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. CLAY t1INERALOGY OF SQt1E TYPICAL SOIlS IN THE BRAZILIAN M1AZOf'l REGION
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and
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ABSTRACT

The outZine of the mineraZ compoaition in the cZay fraction

of aome typical aoiZa occurring in the BraaiZian Amazon region

t.e ae folZowa:

In the Boila with oX1..cB horizon; YelZow tatoaoZa~ Red-

Ye lloia Lo.toeo l:e an d "La t oe eo l.o Roxo" SoiZ~ kaoZinite waa predonrinant.,
gogthite and hematite were found in ggneraZ~ and gibbaite was

frequentZy detected. A amaZl amount or trace of"mica minerals

occurred in aeveraZ Zateritic abiZa. The preaence of the other
<,

2:1-type cZay mineraZa waa rare in the lateritic aoiZa.

In Re d=Ye l l.oio PodzoZic eoi l.e , kaoZinite iaas a leo pvedominant: ,

and iron-oxide mineraZa were aZwaya identified. ConaiderabZe

amount of gibbaite and amaZZ amounta of mica mineraIs and

dioctahedraZ vermicuZite were preaent in some of theae aoila.
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Kita-ku, Tokyo 114, Japan.
Cooperation scientist dispatched to CPATU by Japan Inter-
natio~a1 Cooperation Agency, Tokyo 160, Japan.
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In the so-caZZed "Terra Roxa Estruturada" soiZs~ kaoZin

mineraZs were dominant~ but considerabZe amounts of iron-oxide

mineraZs were found in the cZay fraction~ so that hematite was ~

especiaZZy rich. MetahaZZoysite was a dominant cZay mineraZ in

a "Terra Roxa Estruturada" SoiZ. AsmaZZ amount of dioctahedraZ

vermicuZite was present in the other soiZa.

The cZay mineraZ composition of the Zow Zand soiZs was a

ZittZe compZicated. MontmoriZZonite/dioctahedraZ-vermicuZite

interstratified mineraZ and mica mineraZs were dominant in two

Loio Humi c G Zey soi L s and a Groun d-U at:e r Late rite soi l.e ~ respectively~

aZthough kaoZin mineraZs were predominant in many ZowZand soiZs.

SmaZZ amounts of 2:1-type cZay mineraZs were frequently detected
in the other ZowZand soiZs.

Quartz existed t.n the clau fraction of a l: Z the eoi l: samples.

1 - INTRODUCTION

The Amazon region is located in the humic 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 earthsare taken
away from soil horizons by rain wate~. Organic materials are
rapidly decomposed, and little accumulated in soil. Soils are
enriched with aluminum and iron 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.e., lateritic soils and Red-Ye1low Podzolic soil in
the uplands, and Alluvial soils, Low Humic Gley soi1 and Ground-
Water Laterite soil in the lowlands. These soils were described
by sm1BROEK (18), FALESI (4), and VIElRA (20). About 70% of
the Brazilian Amazon region is covered with the lateritic soi1s
according to FALESI.
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The study on the claymineral composition of the soils
distributed in the Amazon region is very interesting and
important problem for the genesis, classification, fertility
and management of the soils. It is generally known that kaolin
minerals are predominant in the lateritic soils developed under
the drastic conditions of weathering. Kaolin minerals have low
values of specific surface area and cation exchange capacity,
so that the lateritic soils have low fertility. SOMBROEK (18)
reported that more than 80% of crystalline minerals is
kaolinite in the clay fraction of Yellow Latosol distributed
in the Amazon region. CHIBA (3) also reported the predominance
of kaolin minerals in three samples of Yellow Latosol. lWASA
(7) 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:l-type clay minerals. According to KNOX
(GRlM, 6), "Kaolinite was the only mineral reported in more
than halfof a total of over 20 Red and Yellow'Podzols. ln the
remainder, kaolinite was the dóminant, but small amounts of

--illi te and smecti te were also reported. 11 NYDN and HCCALEB (16)
reported that kaolinite is the most abundant clay mineral
in the Red-Yellow Podzolic soils called Davidson and Biwasse
series in the North Carolina Piedmont region in the D.S.A.
On the other hand, RlCH and OBENSHAlN (17) reported that a
dominant clay mineral in a Red-Yellow Podzolic soil derived
from a muscovite schist in Virginia, D.S.A. is dioctahedral
vermiculi te which had been already reported by BRm,"'N(1).
Considerable amounts of 2:l-type clay minerals such as
montmorillonite, vermiculite and mica minerals were found in
the Red-Ye110w Podzo1ic soi1s in the Brazilian Amazon region
by SOHBROEK (18) and lWASA (7).

