CLAY MINERALOGY OF SOME TYPICAL SOILS
IN THE BRAZILIAN AMAZON REGION!
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ABSTRACT - The outline of the mineral composition in the clay fraction of some typical soils occuring
in the Brazilian Amazon region is as follows: In the soils with oxic B horizon, Yellow Latosols, Red-
~Yellow Latosols and “Latosols Roxo® Soil, kaolinite is predominant, goethite and haematite are found
in general, an gibbsite is frequently detected. A small amount or trace of mica minerals occur in
several lateritic soils. The presence of the other 2:1-type clay minerals is rare in the lateritic soils. In
Red-Yellow Podzolic soils, kaolinite is also predominant, and jron-oxide minerals are always identified.
Considerable amount of gibbsite and small amounts of mica minerals and dioctahedral vermiculite are
present in some of these soils. In the so-called *Terra Roxa Estruturada® soils, kaolin minerals are
dominant, but considerable amounts of iton-oxide minerals 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 small amount of dioctahedral vermiculite is present in the other soils. The clay mineral
composition of the low land soils is a little complicated. Montmorillonite/dioctahedral-vermiculite
interstratified mineral and mica minerals are dominant in two Low-Humic Gley soils and a Ground-
-Water Laterite soils, respectively, although kaoclin minerals are predominant in many lowland soils.
Small amounts of 2:1-type clay minerals are frequently detected in the other lowland soils. Quartz
exists in the clay fraction of all the soil samples,

Index terms: soil clay mineralogy, Amazon soil.
MINERALOGIA DE ARGILA DE ALGUNS SOLOS TIPICOS NA AMAZONIA BRASILEIRA

RESUMO - A composi¢do mineraldgica da frago argila de alguns solos tipicos ocorrentes na Amazdnia
Brasileira ¢ a seguinte: nos solos com B latossdlico, Latossolo Amarelo, Latossolo Vermelho-Ama-
relo, Latossolo Roxo, encontrou-se predomindncia de caolinita, geralmente acompanhada de goetita,
hematita e frequentemente gibsita. Pequenas quantidades ou tragos de mica ocorrem em alguns solos
lateriticos. A presenca de outros minerais tipo 2:1 foi rara. Nos sclos com B textural, Podz6lico
Vermelho-Amarelo, também houve predominancia de caolinita acompanhada de éxidos de ferro. Con-
siderdveis quantidades de gibsita e pouca de mica e vermiculita dioctaedral estiveram também presen-
tes em alguns destes solos. Em Terra Roxa Estruturada, predominaram as caolinitas, principalments a
metahaloisita, com quantidade considerdvel de éxidos de ferro, especialmente hematita. 1dentificou-se
ainda tragos de vermiculita dioctaedral em um perfil. A composicio da argila em solos de baixada evi-
denciou minerais 2:1 em quantidade mais significativa, assim é que em dois Glei Pouca Umido e uma
Laterita Hidromérfica o mineral interestratificado montmoritonita/vermiculita-dioctaedral e minerais
de mica foram dominantes, J4 em outros solos, a domindncia foi de caolinita, aparecendo pouca
"quantidade de argila 2:1. O guartzo esteve presente nas fracdes de argila de todos o3 solos.

Termos para indexagdo: mineralogia de argilas em solos, solos da Amazdnia.

INTRODUCTION

The Amazon region is located in the humid
tropical zone, where soils develop under the drastic
condition of high temperature and heavy rainfall.
The primary silicates are quickly weathered, and
alkalines and alkaline earths are taken away from
soil horizons by rain water. Organic materials are
rapidly decomposed, and little accumulated in
soil. Soils are enriched with aluminum and iron
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because of the relatively high mobility of silica
with water. :

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

The study on the clay mineral composition
of the soils distributed in the Amazon region is
a very interesting and important problem for
the  genesis, classification, fertility and
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management of the soils. It is generally known
that kaolin minerals are predominant in the
lateritic  soils developed under the drastic
conditions of area and cation exchange capacity,
so that the lateritic soils have low fertility.
Sombroek (1966) reported that more than 80%
of crystalline minerals is kaolinite in the clay
fraction of Yellow Latosol distributed in the
Amazon region. Chiba (1970) also reported
the predominance of kaolin minerals in three
samples of Yellow Latosol. Iwasa (1976) studied
the clay mineral composition of fourteen lateritic
soils in the Transamazon Highway zone, and
concluded that kaolin minerals are dominant
although five soils contained small amounts
of 2:1type clay minerals, According to Knox
{Grim 1968), “Kaolinite was the only mineral
reported in more than half of a total of aver 20
Red and Yellow Podzols. In the remainder,
kaolinite was the dominant, but small amounts of
illite and smectite were also reported”, Nyun &
McCaleb (1955) reported that kaolinite is the most
abundant clay mineral in the Red-Yellow Podzolic
soils called Davidson and Hiwasse series in the
North Carolina Piedmont tegion 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:l-type clay minerals such as
montmorillonite, vermiculite and mica minerals
were found in the Red-Yellow Podzolic soils in
the Brazilian Amazon region by Sombroek (1966)
and Iwasa (1976).

The lowland soils should be less uniform in the
clay mineral composition than the upland soils,
because they are composed of complicated parent
materials which had been deposited recently by
river waters, and the soil weathering under the
always or seasonally flooded condition is not so
rapid as the upland seils (Matsui 1967). Sombroek
{1966) stated that the clay fraction of a Low
Humic clay soil in the Low Amazon Floodplain
called “'virzea” is compaosed of quartz, kaolinite,
feldspar, illite, intermediate mineral between
kaolinite and illite, swelling illite and chlerite, and
the content of kaolin minerals is less than 30% in
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it, while kaolinite is a dominant clay mineral in
a Ground-Water Laterite soil in Caeté-Maracassuné
area although a small amount of mica minerals is
found in the silt fraction. Iwasa (1976) reported
the complexity of clay mineral composition of an
Alluvial soil in Armaga island, Amazonas, which
contained large amounts of montmorillonite and

illite besides kaolinite.

In this report, the clay mineral composition of
nineteen soils of the Brazilian Amazon region is
discussed; the soils with oxic B horizon, three
Yellow 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 clay soils, two Ground-
-Water Laterite soils and two Alluvial soils. Results
of Xray diffraction, differential thermal analysis,
electron microscopy and chemical analysis are
presented for the discussion (Fig. 1).

MATERIALS AND METHODS

Preparation of Clay Samples

The clay fraction was separated from the air-dried soil
less than 2 mm in diametet by the following method: at
first, organic materials in soil sample were decomposed
with 10% of hydrogen peroxide until its dark color
disappeared, then the soil sample was stirred vigorously
in distilled water by using an electric stirrer to make
suspension, and its pH value was adjusted to 8.5 with
a NaOH solution. The suspension of clay, the fraction less
than 2 microns, was collected from that of the soil
according to the Stokes’ Law. To the collected suspension,
CaCly was added for aggregation of the clay particles, and
the apgrepate was separated by centrifugation, washed
successively with distilled water, aceton-water mixture
and aceton, dried at room temperature, and pulverized by
using an agate mortar, This is the Ca®* - saturated clay
sample, and was employed for X-ray diffraction,
differential thermal analysis, chemical analysis and
electron microscopy.

The clay sample saturated with K" was prepared from
the Ca®* - saturated sample by washing with 1 N KCl and
distilled water, sucessively, and used for X-ray diffraction.

X-Ray diffraction method

The Xtay diffraction patterns were obtained with
Co-Kor radiation using a Rigaku Kenki Ltd, Geigerflex
diffractometer. The condition of measurement was as
follows: voltage and current of X-ray tube, 30 kv, 15 mA;
radius and slit system of goniometer, 190 mm and 19 of
divergence slit, 0.30 mm of receiving slit, 12 of scatter slit;
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"FIG. 1. Location of Soil Samples.

filter for Co-K« radiation, Fe; counter, argonsealed-off
proportional counter, type PR-250A ; scanning speed, 1 to
2%/min; count full scall, 1000 to 4000 cps; time constant,
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 slide of 50 mm x 35 mm was used to emphasize the
basal reflection (001) of clay minerals, in addition to the
random powder specimen. '

Two types of the specimen saturated with Ca®* and
K* were prepared for examining the change of basal
spacing of 2:-type clay minerals. Moreover, Ca* -
saturated specimen was treated with 10% glycerol
solution in ethanol for the determination of
montmorillonite, and K* - saturated clay was heated at
300 and 600°C for 2 hr in order to confirm gibbsite,
vermiculite, chlorite and kaolin minerals. 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 of iron-oxide minerals such as haematite,
goethite and lepidocrocite.
Differential Thermal Analysis

The differential thermal analysis (DTA) curves were
obtained by using a Mitamura, thermal analyzer, at a
heating rate of 10°C/min from room temperature to
1000°C in an ordinary atmosphere.
Chemical Analysis of Clay Fraction

Silicon in the clay sample was determined by
colorimetry, molybdenum blue method, after fusion
with NaOH. The other elements were determined after
the dissolution of the sample with a HF-H,S0y, system
treatment. Hydrogen peroxide and o-phenanthroline
method was used for the colorimetric determination of
titanium and iron, respectively. Aluminum was
determined by the titration with sodjum ethylen-diamine-
tetraacetic acid (Na-EDTA). Manganese, magnesium and
calcium contents were measured by means of atomiz
absorption method, and that of sodium and potassium by
flame-photometry, The content of structural water
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(H,O 1) in the clay samples was determined by heating
at 800°C for a day in a muffle furnace.

