasa 1976) as mentioned 
before. Judging from the intensity the diífraction peak, 
the kaolinite content aí LA-3 was fite highest ai fite three. 
The presence ai a very weak peak at 10 A in LA-2 
suggests the occurrence of a small amount of mica 
minerais leit behind from the weathering process. The 
cantent of 1(20  as an indicator of occurrence oi mica 
minerais was about 0.7% and slightly high in LA-2 
(Table 4). 

GOETHrE 	OOETHITE 	LZPIDOCROC1TE 	PIESATITE 

26* 

0 R GI NA L 	 LIO 

TRE ATE O 

LA-IA, 	PY.3.8 	SPH-2.A,9 	TRE.Si 
(15952) 	(23725) 	(20613) 	(17775) 

FIG. 2. X-flay Diffraction Patterns of Powder Clays in 
Veiiow Latosois: K, Kaoiinite; Mi, Mica Minerais; 
Gb, Gibbsite; Ht, Hematite; Gt, Goethite; Lp, 
Lepidocrocite; O, Quartz. 

A small amount of gibbsite was found in aU the 
horizons ai LA-1 because of the occurrence ai 
a diffraction peak at 4.85 Â. LA-2 also contained trace aí 
gibbsite. 

Considerable amounts ofgoethite at 4.17 A and a smafl 
amount of haematite at 2.69 A were present in LA-! and 
LA-2. The content ai goethite in LA-3 was low for the 
low intensity oi the difiraction peak. The suboil aí LA-2 
contained a small amount aí tepidocrocite whose 
difiraction peak is at 6.30 Â. The diffraction peaks aí 
these iron-oxide minerais disappeared by the treatment 
with a dithionite-citrate-bicarbonate system aiter Mehra 
& Jacksan (1959) as shawn (ri Fig. .3. luis result agreed 
with the high contents ai Fe 203  in the clay fraction ai 
LA-! and LA-2 (Tabie 4). 

The weaic difiraction peak at 335 A found in aU the 
samp)es was associated with the presence ai a small 
amount ai quarta. 

DTA 

lute DTA curves of ali the cia>' fraction ai Yellow-
-Latosais (Vi8. 4) had a large eodothermal peak near 
5500C and a shaip exothermal peak near 900 012, and 
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showed tire occurrence aí a large amount ai kaolin 
minerais. An endothermal peak near 300 0C in ali the 
harizons ai LA-1 and the A 1  aí LA-2 was ariginated 
in gibbsite. This supparts the result aí the X-ray 
difiraction method. 

Red-Ydilow Latosol Samples 

Three samples ai Red-Yeliow Latosols from Acre, 
Amazonas and Pará were employed, and their 
properties are shown in Tabie 5 through 7. The plI value, 
CEC value, FtP, as well as the contents aí organic carban 
and available phosphorus are very law in these soils. 

Qiemical analysis 

'risc ratio aí sUlca to alumina was ratiier high iii 
LVA-1, ver>' low in LVA-2, and relatively 10w ia LVA-3 
(Table 8). The contents aí MgO and K20 were a little 
higb in LVA-1, and the structural water (1120+) content 
was relatively low, whlch were presumed to be a co-
-existence oí mica minerais and ather 2:1-type minerais 
in LVA-1. On the other hand, this table also shows the 
ver>' high cantent ai 1120 + in LVA-2. The abundant 
structural water and 10w values aí the ratio ai sílica to 

LA-) 

A, 1159 52 

823(15956) 

LA-2 

A, (21593) 

821 (21596) 

83 (21599) 

LA-3 

4, (20429) 

43 (20430) 

Ba(2O432) 

F1G. 3. Changes af X-Ray Diffraction Patterns of iran-
-Oxide Minerais after treatment with Dithianite-
Citrate-Bicarbonate System (15). 
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alumina in the clay fraction suggest the presence of 
gibbsite, A1(OH)3, of which water content is 34.65% in 
weight. The Fe203 content was high in LVA-1. 

X-ray diffraction. 	 LA-1 
A 3 (15952) 

X-ray diffraction patterns of the powder specimens of 

	

three Red-Yellow Latosois are shown in Fig. S. la the 	82(15954) 
clay fraction of ali three soils, kaolinite, having the basal 

	

spacing of 7.24 A, was a dominant clay mineral. Ali the 	B23fl5956) 
horizons of LVA-1 contained mica minerais because a 
lo A peak was noticed ia the difíraction charts. A small 
amount of montmorillonite or vermiculite called 
14 A minerais was found ia the subsoil of LVA-l. Tua 
presence of 21-type minerais ia LVA-1 had been already LA2 
presumed by the chemical analysis. 	 A (21593) 

	

fle strong diffraction peak at 4.85 and 4.39 A in 	B21 (21596) 
LVA-2 suggest that a considerable amount of gibbsite 

	

esu in ali the hoSons, as assumed above. But gibbsite 	83(21599) 
 

is not a dominant mineral in LVA-2 considering the 
intensity of the diffraction peak. The absolute peak 
intensity of pure gibbsite is extremely high. 

	

Small amounts of haematite (2.69 A) and goethite 	LA-3 
(4.17 A) were found ia LVA•l and LVA-3, while, only a 
smail amount of goethite was found in LVA-2 and 
haematite was not detectable. A3(20430) 

	

The diffracüon peak at 3.35 and 4.25 A ia LVA-1 	522(20432) 
indicates the presence of quartz. The other t -wo soils had 
very small amount of quartz. In LVA-2, a small amount 
of feldspar was detected through the occurrence of a 
srnallpeak at 3.20 A. 

DTA O 	200 	400 	600 	800 	1000% 

	

The DTA curves of the clay samples of Red-YetIow 	FIG. 4. OTA Curves of Clays in Yellow Latosols. 

TABLE S. Some properties of samples of LVA•I: Location, Área of Montevideo rubber field, Brasileia, Acre; Relief, 
gentie undulate; Drainage, good drained; Vegetation, virgin forest. 

Hor. (Lab. No) Depht Colar Texture Particle distribution, % 	Org. 	C Total - N C/N 
cm % 

Coarse 	Fine Silt Clay 
sand 	sand 

A 1  (11130) 0-16 7.5YA 514 Si- 8 	53 24 15 	035 0.09 8 

8 2 (11133) 63-116 5VR416 SCL 5 	41 23 31 0.04 

BI (11134) 116-160 5VR 514 SIL 8 46 46 0.06 

pH (1:1) Exchangeable cations, mE/iDO g CEC Avail. -P 
mE/lOOg ECP • mg/1009 

H20 KCl Ca 2t  Mg 2  Na H Al 3  

3.8 3.4 0.68 0.15 0.03 0.13 	5.13 1.21 7.33 14 0.66 
4.7 3.7 0.03 0.21 0.03 0.22 	1.66 2.04 4.19 12 0.16 
4.6 3.5 0.02 0.63 0.03 0.21 	1.73 8.76 11.33 7 0.11 

Exchangeable - Cation Percentage. 
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TABLE 6. Some properties of sainples of LVA-2: Locadon, Uaupés, Amazonas; Relief, gentie undulate; Decivity, 5 to 
7%; Erosion, light laminate; Orainage, good drained; Original material, gramite/granodiorite; Vegetation, 
grau Iam!. 

Hor. 	(Lab. No) 	Depht 	Color 	Texture Particle dístribution, % 	Org. - C 	Total - N 	CIN 
cm % 

Coarse 	Fine 	Silt 	Clay 
sand sand 

A1 	(20493) 	0-30 	10 'iR 412 	SCL 	31 19 	17 	27 	1.58 	0.09 	18 
6 2 	(20496) 	100-140 	5YR 618 	e 	20 17 	22 	41 	0.61 	0.01 	61 

pH (1:1) 	 Exctangeable cations, mE/1009 	 CEC 	 Avail. -P 

H 20 	KCI 	Ca 2t 	M9 2t 	Na' 	Kt  
mE/1009 	ECP* 	mg/lOOg 

 H t 	Al3 

4.6 	4.2 	0.06 	0.05 	0.03 	0.04 6.88 	1.20 	8.26 	2 	0.13 
5.6 	5.2 	0.09 	0.05 	0.02 	0.02 0.95 	0.20 	1.33 	14 	'0.11 

Exchangeable - Cation Percentage. 

TABLE 7. Some properties of samples of LVA-3; Location, km 	1 of the highway, Óbidos - Oriximina, Pará; Relief, 
gentle undulate; Declivity, 3%; Drainage, good drained; Original material, Barreiras formation, Terciaiy; 
Vegetation, dense torest; Actual use, unused. 

