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SUMMARY

The influence of the morphogenesis of the landscape and the 
topographical location on soil development is evident from 
the soils studied. The properties of the soils are strongly 
related to geomorphic processes.

These surfaces formed by Tertiary Sediments are flat or 
slightly undulated with slopes rarely higher than 4%.
It enjoys a tropical climate with a dry summer and a cons
tant temperature throughout the year. The dominant vegeta
tion is formed by the so-called "Atlantic Forest", presen
ting also minor areas of "Cerrado".

Nine profiles corresponding to the soil types present in, 
a) the well drained surfaces of the tablelands - which clas
sify as Oxisols, Ultisols and Oxisol-Ultisol intergrades -, 
and b) in poorly drained depressions - classified as Spodo- 
sols -, were selected for this work.

The soils were characterized in terms of their morphological, 
physico-chamical, mineralogical and micromorphological pro
perties. The sedimentological analysis of the sand fraction 
(63 - 2000ym) was also carried out.

The mineralogy of the sand fraction is similar in all pro
files. The light minerals are dominant ( 91-98% ) and almost 
entirely composed of quartz grains and no more than traces 
of feldspars. In the heavy fraction the opaques are dominant, 
( 84-92% ); among the transparent minerals zircon dominates, 
followed by tourmaline and rutile.

The coastal low level tablelands of the State of Alagoas 
are located in the north-eastern region of Brazil between 
8° 25' and 10° 20' south latitude, and from 35° 10’ to 
37° 15' west longitude of Greenwich.
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With the sole exception of profile 2, all the soils are 
developed from highly uniform parent materials. At the same 
time the parent materials of the different soils are also 
mutually very similar from sedimentological point of view.

The composition of the clay fraction is also very similar 
throughout the region, dominated by kaolinite and minor 
amounts of gibbsite and oxi-hydroxides of iron and aluminium.

" Selective erosion 11 of fine soil components as a conse
quence of run-off is throughout the plateaux the dominant 
morphogenetic process, which influences the physico-chemi
cal properties, the classification and the distribution of 
the soils in the landscape.

The micromorphological analysis indicates similar features 
among the dominant soils of the area; and that the illuvia
tion of clay is present in all profiles, which however is 
not manifested as clay skins in the field as a result of 
poor structure development.

The soils were classified according to Soil Taxonomy, 
FAO/UNESCO, the Brazilian System of Soil Classification 
and under the I.N.E.A.C. ( Zaire ) System.
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SAMENVATTING

De mineralogie van de zandfractie is gelijkaardig in alle 
profielen. De lichte mineralen maken 91 tot 98% uit van het 
zand. Kwarts is het dominerende mineraal in de lichte frac
tie, daarnaast komen sporen van veldspaten voor. 84 tot 92% 
van de zware fractie bestaat uit opake mineralen. Bij de 
transparante mineralen is zirkoon dominant, gevolgd door 
toermalijn en rutiel.

De bodems werden gekarakteriseerd op basis van hun morfo- 
logische, fysico-chemische, mineralogische en micromorfo- 
logische eigenschappen. Ook de sedimentologische kenmerken 
van de zandfractie (63-2000nm) werden onderzocht.

Uit de studie van deze bodems blijkt dat de bodemontwikke- 
ling vooral beinvloed wordt door hun topografische ligging 
en door de morfogenetische processen die het gebied kenmer
ken. De kenmerken van de bodemprofielen staan in relatie 
tot de geomorfologische processen.

Voor deze studie werden negen profielen geselecteerd uit de 
bodemtypes die voorkomen op a) het goed gedraineerde tafel- 
land (Oxisols, Ultisols en Oxisol-Ultisol intergrades), en 
b) de slecht gedraineerde depressies (Spodosols).

Het laag kusttafelland van de staat Alagoas is gelegen in 
het noordoosten van BraziliS tussen 8° 25* en 10° 20* SB en 
tussen 35° 10' en 37° 15' WL.