The contents of these c¢lements were based on the
weight dried at 110°C for 24 hrin an oven.

Electron Microscopy

The electron micrograph was taken by using a
Siemens, ELMISKOP 101, electron microscope, at
accelating voltage of 80 kV and direct magnification
of x10000. The specimens for the observation were
treated beforehand with dithionitecitrate-bicarbonate
system, to prevent the influence of iron-oxide minerals.

Y. KITAGAWA e M.R.F, MOLLER

Clay Mineral Composition of the Soils with Oxid B
Hotizon
Yellow Latosol Samples

Three profiles of Yellow Latosols in the States of
Acre, Amazonas and Pard were used, and the outline of
location, original material, relief, declivity, erosion,
drainage, vegetation and actual use, in addition to
physical and chemical properties of the soils, are
presented in Tables 1 to 3. Each three horizons of the
samples were used in the experiment, because the clay
mineral composition is not so different among horizons,
in general.

TABLE 1. Some properties of samples of LA-1: Location, km 45 of BR-236, Rio Branco, Acre; Relief, plain to gentle
undulate; Diclivity, 1%; Vegetation, humic tropical forest; Actual use, unused.

Hor, {Lab. No} Depth Color Texture Particle distribution, % .  Org.-C Total-N C/N
cm % %
Coarse  Fing Silt Clay
sand sand
Ag {15952) 7-18 10YRS5/8 cL 21 17 24 338 0.95 0.09 1"
Bsy {15954) 34-11 75YR4/6 c 22 14 22 42 0.68 0.05 14
Bog (159588) 107- 7.5 YR 5/8 c 20 14 17 49 o.21 0.03 ?
pH {1:1) Exchangeable cations, mE/100 g CEC Avail. P
; - mE/100 g ECP* mg/100g
Ho0  KCI  Ca? mMg¥*  Nat k' H* At
4.1 38 0.02 0.04 0.01 0.03 3.70 2.60 6.40 2 -0.11
46 4.0 0.02 0.03 0.02 0.03 3.31 - 2.00 541 2 0.19
5.4 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, ptain; Declivity, 0 to 1%
Erosion, none; Drainage, good drained; Original material, terciary sediments; Vegetation, dense 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
Aq [21593) 0-10 10YR 3/3 L 1 35 43 21 3.26 0.21 15
321 {21596) 80-120 10YR 6/8 CL 1] 27 38 35 0.25 0.04 6
By (21599) 190- 10YRG/8 c 0 23 24 41 0.24 0.04 6
pH (1:1} Exchangeable cations, mE/100 g CEC Avail, -P
mE/100 g ECP* mgf100g
H0 Ko ca® mg*t Nt K* W oA

3.5 3.0 0.14 0.1 0.03 0.16 1147 4.60 821 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 38 0.09 0.04 0.03 0.04 1.43 5.00 6.63 3 -0,11

*Exchangeable - Caticn Percentage.
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TAELE 3. Some properties of samples of LA-3: Location, km 20.3 of the highway, Acari - Moju, Pard; Relief, plain to
gentle undulate; Declivity, plain; Erosion, practicalley none; 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 - ' o 9
Coarse  Fine  Silt. Clay
sand sand
Ay {20429} o-7 10YR 4/3 SL 28 33 22 17 1.24 0.09 14
BS (20430} 7-22 10 YR 6/4 sC 18 31 13 38 0.55 0.05 1
Boo (20432) 56-94 10 YR 6/6 c 13 18 11 58 0.39 0.03 13
pH (1:1) Exchangeable cations, mE/100 g CEC Avail, -P

mE/100 g ECP* mg/100g
H0  KCI ca?* Mg?*  Na* K* W At
3.9 35" 0.25 Q.11 0.04 0.06 2.65 1.80 4.91 9 0.38
4.0 36 0.07 0.05 0.03 0.04 1.66 1.80 3.48 5 0.13
4.8 4.4 0.03 0.06 0.04 0.03 0.58 1.40 2.11 6 -0.11

*Exchangeable - Cation Percentage.

These soils. have very low pH value, low cation-
<xchange capacity (CEC) value and extremely low
exchangeable-cation  percentage (ECP).  Available
phosphorus is also very poor except in the A* horizon
of LA-2,

Chemical analysis

Chemical composition of the clay fractions of three
Yellow Latosols in shown in Table 4. The low values of
the ratio of silica to alumina, and high content of ironin

LA-1 and LA-2 suggests high content of kaolin minerals
and free iron oxides, respectively. The contents of MgO
and K90 were low in LA-! and LA-2, which indicates
the rare presence of 2:l1-type clay minerals such as
montmorillonite, vermiculite and mica minerals. An
unusually high content of Cal in the A, horizon of
LA-2 should be caused by its precipitation with oxalate
which is an intermediate product during the
composition of organic materials with warmed hydrogen
peroxide.

TABLE 4, Chemical composition of the clay fraction of Yellow Latosols.

Soil LA LA-2 LA-3

Hor. A3 B21 B23 Aq B2y B3 Ay Az B22
Lab. No 15952 15954 15956 21593 21596 21509 20420 20430 20432
Si0y 3466 3353 3304 3870 3876 3763 4459 4375 4063
Tiop 1.22 1.48 1.67 1.92 1.57 1.57 2.89 2.38 2.33
Alj04 3506 3495 358t 2946 3263 3075 3239 3241  36.68
Fe,04 11.74 1257 1226 969 1049 1468 4.94 545 5.29
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0t 0.01
Mgo 0.02 0.02 0.03 0.19 0.15 0.13 0.02 0.02 0.01
Ca0 0.76 0.65 0.75 2.58 1.21 0.87 0.61 0.55 0.52
Na,0 0.20 0.25 0.17 0.25 0.25 0.25 0.14 0.29 0.13
K40 0.26 0.24 0.28 0.65 0.73 0.76 0.09 0.10 0.09
H,0" 15,73 1567 1695 1590 1411 1309 1462 1409 1452
Total 99.66 99.37 9997 9935 9991 9974 10030 9905  100.21
$i09/Al505 1.68 1.63 1.57 2.23 2.02 2.08 2.4 2.29 1.88
$i05/R04 1.38 1.32 1.29 1.84 1.67 1.59 2.13 2.07 1.72

*Based on 110°C - dried weight.
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X-ray diffraction

In Fig. 2, the X-ray diffraction patterns of the clay
fraction of Yellow Latoscls by a powder method are
presented, and all of the charts had a very strong
diffraction peak at 7.24 and 3.58 A associated with
kaolinite Kitagawa & Watanabe (1970). This result shows
that kaolinite is a dominant clay mineral in Yellow
Latosols, and coincides with that of previous studies
(Sombroek 1966, Chiba 1970, Iwasa 1976) as mentioned
before. Judging from the intensity the diffraction peak,
the kaolinite content of LA-3 was the highest of the three.
The presence of a very weak peak at 10 Ain LA2
suggests the occurrence of a small amount of mica
minerals left behind from the weathering process. The
content of K50 as an indicator of occurrence of mica
minerals was about 0.7% and slightly high in LA-2
(Table 4).

GOETHITE SOETHITE LEPIDOSROCITE HEMATITE
417
417
259

ORIGINAL 630
TREATED

LA-1.A3  PY-3.8 6PH-2. Ayg TRE.B

(15952} (23725) [20633) (17775)

FIG. 2. X-Ray Diffraction Patterns of Powder Clays in
Yellow Latosols: K, Kaolinite; Mi, Mica Minerals;
Ghb, Gibbsite; Ht, Hematite; Gt, Goethite; Lp,
Lepidocrocite; Q, Quartz.

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

Considerable amounts of goethite at 4.17 A and 2 small
amount of haematite at 2.69 A were present in LA-1 and
LA-2, The content of goethite in LA-3 was low for the
low intensity of the diffraction peak. The suboil of LA-2
contained a stnall amount of lepidocrocite whose
diffraction peak is at 6.30 A. The diffraction peaks of
these iron-oxide minerals disappeared by the treatment
with a dithionitecitrate-bicarbonate system after Mehra
& Jackson (1959) as shown in Fig. 3. This result agreed
with the high contents of Fe,05 in the clay fraction of
LA-]1 and LA-2 (Table 4).

The weak diffraction peak at 3.35 A found in all the
samples was associated with the presence of a small
amount of quartz.

DTA

The DTA curves of all the clay fraction of Yellow-
-Latosols (Fig. 4) had a large epdothermal peak near
5509C and a sharp exothermal peak mear 9009C, and
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showed the occurrence of a large amount of kaolin
minerals, An endothermal peak near 300°C in all the
horizons of LA-1 and the A of LA-2 was originated
in gibbsite, This supports the result of the X-ray
diffraction method.