Hor. 	(Lab. No) 	Depht 	Color 	Texture Partido distribution, % 	Org. - C 	Total - N 	C/N 
cm % 

Coarse 	Fine 	Silt 	Clay 
sand sand 

A 1 	(20049) 	0-16 	7.5YR412 	LS 	71 8 	13 	8 	1.03 	0.07 	15 
• 	(20051) 	70-100 	7.5YR 5/4 	SL 	59 11 	12 	18 	0.32 	0.03 	Ii 

822 	(20053) 	120- 	SYR 516 	Si- 	63 11 	9 	11 	0.17 	0.01 	17 

pH (1:1) 	 Exchangeable cations, mE/100 g 	 CEC 	 Avail. -P 
mE/iOOg 	ECP • 	rng/lOOg 

H20 	KCI 	Ca 2 	Mg 2 ' 	 Na' 	K H 	AI3t 

3.6 	3.6 	0.06 	0.07 	0.03 	0.06 3.15 	1.80 	5.16 	4 	0.49 
4.4 	4.1 	0.01 	0.02 	0.02 	0.03 3.98 	0.80 	4.86 	2 	-0.11 
4.5 	4.1 	0.01 	0.01 	0.02 	0.03 2.83 	0.80 	3.10 	2 	-0.1 1 

Exchangeable - Cation Percentage. 

Latosois are clrawn in Fig. 6. It was confirmed that was used, and the properties of the soil are represented iii 
kaolinite was a dominant mineral in ali the samples, and Table 9. The reaction of the soil is moderately acid. ECP 
considerable amount of gibbsite was present in LVA-2, is considerably high although the CEC value is not high, 
judging from the occurrerice of the DTA peak near 550 and the later is dependent on the content of organie 
and 9000 42, respectively. In LVA-1, tbe peaks associated matter. Exchangeable Ca 2 	is relatively higia ia the A 5  
with kaolin minerais were relatively weak because of the horizon. Availabte phosphorus is extremely poor ia the 
co-edstence 	ef 	2:1-type 	minerais. 	The 	content 	of subsoil. 
kao]inite was very h.igh, so that the intensity of the 
DTA peak was very high ia LVA-3. Chemical analysis 

"Latossolo Roxo" sol Samples Table 10 shows the chemical cornposition oftheclay 
fraction of "Latossolo Roxo" soU. The ratio of sihcate 

A "Latossolo Roxo" sol found ia the State of Pará to alumina was low, and the contents of bases were low, 
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TABLE 8. Chemical composition of the clay fraction of Red-Yellow Latosola. 

Soli 
Hor. 
Lab.No 

A1 
11130 

LVA-1 
B2 

11133 
831C 

11134 

LVA•2 
A1 

20493 
62 

20496 
A1 

20049 

LVA-3 
B1 

20051 
6 22 

20053 

48.28 42.87 50.91 26,19 26.40 41.04 40.90 40.85 
TiO2 0.98 0.96 0.99 2.84 2.59 0.88 0.16 0.84 
Al203 26.47 29.42 26.76 43.51 44.04 35.58 36.99 36.31 
Fe203  10.20 12.29 1.62 5.83 5.54 5.14 5.41 5.58 
MnO 0.03 0.05 0.01 0.01 tr. 0.01 0.01 0.01 
M90 0.21 0.26 0.41 tr. tr. 0.01 0.01 0.01 
CaO 0.80 0.65 0.81 0.78 0.90 1.18 0.79 0.74 
Na20 0.36 0.35 0.44 0.12 0.11 0.10 0.14 0.10 
1<20  1.81 1.85 2.48 0.06 0.08 0.07 0.07 0.05 
H2Ø 10.15 10.81 8.51 20.33 21.30 15.28 14.60 15.36 
Total 99.29 99.51 99.00 100.27 100.96 99.28 99.68 99.85 

S102/Al203 3.10 2.47 3.23 1.04 1.02 1.96 1.88 1.91 
S1021R203 2.49 1.95 2.73 0.96 0.94 1.79 172 1.74 

Based on 110°C - dried weight. 

while, 	the Fe203 content was very high. This result 
suggests 	the 	occurrence 	of 	kaolin 	and 	iron-oxide 
minerais. LVA-I 

X-ray diffraction A1(11130) 

The 	X-ray 	diffraction 	patterns 	of the 	powder 
8i(11133) 

specimens 	of "Latossolo 	Roxo' 	soil are 	drawn ia 
Fig. 7. The diffraction peak at 7.24 and 3.58 A originated 
in kaolinite, which was regarded as a dominaM clay 8 ç (1I134) 

mineral for the high peak intensity. 
A smafl amount af gibbsite was detected by the 

occunence of the diffraction peak at 4.85 A in aU the Lfl.2 

horizons. 
Enough haematite with 2.69 A peak and goethite 

with 4.17 A were found as presumed from the chemical 
composition. 82(20496) 

Trace of quartz (3.35 A) occuued in the clay fraction 
of ali the horizons. 

DTA 
LVA.3 

The DTA curves of the clay specimens of "Latossolo 4(20049) 
Roxo" sail shown ia Fig. 8 confirmed the presence of 
kaolinite as a dominant mineral. They had a small B (2005) 1 endothermal peak near 300't associated with gibbsite. 

Gay Mineral Composition af the Sofis with Textura) B 
B42005 

ilorizon 

Red-YelIow PodzoIic $011 Samples 

Three Red-Yellow Podzolic soils were collected ia 
Acre, Amazonas and Pará, and listed in Table 11 te 13. 
The soU reaction is very strongly acid in PVA-1 and 
PVA-2, and extremely acid ia PVA-3. The CEC values are 

15 10 	7 	3 	4 	45 	a 	7X 

FIG. 5. X-Ray Diffraction Patterns of Powder Clays In 
Red-Yellow Latosois: K, Kaolinite; Mi, Mica 
MineraIs; V, Verniiculite, Gb, Gibbsite; Ht 
Hematite; Gt, Goethite; Q, Quartz; F, Feldspar. 

Pesq. agropec. bras., Brasília, 14(3):201-228,jul. 1979. 



Sou 
Hor. 

Lab.No 

A1 

18511 

LR-1 
B1 

18513 
8 22 

18515 

5102 36.24 34.75 32.90 

TIO2 1.15 1.12 1.06 
Al203 30.88 30.96 32.82 
Fe203 14.80 15.74 16.50 
MnO 0.04 0.05 0.05 
MgO 0.06 0.04 0.03 

CaO 0.93 0.96 0.84 

Na20 0.20 0.13 0.14 

K20 0.32 0.23 0.20 

H20' 14.77 15.97 15.45 

Total 99.39 99.95 99.99 

LVA-1 

Ai(11130) 

Bz(11133) 

8x(1u134) 

llAI 
IVA -2 

82(20496) 
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TABLE 9. Some properties of samples of LR-1: Location, Rio Fresco, Pará; Relief, undulate to strong undulate; 
Declivity, 10 to 15%; Erosion, apparently fone; Drainage, good drained; Original material, Crio Paxá 
group; Vegetation, dense forest; Actual use, cultivation of cassava 

Hor. 	(Lab. No) 	Oepht 	Color 	Texture 	Partido distribution, % 	Org. - C Total - N C/N 
cm 	 % 	% 

Coarse 	Fine 	Silt 	Clay 
sand 	sand 

Al 	(18511) 	0-15 	5YR 313 	L 	13 	17 	47 	23 	1.33 	0.03 	4 
B 1 	(18513) 	35-50 2.5YR416 	C 	8 	10 	35 	47 	0.62 	0.09 	7 
B22 	(18515) 100-120 2.5VR 3/6 	C 	6 	5 	37 	52 	0.31 	0.03 	10 

pH (1:1) Exchangeable cations, mE/1009 

H 20 KCI Ca 2  Mg 2  Na IC H 

5.7 6.3 6.06 2.31 0.03 0.34 1.32 
5.7 5.0 1.00 1.24 0.03 0.21 1.81 
5.3 4.8 0.27 0.85 0.02 0.17 1.65 

Exchangeable - Cation Perntago. 

	

CEC 	 Avail. -P 

AI 3 

	mE/lOOg 	ECP • mg/lOOg 

o 	10.06 	87 	0.76 
o 	4.29 	58 	-0.11 
o 	2.96 	44 	-0.11 

TABLE 10. Chemical composition of tbe clay fraction of 
fite mil called "Latossolo Roxo" 

IVA-3 
Si021Al203 	1.99 	1.90 	1.70 

Al (20049) Si021R203 	 1.53 	1.44 	1.29 

8 (2005!) 
'Based on 110°C- dried weight. 

822(20053) 	

and available phosphoms is vew )ow ia ali e soil samples. 
xelatively low, ECP is extremely low ia PVA-2 and PVA-3, 

Chemical analysis 

1 	fil 	 The chemical composition of the clay fraction of 

0 	200 	400 	600 	800 	10°C 	
three Red-YeIlow Podzolic solls is shown ia Table 14. The 
ratio of sulca to alumina was slightly high la PVA-1, 

FIG. 6. DTA Curves ot Clays in Red-VeIlow Latosois. and low ia PVA•2 and PVA-3. A moderately high content 
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TABLE 11. Some properties of samples of PVA-l: Location, km 15 of BR-2361317, Rio Branco - Xapuri, Acre; Reief, 
plain to gentie undulate; Declivity, 3%; Erosion, fone; Drainage, good drained; Original material, terciary 
secliments; Vegetation, secondary forest. 