The Low Lan d soi ls should be less uni form in the clay
mineral composition than the up1and soils, because they are
composed of complicated parent materials which had been deposited
recently by river waters, and the soilweathering under the
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always or seasonally flooded condition is not so rapid as the
upland soils (MATSUI, 14). SOHBROEK (18) stated that the
clay fraction of a Low Humic Glay soil in the Low Amazon
Floodplain called "várzea" is composed of quartz, kaolinite,
feldspar, illite, intermediate mineral between kaolinite and
illite, swelling illite and chlorite, and the content of kaolin
mineraIs is less than 30% in it, while kaolinite is a dominant
clay mineral in a Ground-Water Laterite soil in Caet~-Maracassun~
area although a small amount of mica mineraIs is found in the
si1 t fraction. IW/',SA(7) reported the complexity of c1ay
mineral composition of an Alluvial soil in Armaça island,
Amazonas, which contained large amounts of montmorillonite
and illite bes~des 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" seil; the soils with textural B
horizon, three Red-Yellow Podzolic soils and two "Terra Roxa
Estruturada" soi ls; and the lowland soils, three L0\'1 Hum í c Gley
soils, two Ground-Water Laterite soils and two Alluvial soils.
Results of X-ray diffraction, differential thermal analysis,
electron microscopy and chemical analysis are presented for
the discussion.

2 - EXPERHiENTAL METHODS

2.1 - PREPARATION OF CLAY SAMPLES

The clayfraction was separated frem the air-dried soil
less than 2mm in diameter by the following method:

At first, organic materiaIs in soil sample were decomposed
with 10% of hydrogen peroxide untill its dark color disappeared,
then the soi1 sample vias stirred vigorously in distilled water
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by using an electric stirrer owing to make suspension, and
its pH va1ue was adjusted to 8.5 with a NaOH solution.
The suspension of clay, the fracton less than 2 microns, was
collected from that of the soil according to the Stokes' Law.
To the collected suspension, CaC12 was added for aggregation
of the clay particles, and the aggregate 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 Ca2+ -
saturated clay sample, and was employed for X-ray diffraction,
differential thermal analysis, chemical analysis and e1ectron
microscopy.

The clay sample saturated with K+ was prepared from the
Ca2+ -saturated sample by washing with 1 N KCl and distilled
water, successively, and used for X-ray diffraction.

2.2 - X-RAY DIFFRACTION }ffiTHOD

The X-ray diffraction patterns were obtained with Co-Ka
radiation using a Rigaku Denki 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~~ and 10 of divergence slit, 0.30mm of
receiving slit, 10 of scatter sliti filter for Co-ka
radiation, Fei counter, argon-sealed-off proportional counter,
type PR~250A; scanning speed, 1 to 20jmin; count full scall,
1000 to 4000 cps; time constant, 1 to 2 seco A powder
specimen was put in a 18mm x 20mm rectangular openning of
an aluminum sample holder on the measurement. A specimen
orientec1 on the glass slide of 50mm x 35mm 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 Ca2+ and K+ were
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prepared for examining the change of basal spacing of 2:l-type
1 . 1 ~1 C 2+ d' t t dc ay mlnera .s. roreover, a -saturate speclmen was rea e

with 10% glycerol solution in ethanol for the determination
of montmorillonite, and K+-saturated clay was heated at 300
and 6000C for 2 hr in order to confirm gibbsite, vermiculite,
chlorite and kaolin minerals. Some samples were treated with a
dithionite-citrate-bicarbonate system (MEHRA et. al., 15), and
measured by powder method, for the purpose of confirming the
reflection of iron-oxide minerals such as hematite, goethite
and lepidocrocite.

2.3 - DIFFERENTIAL THERl'1ALANALYSIS

The differential thermal analysis (DTA) curves were
obtained by using a Mitamura, thermal analyzer, at a heating
rate of lOoC/min from room temperature to lOOOoC in an
ordinary atmosphere.

2.4 - CHEHICAL 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 dissoluti.on of the sample
with a HF-H2S04 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 sodium ethylen-diamine-
tetraacetic acid (Na-EDTA). Manganese, magnesium and calcium
cont~nts were measured by means of atomic absorption method,
and that of sodium and potassium by flame-photometry. The
content of structural water (H20+) in the clay samples was
determined by heating at 8000C for a day in a muffle furnace.

The contents of these elements were based on the weight
dried at llOoc for 24 hr in an oven.
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2.5 - 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 xlOOOO. The specimens
for the observation were treated beforehand with dithionite-
citrate-bicarbonate system, to prevent the influence of
iron-oxide minerals.