De oppervlakten gevormd door Tertiaire sedimenten zijn vlak 
of zacht golvend met hellingen die zelden steiler zijn dan 
4%. Het gebied heeft een tropisch klimaat met een droge zo- 
mer en een konstante temperatuur doorheen het jaar. De ve- 
getatie wordt gedomineerd door het zgn. "Atlantic Forest", 
in kleinere gebieden komt "Cerrado"-vegetatie voor.
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De samenstelling van de kleifractie is overal zeer gelijk- 
aardig en wordt gedomineerd door kaoliniet, met kleinere 
hoeveelheden gibbsiet, vrije ijzer- en aluminiumoxihydroxy
den.

Alle profielen, met uitzondering van profiel 2, zijn ont- 
wikkeld in zeer uniforme moedermaterialen. Bovendien zijn 
ook de moedermaterialen van de verschillende bodems, vanuit 
sedimentologisch oogpunt bekeken, onderling zeer gelijkend.

De micromorfologische analyse toont gelijkaardige kenmerken 
aan in de dominante bodems van het gebied. Alle profielen 
vertonen kleillluviatie die zich echter in het veld als ge- 
volg van de aanwezigheid van zwak ontwikkelde strukturen, 
niet als kleihuiden manifesteert.

Selectieve erosie, als gevolg van oppervlakkige afvoer (run
off) , hoofdzakelijk van fijne bodembestanddelen, is overal 
op de plateaus het dominerende morfogenetisch proces dat de 
fysico-chemische eigenschappen, de klassifikatie en de 
spreiding van de bodems in het landschap belnvloedt.

De bodems werden geklasseerd volgens Soil Taxonomy, FAO/ 
UNESCO, het Braziliaanse klassifikatiestysteem en volgens 
het I.N.E.A.C. (Zaire) systeem.
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INTRODUCTION

In Brazil the tableland soils, developed from unconsoli
dated sediments of Tertiary age, occupy huge areas along 
the country.

These areas, which provide ideal conditions for modern 
agriculture are in many places intensively cultivated, 
particularly in the last years with increasing population 
and pressure on land.

In spite of their geographical and economical importance, 
the available information about these soils is mostly 
restricted to numerous soil surveys and land evaluation 
works, principally carried out in the last 30 years by the 
S.N.L.C.S. (National Soil Survey and Correlation Service). 
With the exception of the work carried out by Acha (1976) 
on the tableland soils of the State of Espirito Santo, no 
studies exist in relation with the genesis and the classi
fication of these soils.

Among the earliest contributions to the knowledge of the 
soils formed on these surfaces we can find the soil survey 
of the State of Rio de Janeiro (Brazil, Ministerio de 
Agriculture, 1958) . In the region of the "littoral 
fluminense", soils formed on Tertiary tablelands were 
classified by the "Comisao de Solos" (Soils Commission) as 
Rego-latosols (tableland phase). The authors of these sur
veys pointed out the very hard consistence under dry con
ditions. In later years the presence of these soils on 
Tertiary surfaces along the "north fluminense" region was 
indicated by Arenas et al. (1971). Camargo et al. (1970) 
also reported the occurrence of similar soils in the area 
of Medio Jequitinhonda - Minas Gerais -, that were classi
fied as Yellow Rego-latosols (tableland phase) , and corre
lated with the soils of the "Unidade Colonia" (Colonia 
unit) of the State of Bahia.
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et al.

In 1966 Sombroek stated that in the prominent Tertiary 
geomorphic surfaces of the Amazon Basin the Kaolinitic 
Yellow Latosol constitutes the dominant soil, besides 
which comparable soils, that show characteristics of a 
textural B horizon (Brazilian sensu), are also common. In 
this case the names applied were either Kaolinitic Yellow 
Latosol, intergrade to Red Yellow Podzolic soil, or Red 
Yellow Podzolic soil intergrade to Kaolinitic Yellow 
Latosol, depending upon the degree of presence of these 
characteristics.

After Bennema (1979) the Yellow Latosol - as discerned in 
Brazil - is closely related to the soils of the Yangambi 
series in Zaire, characterized by De Leenheer, D'Hoore 
and Sys (1952).

In the soil surveys of the north-east littoral States of 
the country Jacomine et al. (1971, 1973a, 1973b, 1975a 
and 1975b) stressed that the soils developed on Tertiary 
sediments - Group Barreiras - are highly cohesive, show 
variable textures that range from clayey to sandy and 
mainly occur on flat or slightly undulated tablelands.