Hor. (Lab. No) Depht Color 	Texture 	Particle distribution, % 	Org. - C Total- N C/N 
cm % 

Coarse 	Fine Silt 	Clay 
sand 	sand 

A3  (21021) 3-10 7.5 VR 414 	L 	4 	34 40 	22 	1.47 0.02 7 

6 21 (21023) 30.60 5 VR 518 	C 	4 	24 31 	41 	0.27 0.06 5 
63 (21025) 130-180 10YR 618 	C 	4 	17 27 	52 	0.41 0.06 7 

pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P 
mE/lOOg ECP * mg/lOOg 

H2O lcd Ca 2  Mg 2 	Na' 	 H' AI 3 ' 

4.8 4.2 3.72 1.23 	0.03 	0.19 	5.67 0.60 	11.44 45 0.84 
4.8 3.6 0.44 0.92 	0.02 	0.05 	2.73 4.20 	8.36 17 0.11 
5.0 4.4 0_10 0.32 	0.03 	0.06 	2.48 560 	8.59 6 0.33 

Exchangeable - Cation Percentage. 

TABLE 12. Some properties of samples of PVA-2:Location, Uaupés, Amazonas; Relief, piam; Decivity, O to 11%; 
Erosion, none; Drainage, good drained; Vegetafion, forest. 

Hor. (Lab. No) Depht Colar 	Texture 	Particle distribution, % 	Org. - C Total - N C/N 
cm % 

Coarse 	Fine Silt 	Clay 
sand 	sand 

A3 (20618) 10-25 5YR414 	CL 	26 	16 29 	29 	1.72 0.12 14 

Bti (20679) 25-50 5 'iR 518 	CL 	28 	15 26 	31 	1.27 0.08 16 

6 2 (20681) 75-110 5YR 618 	CL 	29 	15 19 	37 	0.65 0.06 11 

pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P 
mE/lOOg ECP' mg/lOOg 

H20 KCI Ca 2 ' Mg 2 	Na' 	K 	 H t  AI 3  

5.0 4.2 0.04 0.07 	0.04 	0.05 	6.58 2.00 	8.78 2 0.16 
4.8 4.2 0.04 0.05 	0.03 	0.03 	4.60 200 	6.75 2 0.11 
4.9 4.3 0.05 0.04 	0.03 	0.04 	2.12 2.00 	4.28 4 -0.11 

Exchangeable - Cation Percentage. 

aí K20 and a slightly low content aí H 20 + presumed 	ia Fig. 9 and 10. lcaolinite was a dominam mineral ia 
the co-existence oí mica minerais ia PVA-1 as ia the case 	ali the samples judging írom the occurrence of a strong 
aí LVA-l. In the other samples, the base contents were 	difíraction peak at 7.24 À Mica mineral with 10 Abasal 
very Iow. The content of 1120 + was relatively high ia 	spacing was found ia PVA-1 as presumed from the 
PvA-2, which should indicate the occurrence aí gibbsite 	chemical composition ia Tabte 14. A small amount of 
as mentioned ia LVA-2. The Fe203 content was higli ia 	dioctahedrai vermiculite was present ia PVA-2, which was 
all the samples, especialiy in PVA-2. 	 detected by observing the changes aí 14 A basal spacing 

with several treatment. This diffraction peak was not 

X-ray difíraction 	 changed by glycerol and iC saturation, and shifted 
toward lo A by heating at 300 and 6009C after the clay 

The results of the X-ray diífraction method ia the 	specimen was saturated with K (Fig. 10), as described 
clay fraction aí the Red-Yellow Podzolic soils are shown 	by Brown (1953). 
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FIG. 9. X-Ray Djffraction Patterns of Powder Clays in 
Red-YeIIow PodzolicSoils: K, Kaolinite; Mi, Mica 
Minerais; V, Vermiculite, Gb, Gibbsite; Ht Hema-
tite; Gt, Goethite; Q, Quarta; F, Feidspar. 

fraction of PVA-2. The content of kaolinite in PVA-3 was 
very high, judging from lhe high intensity of an 
endothermal and an exothermal peak near 550 and 
900°C, respectively. 

Electron microscopy 

l'he electron micrograph of lhe specimen from lhe 
21 horizon of PVA-3 (Fig. 12) shows the occurrence 

of smali formless-or-hexagonal-piate particies which were 
associated with soil kaolinite (Kitagawa 1976). A very 
smail amount of metahalloysite or hailoysite particles 
of which shape is tabuiar (TCitagawa 1976) was also found 
in this photograph. It is generally thought that a small 
aznount of metahalloysite or hailoysite should be 
co-existing even if kaolinite is predominant in solIs 
because of lhe similaiity between their stnzctures. 

"Terra Roxa Estruturada" soil Samples 

Two sampies of lhe so-called "Terra Roxa Estrutura-
da" soils were used, and theix properties are shown in 
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1 11-1 

Â i )18 511) 

8,08513) 

8S18515) 

FIG. 7. X-Ray Diffraction Patterns of Powder Clays in 
Latossolo Roxo: K, Kaolinite; Mi, Mica Minerais; 
Gb, Gibbsite; Ht, Hematite; Gt, Goethite; Q, 
Quartz. 

O 	200 	400 	COO 	800 	l000 

FIG. 8. DTA Curves of Ciays in Latossolo Roxo. 

Considerable amount of gibbsite was noticed in PVA-2 
by lhe presence of 4.85 and 4.39 A diffraction peaks, as 
well as in lhe chenical analysis. 

Haematite with 2.69 A pealc and goethite with 4.17 A 
were found in ali lhe sampies of Red-Yellow Podzolic 
soiis. The diffraction peak at 4.17 Adisappeared with the 
treatment by Mehra & Jackson (1959) (Fig. 3). The 
occurrence of iron-oxide minerais was coincident with 
lhe high content of Fe 203  in lhe clay fraction of lhe 
soils. 

The diffraction charts of EVA-1 had lhe peaks aI 
3.35 and 4.25 A associated with quarta, and its content 
in lhe upper horizon was higher than in lhe subsoil. Trace 
of quarta also existed in PVA-2 and PVA-3. Feldspar with 
lhe peak at 3.20 Awas detectable in PVA-1 and PVA-2. 

II) ti 

The DTA curves of lhe specimens of Red-Yellow 
Podzolic soils drawn in Fig. 11 supported the occurrence 
of kaolinite in ali lhe sampies and gibbsite in lhe clay 
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TABLE 13. Some propertics of samples of PVA-3: Location,Experimental field aí EMBRAPA, Altamíra, Faia; Relief, 

undulate to gentie undulate; Dectivity, O to 5%; Erosion, practically fone; Drainage, good drained; Original 

material, Curuá formation, superior Devonian; Vegetation, tropical forest; Actual use, exploited primary 

foreat. 

Hor. 	(Lab. No) 	Depht 	Calor 	Texture Particle distributian, % 	Org. - C Total - N C/N 

cm % 
Coarse 	Fine 	Silt 	Clay 

sand sand 

A 1 	(23722) 	0-8 	5 YR 314 	C 	10 8 	14 	68 	1.81 0.19 10 

A3 	(23723) 	8-27 	5 '(A 414 	C 	7 8 	11 	74 	0.97 0.14 7 

B21 	(23725) 	54-103 	5 VA 418 	C 	5 6 	11 	78 	0.57 0.06 10 

B2 	(20681) 	75-110 	5 VR 618 	CL 	29 15 	19 	37 	0.65 0.06 11 

pH (1:1) 	 Exchangeable cations, mE/100 g 	 CEC Avail. -p 
- mE/lOOg ECP * mg/1009 
H 20 	KCI 	Ca 2 	M9 2 ' 	 Na' 	K H 	AI 3 ' 

3.9 	3.6 	0.13 	0.18 	0.10 	0.07 5.19 	6.03 	11.70 4 0.38 
4.0 	3.7 	0.06 	0.09 	0.03 	0.04 3.76 	4.82 	8.80 3 0.11 
4.4 	3.9 	0.03 	0.04 	0.03 	0.03 1.86 	3.42 	5.41 2 0.11 

Exchangeable - Cation Percentage. 

TABLE 14. Chemical composition of the clay fraction of Red - YelIow Podzolic soils. 

soil 	 PVA-1 PVA-2 PVA-3 

Hor. 	 A3 	621 	63 	A3 B 11 	6 2 	A 1  A3  6 21 

Lab.No 	21021 	21023 	21025 	20678 20619 	20681 	23722 23723 23725 

Si02 	 43.36 	43.02 	40.27 	26.90 24.19 	27.48 	38.02 37.06 38.29 

TIO2 	 1.52 	1.14 	0.99 	2.02 2.13 	1.85 	0.96 0.98 0.92 

Al203 	 30.20 	29.48 	31.39 	37.35 38.75 	35.09 	34.83 35.58 34.04 

Fe203 	11.12 	11.52 	12.77 	14.69 15.83 	14.74 	11.00 11.48 11.41 

MnO 	 0.04 	0.02 	0.01 	0.01 0.01 	0.01 	0.01 0.01 0.01 

MgO 	 0.20 	0.20 	0.21 	0.03 0.03 	0.02 	0.01 tr. tr. 