3 - SAMPLES ANO RESULTS

3.1 - CLAY MINERAL COMPOSITION OF THE SOILS WITH OXIC B HORIZON

3.1.1 - Yellow Latosols.

Samp1es:

Tbree profiles of Yellow Latosols in the States of
Acre, Amazonas and Pará 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 Table ~
to 3. Each three horizons of the samples were used in the
experiment, because the clay mineral composition is not so
differentamong horizons, in general.

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

Chemical composition of the ciay fractions of three Yellow
Latosols is shown in Table 4. The low values of the ratio
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of silica to alumina, and high content of iron in LA-l and
LA-2 suggests high content of kaolin mineraIs and free iron
oxides, respectively. The contents of r1g0 and K20 were low
in LA-l and LA-2, wh í.ch indicates the rare presence of 2: 1-
type clay mineraIs such as montmorillonite, vermiculite and
mica mineraIs. An unusually high content of CaO in the AI
horizon of LA-2 should be caused by its precipitation with
oxalate which is an intermediate product during the composition
of organic materiaIs with warmed hydrogen peroxide.

X-ray diffraction:

1n Fig. 2, the X-ray diffraction patterns of the clay
fraction of Yellow Latosols by a powder method are presentend,
and alI of the charts had a very strong diffraction peak at
7.24 and 3.58 ~ associated with kaolinite (K1TAGAWA, 12).
This result shows that kaolinite is ~ dominant clay nineral
in Yellow Latosols, and coincides with that of 'previous studies
(18, 3, 7) as mentioned before. Judging from the intensity
the diffraction peak, the kaolinite content af LA-3 was the
highest of the three. The presence of a very weak peak at
10 ~ in LA-2 suggests the occurrence of a small amount of
mica mineraIs left behind from the weathering processo The
content of K20 as an indicator of occurrence of mica mineraIs
was about 0.7 % and slightly high in LA-2 (Table 4).

A small amount of gibbsite was found in alI the horizons
of LA-l because of the occurrence of a diffraction peak at
4.85 R. LA-2 aIs o contained trace af gibbsite.

Considerable amounts of goethite at 4.17 ~ and a small
amount of hematite at 2.69 R were present in LA-l and LA-2.
The content of goethite in LA-3 was low for the làw intensity
of the diffractionpeak. The subsoil of LA-2 contained a
small amount of, lepidocrocite whose diffraction peak,is at
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6.30 ~. The diffraction peaks of these iron-oxide mineraIs
disappeared by the treatment'with a dithionite-citrate-bicarbonate
system after i1EHRA, et.al. (15) as shown in Fig. 23. This
result agreed with the high contents of Fe203 in the clay
fraction of LA-l and LA-2 (Table 4).

The weak diffraction peak at 3.35 ~ found in alI 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
o(Fig. 3) had a large endothermal peak near 550 C and a sharp

oexothermal peak near 900 C, and showed the occurrence of a
large amount of kaolin mineraIs. An endothermal peak near
300°C in aLl, the horizons of LA-l and the AI o f LA-2 was originated
in gibbsite. This supports the result of the X-ray diffraction
method.

3.1.2 - Red-Yello\'J Latosol s

Samples:

Three samples of Red-Yellow Latosols from Acre, Amazonas
and parâ were employed, and their properties are shown in
Table 5 through 7. The pH va1ue, CEC value, ECP, as we1l as
the contents of organic carbon and avai1ab1e phosphorus are
very low in these soi1s.

Chemical unalysis:

The ratio of silica to alumina was rather high in LVA--l,
very low in LVA-2, and relativelylow in LVA-3 (Table 8).
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The contents of HgO and K20 were a little high in LVA-l, and
the structural water (H20+) content w as relati vely low,
which were presumed to be a co-existence of mica mineraIs and
other 2:1-type mineraIs in LVA-l. On the other hand, this
table also shows the very high content of H20+ in LVA-2.
The abundant structural water and low values of the ratio of
silica to alumina in the clay fraction suggest the presence
of gibbsite, Al(OH}3' of which water content is 34.65 % in
weight. The Fe203 content was high in LVA-l.

X-ray diffraction patterns of the powder specimens of
three Red-Yellow Latosols are shown in Fig. 4. In the clay
fraction of all three soils, kaolinite, having the basal
spacing of 7.24 ~, was a dominant clay mineral. All the
horizons of LVA-l contained mica minerals because a 10 ~ peak
was noticed in the diffraction charts. A small amount of
montmorillonite or vermiculite called 14 ~ minerals was found
in the subsoil of LVA-l. The presence of 2:1-type minerals
in LVA-l had been already presumed by the chemical analysis.