Red-Yellow Latosol Samples

Three samples of Red-Yellow Latosols from Acre,
Amazonas and Pard were employed, and their
properties are shown in Table 5 through 7. The pH value,
CEC value, ECP, as well as the contents of organic carbon
and available phosphorus are very low in these soils.

Chemical analysis

The ratio of silica to alumina was rather high in
LVA-1, very low in LVA-2, and relatively low in LVA-3
(Table 8). The contents of Mgl and K40 were 2 little
high in LVA-1, and the structural water (H20 +) content
was relatively low, which were presumed to be a co-
-xistence of mica minerals and other 2:1-type minerals
in LVA-1. On the other hand, this table also shows the
very high content of Hy0 + in LVA-2. The abundant
structural water and low values of the ratio of silica to

I T { ] L | T

LA-t o
£5015952) Ht

B,(15954)
Bp3{15956)
LA-2 X 6t
4, (21593) Gb
He

Bz(21596)

B3 [21599)
LA-3

A (20429)

Ay [20430)

Bee{20432)

S N IS SR S N

w10 7 [ 4 s 3 21k
FIG. 3. Changes of X-Ray Diffraction Patterns of lron-
-Oxide Minerals after treatment with Dithionite-
Citrate-Bicarbonate System {15).



Y. KITAGAWA e M.R.F. MOLLER

alumina in the clay fraction suggest the presence of
gibbsite, Al(OH)3, of which water content is 34.65% in
weight. The Fe, 04 content was high in LVA-1.

X-ray diffraction. LA-1
A,416952)
X-ray diffraction patterns of the powder specimens of
three Red-Yellow Latosols are shown in Fig. 5. In the B2 (15954)
clay fraction of all three soils, kaolinite, having the basal
spacing of 7.24 A, was a dominant clay mineral. All the By315956)
horizons of LVA-1 contained mica minerals because a
10 A peak was noticed in the diffraction charts. A small
amount of montmorillonite or vermiculite called
14 A minerals was found in the subsoil of LVA-1. The
presence of 2:1-type minerals in LVA-1 had been already LA-2
presumed by the chemical analysis. 4 (21593
The strong diffraction peak at 4.85 and 4.3% A in B7,(21596)
LVA-2 suggest that a considerable amount of gibbsite
exists in all the horizons, 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 in LVA-1 and LVA-3, while, only a £,{20429)
small amount of goethite was found in LVA-2 and
hacmatite was not detectable. £5(20430}
The diffraction peak at 3.35 and 4.25 A in LVA-1 B3,(20432)

indicates the presence of quartz. The other two soils had
very small amount of quartz. In LVA-2, a small amount
of feldspar was detected through the occwrrence of a
small peak at 3.20 A
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FIG. 4, DTA Curves of Clays in Yellow Latosols.

1000°C.
The DTA curves of the clay samples of Red-Yellow

TABLE 5. Some properties of samples of LVA-1: Location, Area of Montevideo rubber field, Brasileia, Acre; Relief,
gentle undulate; Drainage, good drained; Vegetation, virgin forest.

Hor. {Lab.No) Depht Color Texture Particle distribution, % Org.-C Total -N  CIN
cm % %
Coarse Fine  Silt Clay
sand sand
Aq {11130} 016 7.5YRS5/4 SL 8 53 24 15 0.75 0.09 8
84 {11133} 63-116 5YR4/6 SCL 5 41 22 31 0.04
B3/C {11134) 116-160 5 YR 5/4 SiL 8 46 46 0.06
pH (1:1) Exchangeable cations, mE/100 g CEC Avalil. -P
- mE/100 g ECF* mg/100g
H0  KCl ca?* Mgt nNa' K* Wt At
3.8 34 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 35 0.02 0.658 0.03 0.21 1.73 8.76 11.33 7 0.1

;Exchangeable - Cation Percentage.
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TABLE 6. Some properties of samples of LVA-2: Location, Uaupés, Amazonas; Relief, gentle undulate; Declivity, § to

7%;Erosion, light laminate; Drainage, good drained; Original material, gramite/granodiorite; Vegetation,

grass land.
Hor.  (Lab,No} Depht Color Texture Particle distribution, % Org.-C Total-N C/N
cm % %
Coarse Fine  Silt Clay
sand sand
A1 {20493) 0-30 10YR4/2 SCL 37 19 17 27 1.58 0.09 18
By (20496} 100-140 S5YRG6/8 c 20 17 22 41 0.61 0.01 61
pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P
mE/100 g ECP * mg/100g
H,0  KCl ca®* Mgt Na' K* Ht At
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 1.23 14 -0.11

*Exchangeable - Cation Percentage.

TABLE 7. Some properties of samples of LVA-3: Location,
gentle undulate; Declivity, 3%; Drainage, good
Vegetation, dense forest; Actual use, unused.

km 1 of the highway, Obidos - Oriximina, Pard; Relief,
drained; Original material, Barreiras formation, Terciary;

Hor, {Lab. No}  Depht Color Texture Particle distribution, % Org.-C Total-N C/N
cm % %
Coarse Fine  Silt Clay
sand sand
Ay (20049) 015 7.5YRA4/2 LS A 8 13 8 1.03 0.07 15
By {20051} 70100 7.5YRG/ SL 59 1 12 18 0.32 '0.03 1"
Bog (20053} 120- 5 YR &/6 SL 63 1 9 17 017 0.01 17
pH {1:1) Exchangeable cations, mE/100 g CEC Avail, P
mE/100 g ECP * mg/100g
Hy0 K&t ca** Mg®*  Na* K* CA Vi
36 35 0.06 0.07 0.03 0.05 3.15 1.80 5.16 4 0.49
4.4 4.1 0.01 0.02 0.02 0.03 308 0.80 4.86 2 -0.11
4.5 4.1 0.01 o.M 0.02 0.03 2.83 0.80 3.70 2 0.11

*Exchangeable - Cation Percentage.

Latosols are drawn in Fig. 6. It was confirmed that
kaolinite was a dominant mineral in all the samples, and
considerable amount of gibbsite was present in LVA-2,
judging from the occurrence of the DTA peak near 550
and 900°C, respectively, In LVA-1, the peaks associated
with kaolin minerals were relatively weak because of the
co-existence of 2:1-type minerals, The content of
kaolinite was very high, so that the intensity of the
DTA peak was very high in LVA-3,

“Latossolo Roxo” soil Samples

A “Latossolo Roxo" soil found in the State of Pard

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

was used, and the properties of the soil are represented in
Table 9, The reaction of the soil is moderately acid. ECP
is considerably high although the CEC value is not high,
and the later is dependent on the content of organic
matter. Exchangeable Cat is relatively high in the A,
horizon. Available phosphorus is extremely poor in the
subsoil.

Chemical analysis

Table 10 shows the chemical composition of the clay
fraction of “Latossolo Roxo® soil. The ratio of silicate
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 Latosols.

Soil LVA-1{ LVA-2 LVA-3
Hor, A'l 32 B3/C A1 32 A1 B1 322
Lab. No 11130 11133 1MM34 20493 20496 20049 20051 20053
5104 48,28 42.87 50.91 26.79 26.40 41.04 40,90 40.85
Ti0o 0.98 0.96 0.99 2.84 2.59 0.88 0,76 0.84
Al403 26.47 29.42 26,76 43.51 44.04 35.58 36.99 36.31
F3203 10.20 12.29 7.62 5.83 5.54 5.14 541 5.58
MnQ 0.03 0.05 0.01 0.01 tr. 0.01 0.01 0.01
Mg0 0.21 0.26 0.41 tr. tr. 0.01 0.01 0.01
Cal 0.80 0.65 0.87 0.78 0.90 1.18 0.79 0.74
Nag0 0.36 0.35 0.44 0.12 C.11 0.10 0,14 0.10
K50 1.81 1.85 2.48 0.06 0.08 0.07 0.07 0.05
H20+ 10,16 10.81 8.51 20.33 21.30 16.28 14.60 15.36
Total 99,29 99.51 99.00 100.27 100.96 99.28 99.68 99,85
smzfmzoa 3.10 247 3.23 1.04 1.02 1.96 1.88 1.9
8i0o/R504 249 1.95 273 0.96 0.94 1.79 172 1.74
* Based on 110°C - dried weight.
while, the Fe;05 content was very high. This result
suggests the occurrence of kaolin and iron-oxide
minerals, LYA-1
X-ray diffraction Aq(M30)
The X-ray diffraction patterns of the powder B, (11133}
specimens of “Latossolo Roxo” soil are drawn in !
Fig. 7. The diffraction peak at 7.24 and 3.58 A originated
in kaolinite, which was regarded as a dominant clay Byc(N34)
mineral for the high peak intensity.
A small amount of gibbsite was detected by the
occurrence of the diffraction peak at 4.85 Ain al] the LVA-2
horizons. 4,(20453)
Enough haematite with 2.69 A peak and goethite
with 4.17 A were found as presumed from the chemical
composition. B2 (20496)
Trace of quartz (3.35 A) ocoumed in the clay fraction
of all the horizons.
DTA
’ LVA-3
The DTA curves of the clay specimens of “Latossolo 2,(20043)
Roxo" soil shown in Fig. 8 confirmed the presence of
kaolinite as a dominant mineral. They had a small B,(20081)
endothermal peak near 300°C associated with gibbsite. !
Clay Mineral Composition of the Soils with Textural B BA20053
Horizon
L 1| ! ] 1
Red-Yellow Podzolic soil Samples . w7 £ 1 3}5 P

Three Red-Yellow Podzolic soils were collected in
Acre, Amazonas and Pari, and lsted in Table 11 to 13.
The soil reaction is very strongly acid in PVA-1 and
PVA-2, and extremely acid in PVA-3. The CEC values are

FIG. 5. X-Ray Diffraction Patterns of Powder Clays in
Red-Yellow Latosols: K, Kaolinite; Mi, Mica
Minerals; V, Vermiculite, Gb, Gibbsite; Ht
Hematite; Gt, Goethite; Q, Quartz; F, Feldspar.