CaO 	 0.89 	1.10 	0.99 	0.76 0.89 	0.72 	0.57 0.72 0.63 

Na20 	 0.35 	0.35 	0.33 	0.11 0.16 	0.11 	0.10 0.11 0.16 

K20 	 1.60 	1.55 	1.48 	0.30 0.28 	0.27 	0.09 0.08 0.08 

H 20' 	 10.19 	11.26 	11.01 	17.25 17.01 	18.75 	14.05 14.24 13.92 

Total 	 99.47 	99.64 	99.45 	99.42 99.28 	99.04 	99.64 100.26 99.46 

S02/Al203 	2.44 	2.48 	2.18 	1.22 1.06 	1.33 	1.85 1.77 1.91 

Si021A203 	1.97 	1.98 	1.73 	0.98 0.84 	1.05 	1.54 1.47 1.57 

* Based on 110°C - dried weight. 

Table 	15 	and 	16. 	These soils were obtained fram the composition in TRE-2 and TRE-1. ECP is considerably 
States aí Mato Grosso and Pará. Tbe reaction of the soils higli ia 	connection 	with 	the relatively 	high 	content 
is slightly acid. The CEC value, exchangeable Ca 2t  and aí exchangeable Ca 2 	and Mg 2  exccpt 	in 	the 	Ap 
EU' are very high in the Ap horizon ofTRE-1. The CEC horizon aí TRE-1. Available phospharus is extremely 10w 
values of the subsofi of TRE-2 are higher than those aí in TRE-2. 

TRE-1, in spite of a rather hígh content of arganic carbon 

in the latter and the similarity aí tbeir clay content. Cmical anab'sis 

Tbis 	fact 	suggests 	a 	difference 	in 	the 	clay 	mineral The chemical composition of the clay samples o! the 

Pesq. agropec. bras., Brasília, 14(3):201-228,jul. 1979. 
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TABLE 15. Some properties of samples of TRE-1: Location, Rio Negro, Mato Grosso Cáceres, Mato Grosso; Reief, 
undulate lo mountainous; Declivity, 10%; Erosion, moderate laminate; Drainage, good drained; Original 
material, basalt; Vegetation, forest; Actual use, coffee fieM. 

Hor. 	(Lab. No) 	Depht 	Color 	Texture 	Partido distribution, % 	Org. - C Total- N C/N 

cm 	 % 	% 

Coarse 	Fino 	Silt 	Clay 
sand 	sand 

(17773) 	0-12 	2.5YR 312 	C 	7 	13 	40 	40 	2.39 	0.26 	9 

B 1 	(11775) 	34-60 	IOYR 314 	C 	6 	13 	23 	58 	1.01 	0.08 	13 

822 	(17177) 100-140 2.5VR 3/4 	C 	6 	16 	22 	51 	0.52 	0.05 	10 

	

pH (1:1) 	 Exchangeable cations, mE/100 g 	 CEC 	 Avail. -1' 

mE/lOOg 	ECP • mg/lOOg 

H20 	KCI 	Ca 2 	M9 2 	NC 	K 	 H 	Al 3  

6.6 	6.2 	29.30 	1.19 	0.02 	0.28 	0.38 	O 	31.12 	99 	2.70 

6.1 	4.5 	2.33 	0.52 	0.03 	1.28 	5.01 	O 	9.17 	45 	0.65 

5.4 	5.1 	2.13 	0.17 	0.02 	0.58 	1.65 	O 	4.56 	65 	0.13 

Exchangeable - Cation Percentage. 

TABLE 16. Some properties of samples of TRE-2 Location, km 28 of the highway, Obidos - Alenquer, Pará; Relief, 
gentle undulate to irndulate; Declivity, 6%; Drainage, good drained; Original material, basie rocks; 
Vegetation, forest; Actual use, cultivation of maize, jute and cassava. 

Hor. 	(Lab. No) 	Depht 	Color 	Texture 	Particle distribution, % 	Org. - C Total - N C/N 
cm 	 % 	% 

Coarse 	Fine 	Silt 	Clay 
sand 	sand 

A 	(20054) 	0-7 	2.5YR414 SiCL 	10 	9 	45 	36 	1.18 	0.13 	9 

821 	(20056) 	19-55 2.5 VR 316 C 	2 	4 	32 	62 	0.43 	0.05 	9 

83 	(20058) 	95- 	2.5 YR 316 C 	1 	5 	40 	54 	0.20 	0.03 	7 

	

pH (1:1) 	 Exchangeable cations, mE/100 g 	 CEC 	 Avail. 4' 
mE/lOOg 	ECP 	mg/lOOg 

H20 	KCI 	Ca 2 ' 	M9 2 	Na 	K 	 H 	Al 3  

5.5 	5.0 	5.62 	1.56 	0.05 	0.19 	4.62 	O 	12.04 	62 	0.11 

5.9 	5.3 	5.87 	1.70 	0.03 	0.04 	3.63 	O 	11.27 	68 	-0.11 

6.1 	5.6 	6.62 	2.79 	0.03 	0.03 	2.80 	O 	11.27 	75 	0.16 

Exchangeable - Cation Percentage. 

soils called "Teira Roxa Estruturada" is prescnted in 	X-ray diffraction 

Table 17. The result of the chemical analysis was 
charactcrizcd by the extrcmcly high content of Fe203. 	The X-ray diffraction charts of the powder specimens 

About one third of their clay fraction was occupied by 	of "Terra Roxa Estruturada" soils are shown iii Fig. 13. 

Fe203 in TRE-1, bccause the soil originatcd from basic 	The diffracúon pealc at 7.24 A suggested that kaolinite is 

rocks as shown in Table 15. The ratio of silicato alumina 	a dominant cia>' mineral, because the peak intensity of 

in TRE-1 was cxtremcly 10w, while in TRE-2 was similar 	layer silicates is relativcly low lii the case of the powder 

to the lateritic soils. Thc base contents of these soils 	method. A smafl amount of dioctahedrai vermiculite was 

wcrc not so high. 	 detected by looking over the changes ol' basai spacing at 
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PVA-2 

Co-RT 

Ca-gly 

067gI 68,% 

5-Ri 

K-300 

(-600 

18'' 	10 	 ais 	 'IR 	lO 

FIG. 10. Changes of Basal Spacing of Oriented Clays Ir, 
PVA-2 after several Treatments: Ca-RT, Ca 2  
- Saturated, Room Temperature; Ca-gly, Ca 2  - 
and Glycerol Saturated; IC-RT, K' - Saturated, 
Room Temperature; IC-300, Kt  - Saturated, 
Heated aI 3000C; K-600, I< - Saturated, 
Heated aI 600°C. 

14 A (Fig. 14). The presence of metahalloysile ia TRE-2 
attracted attention ia particular, which conflrmed from 
the presence of the dií&action peak at 7.34 A(Kitagawa 
1976). The peak intensily also suggested that 
melahallaysile is predominant in this sou. 

• In lhe TRE-1, a large amount aí haematite connected 
wilh the diffractian peak at 2.69 AwIüch disappeared by 
the dithionile-citrate-bícarbonite system (Fig. 3), was 
found in ali the horizons. A small amount aí lepidacrocite 
with 6.30 A peak was idenlified only in lhe Ap harizan, 
and goethite was aol confirmed in any of the horizans. 
11w presence oí abundant iron-oxide minerais was aheady 
noticed in the chemical composulion. Considerable 
ainount aí gibbsite was present iii TRE-1, because the 
Wang diífracüon peaks occurred at 4.85 and 4.39 Á. Fali 
aniounls aí haematite and goethite with 4.17 A peak 
existed iii ail the horizons aí TRE-2. 

Traces aí quartz with lhe dií&action peak at 3.35 A 
was found ia ali lhe clay samples. 

DTA 

The DTA curves aí the clay specimens oí "Terra Roxa 
Estruturada" sails (Fig. 15) showed lhe occurrence aí an 
endathermal peak near 550 0C and mi exathermal peak 
near 9000C assaciatcd with kaalin minerais, and azo 
endathermal peak near 300 0C associated with gibbsite. 

Electron snicroscopy 

In lhe electran micragraph aí the specimen fiam lhe 
Ap harizan aí TRE-2 shawn ia (Fig. 16) thin-plate 
paiticles aí which edges are bent were found, and they 
shauld be assacialed with metahallaysite (Takahashi 
1967). The tubular particles aí metahalloysite were aba 
present in this plale. 

PVA-1 

43(21021) 

821(21023) 

8,(21025) 

P VA- 2 

(20678) 

Bi (20679) 

82  (20 681) 

IIIl  

P VA- 3 

Al (23722) 

43 (23723) 

821(23725) 

o 	200 	400 	600 	800 	10% 

FIG. 11. DTA Curves af Clays in Red-YeIIaw Podzalic 
SaiJs. 