The strong diffraction peak at 4.85 and 4.39 ~ in LVA-2
suggest that a considerable amount of gibbsite exists in alI
the horizons, as assumed above. But gibbsite is rot a dominant
mineral in LVA-2 considering the intensity of the diffraction
peak. 'Ph e absolute peak intens ity of pure gibbsi te is
extremely high.

Small amounts of hematite (2.69 ~) and goethite (4.17 ~)
were found in LVA-l and LVA-3, while, only a small amount of
goethite was found in LVA-2 and hematite was not detectable.

The diffraction peak at 3.35 and 4.25 ~ in LVA-l indicates
the presence of quartz. The other t.wo soi ls had very small
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amount of quartzo In LVA-2, a small amount of feldspar was
detected through the occurrence of a small peak at 3.20 R.

OTA:

The DTA curves of the clay samples of Red-Yellow Latosols
are drawn in Fig. 5. It was confir~ed that kaolinite was a
dominant mineral in alI the samples, and considerable amount
of gibbsite was present in LVA-2, judging from the occurrence
of the DTA peake near 550 and 9000C, and near 3000C, respectively.
In LVA-l, the peaks associated with kaolin mineraIs were
relatively weak because of the co-exixtence of 2:1-type
mineraIs. The content of kaolinite was very high, so that
the intensity of the DTA peak was very high in LVA-3.

3.1.3 - "La t o s s o l o Roxoll soi1

A "Latossolo Roxo" soil found in the State of Pará 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 onthe content of organic matter.
Exchangeable ca2+ is relatively high in the AI horizon.
Available phosphorus is extremely poor in the subsoil.

Chemica1 analysis:

Table 10 shows the chemical composition of the clay
fraction of "Latos solo Roxo" soil. The ratio of silicate to
alumina was low, and the contents of bases were low, while,
the Fe203 content was very high. This result suggests the
occurrence of kaolin and iron-oxide minerals.
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X-ray diffraction:

The X-ray diffraction patterns of the powàer specimens of
"Latos solo Roxo" soil are drawn in Fig. 6. The diffraction
peak at 7.24 and 3.58 R originated in kaolinite, which was
regarded as a dominant clay mineral for the high peak intensity.

A small amount of gibbsite was detected by the occurrence
of the diffraction peak at 4.85 ~ in alI the horizons.

Enough henatite with 2.69 ~ peak and goethite with 4.17 R
were found as presumed from the chemical cbmposition.

Trace of quartz (3.35 R) occurred in the clay fraction of
alI the horizons.

OTA:

The DTA curves of the clay specimens of "Latossolo Roxo"
soil shown in Fig. 7 confirmed the presence of kaolinite as
a dominant mineral. They had a small endothermal peak near
3000C associated with gibbsite.

3.2 - CLAY I1INERAL COMPOSITION OF THE SOILS WITH TEXTURAL
B HORIZON

3.2.1 - Red-Yellow Podzolic soi1s

Three Red-Yellow Podzolic soils were collected in Acre,
Amazonas and Par&, and listed in Table 11 to 13. The soil
reaction is very strongly acid in PVA-l and PVA-2, and
extremely acid in PVA-3. The CEC values are relatively low,
ECP is extremely 10\\1in PVA-2 and PVA-3, and available
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phosphorus is very low in alI the soil samples.

Chemical analysis:

The chemical composition of the clay fraction of three
Red-Yellow Podzolic soils is shown in Table 14. The ratio of
silica to alumina was slightly high in PVA-l, and low in PVA-2
and PVA-3. A moderately high content of K20 and a slightly
low content of H20+ presumed the co-existence of mica mineraIs
in PVA-l as in the case of LVA-l. In the other samp1es, the
base contents were very low. The content of H20+ was relative1y
high in PVA-2, which shou1d indicate the occurrence of
gibbsite as mentioned in LVA-2. The Fe203 content was high
in al1 the samp1es, especia11y in PVA-2.

X-ray diffraction:

The resu1ts of the X-ray diffraction method in the clay
fraction of the Red-Ye1low Podzolic-soi1s are shown in Fig. 8
and 9. Kao1inite was a dominant mineral in alI the samples
judging from the occurrence of a strong diffraction peak at
7.24 R. Mica mineral with 10 R basal spacing was found in
PVA-1 as presU8ed from the chemica1 composition in Table 14.
A smal1 amount of dioctahedral vermicu1ite was present in
PVA-2, which was detected by observing the changes of 14 R
basa1 spacing with severa1 treatment. This diffraction peak

. +was not changed by glycero1 and K saturation, and shifted
toward 10 R by heating at 300 and 6000C after the c1ay specillen
was saturated wi th K+ (Fig. 9), as described by BRm'!N (1).