Pesq. agropec. bras,, Brasilia, 14(3):201-228, jul, 1979.
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TABLE 9. Some properties of samples of LR-1: Location, Rio Fresco, Pard; Relief, undulate to strong undulate;

Declivity, 10 to 15%; Erosion, apparently none; Drainage, good drained; Original material, Grio Pard
group; Vegetation, dense forest; Actual use, cultivation of cassava

Hor. {Lab. No) Dspht Color Texture Particle distribution, % Org.-C Total-N C/N
cm % %
Coarse  Fine  Silt  Clay
sand sand

Ay {18511} 0-15 5YR 3/3 L 13 17 47 23 1.33 0.03 4
By (18513) 3550 25YR4/6 c 8 10 35 47 0.62 0.09 7
Bog {18515) 100120 2% YR 3/6 c 6 5 37 52 0.31 0.03 10
pH (1:1) Exchangeable cations, mE/100 g CEC Avail. -P
mE/100 g ECP * mg/100g
H,0  KCI  ca?* Mg?*  Na K* TR VA
5.7 5.3 6.06 2.3 0.03 0.34 1.32 t] 10.06 87 0.76
5.7 5.0 1.00 1.24 0.03 .21 1.8 0 4.29 58 -0.11
5.3 4.8 0.27 0.85 0.02 .17 1.65 0 2.96 44 -0.11

*Exchangeable - Cation Percentage.

[ T T I I 1 TABLE 10. Chemical composition of the clay fraction of
the soil called *’Latossolo Roxo®
Soil LR-1
Lva-t Hor. Aq By Bao
Ar{T130) Lab. No 18511 18613 18515
82111331 Si0y 3624 . 3475 32.90
B34} Ti0, 1.15 112 1.06
Aly04 30.88 30.96 32.82
Fey03 14.80 15.74 16.50
Mn0 0.04 0.05 0.05
LVA-2 Mg0 0.08 0.04 0.03
A,(20493) Ca0 0.93 0.96 0.84
Na,0 0.20 0.13 0.14
B (20496) K50 0.32 0.23 0.20
H,0" 14.77 15.97 15.45
Total 99.39 99.95 99.99
Lva-3 Si04/Al 05 1.99 1.90 1.70
A1 (20049) $i05/R 505 1.53 144 1.29
81 (20051) *Based on 110°C - dried weight.
B2(20053) relatively low, ECP is extremely low in PVA-2 and PVA-3,
and available phosphorus is very low in all the soil samples.
Chemical analysis
i l ] [ [ | The chemical composition of the clay fraction of
three Red-Yellow Podzolic soils is shown in Table 14. The
° 200 400 see 00 1000 ratio of silica to alumina was slightly high in PVA-1,
FIG. 6. DTA Curves of Clays in Red-Yellow Latosols. and low in PVA-2 and PVA-3. A moderately high content

Pesq. agropec. bras., Brasilia, 14(3):201-228, jul. 1979,
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TABLE 11. Some properties of samples of PVA-1: Location, km 15 of BR-236/317, Rio Branco - Xapuri, Acre; Relief,
plain to gentle undulate; Declivity, 3%; Erosion, none; Drainage, good drained; Original material, terciary
sediments; 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} 310 7.5YR4/4 L 4 34 40 22 1.47 0.02 7
BZ‘I {21023} 30-60 5 YR 5/8 C 4 24 AN 41 0.27 0.06 S
B3 {21025} 130180 10YR&/8 c 4 17 27 52 0.41 0.06 7
pH {1:1} Exchangeable cations, mE/100 g CEC Avail. -P
mEf100 g ECP* mg/100g
H0  KCl  Ca** Mg Na* K* H* A
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 a.11
5.0 4.4 0.10 0.32 0.03 0.06 248 5.60 8.59 6 0.33

*Exchangeable - Cation Percentage,

TABLE 12. Some properties of samples of PVA-2:Location, Uaupés, Amazonas; Relief, plain; Declivity, 0 to 11%:
Erosion, none; Drainage, good drained; Vegetation, forest,

Hor. {Lab. No} Depht Color Texture Particle distribution, % Org.-C Total-N  C/N
cm % %
Coarse  Fine Silt  Clay
sand sand
A3 {20678) 10-25 5YR 4/4 cL 26 16 29 29 1.72 0.12 14
B1 1 {20679) 25-50 5 YR b/8 ClL 28 15 26 3 1.27 0.08 16
BZ {20681) 75-110 5YR 6/8 cL 29 15 19 37 0.65 0.06 11
pH {1:1) Exchangeable cations, mEf100 g CEC Avail, -P
mE/100 ¢ ECP* mg/t00g
HyO  KCI ca®? mMg?*  na' K* H* At
5.0 4.2 0.04 0.07 0.04 0.05 6.58 2.00 8.78 2 0.16
4.3 4.2 0.04 0.05 0.03 0.03 4.60 2.00 B6.75 2 .11
4.9 4.3 0.05 0.04 0.03 0.04 212 2.00 4.28 4 -0.11

*Exchangeable - Cation Percentage.

of K50 and a slightly low content of Hy0 + presumed
the co-existence of mica minerals in PVA-1 as in the case
of LVA-1. In the other samples, the base contents were
very low. The content of H20+was relatively high in
PVA-2, which should indicate the occurrence of gibbsite
as mentioned in LVA-2. The Fe,{y content was high in
all the samples, especially in PVA-2,

X-ay diffraction

The results of the X-ray diffraction method in the
clay fraction of the Red-Yellow Podzolic soils are shown

in Fig. 9 and 10. Kaolinite was a dominant mineral in
all the samples judging from the occurrence of a strong
diffraction peak at 7.24 A Mica mineral with 10 A bagal
spacing was found in PVA-1 as presumed from the
chemical composition in Table 14. A small amount of
dioctahedral vermiculite was present in PVA-2, which was
detected by observing the changes of 14 A basat spacing
with several treatment. This diffraction peak was not
changed by glycerol and K™ saturation, and shifted
toward 10 A by heating at 300 and 600°C after the clay
specimen was saturated with K* (Fig. 10), as described
by Brown (1953).

Pesq. agropec. bras., Brasilia, 14(3):201-228, jul. 1979.
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LR-1
A,(18511)

By [18513)

B2A18515)

1“1 T 5 403 1 ok

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

LR-1
A {1851)

B,(18513)

Bael18515)

L1 & 1 | |

] 200 400 600 800 1000°¢

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

Considerable amount of gibbsite was noticed in PVA-2
by the presence of 4.85 and 4.3% A diffraction peaks, as
well as in the chemical analysis.

Haematite with 2.69 A peak and goethite with 4.17 A
were found in all the samples of Red-Yellow Podzolic
soils. The diffraction peak at 4.17 Adisappeared with the
treatment by Mehra & Jackson (1959) (Fig. 3). The
occurrence of iron-oxide minerals was coincident with
the high content of Fe,04 in the clay fraction of the
soils.

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

DTA

The DTA curves of the specimens of Red-Yellow
Podzolic soils drawn in Fig. 11 supported the occurrence
of kaolinite in all the samples and gibbsite in the clay

Pesq. agropec. bras., Brasilia, 14(3):201-228, jul. 1979.
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PVA-1
Aq2:021)

B, (21023}

B4(21025)

PVA.2
#5420678)

By (20679)

B,{20681)

PVA-3
A,(23722)
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Bp(23725)
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FIG. 9. X-Ray Diffraction Patterns of Powder Clays in
Red-Yellow Podzolic Soils: K, Kaolinite; Mi, Mica
Minerals; V, Vermiculite, Gb, Gibbsite; Ht Hema-
tite; Gt, Goethite; Q, Quartz; F, Feldspar.

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

Electron microscopy

The electron micrograph of the specimen from the
Byq horizon of PVA-3 (Fig. 12) shows the occurrence
of small formless-or-hexagonal-plate particles which were
associated with soil kaolinite (Kitagawa 1976). A very
small amount of metahalloysite or halloysite particles
of which shape is tabular (Kitagawa 1976) was also found
in this photograph. It is generally thought that a small
amount of metahalloysite or halloysite should be
co-existing even if kaolinite is predominant in soils
because of the similarity between their structures.