Sombroek and Sampaio (1962) and Falesi et al. (1964, 1970 
and 1971) classified as Yellow Latosols equivalent soils 
developed on Tertiary sediments in the State of Para and 
in areas of the Amazon Basin.

During the soil survey of the State of Sao Paulo, Lemos 
(1960) also emphasized the hard consistence, the 

high ki and kr ratios and the presence of plinthite in 
similar soils. In that case they were classified as 
Red Yellow Latosols (terrace phase). According to Acha 
(1976) the soils of the "Unidade Colonia" (Colonia unit), 
described by Olmos et al. (1969) in the State of Bahia, 
can be correlated with the Red Yellow Latosol (terrace 
phase) of the State of Sao Paulo.
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The preceeding review shows in the first place that al
though the Brazilian Latosols developed from Tertiary un
consolidated sediments have received different names 
through the country (Rego-latosol, Yellow Rego-latosol, 
Yellow Latosol, Kaolinitic Yellow Latosol and Red Yellow 
Latosol), they constitute a highly homogeneous group of 
soils. On the other hand, soil survey reports normally 
indicate the presence of these soils in association with 
Red Yellow Podzolic soils, which in most of the cases 
present ill-defined Textural B horizons. Thus, intergrades 
between these main groups of soils are currently described.

The dominant soils mapped throughout this region are 
actually classified as Red Yellow Latosols, Red Yellow 
Podzolic soils and as respective intergrades between 
these groups of soils in function of the degree of 
expression of the Textural B horizon (Brazilian sensu). 
In 1978, during the First International Soil Classifica
tion Workshop carried out in Brazil (Camargo and 
Beinroth, 1978), soils of this general morphology, 
developed on unconsolidated sedimentary materials in the 
State of Alagoas, were mentioned to occur in Amazonia 
(Sombroek, Camargo, Rosateli), West Africa and Cameroon 
(Moormann) and the Congo Basin (Smith et al., 1975).

However, the differentiation between Latosols and Low 
Activity Clay (LAC) Red Yellow Podzolic soils - which 
broadly correspond to the Oxisols and Alfi-Ultisols of 
Soil Taxonomy (1975) - is not a problem only restricted to 
the huge sedimentary (Tertiary) surfaces of Brazil. In 
many other regions of Central Africa (Smith et al., 1975), 
Ethiopia, Uganda, Kenya, Tanzania and Zambia (Sombroek and 
Muchena, 1979), Angola (Benayas and Guerra, 1974) , Vene
zuela (Comerma, 1979), Thailand (Moncharoen and Vijarnsorn,
1979) , Malaysia (Jit Sai et al., 1979), Australia and New 
Guinea (Isbell, 1979) and Indonesia (Buurman and Sukardi,
1980) , similar difficulties have been faced by tropical 
pedologists.
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On the basis of the results obtained, a pedogenetic inter
pretation valid for other soils formed on similar geomor
phological units could be established.

Nine profiles that represent the different soil types 
present in the top flat surfaces of the plateaux were se
lected for the present study, considering the observed 
variation with respect to the presence and development of 
the latosolic B horizon ( oxic horizon ) and the textural 
B horizon ( argillic horizon ) . They are located in the 
main well drained sections of the landscape. Soils having 
Podzol B horizon ( spodic horizon ), located in poorly 
drained depressions were also sampled.
Several pedological aspests were analyzed, especially those 
related to the uniformity of the soil parent materials, 
the recognition ..of illuvial clay, and the impact of land
scape =evolutien ..processes _in the ..actual pedogenesis . resul
ting in the conditioning of the properties, the classifica
tion and the distribution of the soils on the landscape.