Considerable amount of gibbsite was noticed in PVA-2 by
the presence of 4.85 and 4.39 R diffraction pe aks , as well as
in the chemica1 analysis.

Hematite with 2.69 R peak and goethite with 4.17 R were
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found in alI the samples of Red-Yellow Podzolic soils. The
diffraction peak at 4.17 ~ disappeared with the treatment by
MEHRA, et. alo (15) (Fig. 23). The occurrence of iron-oxide
minerals was coincident with the high content of Fe203 in the
clay fraction of the soils.

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

DTA:

The DTA curves of the ape c.íme ns of Red-Yellow Podzolic
soils drawn in Fig. 10 supported the occurrence of kaolinite
in all the samples and gibbsite in the clay fraction of PVA-2.
The content of kaolinite in PVA-3 \<Iasvery high, judging from
the high intensity of an endothermal and an exothermal peak
near 550 and 9000C, respectively.

Electron microscopy:

The electron micrograph of the specimen from the B21
horizon of PVA-3 (Plate 1) shows the occurrence of small
formless- or hexagonal-plate particles which were associated
wi th soi1 kao1ini te (KITAGAv~A, 9). A very sma11 amount o f

metaha110ysite or ha110ysite particles of which shape is
tubu1ar (KITAGM-JA, 9) was a1so found in this photograph. It is
genera11y thought that a sma1l amount of metaha110ysite or
ha110ysite shou1d be co-existed even if kao1inite is predominarlt
in soils because of the simi1arity between their structures.
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3.2.2 - "Terra Roxa E5truturada" 50;15.

Two samp1es of the so-ca11ed "Terra Roxa Estruturada"
soi1s were used, and their properties are shown in Tab1e 15
and 16. These soi1s were obtained from the States of Mato
Grosso and Pará. The reaction of the soi1s is slight1y acid.

2+The CEC va1ue, exchangeab1e Ca and ECP are very high in the
Ap horizon of TRE-1. The CEC va1ues of the subsoi1 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 contento This fact suggests a difference in the
clay mineral composi tion in TRE-2 and TRE-l. ECP is considerably
high in connection with the relatively high content of
exchangeable Ca 2+ and I'1g2+except in the Ap hori zon of TRE-l.
Availab1e phosphorus is extreme1y 1cw in TRE-~.

C.h em; c a 1 a n a 1 y 5 ; 5 :

The chemica1 composition of the c1ay samp1es of the soi1s
ca1led "Terra Roxa Estruturada" is presented in Tab1e 17.
The resu1t of the chemica1 ana1ysis was characterized by the
extreme1y high content of Fe203. Aborit one third of their
c1ay fraction was occupie6 by Fe203 in TRE-1, because the
soi1 originated from basic rocks as shown in Tab1e 15.
The ratio of si1ica to alumina in TRE-1 was extreme1y low,
whi1e in TRE-2 was similar to the 1ateritic soi1s. The base
contents of these soi1s were not 50 high.

The X-ray diffraction charts of thepowder specimens of
"Terra Roxa Estruturada" soi1s are shown in Fig. 11. The
diffraction peak at 7.24 ~ suggested that kao1inite is a
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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 14 ~ (Fig. 12).
The presence of metahalloysite in TRE-2 attracted attention
in particular, which confirmed from the presence of the
diffraction peak at 7.34 ~ (KITAGAWA, 9). The peak intensity
also suggested that metahalloysite is predominant in this soil.

In the TRE-l, a large a~ount of hematite connected with
the diffraction peak at 2.69 ~ which disappeared by the
dithionite-citrate-bicarbonite system (Fig. 23), was found in
all the horizons. A small amount of lepiãocrocite with 6.30 ~
peak was identified only in the Ap horizon, and goethite was
not confirmed in any of the horizons. The presence of abundant
iron-oxiQe minerals was already noticed in the chemical
composition. Considerable amount of gibbsite was present in
TRE-l, because the strong diffraction peaks occurred at 4.85
ar.d 4.39 ~. Fair amounts of hematite and goethite with 4.17 R
peak existed in all the horizons of-TRE-2.