Clay Mineral Compostion of Lowland Soils 

Low Humic Clay Soll Samples 

Three samples aí Low Elumie Clay sails occurring in 
lhe Slales aí Acre, Amazonas and Pará were emplayed 
in lhe experimenta, and their praperlies are presented ia 
Table 18 la 20. The sail reactian is strangly acid in GPH-3, 
and extrcmely acid in GPH-2. fle CEC value is exlremely 
high in GPH-1, and ralhei hi§h in CPI-I-3. The conlent aí 
exchangeablc Ca 2  and Mg + in GFI-l-1 is exlremely 
high and slightly high, respectively, ao lhal ECP is very 
high in GPII-2 has high exehangeable A1 3  , Iaw 
exchangeable bases and extremely low ECP as in lhe 
lalasais. 

Chemical analysis 

Table 21 shows lhe chemical campositian aí lhe clay 
fractian aí Low Humic Clay sails. The ratio aí silica la 
alumina was very high in GPH-1 and GPH-3, and slightly 
high in GPII-2. The MgO, 1<20  and H 2 0 + cantcnls iii 

Pcsq. agropec. bras., Brasilia, 14(3):201-228,jul. 1979. 
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TABLE 17. Chemical composition of tlie clay.fraction of the sofis called "Terra Roxa Estruturada" 

Sou 
Hor, 

Lab.No 

Ap 

17773 

TRE-1 

Bi 
17775 

8 22 
17777 

Ap 
20054 

TRE-2 

8 21 
20056 

83 
20058 

Si02  18.40 18.94 16.78 37.55 37.87 36.29 

TiO2 1.57 1.25 1.81 0.95 0.88 0.90 

Al 203  32.26 32.53 33.56 28.91 27.72 27.47 

Fe203 29.21 29.86 29.35 17.38 19.25 21.38 

MnO 0.05 0.04 0.04 0.06 0.05 0.05 

M90 0.05 0.04 0.02 0.22 0.16 0.18 

CaO 1.22 0.84 0.62 0.75 0.81 0.69 

Na20 0.20 0.20 0.12 0.13 0.11 0.14 

K 20 0.18 0.41 0.52 0.47 0.41 0.39 

H 20 15.93 15.50 17.14 13.44 12.53 12.45 

Total 99.07 99.61 99.96 99.86 99.79 99.94 

51021Al203 0.97 0.99 0.85 2.20 2.32 2.24 

S1021R203 0.61 0.62 0.54 1.59 1.61 1.50 

Based on 1100 C . dried weight. 

tP 

•i1 
FIO. 12. Electron micrograph of clay in 821  horizon 

of PVA.3 (23725). 
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FIG. 13. X-Ray Ditfraction Patterns of Powder Clays in 
Terra Roxa Estruturada: K, Kaolinite; MH, 
Metahalloysite; V, Vermiculite; Gb, Gibbsite; 
Ht, Hernatite; Gt, Goethite; Lp, Lepidocrocite; 
Q, Quartz, F, Feldspar. 

GPII-1 and GPH-3 were considerably high, slightly Ioigh 
and slightly 10w, respectively. This result suggests the 
occurrence of 2:1-type clay minerais. The 1(20  content 
was slightly high in GPH-2. 

X-ray diffraction 

Tbe X-ray diffraction charts of the clay fracion in 

TRE.1 

Ap(17T73) 

8(17775) 

Bn(17777) 

TRE.2 

AP(20054) 

821(20056) 

8,(20058) 
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TABLE 18. Some properties of samples of GFH-1:Location, Sena Madureira, Acre; Relief, piam; Declivity, O to 1%; 
Erosion, fone; Drainage, imperfectly drained; Original material, quaternazy sediments; Vegetation, 
"váxzea" forest; 

Hor. (Lab. No) Depht Color 	Texture 	Particle distribution,% 	Org. - C Total -N C/N 
cm 

Coarse 	Fine Silt 	Clay 
sand 	sand 

A3  (21141) 5-15 10VA 512 	C 	O 	O 37 	63 	1.12 0.20 6 
C9  (21142) 15-50 IOYR 513 	SiCL 	O 	9 57 	34 	0.22 0.05 4 
11C9  (21144) 70-150 10YR612 	L. 	O 	37 43 	20 	0.11 0.03 4 

pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P 
rnE/lOOg ECP mg/lOOg 

H20 KCl Ca M9 2 ' 	 Na 	K 	 H t  A1 3  

4.9 4.5 61.30 6.80 	0.08 	020 	4.44 1.00 	73.82 92 0.82 
5.0 4.5 30.00 3.60 	0.09 	0.11 	2.18 2.60 	38.58 88 1.41 
5.0 4.2 21.00 2.55 	0.10 	0.08 	1.92 2.20 	27.85 85 4.24 

Exchangeable - Cation Percentage. 

TABLE 19. Some properties of samples of GPH-2: Location, S. Gabriel da Cachoeira (328km from Boca do Rio Içana), 
Amazonas; Relief, piam; Declivity, piam; Erosion, fone; Drainage, bad draine4; Vegetation, dense forest. 

Hor. (Lab. No) Depht Color 	Texture 	Particle ciistribution, % 	Org. 	C Total - N C/N 
cm 

Coarse 	Fine Silt 	Clay 
sand 	sand 

A1 9  (20612) 0-20 10 VR 611 	SiI 73 	27 	0.70 0.09 8 
(20613) 20-50 10YR 711 	SiCL 71 	29 	0.52 0.08 7 

C29  (20615) 85- 10YR 6/1 	SICL 61 	39 	0.31 0.06 5 

pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P 
mE/lOOg ECP mg/lOOg 

H20 KCI Ca 2  M9 2 	NC 	K 	 H AI 3  

3.9 3.5 0.03 0.05 	0.03 	0.05 	1.37 5.40 	6.93 2 0.54 
4.3 3.5 0.02 0.04 	0.04 	0.04 	1.07 5.20 	6.41 2 0.43 
4.3 3.5 0.05 0.04 	0.04 	0.04 	1.10 6.00 	7.27 2 0.19 

Exchangeable - Cation Percentage. 

Low tlumic Ciay soils by the powder method, and the viewpoint of the dominance o! 2:1-type mineral in the 
changes of basal spacing by glyceroi and heating 	clay fraction. lcaolinite was also a dominant mineral in 
treatments are shown mn Fig. 17 and 18, respectively. The 	GPI-l-3, while only a small amount ofit existed in CPU-!. 
very strong diffraction peak at 15 Ain CPH-1 and GPH-3 	On the other hand, kaolinite was predominant, and a 
was associated with montmorillonite-dioctahedrab smaU amount of montmorillonite or vermiculite was 
-vermiculite interstratified minerais (Macewan, et ai. 	detectable, iii GPH-2. 
1961), because the peak was shifted to 18 A by glycerol 
retention o! Ca 2  - saturated specimen, to 12.5 Aby C 	A small amount of lepidocrocite was found in GPH-2, 
saturation, and to lo A by heating at 6000C, but this 	and its peak at 6.30 A disappeared by the treatment 
shift was imperfect by 300 0C heating (Fig. 18). This 	with a dithionite-citrate-bicarbonate system as shown in 
agreed with the resuits of the chemical analysis from the 	Fig. 3. 
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T R (-1 

AP(17773) 	8(17775) 	 6417777) 

Co-RI 

Co-gIy 

K-R7 

1<-soa 

<-600 

1815 	lO 	 1611 	IA 	 875 	IA 

FIG. 14. Changes of Basal Spacing of Oriented Clays in 

TRE-1 After Severa? Treatment; Ca-RT, Ca 2  - 
Saturated, Room Temperature; Ca-gly, Ca 2  + 

and Glycerol Saturated; K-RT, K - Saturated 

Room Temperature; K-300, K - Saturated, 
Heated at 300 °C; K-600, K' Saturated, Heated 
at 600°C. 

TRE-1 

A p(17 77 3) 

tiI  

Bi(17775) 

02917777 ) 

T R E -2 
 

4(20054) 

821(20056) 

83(20058) 

o 	200 	400 	600 	6® 	1000°C 

FUI 15. OTA Curves of Clays in Terra Roxa Estruturada. 

AU the profiles contained a smali amount aí mica 

minerais and quartz. Trace aí gibbsite was found in the 

clay fraction of GP11-2. 

DTA 

Thc EflA curves of GPH-2 showed the mode af 

kaoiinite (Fig. 19). Tire curves af GPI -I-1 were 

mantmoriilonite-iike, because an endothetmal peak 
bctwecn 100 and 2000C was doubie (Fig. 19). Thc DTA 

Pcsq. agrapec. bras., Brasília, 14(3):201-228,jul. 1979.  
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FIG. 16. Electron micrograph af Clay in Ap horizon af 

TRE-2 (20054). 

curves aí GPi-l-3 have the characteristics af their twa 
minerais. 

Eiectron microscopy 

The eiectran micrograph aí the specimen from the Cg 
horizon aí Gl'i-t-1 (Fig. 20) shows the charaeteristics aí 
montmorillonite, because its particle shape is like to paper 

(Takahashi 1967). 

Ground-Water Latente soil Sanipies 

Twa praflies aí Ground-Water Latente soil in the 

State aí Pará are shown ia Tabie 22 and 23. The soU 

reaction is very strongiy acid in both. The exchangeable 

ltand A1 3  are rather high, and ECP are iaw. In Ll -1-2, 

the CII value of the A2 harizon is lower than in tire 

other honizans. Tire cantents of availabie phosphonus are 

slightly high, carnpared with the ather Amazan sauis. 