In the last years this problem, which constitutes one of 
the most relevant subjects of discussion in several 
international workshops (Camargo and Beinroth, 1978; 
Beinroth and Panichapong, 1979; Beinroth and Paramananthan, 
1979; ACSAD, 1981; Beinroth and Eswaran, 1983), is actual
ly thoroughly studied under the guidance of international 
committees working on the improvement of the classifica
tion of Oxisols (INCOMOX) and LAC soils (INCOMLAC) of Soil 
Taxonomy (1975) .
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CHAPTER 1 - ENVIRONMENTAL ASPECTS

1.1. Geographical location and generalities

1.2. Geology

Based on field observations, petrographical studies and bi
bliographical information, a geological outline of the 
State of Alagoas (map 2) was elaborated by Embrapa, before 
the Exploratory Soil Survey of the State achieved in 197 5 
The information provided by this work is restricted to the 
surface geology related to the materials having influence 
on soil formation.

These surfaces are flat or slightly undulated with slopes 
rarely higher than 4%, mostly presenting deep and well- 
drained soils, except in some depressed and poorly drained 
zones. It enjoys a tropical climate with a dry summer and 
a constant temperature throughout the year. The dominant 
natural vegetation is formed by the so-called Atlantic 
Forest, showing also minor areas of "Cerrado". As a conse
quence of the rapid expansion of agriculture in the last 
years, the natural vegetation is actually restricted to 
small areas. Sugarcane is extensively cultivated in the 
whole region under a totally mechanized system.

The tablelands are limited in the east by the Atlantic 
Ocean, in the south by a rather extensive zone of beaches, 
dunes and overflowed lands, and along the east and the 
north by the elevated Crystaline scarps of Borborema (map 1).

The low level tablelands of the State of Alagoas are 
located in the north-eastern region of Brazil and cover 
an approximate area of 8300 km2 . They are distributed 
between 8°25' and 10°20' south latitude, and from 
35°10' to 37°15' west longitude of Greenwich, along the 
littoral area.



2.-

70° 6# 58° 46° 42°66° 50°54®
4®-

O<»-

4°

8® ? R-A-ZJ'L
Bahia gip«

12®-

16®-

2QP-

24®-

28®-

32® -
38®46®54®70®

Map

38®

I 1

62®



3.-

Barreiras Group

The Barreiras Group has been called in the past Barreiras 
Series and also Barreiras Formation. Nowadays it is consi
dered as Barreiras Group because of the diversity of the 
materials forming these sediments.

The geological material of the low tablelands includes the 
so-called Barreiras Group and Alagoas Formation, formed by 
sediments of the Tertiary Period (Upper Tertiary) .

The Barreiras Group shows almost horizontal stratification 
formed by sediments of variated nature that range from 
sands to clays of different colors, that occasionally have 
stone-lines and iron concretions.

The Barreiras Group in the State of Alagoas is located 
along the humid coastal area, and separates the eastern 
coastal plain from the Pre-Cambrian materials (see map 2) . 
The area is widest in the southern part of the littoral 
region, where it reaches 75 km. From Maceio to the north, 
the area progressively decreases having a width of only 
8 km at the limit with the State of Pernambuco.

In the deep layers, clays dominated by purple and greyish 
colors very frequently outcrop in the lower thirds of the 
tablelands' flanks. In the upper thirds of the flanks, 
iron concentrations, sometimes reaching significant dia
meters, are also frequently noticed. In Pre-Cambrian areas, 
nearby the limits with the Tertiary, a thin cover, having 
a similar nature as the Barreiras sediments, is lying on 
top of the Crystaline Basement elevations. This situation

The clayey and sandy layers alternate without any special 
order. Occasionally present are sandier sediments and sand 
accumulations of greyish color, sometimes showing cross
bedding.
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Alagoas Formation

1.3. Relief

The lowland tablelands (Tabuleiros) and similar surfaces

is more frequently observed in the northern part, from the 
parallel 9°30 onwards.

This geological Formation of undetermined age (Tertiary ?
- Cretacic ?) outcrops discontinuously along the Atlantic 
Ocean coast. It is observed in the lower thirds of the 
tablelands' flanks, and is composed of sandstones and con
glomerates . Outcrops are more frequent in the northern part 
of the coastal region, and normally occur at the foot of 
the slopes, following the humid floodplains.

These lowland coastal plateaux form an uniform ensemble and 
occupy large surfaces in the southern part of the State, 
namely in the area comprised from Maceio to the south and 
from the seaside to the western limit of the Agreste region.

In the upper layers of the Barreiras Group, which consti
tute the soil parent material of the sampled soils, sedi
ments of clayey texture are almost exclusively present.