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

OTA:

The DTA curves of the clay spécimens of "Terra Roxa Estru
turada" soils (Fig. 13) showed the occurrence or an endothermal
peak near 550°c and an exothermal peak near 900°C associated
with kaolin minerals, and an endothermal peak near 300°C
associated with gibbsite.

Electron microscopy:

In the electron micrograph of the specimenfrom the Ap
horizon of TRE-2 shown in Plate 2, thin-plate particles of
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which edges are bent were found, and they should be associated
with metahalloysite (TAKAHASHI, 19). The tubular particles of
metahalloysite were also present in this plate.

3.3 - CLAY HINERAL CONPOSITION OF LOWLAND SOILS

3 .3. 1 - L 0\-/ H um i c G 1 e y s o i 1 s

Samples:

Three samples of Low Humic Gley soils occurring in the
States of Acre, Amazonas and Pará were employed in the
experiments, and their properties are presented in Table 18 to
20. The soil reaction is strongly acid in GPH-l and GPH-3,
and extremely acid in GPH-2. The CEC value is extremely high
in GPH-l, and rather high in GPH-3. The contentof exchangeable
ca2+ and og2+ in GPH-l is extremely high and slightly high,
respectively, so that ECP is very high in GPH-3. GPH-2 has
high exchangeable A13+, low exchangeable bases and extremely
low ECP as in the latosols.

Chemical analysis:

Tablé 21 shows the chemical composition of the clay
fraction of Low Humic Gley soils. The ratio of silica to
alumina was very high in GPH-l and GPH-3, and slightly high
in GPH-2. The MgO, k20 and H20+ contents in GPH-l 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:

The X-ray diffraction charts of the clay fraction in Low
Humic Gley soils by the powder method, and the changes of
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basal spacing by glycerol and heating treatments are shown in
Figo 14 and 15, respectivelyo The very strong diffraction peak
at 15 R in GPH-l and GPH-3 was associated with montmorillonite/
dioctahedral-vermiculi te interstratified mineraIs (MACE\vAN,
etoal., 13), because the peak was shifted to 18 ~ by glycerol

t 't í f C 2+ t . . t 12 5 o b + .re en lon o a -satura ea speclmen, . o o A Y K saturatlon,
and to 10 .~ by heating at 600oC, but this shift was imperfect
by 3000C heating (Figo 15). This agreed with the results or
the chemical analysis from the viewpoint of the dominance of
2:1-type mineral in the clay fraction. Kaolinite was also a
dominant mineral in GPH-3, while only a small amount of it
existed in GPH-l. On the other hand, kaolinite was predominant,
and a small amount of montmorillonite or vermiculite was
detectable, in GPH-2.

A small amount of 1epidocrocite was found in GPH-2, and
its peak at 6.30 R disappeared by the treatme~t with a
dithioni te-citrat.e-bicarbonate system as sh own :in Fig. 230

AlI the profi1es contained a sma1l amount ofmica mineraIs
and quartzo Trace of gibbsite was found in the clay fraction
of GPH--2.

DTA:

The DTA curves of GPH-2 showed the mode of kaolinite (Fig.
16). The curves of GPH-l was montmorillonite-1ike, because an
endothermal peak between 100 and 2000C was double (Figo 16).
The DTA curves of GPH~3 has the characteristics of their two
mineraIs.

Electron microscopy:

The electron micrograph of the specimen from the Cg
horizon of GPH-I (Plate 3) shows the characteristics of
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montmori110nite, because its partic1e shape is 1ike to paper
(TAKAHASHI, 19).

3.3.2 - Ground-Water Laterite soils

Two profiles of Ground-Water Laterite soil in the State
of Pará are shown in Table 22 and 23. The soil reaction is

+ 3+very strongly acid in both. The exchangeable H and lü are
rather high, and ECP are low. In LH-2, the CEC value of the
A2 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 af the chemical analysis of Ground-Water
Laterite soils is shown in Table 24. The ratio of silica to
alumina was high in LH-l except the C2 horizon, and relatively
low in LH-2. Especially in the A2 horizon of LH-2, the ratio
was 10w as in the latosols. The K20. MgO and H20+ content of
LH-l was very high, slightly high and low, respectively.
This results suggest the presence of considerable amount of
mica mineraIs. The clay mineral composition of the A2 horizon
of LH-2 should be different from the other horizons as
mention~d in the paragraph under samples, because of the 10w
ratio of silica to alumina, the 10w contents of MgO, CaO and
K20, and the high Fe203 contento

X-ray diffraction:

The X-ray diffraction patterns of Ground-Water Laterite
soi1s (Fig. 17 and 18) showed that kaolin and mica minera1s
were the dominant minera1s in LH-1. Kaolinite wa~ very high
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in the A2 horizon of LH-2, judging from the peak at 7 and 10
R. In LH-l, the diffraction peak of kaolin minerals was
situated at 7.29 R where the middle between kaolinite and
metahalloysite is (KITAGAWA, 9), and it is assumed that the
mineral is a mixture or an intermediate of kaolinite 2nd
metahalloysite. This will 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. 18. The 2:1-type minerals were
not detected, and considerable amounts of hematite and goethite
were recognized in the A2 horizon of LH-2, as discussed in the
chemical composition of the clay fraction. A small amount oí
hematite occurred in all the horizons of LH-l.