“Terra Roxa Estruturada® soil Samples

Two samples of the so-called “Terra Roxa Estrutura-
da" soils were used, and their properties are shown in
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TABLE 13, Some properties of samples of PV A-3: Location, Experimental ficld of EMBRAPA, Altamira, Para; Relief,
undulate to gentle undulate; Declivity, 0 to $%; Erosion, practically none; Drainage, good drained; Original
material, Curud formation, superior Devonian; Vegetation, tropical forest; Actual use, exploited primary

forest.
Hor. {Lab. Ne}  Depht Color Texture Particle distribution, % Org.-C Total-N  C/N
cm % %
Coarse Fine Silt  Clay
sand sand

Ay {23722) 0-8 5 YR 3/4 c 10 8 14 68 1.81 0.19 10
Ag {23723} 8-27 5YR 4/4 c 7 8 11 74 0.97 0.14 7
Boq {23725) 54-103 5YR4/8 c 5 6 " 78 0.57 0.06 10
Bs {20681} 75-110 5 YR 6/8 cL 29 15 19 37 0.65 0.06 1

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

mE/100 g ECP * mgf100g
Hy0  KClI ca?* Mgt  nNa' K* WA
39 36 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 39 0.03 0.04 0.03 0.03 1.86 3.42 5.41 2 0.11
*E xchangeable - Cation Percentage,
TABLE 14. Chemical composition of the clay fraction of Red - Yellow Podzolic soils.
Soil PVA-1 PV A-2 PVA-3
Hor, A3 321 83 A3 B-” 32 A1 A3 321

Lab. No 21021 21023 21025 20678 20679 20681 23722 23723 23725
504 43.36 43.02 40.27 26.90 24.19 27.48 38.02 37.06 38.29
Ti0y 1.52 1.14 0.99 2.02 213 1.85 0.96 0.98 0.92
A1,04 30.20 2948 31.39 37.35 38.75 35.09 34.83 35.58 34.04
Fe;05 11.12 11.62 12.77 14.69 15.83 14.74 11.00 11.48 11.41
MnO 0.04 0.02 .01 0.01 0.01 0.01 0.0% 0.01 0.01
Mg0 0.20 0.20 0.21 0.03 0.03 0.02 0.01 tr. tr.
Cal 0.89 1.10 0.99 0.76 0.89 0.72 0.57 0.72 0.63
Nay0 0.35 0.35 0.33 0.11 0.16 0.11 0.10 0.11 0.16
K40 1.60 1.55 1.48 0.30 0.28 0.27 0.09 0.08 0.08
H20+ 10.19 11.26 11.01 17.25 17.01 1875 14.05 14.24 13.92
Total 99.47 99.64 99.45 99.42 99.28 99.04 99.64 100.26 899.46
S§i0y/Al504 244 2.48 2.18 1.22 1.06 1.33 1.85 1.77 1.91
§i05/R 904 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 from the
States of Mato Grosso and Pard. The reaction of the soils
is slightly acid. The CEC walue, exchangeable Ca** and
ECP are very high in the Ap horizon of TRE-1. The CEC
values of the subsoil of TRE-2 are higher than those of
TRE-1, in spite of a rather high content of organic carbon
in the latter and the similarity of their clay content.
This fact suggests a difference in the clay mineral

composition in TRE-2 and TRE-1. ECP is considerably
high in connection with the relatively high content
of exchangeable Ca®* and Mg** except in the Ap
horizon of TRE-1. Available phosphorus is extremely low
in TRE-2.

Chemical analysis

The chemical composition of the clay samples of the

Pesq. agropec, bras., Brasilia, 14(3):201-228, jul. 1979.
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TABLE 15. Some properties of samples of TRE-1: Location, Rio Negro, Mato Grosso Ciceres, Mato Grosso; Relief,
undulate to mountainous; Declivity, 10%; Erosion, moderate laminate; Drainage, good drained; Original
material, basalt; Yegetation, forest; Actual use, coffee field.

Hor, {Lab, No}  Depht Color Texture Particle distribution, % Org.-C Total-N C/N
cm % %
Coarse Fine Silt  Clay
sand sand
Ap {17773} 012 25YR3/2 c 7 13 40 40 2.39 0.26 9
Bq {17775} 34.60 10 YR 3/4 c 6 13 23 53 1.01 0.08 13
Byz {17777) 100-140 25YR 3/4 Cc 6 15 22 57 0.52 0.05 10
pH (1:1) Exchangeable cations, mE/100 g CEC Avail. £
mE/100 g ECP * mg/100g¢g
H,0 K€ ca*? Mg?*  Na* K* Y At
6.6 6.2 29.30 1.19 0.02 0.28 0.38 0 31.12 99 2,70
6.1 45 2.33 0.52 0.03 1.28 501 0 2.17 45 0.65
54 5.1 213 0.17 0.02 0.58 1.65 0 4.65 65 0.13

*E xchangeable - Cation Percentage.

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

Hor. {Lab. No}  Depht Color Texture Particle distribution, % Org.-C Total-N C/N
cm % %
Coarse Fine  Silt Clay
sand sand
Ap {20054} 0-7 25YR4/4 SiCL 10 9 45 36 1.18 0.13 9
B4 {20056) 1955 25YR3/6 C 2 4 32 62 0.43 0.05 9
B4 (20058} 95- 25YR3/6 C 1 5 40 54 0.20 0.03 7
pH {1:1) Exchangeable cations, mE/100 g CEC Avail. P
mE/100g ECP* mg/100¢g
Ha0  KCI ca* Mg?*  Na* K* HY ARt
5.5 5.0 5.62 1.56 0.05 0.19 4.62 0 12.04 62 0.1
5.9 52 5.87 1.70 0.03 0.04 3.63 0 11.27 68 0.1
6.1 5.6 5.62 2.79 0.03 0.03 2.80 0 11.27 75 0.16
*E xchangeable - Cation Percentage.
soils called “Terra Roxa Estruturada® is presented in  X-ray diffraction

Table 17. The result of the chemical analysis was

characterized by the extremely high content of Fe405. The X-ray diffraction charts of the powder specimens

About one third of their clay fraction was occupied by
Fe,04 in TRE-1, because the soil originated from basic
rocks as shown in Table 15. The ratio of silica to alumina
in TRE-1 was extremely low, while in TRE-2 was similar
to the lateritic soils. The base contents of these soils
were not so high.

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

of “"Terra Roxa Estruturada® soils are shown in Fig. 13.
The diffraction peak at 7.24 A suggested that kaolinite is
a dominant clay mineral, because the peak intensity of
layer silicates is relatively low in the case of the powder
method. A small amount of dioctahedral vermiculite was
detected by looking over the changes of basal spacing at
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FIG. 10. Changes of Basal Spacing of Oriented Clays in
PVA-2 after several Treatments: Ca-RT, ca®*
- Saturated, Room Temperature; Cagly, ca®*.
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.

14 A (Fig. 14). The presence of metahalloysite in TRE-2
atiracted attention in particular, which confirmed from
the presence of the diffraction peak at 7.34 A (Kitagawa
1976). The peak intensity also suggested that
metahalloysite is predominant in this soil.

* In the TRE-1, a large amount of haematite connected
with the diffraction peak at 2.69 A which disappeared by
the dithionite-citrate-bicarbonite system (Fig. 3), was
found in all the horizons. A small emount of lepidocrocite
with 6.30 A peak was identified only in the Ap horizon,
and goethite was not confirmed in any of the hotizons.
The presence of abundant iron-oxide minerals was already
noticed in the chemical composition. Considerable
amount of gibbsite was present in TRE-1, because the
strong diffraction peaks occurred at 4.85 and 4.39 A, Fair
amounts of haematite and goethite with 4.17 A peak
existed in all the harizons of TRE-2.

" Traces of quartz with the diffraction peak at 3.35 A
was found in all the clay samples.

DTA

The DTA curves of the clay specimens of “Terra Roxa
Estruturada® soils (Fig. 15) showed the occurrence of an
endothermal peak near 550°C and an exothermal peak
near 9009C associated with kaolin minerals, and an
endothermal peak near 300°C associated with gibbsite.

Electron microscopy

In the electron micrograph of the specimen from the
Ap horizon of TRE-2 shown in (Fig. 16) thin-plate
particles of which edges are bent were found, and they
should be associated with metahalloysite (Takahashi
1967). The tubular particles of metahalloysite were also
present in this plate,
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FIG. 11. DTA Curves of Clays in Red-Yellow Podzolic
Soils.

Clay Mineral Compostion of Lowland Soils
Low Humic Clay Scil Samples

Three samples of Low Humic Clay soils occurring in
the States of Acre, Amazonas and Pard were employed
in the experiments, and their properties are presented in
Table 18 to 20. The soil reaction is strongly acid in GPH-3,
and extremely acid in GPH-2. The CEC value is extremely
high in GPH-1, and rather hj§h in GPH-3. The content of
exchangeable Ca’* and Mg * in GPH- is extremely
high and slightly high, respectively, so that ECP is very
high in GPH-2 has high exchangeable At , low
exchangeable bases and extremely low ECP as in the
latosols.