Chemical analysis 

11w nesuit aí the chemical analysis of Ground-Waten 

Latente soila is shown in Tabie 24. The natio aí silica to 

alumina was high in LH-1 except the C2 hanizan, and 
nelatively law in 1,11-2. Especially in the A2 honizon aí 
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FIO. 17. X-Ray Diffraction Patterns af Powder Clays in 
Low Humic GIey Sofis: 1<, Kaolinite; Mi, Mica 
Minerais; Mt, Montmorjllonjte; V. Vermiculite; 
MtN,Montmorilllonite/Vermjculjte Interstratified 
Mineral; Gb, Gibbsite; Gt, Goethite; Lp, 
Lepidocrocite; Q, Quartz. 

L11-2, the ratio was low as in the latosois. The K20. MgO 
and H20 content of L11-1 was very high, slightly high 
and low, respectively. 'Pais results suggest the presence of 
cansiderable amount of mica minerais. 11w clay mineral 
camposition of the A2 horizon af 111-2 should be 
different from the other horizons as mentioned in the 
paragraph under samples, because of the low ratio of sulca 
to alumina, the 10w contents o! MgO, CaO and K20, and 
the high Fe203 content. 

X-ray diffraction 

fle X-ray diífraction patterns of Ground-Water 
Latente soils (Fig. 21 and 22) showed that kaolin and mi-
ca minerais were the dominant minerais ia LH-i. Kaolinite 
was very high in the A2 horizon of LII-2, judging (ram 
the peak at 7 and 10k la LII-!, the diffraction peak of 
kaolin minerais was situated at 7.29 Ãwhere the middie 
bctween kaolinite and metahallaysite is (Kitagawa 1976), 
and it is assumed that the mineral is a mixture or an 
intermediate of kaolinitc and metahalloysite. This will 

FIG. 18. Changes o! Basal Spacing o! Oriented Clays in 
Low Humie GIey Soils After Severa! 
Treatments; Ca-RT, Ca 2 - Saturated, Room 
Temperature; Ca-gly, Ca 2  . and Glycerol 
Saturated; K-AT, K-Saturated, Room Temper-
ature; IC -300, !C - Saturated Heated at 300 0C; 
k-600, C-Saturated Heat at 600 °C. 

be discussed iii the observation aí electron microscope. 
A small amount o! 2:1-type clay minerais was found 

in LH-2, but montmorillonite ar vermiculite were not 
identifoed. The minerais ia the Ap honizon were similar 
to dioctahedral vermiculite as shown in Pig. 22. The 2:1-
-type minerais were not detected, and considerable 
amounts of haematite and goethite were recoized 
in the A2 horizon o! 11-1-2, as discussed in 11w chemical 
composition of tbe clay fraction. A small amount of 
haematite occurred ia alI the horizons o! LH-1. 

DTA 

fie DTA curves of the clay (ractions of Ground-Water 
Latente sails (Fig. 23) supported 11w presence of mica 
minerais in LH-1, and a large amount of kaolinite in the 
A2 hotizon o! 1,11-2 in connection with the intensity of 
an endothermal peak near 500 0C and an exothermal 
peak near 9000C. 
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TABLE 20. Some properties of samples of GPH-3: Location, ltubber field 414, EMBRAPA-CPATU, Belém, Pará; 
Relief, piam; Declivity, piam; Erosion, nula; Drainage, imperfectly draned; Original material, quaternary 
sediments; Vegetation, field of rubber tree. 

Hor. 	(Lab. No) 	Depht 	Color 	Texture 	Partido distribution, % 	Org. - C Total - N C/N 
cm 

Coarse 	Fine 	Silt 	Clay 
sand 	sand 

(11810) 	0-16 	10YR 611 	SiL 	 79 	21 	1.11 	0.12 	9 
B 19 	(11812) 	30-48 	2.5 VR 611 	SiCL 	 61 	39 	0.55 	0.99 	6 

(11814) 	72- 	10YR 711 	SC 	 44 	56 	0.45 	0.06 	8 

p11 (1:1) Exchangeable cations, mE/100 g CEC Avail. -1' 
mE/1009 ECP * nig/lOOg 

11 20 	KCI Ca 2t  Mg 2t  Na' K H A13 

5.1 	3.8 3.53 4.78 0.22 0.17 4$4 1.61 15.25 57 1.50 
5.0 	3.5 3.15 7.25 0.39 0.15 3.10 2.62 15.68 66 0.38 
4.7 	3.4 2.04 7.83 0.44 0.16 2.14 6.06 18.67 56 0.11 

Exchangeable - Cation Percentage. 

TABLE 21. Chemical composition of the clay fraction o! Low Humic Gley soils. 

soil GPH-1 GPH-2 GPH-3 
Hor. A 3  C9  llCg  A 19  A3il  C29  A 6ig B 

Lab.No 21141 21142 21144 20612 20613 20615 11810 11812 11814 

Si02  52.66 51.71 51.89 47.97 49.35 49.02 49.69 49.43 48.73 
TiO2 0.88 0.82 0.88 2.02 1.66 1.33 1.13 1.06 1.12 
Al203 24.36 24.69 24.06 33.89 31.11 31.42 25.36 27.14 27.30 
Fe203 8.95 9.65 9.68 2.82 3.74 3.60 10.30 9.46 9.76 
MnO 0.04 0.04 0.04 0.01 0.01 0.01 0.05 0.02 0.01 
MgO 0.78 0.87 0.94 0.14 0.18 0.19 0.69 0.51 0.42 
CaO 1.52 1.39 1.47 0.75 0.74 0.59 0.82 0.53 0.52 
Na 20 0.27 0.30 0.28 0.24 0.35 0.41 0.32 0.27 0.26 
K 20 0.98 1.21 1.27 0.79 0.81 0.79 1.21 1.14 1.08 
H20 8.98 8.92 9.01 11.01 11.07 11.71 9.56 9.72 10.01 
Total 99.42 99.60 99.52 99.64 99.02 99.07 99.13 99.28 99.21 

Si021Al203 3.67 3.55 3.66 2.40 2.69 2.65 3.33 3.09 3.03 
Si021R203 2.97 2.85 2.91 2.28 2.50 2.47 2.64 2.53 2.47 

* Based on 110°C . dried weight. 

Electron microscopy 	 Aliuvial soil Sampies 
Two Aliuvial soils occurring ia the Territory of Ron- 

The plate in the electron micrograph of the specimen donia and the State of Pará were employed ia the experi- 
from the A 1  horizon of LH-1 (Fig. 24) shouJd 1,e ments, and shown ia Table 25 and 26. The reaction aí 
associated with mica minerais (Takahashi 1967). The 	these soils is extremeiy acid ia the surface soils and 
small particles of sai] kaolinite were aiso found but the 	strongly acid ia the subsoils, and ti -se CEC value of 11w 
particles associated with metahalloysite were not found, 	subsoila is very low, because they have sandy texture. 
in tbis photograph. Consequently, the kaolin minerais Exchangeabie IC and Al are fairiy high, and ECP is 
discussed ia the paragraph of X-ray diffraction shouid be 	ver)' Iow ia these soils. The available phosphorus is low 
kaolinite. 	 ia SA-2. 
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, 	 e. • 	4 
GPH-1 
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1 
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llCç(21144) 

.' 

2 , Pa: '1 

GPH-3 	
1 	1 	1 	1J 	1 	1 

Apg (118 O) 

O 	200 	400 	600 	soa 	1000% 	FIG. 20. Electron micrograph of clay in Cg horizon of 

FIG. 19. OTA Curves of Clays in Low HumicGIeySoiIs. 	 GPH-1 (21142). 

TABLE 22. Some properties of samples of 111-1: Location, lan 115.9 of PA-150, Marabá, Redenção, Paxá; Relief, 
gentle undulate; Declivity, pIam; Erosion, practically fone; Drainage, good drained; Vegetation, humic 
tropical forest; Actual use, unused. 

Hor. (Lab. No) Depht Color Texture Particle distribution, % Org. - C Total - N C/N 
:cm 

• Coarse Fine Silt Clay 
- 

sand sand 

A 1  (20269) 0-9 10 YR 414 SiL 2 23 53 22 1.28 0.14 9 

BlPi (20271) 30-52 5YR414 S1C 11 49 40 0.37 0.06 6 
B3 (20273) 70-104 25 VR 514 CL 2 19 48 31 0.26 0.03 9 
C2 (20275) 139-175 SYR 613 Si- 6 45 36 13 0.17 0.02 9 

pH (1:1) Exchangeable cations, mE/100 g CEC Avail. .P 
- mE/lfY3g ECP * nf100g 
H20 CCI Ca 2  M9 2  Na W AI 3  

4.4 3.6 1.33 1.09 0.04 0.26 4.27 2.00 8.99 30 0.38 
4.8 3.5 0.02 1.21 0.03 0.05 1.69 5.40 8.40 16 -0.11 
43 3.6 0.01 0.59 0.03 0.05 0.87 5.40 6.95 10 -0.11 
4.7 3.7 0.01 0.58 0.03 0.04 1.93 1.20 3.79 17 -0.11 

*Exchangeable - Cation Percentage. 
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FIG. 21. X-Ray Oiffraction Patterns of Powder Clays 
in Ground-Water LateriteSolis: K, Kaolinite;Mi, 

Mica Minerais; Mt, Montmarillonite; V, 

Vermiculite; Hz Hematite; Q. Quartz. 