OTA:

The DTA curves of the clay fractions of Ground-Water
Laterite soils (Fig. 19) supported the presence of mica
minerals in LH-l, and a large amount of kaolinite in the A2
horizon of LH-2 in connection with the intensity of an

o oendothermal peak near 550 C and an exothermal peak near 900 C.

Electron microscopy.:

The plate in the electron micrograph of the specimen
from the AI horizon of LH-l (Plate 4) should be associated
with mica minerals (TAKAHASHI, 19). 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.



EMBRAPA 21

3.3.3 - Alluvial soils

Samples:

Two Alluvial soils occurring in the Territory of
Rondonia and the State of Pará were employed in the experiments,
and shown in Table 25 and 26. The reaction of these soils is
extremely acid in the surface soils and strongly acid in the
subsoils, and the CEC value of the subsoils is very low, because
they have sandy texture. Exchangeable H+ and A13+ are fairly
high, and ECP is very low in these soils. The available
phosphorus is low in SA-2.

Chemical analysis:

The result of the chemical analysis oi the clay fractions
of Alluvial soils (Table 27) shows t~at SA-l had the low ratio
of silica to alumina and the low contents of r'IgOand K20,
while, SP,-2 had the slightly high ratio of silica to alumina
and relatively high contents of MgO and K20. This suggests
the co-existence of 2:1-type clay winerals in SA-2.

X-ray diffraction:

The X-ray diffraction patterns oi the clay specimens of
Alluvial soils are shown in Fig. 20 and 21. Kaolinite with
7.24 R 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 R was detected in all the horizons
of SA-2 and the suriace soil oi SA-l. Moreover, SA-2 contained
a small amount oi montmorillonite oi which basal spacing at 15
R was shifted to 18 and 10 R by the glycerol saturation and
3000C heating, respectively (Fig. 21).

Small amounts of gibbsite with. 4.85 ~ peak and quartz
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with 3.35 R were found iri both soils. Goethite with 4.17 R
peak was detected in SA-l.

OTA:

The DTA curves of the clay specimens of Alluvial soils
are drawn in Fig. 22. These curves showed the mode of kaolin
mineraIs in alI the samples. A large endothermal and an
exothermal peak occurred near 550 and 9000C, respectively.
A very small endothermal peak at 3000C was associated with
gibbsite.

4 - GENERAL OISCUSSION ANO CONCLUSIONS

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

In the clay Íraction of the soils with oxic B horizon
such as Yellow Latosol, Red-Yellow Latosol and "Latos solo Roxo"
soil, kaolinite VIas predominant, gothite was detectedl hematite
was found except in one profile of Red-Yellow Latosol, and
gibbsite was frequently presente The previous reports by
SONBROEK (18), CHIBA (3) and H"lASA (7) also concl uded the
predominace of kaolin mineraIs in the lateritic soils of the
Amazon region. A small amount or trace of mica mineraIs existed
in several lateritic soils. These mica mineraIs should be very
stable, and not be weathered under the drastic condition of the
soil genesis in the tropics. KITAGAWA, et.al. (11) pointed out
that mica mineraIs in soils are more stable under a chemical
treatment t.han the deposi t mineraIs such as muscovi te an d
illite. A smal1 amount of montmorillonite or vermiculite was
found only in the subsoil oÍ a Red-Yellow Latosol.
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1n the soi1s with textura1 B horizon, the clay mineral
composition was as f0110ws:

Kaolinite was predominant, and iron-oxide mineraIs such
as hematite and goethite were present in alI the samples of
Red-Yellow Podzolie soils. A small amount of mica Qinerals
and dioetahedral vermieulite was found in some of these soi1s.
The vermiculite in the weathered upland soils should be
originated in dioctahedral mieas, of whieh probability was
presented by K1TAGAWA, et.al. (12). Red-Yellow Podzolie soils
in the Amazon region should falI clay-mineralogieally under
the eategory of the lateritie soils, and be different Írom
the namesake .í.nVirginia, O.S.A. reported by R1CH, et.aL (17).
A dominant elay mineral of Gley-Bro\m Podzolie soils distributed
in the subfrigid zone is montmorillonite-like mineraIs in the
A2 horizon, and dioetahedral vermieuli te in B horizons (K1TAGAWI'..,
8i BRYDON, et.al., 2). The podzolic soils in the Amazon region
were also mineralogieally di ferrent from Gley-Brmvn Podzolic
soils, eonsequently.