Chemical analysis

Table 21 shows the chemical composition of the clay
fraction of Low Humic Clay soils. The ratio of silica to
alumina was very high in GPH-1 and GPH-3, and slightly
high in GPH-2. The Mg, K50 and H,0+ contents in
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TABLE 17. Chemical composition of the clay fraction of the soils called *"Terra Roxa Estruturada®

Sail TRE-1 TRE-2

Har. Ap 81 822 Ap 821 83
Lab. No 17773 17775 17777 20054 20056 20053
Si0y 18.40 18.94 16.78 37.55 37.87 36.29
Ti0y . 1.67 1.25 1.81 0.95 0.88 0.80
Al04 32.26 32.53 33.56 28.91 27.12 27.47
Feo0y3 29.21 29.86 29.35 17.38 19.25 21.38
MnQ 0.05 0.04 0.04 0.06 0.05 0.05
MgO 0.05 0.04 0.02 0.22 0.16 0.18
Cal 1.22 0.84 0.62 0.75 0.81 0.69
Nay0 0.20 0.20 0.12 013 0.11 0.14
Kq0 0.18 o.M 0.52 0.47 0.41 0.39
H20+ 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
Si0,/Al504 0.97 0.99 . 085 2.20 2.32 2.24
8102/R203 0.61 0.62 0.54 1.59 1.61 1.50

*Based on 110°C - dried weight.

TRE-1
Ap(17TT3)

B, (17775}

B(I7777)

TRE-2
Apl20054)

B,i(20056)

B1(20058)

o R N O R

B0 7 [ 4 35 3 27k
FIG. 13. X-Ray Diffraction Patterns of Powder Clays in
Terra Roxa Estruturada: K, Kaolinite; MH,
Metahalloysite; V, Vermiculite; Gb, Gibbsite;
Ht, Hematite; Gt, Goethite; Lp, Lepidocrocite;
Q, Quartz, F, Feldspar.

GPH-1 and GPH-3 were considerably high, slightly high
and slightly low, respectively. This result suggests the
occurrence of 2:1-type clay minerals. The K20 content
was slightly high in GPH-2.

X-ray diffraction

FiG. 12. Electron micrograph of clay in Boy horizon
of PVA-3 (23725). The X-ray diffraction charts of the clay fraction in
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TABLE 18. Some properties of samples of GPH-1: Location, Sena Madureira, Acre; Relief, plain; Declivity, 0 to 1%;
Erosion, none; Drainage, imperfectly drained; Original material, quaternary sediments; Vegetation,

“virzea” forest;

Hor. {Lab.No} Depht Color Texture Particle distribution, % Org.-C Total-N C/N
cm ’ % %
Coarse Fine Silt Clay
sand sand
Az {21141) 5-15 10YR5/2 C 4] az 63 112 0.20 6
C, {21142} 15-50 10YR5/3 SiCL 9 57 34 0.22 0.0% 4
9
IICg {21144) 70-150 10YR&/2 L. 37 43 20 0.11 0.03 4
pH {1:1} Exchangeable cations, mE/100 g CEC Avail. P
mE/100 g ECP * mg/100g
H,0  KCI ca®t Mgt Na* K* HY At
49 4.5 61.30 6.80 0.08 0.20 4.44 1.00 73.82 92 0.82
5.0 4.5 30.00 3.60 0.09 0.1 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

*E xchangeable - Cation Percentage.

TABLE 19, Some properties of samples of GPH-2: Location, S. Gabriel da Cachoeira (328 km from Boca do Rio I¢ana),
Amazonas; Relief, plain; Declivity, plain; Erosion, none; Drainage, bad drained; Vegetation, dense forest.

Hor, {Lab. No} Depht Color Texture Particle distribution, % Org.-C Total-N  C/N
cm % %
Coarse Fine Silt  Clay
sand sand
A1g {20612) 0-20 10YR6/1 Sit 73 27 0.70 0.09 8
A3g (20613) 20-50 10YR7/1 SiCL 7 29 0.52 0.08 7
ng {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/100 g ECP* mg/100g
HyO  KCI ca?* Mgt  Na* K* M YEl
39 a5 0.03 0.05 0.03 0.05 1.37 5.40 6.93 2 0.54
4.3 35 0.02 0.04 0.04 .04 1.07 5.20 6.41 2 0.43
4.3 35 0.05 0.04 .04 0.04 1.10 6.00 7.27 2 0.19

*Exchangeable - Cation Percentage.

Low Humic Clay soils by the powder method, and the
changes of basal spacing by glycerol and heating
treatments are shown in Fig. 17 and 18, respectively. The
very strong diffraction peak at 15 Ain GPH-1 and GPH-3
was associated with montmorillonite-dioctahedral-
-vermiculite interstratified minerals (Macewan, et al
1961), because the peak was shifted to 18 A by glycerol
retention of Ca®* - saturated specimen, to 12.5 Aby K*
saturation, and to 10 A by heating at 600°C, but this
shift was imperfect by 300°C heating (Fig. 18). This
agreed with the results of the chemical analysis from the

viewpoint of the dominance of 2:1-type mineral in the
clay fraction, Kaolinite was also a dominant minetal in
GPH-3, while only a small amount of it existed in GPH-1.
On the other hand, kaolinite was predominant, and a
small amount of montmorilionite or vermiculite was
detectable, in GPH-2,

A small amount of lepidocrocite was found in GPH-2,
and its pesk at 6.30 A disappeared by the treatment

with a dithionite-citrate-bicarbonate system as shown in
Fig. 3.
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FIG. 14, Changes of Basal Spacing of Oriented Clays in
TRE-1 After Several Treatment; Ca-RT, Ca®*
Saturated, Room Temperature; Ca-gly, Ca’t.
and Glycercl Saturated; K-RT, K* - Saturated
Room Temperature; K-300, K* . Saturated,
Heated at 300°C; K-600, K™ Saturated, Heated
at 600°C.
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FIG. 15. DTA Curves of Clays in Terra Roxa Estruturada,

All the profiles contained a small amount of mica
minerals and quartz. Trace of gibbsitc was found in the
clay fraction of GPH-2.

DTA

The DTA curves of GPH-2 showed the mode of
kaolinite (Fig. 19). The curves of GPH-1 were
montmorillonite-like, beeause an  endothermal peak
between 100 and 200°C was double (Fig. 19). The DTA
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FIG 16. Electron mucrograph of Clay in Ap horizon of
TRE-2 {20054),

curves of GPH-3 have the characteristics of their two
minerals.

Electron microscopy

The electron micrograph of the specimen from the Cg
horizon of GPH-1 (Fig. 20) shows the characteristics of
montmorillonite, because its particle shape is like to paper
(Takahashi 1967).

Ground-Water Laterite soil Samples

Two profiles of Ground-Water Laterite soil in the
State of Pard are shown in Table 22 and 23. The soil
reaction is very strongly acid in both. The exchangeable
H* and A1** are rather high, and ECP are low, In LH-2,
the CEC value of the A, horizon is lower than in the
other horizons. The contents of available phosphorus are
slightly high, compared with the other Amazon soils.

Chemical analysis

The result of the chemical analysis of Ground-Water
Laterite soils is shown in Table 24. The ratio of silica to
alumina was high in LH-I except the C5 horizon, and
relatively low in LH-2. Especially in the A, horizon of
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FIG. 17. X-Ray Diffraction Patterns of Powder Clays in
Low Humic Gley Soils: K, Kaolinite; Mi, Mica
Minerals; Mt, Montmorillonite; V, Vermiculite;
Mt/ Montmorillonite/Vermiculite Interstratified
Mineral; Gb, Gibbsite; Gt, Goethite; Lp,
Lepidocrocite; Q, Quartz.

LH-2, the ratio was low as in the latosols. The K90. Mg0
and Hy0" content of LH-1 was very high, slightly high
and low, respectively, This resulis suggest the presence of
considerable amount of mica minerals. The clay mineral
composition of the A5 horizon of LH-2 should be
different from the other horizons as mentioned in the
paragraph under samples, because of the low ratio of silica
to alumina, the lIow contents of Mg0, Ca0 and K50, and
the high Fe,04 content.

X-ray diffraction

The X-ray diffraction patterns of Ground-Water
Laterite soils (Fig. 21 and 22) showed that kaolin and mi-
¢a minerals were the dominant minerals in LH-1, Kaolinite
was very high in the A, horizon of LH-2, judging from
the peak at 7 and 10 AlIn LH-1, the diffraction peak of
kaolin minerals was situated at 7.29 A where the middle
between kaolinite and metahalloysite is (Kitagawa 1976),
and it is "assumed that the mineral is a mixture or an
intermediate of kaolinite and metahalloysite. This will
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FIG. 18. Changes of Basal Spacing of Oriented Clays in

Low Humic Gley Soils After Several
Treatments; Ca-RT, ca’*. Saturated, Room
Temperature; Ca-gly, ca®* - and Glycerol
Saturated; K-RT, K*-Saturated, Room Temper-
ature; K - 300, K* - Saturated Heated at 300°¢;
k-600, K* - Saturated Heat at 600°C,

be discussed in the observation of electron microscope,

A small amount of 2:1-type clay minerals was found
in LH-2, but montmorillonite or vermiculite were not
identified. The minerals in the Ap horizon were similar
to dioctahedral vermiculite as shown in Fig. 22. The 2:1-
-type minerals were not detected, and considerable
amounts of haematite and goethite were recognized
in the A, horizon of LH-2, as discussed in the chemical
composition of the clay fraction. A small amount of
haematite occurred in all the horizons of LH-1.