LH-2 

Co-RT 

K-300 5 	W 	 II 	m 

(-600 

Is 	0 

FIG. 22. Changes aí Basal Spacing of Oriented Clays in 
LH-2 After Several Treatment: Ca-RT, Ca 2  + - 

Saturated, Roorn Ternperature; K-RT, 
)(f  

Saturated, Room Temperature; K-300, K 

- Saturated, Heated at 3000C; K-600, 

- Saturated, Heated at 600 °C. 

Chemical anaWsis 

The result o) the chemical analysis o) the clay fractions 

o) Aliuvial sojls (Table 27) shows that SÃ-1 had the low 
ratio of sulca lo alumina and the 10w contents o) MgO and 
K20, while, SA-2 had the sllghtly high ratio aí sulca to 

alumina and relatively high contents of MgO and K20. 

This suggests the co-existence o) 2 :1-type clay minerais in 
SA-2. 

LII-1 

A(20269) 

0 1 p 1 )20271) 

8 3 (20273) 

C(20275) 

LH-2 

Ap (7 599) 

A 2  (7600) 

821(7602) 

B23p1(7604) 

o 	200 	400 	600 	500 	1000 00 

FIG. 23. DTA Curves af Clays in Ground-Water Latente 
Soils. 

FIG. 24. Electron Micrograph of Clay in A1 Horizon of 

LH-1 (20269). 
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TABLE 23. Some properties of samples of LI1-2: Location, 1 1cm west fiam S. Marçal land, Ponta de Pedra, Marajó, 
Pari; Relief, practically piam; Vegetation, grasa land; Actual use, natural pasturage field. 

Hor. 	(Lab. No) 	Depht Color Texture Particle distribution, % 	Org. - C Total - N C/N 
cm 

Coarse 	Fine Silt Clay 
sand 	sand 

A 	(7699) 0-14 10VR 311 SICL 7 63 30 	3.56 0.29 12 
A2 	(7600) 14-29 10YR 312 SiCL 5 57 38 	0.67 0.07 4 

6219 	(7602) 45-74 5V 	611 C 1 	3 36 60 	0.17 0.04 4 

B2,1 	(7604) 108-151 10 	R 44 C 2 	3 39 56 	0.15 0.04 4 

pH (1:1) Exchangeable cations, mEu 009 CEC Avail. 4' 
mE/lOOg ECP • mg/1009 

H20 	KCI Ca 2  Mg 2 ' Na' K 	 H' AI 3 ' 

4.9 	3.9 0.28 0.02 0.05 0.06 	10.83 3.09 14.33 3 0.38 
5.0 	3.8 0.18 0.22 0.05 0.05 	3.93 3.47 7.90 6 -0.25 
4.5 	3.4 0.08 2.23 0.09 0.05 	4.90 6.74 14.09 17 -0.25 
4.6 	3.4 2.30 1.67 0.12 0.06 	1.41 4.60 10.16 41 -0.25 

Exchangeable - Cation Percentage. 

TABLE 24. Chemical composition of the clay fraction of Ground Water Latente Soils. 

Soil LH-i LH-2 
Hor. A1 B11 B3 C2 Ap A 2  B231  

Lab. No 20269 20271 20273 20275 7599 7600 7602 7604 

Si02 49.45 48.54 49.14 46.96 43.31 39.84 45.41 45.39 

TiO2 1.24 1.34 1.56 0.85 1.85 1.35 1.27 1.21 
Al203 27.28 26.71 26.68 30.93 34.69 36.23 35.85 34.29 
Fe203 8.82 10.01 9.71 7.50 2.30 8.16 3.37 5.76 
MnO 0.06 0.03 0.02 0.06 0.01 0.01 0.01 0.01 
MgO 0.65 0.70 0.64 0.43 0.16 0.03 0.17 0.16 
CaO 0.52 0.80 0.79 0.69 1.12 0.05 0.44 0.16 
Na20 0.23 0.22 0.22 0.23 0.25 0.29 0.25 0.29 
K20 2.97 2.85 2.97 1.90 0.82 0.23 0.90 0.95 
H20' 8.04 8.18 7.65 9.89 14.52 13.30 1154 11.03 
Total 99.26 9938 99.38 99.44 99.03 99.49 99.21 99.25 

Si021Al203 3.08 3.08 3.13 2.58 2.12 1.87 2.15 2.25 
Si021R203 2.55 2.49 2.54 2.23 2.03 1.63 2.03 2.03 

* Based on 1100C - dried weight. 

X-ray diffraction 	 which basal spacing at 15 A was shifted to 18 and 10 A 
by the glycerol saturation and 3000C heating, respectively 

Tbe X-ray diffraction patterns of fim clay specimens 	(Fig. 26). 

of AlIuvial soils are shown ia' Fig. 25 and 26. Kaolinite 	SmaU arnounts of gibbsite 4.85 A peak and quartz 
with 7.24 A peak was predon-iinant in ali the saniples as 	with 3.35 A were found ia' both soils. Goethite with 

in the upland soils. A small amount of mica minerais 	4.17 Apeak was detected in SA-1. 

with the diffraction peak at 10.0 Awas detected ira ali the 	DTA 
horizons of SA-2 and the surface soil of SA-1. Moreover, 
SA-2 contained a small amount of montmorillonite of 	The DTA curves of the clay specimens of Aliuvial soils 
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TABLE 25. Some properties of samples of SA-l: Location, Jacundá, Porto Velho, Rondonia; Reief, pIam; Declivity, 

piam; Erosion, norte; Drainage, moderate; Original material, quaternary sediments; Vegetation, open forest. 

Hor. (Lab. No) 	Depht 	Color 	Texture 	Partido distribution, % 	Org. - C Total - N CIN 
cm 

Coarse 	Fine 	Silt 	Clay 

sand 	sand 

A 1  (21451) 	0-8 	10 YR 4/2 	SiC 	O 	2 	47 	51 	1.96 0.22 9 
C 1  (21452) 	8-40 	10YR 5/2 	SiC 	3 	11 	44 	42 	0.61 0.09 1 
C3 (21454) 	90-170 	10 YR 8/2 	S 	45 	45 	8 	2 	0.25 -0.01 

pH (1:1) 	 Exchangeable cations, mE/100 g 	 CEC Avail. -P 

mE/100 g ECP • mg/lOOg 

H20 KCI 	Ca 2t 	Mg 2t 	Na' 	K 	H 	AI 3  

4.2 4.0 	0.23 	0.11 	0.04 	0.17 	5.52 	2.40 	8.47 6 2.84 
4.5 4.0 	0.10 	0.04 	0.03 	0.07 	2.32 	1.80 	4.36 6 2.60 

5.2 4.2 	0.05 	0.02 	0.03 	0.03 	0.33 	O 	046 28 1.20 

Exchangeable - Cation Percentage. 

TABLE 26. Some properties of samples of SA-2: Location, Tabio Is., Clareira na Beira do Xingu, Pará; Relief, pIam; 
Declivity, pIam; Erosion, nono; Drainage, moderate; Original material, quaternary sedimenis; Vegetation, 
forest; Actual use, unused. 

Hor. 	(Lab. No) Depht Color Texture Particle distribution, % Org. . C Total 	N C/N 
cm 

Coarse 	Fino 	Silt 	Clay 
sand 	sand 

(18529) 0-15 10YR4/4 L 25 	49 	26 1.99 0.26 8 
II 	(18530) 15-35 10YR 516 CL 32 	39 	29 0.53 0.07 8 
IV 	(18532) 70-120 10YR6/8 LS 82 	10 	8 0.11 0.02 6 

pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P 

mE/1009 ECP * mgflOOg 
H20 KCI Ca 2  M9 2t 	Na 	Kt 	H AI 3  

3.8 3.4 0.43 0.20 	0.03 	0.16 	8.63 440 13.85 6 0.76 
4.1 3.6 0.03 0.03 	0.02 	0.06 	2.30 3.80 6.24 2 0.30 
4.7 3.8 0.02 0.01 	0.02 	0.04 	0.45 1.20 1.74 5 0.33 

Exchangeable - Cation Percentage. 

are drawn in Fig. 27. Tliese curves showed the mode of microscopy. Results are summarized in Table 28. 
kaolin minerais in ali the santples. A large endothermal In the day fraction of the solis with oxic B 
and an exothermal peak occurred near 550 and 900 0C, 
respcctivcly. A very small endothermal peak at 300 0C was horizon such as Yellow Latosol, Red-Yellow 

associated with gibbsite. 	 Latosol and "Latossolo Roxo" soil, kaolinite 

was predominant, goethite was detected, haematite 
DISCUSSION AND CONCLUSIONS 	 was found except in one profile of Red-Yeilow 

The clay mineral compostition of nineteen Latosol, and gibbsite was frequently present The 

sou5 occurring in the Brazilian Amazon region previous reports by Sombroek (1966), Chiba 

was examined by means of chemical analysis, (1970) and lwasa (1976) also concluded the 

X-ray diffraction method, DTA and electron predominance of kaolin minerais iii the Iateritic 
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TABLE 27. Chemical composition of the clay fraction o( Aliuvial soils. 