1n the soils ealled "Terra Roxa Estruturada", kaolin
mineraIs were dominante Considerable amounts of iron-oxide
mineraIs ~ere found in the elay fraetion, and hernatite content
was espeeially high, beeause they were originated from basie
roeks. A 'õTerra Roxa Estruturada" soil from L,1atoGrosso eontained
kaolinite, hematite and giSbsite, but goethite was absent.
A small amount of dioctahedral vermieulite was also detected
in this soil. In the other "Terra Roxa Estruturada" soil,
metahalloysite was dominant in spite of the predominanee of
kaolinite in the other upland soils oeeurring in the A.rnazon
regicn. 'l'hepresenee of metahalloysite in the lateritic soils
was reported in an Indonesian soil derived from old "voleanie
ash" by KITAGA~<JA,et. alo (10).

The clay mineral eomposition of the lowland Low Humie
Gley, Ground-h'ater Lateri te and Alluvial soi ls in the Amazon
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region was a little complicated as SOHBROEK (18) and IWASA (7)
pointed out. Although kaolinite was predominant in many
soils, montmorillonite/dioctahedral-vermiculite interstratified
and mica mineraIs were dominant in two Low Humic Gley soils and
a Ground-Water Laterite soil, respectively. The dominant
component of the interstratified mineraIs should be rrontIrori110nite,
judging from the mode of the changes of basal spacing by the
treatments wi th glycerol and heating. GJEr-lS(5) reported the
occurrence of a dioctahedral-vermiculite/montmorillonite
interstratified mineral in a Scandinavian Podzolic soil, but
it was a vermiculitic mineral. Mica and 2:1-type clay mineraIs
were frequently found in the lowland soils, even if kaolinite
was dominant.

Quartz existed more or less in the clay fraction of b~e
Amazon soils. Accerding to KITAGAvlA, et..aL, (10), quartz is
not always found in some tropical volcanogenous soi1s of
lndonesia. Instead a-cristobalite occurs more frequently.

Kaolin mineraIs were dominant in the upland soils of th2
Amazon region, and the fertility of the soils VIas 10w from
the viewpoint of cLay mineralogy, in general. The soil calIed
"Terra Roxa Estruturada" which is a kind of the upland soil
have high fertility, but a dominant clay min~ral was kaolin
~inerals. It is important to solve this problem, and will be
discussed in following studies. Some of the lowland sDi1s of
this region contained a large amount of montmorillonite-like
clay mineraIs, and were regarded as cIay-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 ho1ding-capacity of the
soi1s.
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KITAGN.vA, Y. e f.1~ller,M. H. F. Nineralogia de Argila de
Alguns Solos Típicos na Amazônia Brasileira.

SINOPSE: -- A compos1-çao mineralógica da fração argila de

alguns solos tipicos ocorrentes na Amazônia Brasileira é a

seguinte:

Nos solos com B latossólico; Latossolo Amarelo~ Latossolo

Vermelho Amarelo~ Latossol~ Roxo~ encontrou-se predomin5ncia

de caolinita~ geralmente acompanhada de goetita~ hematita e

frequentemente gibsita. Pouca quantidade ou traços de m1-cas

ocorreram em alguns solos later{ticos. A presença de outros

minerais tipo 2:l foi rara.

Nos solos com B textural; Podzólico Vermelho Amarelo~

também houve predomin&ncia de caolinita acompanhada de óxidos

de ferro. Consider&veis quantidades de gibsitd e pouca de

m1-ca e vermiculita dioctaedral estiveram também presentes em

alguns destes solos.

Em Terra Roxa Estruturada~ predominaram 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 composição da argila em solos de baixadas evidenciou

minerais 2:1 em quantidade mais significativa~ assim é que

em dois Glei Pouco Húmico e uma Laterita Hidromórfica o mineral

interestratificado montmorilonita/vermiculita-dioctaedral e

minerais de mica foram dominantes. Já em outros solos~ a

domin&ncia foi de caolinita~ aparecendo pouca quantidade de

argila 2:1.

O quartzo esteve presente nas fraç5es de argila de todos

os solos.