DTA

The DTA curves of the clay fractions of Ground-Water
Laterite soils (Fig. 23) supported the presence of mica
minerals in LH-1, and 2 large amount of kaolinite in the
Ag horizon of LH-2 in connection with the intensity of
an endothermal peak near 500°C and an exothermal
peak near 900°C,

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



220 Y. KITAGAWA e M.R.F. MOLLER

TABLE 20. Some properties of samples of GPH-3; Location, Rubber field 414, EMBRAPA-CPATU, Belém, Parj;
Relief, plain; Declivity, plain; Erosion, nula; Drainage, imperfectly draned; Original material, quaternary

sediments; Vegetation, field of rubber tree.

Hor. (Lab. No)  Depht Color Texture Particle distribution, % Org.-C  Total-N C/N
cm % %
Coarse  Fine Silt Clay
sand sand
Apg {11810} 0-16 10¥YR G/t SiL 79 21 1.11. 0.12 9
Byg {11812} 3048 25YR6/1  SiCL 61 39 0.55 0.99 6
839 {11814} 72- 10YR7/1  SiC 44 B 045 0.06 8
pH {1:1) Exchangeable cations, mE/100 g CEC Aviail. P
mE/100g ECP * mg/100g
H,0 KO ca** Mg**  Na* K* HY At
5.1 3.8 3.53 4.78 0.22 0.17 494 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 34 2.04 7.83 0.44 0.16 2.14 6.06 18.67 56 o
*Exchangeable - Cation Percentage.
TABLE 21. Chemical composition of the clay fraction of Low Humic Gley soils.
Soil GPH-1 GPH-2 GPH-3
Hor, A3 Cg ||Cg A1 A39 C2g Apg B1g BSQ
Lab. No 21141 21142 21144 20612 20613 20615 11810 11812 11814
Si0g 52.66 51.71 51.89 471.97 49,35 49.02 49.69 - 4943 48.73
Ti0y 0.88 0.82 0.88 2.02 1.66 1.33 1.13 1.06 1.12
A|203 24.36 24.69 24.06 33.89 311 31.42 25,36 27.14 27.30
Feg04 895 9.65 9.68 2.82 3.74 3.60 10.30 9.46 9.76
MnQ 0.04 0.04 0.04 0.01 0.01 0.01 0.05 0.02 0.01
Mg0 0.78 0.87 0.94 0.14 0.18 0.19 0.69 0.51 0.42
Cal 1.52 1.39 1.47 0.75 0.74 0.59 0.82 0.53 0.52
Nay0 0.27 0.30 0.28 0.24 035 0.41 0.32 Q.27 0.26
K20 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 93.02 99.07 99.13 89.28 99.21
Si05/Al1503 3.67 3.55 3.66 2.40 2.69 265 3.33 3.09 3.03
SiOle 203 297 2.85 2.91 2,28 250 247 2.64 2853 247

* Based on 110°C - dried weight.
Electron microscopy

The plate in the electron micrograph of the specimen
from the A horzon of LH-1 (Fig. 24) should be
associated with mica minerals (Takahashi 1967). The
small particles of soil kaolinite were also found but the
particles associated with metahalloysite were not found,
in this photograph. Consequently, the kaolin minerals
discussed in the paragraph of X-ray diffraction should be
kaolinite. .
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Alluvial soil Samples

Two Alluvial soils occurring in the Territory of Ron-
donia and the State of Pard were employed in the experi-
ments, and shown in Table 25 and 26. The reaction of
these soils is extremely acid in the surface sojls and
strongly acid in the subsoils, and the CEC value of the
subsoils is very low, because they have sandy texture.
Exchangeable H' and A1** are fairly high, and ECP is
very low in these soils. The available phosphorus is low
in SA-2.
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FIG. 19. DTA Curves of Clays in Low Humic Gley Soils. GPH-1 (21142).

TABLE 22. Sohe properties of samples of LH-1: Location, km 1159 of PA-150, Marabd, Redencdo, Pard; Relief,
gentle undulate; Declivity, plain; Erosion, practically none; Drainage, good drained; Vegetation, humic
tropical forest; Actual use, unused.

Hor. (Lab.No) Depht Color Texture Particle distribution, % Org.-C Total-N C/N
7 cm . : % %
: Coarse Fine Silt  Clay
sand sand

Ay (20269) 0-9 10YR4/4 SiL 2 23 53 22 1.28 0.14 9

Blpl {20271) 30-52 S5YR4/4 SiC 1 49 40 0.37 0.06 6

By {20273) 70-104 25Y¥YRE/4 CL 2 19 48 31 0.26 0.03 9

02 (20275}  139-175 5YR6/3 SL 6 45 36 13 0.17 0.02 9

pH (1:1) Exchangeable cations, mEf100 g CEC Aviil, -P

. mEf100 g ECP* mg/100g

H,0 Kol ca®? Mg?*  Na* K* Y At

4.4 36 1.33 1.09 0.04 0.26 4.27 2.00 8.99 30 0.38

48 3.5 0.02 1.21 0.03 . 0.05 1.69 5.40 8.40 16 0.11

4.7 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 Diffraction Patterns of Powder Clays
in Ground-Water Laterite Soils: K, Kaolinite; Mi,
Mica Minerals; Mt, Montmorillonite; V

Vermiculite; Ht, Hematite; Q, Quartz.

Ap{7599) 8,,(7602} B,apl{7604)
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FIG. 22,

Changes of Basal Spacing of Oriented Clavs in
LH-2 After Several Treatment: Ca-RT, ca®

- Saturated, Room Temperature; K-RT, K*

- Saturated, Room Temperature; K-300, I<
- Saturated, Heated at 300°C; K-600, K*

- Saturated, Heated at 600°C.

Chemical analysis

The result of the chemical analysis of the clay fractions
of Alluvial scils (Table 27) shows that SA-1 had the low
ratio of silica to alumina and the low contents of Mg and
K40, while, SA-2 had the slightly high ratio of silica to
alumina and relatively high contents of Mg0 and K50.
This suggests the co-existence of 2:1-type clay minerals in
SA-2.
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FIG. 23. DTA Curves of Clays in Ground-Water Laterite
Soils.

ik

FIG. 24. Electron Micrograph of Clay in A1 Harizon of
LH-1 (20269).
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TABLE 23. Some properties of samples of LH-2: Location, 1 km west from S. Marcat land, Ponta de Pedra, Marajs,
Pard; Relief, practically plain; Vegetation, grass 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
Ap {7599) 0-14 10YR3/1  SiCL 7 63 30 3.56 0.29 12
An {7600) 14-29 10YR 3/2 SiCL 5 57 38 0.67 0.07 4
B2ig (7602} 4574 BY 6/1 C 1 3 36 60 017 0.04 4
BZSpI (7604) 108151 10 R 44 C 2 3 39 56 0.15 0.04 4
pH (1:1) Exchangeable cations, mE/100 g CEC Avail. P
mE/100 g ECP* mg/100¢g
Hy0  Kal ca?* Mgt Nat K* H' At
49 39 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 34 0.08 223 0.09 0.05 4.80 6.74 14.09 17 -0.25
4.6 34 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 Laterite Soils.
Soil LH-1 LH-2
Hor, A1 Bip‘| 33 Cz Ap Az 321 BZ3P1
Lab. No 20269 20211 20273 20275 7599 7600 7602 7604
Si0, 49.45 48.54 49,14 46,96 43.31 39.84 45.4% 45.39
Ti05 1.24 1.34 1.56 0.85 1.85 1.35 1.27 .21
Aly0q 27.28 26, M1 26.68 30.93 34.69 36.23 35.85 34.29
Fag04 8.82 10.01 an 7.50 2.30 8.186 3.37 5.76
MnQ 0.06 0.03 0.02 0.06 0.01 0.01 0.M 0.01
Mg0 0.65 0.70 0.64 0.43 0.18 0.03 0.17 0.16
Ca0d 0.52 0.80 0.79 0.69 1.12 0.05 0.44 0.16
Nay0 0.23 0.22 0.22 0.23 0.25 0.29 0.25 6.29
Ko0 297 2.85 297 1.90 0.82 0.22 0.90 0.95
H20+ 8.04 818 7.65 0.89 14.52 13,30 11.54 11.03
Total 99.26 99,38 99.38 99.44 99.03 99.49 93.21 99.25
Si05/Alx04 3.08 3.08 3.13 2.58 212 1.87 215 2,25
§i0p/R 504 2.65 2.49 2.54 2.23 2.03 1.63 2.03 2.03

* Based on 110°C - dried weight.

Xqray diffraction

The X-ray diffraction pattems of the clay specimens
of Alluvial soils are shown in Fig. 25 and 26. Kaolinite
with 7.24 A peak was predominant in all the samples as
in the upland soils. A small amount of mica minerals
with the diffraction peak at 10.0 A was detected in all the
horizons of SA-2 and the surface soil of SA-1, Moreover,
SA-2 contained a small amount of montmorillonite of

which basal spacing at 15 A was shifted to 18 and 10 A
by the glycerol saturation and 300°C heating, respectively
(Fig. 26).