Sou 
Hor. 

Lab. No 
A 1  

17773 

SA-1 
C 1  

17775 
C3 

17777 
1 

20054 

SA-2 
li 

20056 
IV 

20058 

Si02 42.30 41.86 38.40 47.47 46.74 44.57 

TIO2 1.00 1.02 1.08 0.87 1.03 0.99 
Al203  34.80 37.19 37.95 30.06 32.72 32.73 

Fe203 4.07 4.08 6.70 3.62 4.74 7.14 

MnO 0.01 0.01 0.01 0.01 0.01 0.01 

MgO 0.06 0.04 0.05 0.40 0.26 0.25 
CaO 1.61 0.65 0.79 1.20 0.68 0.78 

Na20 0.21 0.17 0.18 0.35 0.16 0.17 
K20 0.38 0.35 0.39 0.92 0.91 0.85 

H20 14.62 13.92 13.59 14.16 12.53 12.23 

Total 99.06 99.29 99.14 99.06 99.78 99.72 

Si021Al203 2.06 1.91 1.72 2.68 2.42 2.31 

S102/R203 1.92 1.79 1.54 2.49 2.22 2.03 

15 	10 	7 	5 	4 	3,$ 	3 	479 

FIO. 25. X-Ray Diffraction Patterns of Powder Clays in 
Aliuvial Solis: K, Kaolinite; Mi, Mica Minerais, 
Mt, Montmorillonite; Gb, Gibbsite; Q, Quartz. 

soils of the Amazon region. A small amount or 
trace of mica minerais existed in severa) lateritic 
soils. These mica minerais should be very stable, 
and not be weathered under the drastic condition 
of the soll genesis in the tropics. Kitagawa & 
Watanabe (1970) pointed out that mica minerais 
in soils are more stable under a chemicai treatment 

3*-? 
IV)18532) 1(10529) 

Co.RT 

Co -çry 

K.R1 

(-300 

I5 	lO 	 1615 	15 	 615 	lo 

FIG. 26. Changes of Basal Spacing of Oriented Clays in 
SA-2 after Several Treatment: CA-RT, Ca 2  . 

Saturated, Room Temperature; Ca-gly, ca 2 -

and Glycerol Saturated; K-RT, K . Saturated, 
Room Temperature; K-300, K t  . Saturated, 
Heated ar 300°C. 

than the deposit minerais such as muscovite and 
iffite. A smail amount of montmoriilonite or 
vermiculite was found only in the subsoil of a 
Red.Yellow Latosol. 

In the soils with texturai B horizon, the clay 
mineral composition was as foliows: 

Kaolinite was predominant, and iron-oxide 
minerais such as haernatíte and goethite were 
present in ali the sampies of Red-Yc!iow Podzolic 
soils. A smali amount 0f mica minerais and 
dioctahedrai vermicuiite was found in some of 
these soils. The vermiculite in the weathered 
upland soiis shouid be originated in dioctahedral 

8asedon 11 

SA.1 
A 1  21451) 

Ci  1 21452) 

(214 54) 

SA.2 

1)18529) 

11(18530) 

1V(18 532) 

dried weight. 
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FUI 27. OTA Curves of Ctays in Aliuvial Solis: 

micas, ofwhich probabiiity was presented by Kita-
gawa & Watanabe (1970). Red-Yellow Podzolic 
soiis in the Amazon region shouid fali ciay-minera-
iogicaliy under the category of the lateritic soils 
and be different from the namesake in Virginia, 
U.S.A. reported by Rich & Oben Shain (1955). 
A dominant clay mineral of Clay-Brown Podzolic 
soils distributed in the subfrigid zone is 
montmorillonite-like minerais in the A2 horizon, 
and dioctahedral vermiculite in B horizon (Kita-
gawa 1966, Brydon et ai. 1968) The podzolic 
sou5 in the Amazon region were also mineralogically 
different from Clay-Brown Podzolic soiis, 
consequently. 

In the soils called "Terra Roxa Estruturada", 
kaolin minerais were dominam. Considerable 
amounts of iron-oxide minerais were found in 
the clay fraction, and haematite content was 
especially high, because they originated from basic 
rocks. A "Terra Roxa Estruturada" soil from Mato 
Grosso contained kaolinite, haematite and gibbsite, 
but goethite was absent. A small amount of 
dioctahedrai vermiculite was also detected iii this 

Pesq. agropec. bras., Brasília, 14(3):201-228,jul. 1979. 

soil. In the other "Terra Roxa Estruturada" soil, 
metahalloysite was dominant lis spite of the 
predominance of kaolinite iii the other upland 
soils occurring iii the Amazon region. The 
presence of metahalloysite in the Iateritic soils 
was reported iii vi Indonesian soU derived from 
oH "volcanic ash" by Kitagawa, et ai. (1973). 

The clay mineral composition of the lowland 
Low Humic Clay, Ground-Water Latente and 
Alluvial soiis in the Amazon region was a little 
complicated as Sombroek (1966) and lwasa 
(1976) pointed out. Although kaolinite was 
predominant in many soils, montmorillonite/ 
dioctahedrai-vermjculite interstratifled and mica 
minerais were dominam in two Low Humic Clay 
sou5 and a Ground-Water Latente soU, respectively. 
The dominant component of the interstratifled 
minerais should be montmorillonite, judging from 
the mode of the changes of basal spacing by the 
treatments with glycerol and heating. Gjems 
(1963) reported the occurrence of a dioctahedral-
-vermiculite/montmoriflonite interstrafied miner-
al in a Scandinavian Podzolic soU, but it was a 
vermiculitic mineral. Mica and 2:1-type clay 
minerais were frequentiy found in the lowland 
soils, even if kaohnite was donilnant. 

Quartz existed more or less iii the clay fraction 
of the Amazon soils. According to Kitagawa et ai. 
(1973), quartz is not always found in some trop-
ical volcanogenous soils of Indonesia. Instead a-
-cristobalite occurs more frequently. 

Kaolin minerais were dominam lii the upland 
soils õf the Amazon region, and the fertility ofthe 
soils was iow from the viewpoint of day 
mineralogy, in general. The soU called "Terra 
Roxa Estruturada" which is a kind of the upland 
soU have high fertility, but a dominam day 
mineral was kaolin minerais. It is important to 
solve this problem, and ir will be discussed in 
foliowing studies. Some of the lowiand soils of 
this region contained a large amount of 
montmorillonite-like day minerais, and were 
regarded as ciay-mineralogically fertile, because 
montmonillonite have high CEC value and large 
specific surface area, so that its existence leads 
to high buffer action and high nutrients holding-
-capacity of the soils. 
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TABLE 28. Mineral composition of clay samples. 

SoU Dominant mineral Accessory or trace minerais 

(Yellow Latosol) 
LA-1 ICao Gb, Gt, Ht, Qz 

LA•2 Kao Gt,Qz,Gb,Ht 

LA-3 Kao Gt, 02 

(Red-Veilow Latosol) 
LVA-1 Kao Mica, Qz, Gt, Ht, Mont or Ver 

LVA-2 Kao Gb, Gt, Oz, Fd 

LVA-3 Kao Gt, Ht, 0z 

("Latossolo Roxo") 
LR-1 Kao Gb, Gt, Ht, Qz, Mica 

(Red-YelIow Podzollc .011) 
PVA-1 lCao Mica, Oz, Gt, Ht, Fd 

PVA2 Kao Ver, Gb, Gt, Ht, Oz, Fd 

PVA-3 Kao Gt, Gb, Oz, Ht 

("Terra Roxa Estruturada") 
TRE-1 Kao Ht Gb, Ver, Qz, Fd 

TRE-2 Mhal Ht, Gt, Qz 

(Low Humic Giey sou) 
GPH-1 Mont/Ver Kao, Mica, Qz, Fd 
GPH-2 Kao Mont or Ver, Mica, Qz, Lp 

GPH-3 Mont/Ver, Kao Mica, Qz 

(Ground-Water Latente $011) 
LH-1 Kao,Mica Oz,Ht 
LH-2 Kao Mont or Ver, Mica, Qz, Gt, Nt 

(Aliuvial sou)  
SA-1 	 Kao 	 Mica, Gb, Gt, Qz  
SA-2 	 Kao 	 Mica, Mont, Oz, Gb 

Kao, Kaollnite; Mhal, metahalloysite; Mont, montmorillonite; Ver, vermiculite; Mica, mica minerais; Mont/Ver, 
montmorullonite/vermiculite lnterstratified mineral; Gb, gibbsite; Ht, hematite; Gt, goethite; Lp, lepidocrocite; 
Oz, quartz; Fd, feldspar. 
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