Small amounts of gibbsite 4.85 A peak and quartz
with 3.35 A were found in both soils. Goethite with
4,17 Apeak was detected in SA-1.

DTA

The DTA curves of the clay specimens of Alluvial soils

Pesq. agropec, bras., Brasilia, 14(3):201-228, jul. 1979,
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TABLE 25. Some properties of samples of SA-1: Location, Jacundi, Porto Vetho, Rondonia; Relief, plain; Declivity,
plain; Erosion, none; Drainage, moderate; Original material, quaternary sediments; Vegetation, open forest,

Hor, {Lab, No}  Depht Color Texture Particle distribution, % Org.-C Total-N C/N
cm % %
Coarse  Fine Silt  Clay
sand sand
Ay (21451} 0-8 10YR4/2 SiC 0 2 47 51 1.96 0.22 9
C1 (21452) 840 10YRS/2 SiC 1 44 42 0.61 0.09 7
Ca (21454) 90170 10YRS8/2 § 45 45 B 2 0.25 0.01
pH (1:1} Exchangeable cations, mE/100 g CEC Awail. -P
mEf100 g ECP* mg/iD0g
H0 KO ca?’ Mg?*  Na* K* Y At
4.2 4.0 0.23 0.11 0.04 0.17 5.52 2,40 8.47 6 284
45 4.0 0.10 0.04 0.03 0.07 2.32 1.80 4,36 8 2.60
5.2 4.2 0.05 0.02 0.03 0.03 0.33 0 0.46 28 1.20

*E xchangeable - Cation Percentage.

TABLE 26. Some properties of samples of SA-2: Location, Tabdo Is., Clareira na Beira do Xingu, Pari; Relief, plain;
Declivity, plain; Erosion, none; Drainage, moderate; Original material, quaternary sediments; Vegetation,

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
| {18529) 0-15 10 YR 4/4 L 25 49 26 1.99 0.26 8
1] {18530) 15-35 1I0YRS5/6 CL 32 39 29 0.53 0.07 8
v {18532) 70120 10YR6/8 LS 82 10 8 0.11 0.02 6
pH {1:1) Exchangeable cations, mEf100 g CEC Avail, P
mEf100 g ECP* mg/100g
H,0  KCl ca?* Mg?*  Na* K* HY At
3.8 34 043 0.20 0.03 0.16 8.63 4.40 13.85 6 0.76
4.1 36 0.03 0.03 0.02 0.06 2.30 380 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.

arc drawn in Fig. 27. These curves showed the mode of
kaolin minerals in all the samples. A large endothermal
and an exothermal peak occurred near 550 and 900°C,
respectively. A very small endothermal peak at 300°C was
associated with gibbsite.

DISCUSSION AND CONCLUSIONS

The clay mineral compostition of nineteen
soils occurring in the Brazilian Amazon region
was examined by means of chemical analysis,
X-ray diffraction method, DTA and electron
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microscopy, Results are summarized in Table 28.

In the clay fraction of the soils with oxic B
horizon such as Yellow Latosol, Red-Yellow
Latosol and “Latossolo Roxo* soil, kaolinite
was predominant, goethite was detected, haematite
was found except in one profile of Red-Yellow
Latosol, and gibbsite was frequently present. The
previous reports by Sombroek (1966), Chiba
(1970) and Iwasa (1976) also concluded the
predominance of kaolin minerals in the lateritic
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TABLE 27, Chemical composition of the clay fraction of Alluvial soils.

Sail SA-1 SA-2
Hor, . Aq Cy Cq | 11 v
Lab, No 17773 17775 17777 20054 20056 20058
Si02. 42.30 41.86 38.40 47.47 46.74 44,57
Ti0y 1.00 1.02 1.08 0.87 1.03 0.99
A1203 34.80 3719 37.95 30.06 32.72 32,73
Fe;03 4.07 4.08 6.70 3.62 4.74 7.14
MnO 0.01 0.01 0.01 0.01 0.01 0.0
Mg0 0.06 0.04 0.05 0.40 0.26 0.25
Cal 1.81 0.65 0.79 1.20 0.68 0.78
Nag0 0.21 017 0.18 0.35 0.16 017
K40 ' 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
5i0,/Al405" 2.06 1.91 1.72 2.68 242 2.3
§i05/R504 1.92 1.79 1.54 249 222 2.03
*Based on 110°C - dried weight.
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FIG. 25. X-Ray Diffraction Patterns of Powder Clays in
Alluvial Soils: K, Kaclinite; Mi, Mica Minerals,
Mt, Montmorillonite; Gb, Gibbsite; Q, Quartz.

soils of the Amazon region. A small amount or
trace of mica minerals existed in several lateritic
soils. These mica minerals should be very stable,
and not be weathered under the drastic condition
of the soil genesis in the tropics. Kitagawa &
Watanabe (1970) 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 montmorillenite or
vermiculite was found only in the subsoil of a
Red-Yellow Latosol.

In the soils with textural B horizon, the clay
mineral composition was as follows:

Kaolinite was predominant, and iron-oxide
minerals such as haematite and goethite were
present in all the samples of Red-Yellow Podzolic
soils. A small amount of mica minerals and
dioctahedral vermiculite was found in some of
these soils. The vermiculite in the weathered
upland soils should be originated in dioctahedral
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micas, of which probability was presented by Kita-
gawa & Watanabe (1970). Red-Yellow Podzolic
soils in the Amazon region should fall clay-minera-
logically 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 minerals in the Ay horizon,
and dioctahedral vermiculite in B horizon (Kita-
gawa 1966, Brydon et al. 1968). The podzolic
soils in the Amazon region were also mineralogically
different from Clay-Brown Podzolic soils,
consequently.

In the soils called “Terra Roxa Estruturada®,
kaolin minerals were dominant. Considerable
amounts of iron-oxide minerals 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
dioctahedral vermiculite was also detected in this
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soil. In the other “Terra Roxa Estruturada® seil,
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
wag reported in an Indonesian soil derived from
old “volcanic ash” by Kitagawa, et al. (1973).

The clay mineral composition of the lowland
Low Humic Clay, Ground-Water Laterite and
Alluvial soils in the Amazon region was a little
complicated as Sombroek (1966) and Iwasa
(1976) pointed out. Although kaolinite was
predominant in many soils, montmorillonite/
dioctahedral-vermiculite interstratified and mica
minerals were dominant in two Low Humic Clay
soils and a Ground-Water Laterite soil, respectively.
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
(1963) reported the occurrence of a dioctahedral-
-vermiculite/montmorillonite interstrafied miner-
al in a Scandinavian Podzolic soil, but it was a
vermiculitic mineral. Mica and 2:ltype clay
minerals were frequently found in the lowland
soils, even if kaolinite was dominant.

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

Kaolin minerals were dominant in the upland
soils of the Amazon region, and the fertility 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 it will be discussed in
following studies. Some of the lowland soils of
this region contained a large amount of
montmorillonite-ike clay minerals, and were
regarded as clay-mineralogically fertile, because
montmorillonite 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.
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Soil

Dominant mineral

Accessory or trace minerals

{Yellow Latosol)

LA-1 Kao Gb, Gt, Ht, Qz
LA-2 Kao Gt, Qz, Gb, Ht
LA-3 Kao Gt, Qz
[Red-Yellow Latosal)
LVA-1 Kao Mica, Qz, Gt, Ht, Mont or Ver
LVA-2 Kao Gb, Gt, Qz, Fd
LVA-3 Kao Gt, Ht, Qz
{"Latossolo Roxo')
LR-1 Kao Gb, Gt, Ht, Qz, Mica
{Red-Yellow Podzotic soil)
PVA-1 Kao Mica, Qz, Gt, Ht, Fd
PVA-2 Kao Ver, Gh, Gt, Ht, Qz, Fd
PVA-3 Kao Gt, Gb, Qz, Ht
["Terra Roxa Estruturada’’)
TRE-1 Kao Ht Ghb, Ver, Qz, Fd
TRE-2 Mhal Ht, Gt, Qz
{Low Humic Gley soil)
GPH-1 Mont/Ver Kao, Micz, Qz, Fd
GPH-2 Kao Mont or Ver, Mica, Qz, Lp
GPH-3 Mont/Ver, Kao Mica, Qz
{Ground-Water Laterite soil)
LH-1 Kao, Mica Qz, Ht
LH-2 Kao Mont or Ver, Mica, Qz, Gt, Ht
{Alluvial soil)
SA-1 Kao Mica, Gb, Gt, Qz
SA-2 Kao Mica, Mont, Qz, Gh

Kao, Kaolinite; Mhal, metshalloysite; Mont, mentmorillonite; Ver, vermiculite; Mica, mica minerals; Mont/Ver,
montmaorillonite/vermiculite interstratified mineral; Gb, gibbsite; Ht, hematite; Gt, goethite; Lp, lepidocrocite;

Qz, quartz; Fd, feldspar.
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