The Barreiras Group in the studied area is thoroughly 
composed of unconsolidated materials formed by sandy to 
clayey layers, that occasionally present in the lower part 
conglomerates and lateritic concretions.

The lowland coastal tablelands of the State of Alagoas 
formed on sediments that belong to the Upper Tertiary 
(Pliocene) called Group Barreiras present variable 
thickness, appear directly deposited on top of the Crystal- 
ine Basement, and show some particular differences between 
the south and northern parts of the State, which justifies 
a separate description (see map 3).
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Map 2. Geological outline of the State of Alagoas.

37°
5[ 612[ o

1 HOLOCENE
2
3

Micaceous schists.4 PRE-CAMBRIAN
5
6
7
8

Beaches, dunes and alluvial plains.
TERTIARY - Barreiras Group.
SILURIAN and DEVONIAN - Tacaratu Formation, Inaja 

Formation.

36°

I 8M1
38°

PRE-CAMBRIAN - Gneisses.
PRE-CAMBRIAN - With clayey and sandy mantles.
PLUTONIC ACID ROCKS.
PLUTONIC ACID ROCKS associated with Pre-Cambrian mantles.



6.-

The highly dissected lowland tablelands

The highly dissected lowland tablelands are located in the 
northern part of the State along the humid coastal area. 
They show narrow and elongated top surfaces oriented to
wards the continent, which are laterally limited by deep 
and narrow V-shaped valleys. Wide valleys showing large 
Quaternary floodplains are also present, sometimes corres
ponding to the extension of the littoral depression (Holo
cene) .

The general relief of the top part of the coastal table
lands and similar areas correspond to a flat sub-horizontal 
surface having smooth slopes towards the ocean, which 
appear abruptly interrupted by vertical flanks along the 
coast line. Moreover, these generally flat surfaces are 
throughout characterized by a microrelief of gentle undula
tions.

They are individually very extensive where the top part has 
a general level configuration, dissected by deep valleys 
that are sometimes narrow and V-shaped, and sometimes open 
including very large Quaternary floodplains. In the north
western part, the sedimentary layers become thinner as far 
as they progress towards the continent, and in contact with 
the Crystaline Basement, become a thin cover of materials 
variable in nature and granulometry. In these cases, the 
surfaces have an aspect similar to the typical tablelands, 
but open shallow valleys replace the characteristic abrupt 
flanks and deep valleys of the normal plateaux.

The upper third of the tablelands' flanks show very steep 
slopes with very strong gradients, while in the mid- and 
lower thirds, undulated and smoothly undulated landscapes 
are respectively observed. The above mentioned lower thirds 
are generally located at the foot of the elevations and 
appear intimately associated with the floodplains when 
large valleys are present.
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1.4. Climate

1.4.1. Generalities

Climatic conditions
The climatic conditions of the studied area in the coastal 
plateaux of the State of Alagoas, were established through 
records of three meteorological stations located in the 
north (Satuba and Pilar) and southern part (Sao Miguel dos 
Campos) of the area.

Not only the stronger dissection but also the significantly 
smaller area occupied, differentiates these plateaux from 
the ones occurring in the south, and thus not far from the 
coast the sedimentary layers become a very thin cover over 
the Crystaline Basement. In those places the hydrographic 
network shows a secondary dendritic pattern, and the eleva
tions that near the sea were only longitudinally sectioned, 
are now also transversally dissected. In consequence, a 
higher number of isolated elevations is observed, having 
somewhat rounded slopes similar to the typical Crystaline 
modelling.

The geographical location of the State of Alagoas in the 
southern hemisphere associated with the position of the 
littoral tablelands that extend from the coast to the 
Borborema elevations, favours the penetration of the north
east humid winds. The low latitudes on the other hand, 
make the variations of temperature during the day more 
important than the seasonal differences. Consequently, it 
is important to stress the influence of the geographical 
factors on the regional climatic conditions.
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Map 3 Geomorphological map of the State of Alagoas.
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1.4.2. Present climatic factors

1.4.2.1. Temperature

1.4.2.2. Rainfall and winds

nun.

The precipitations are concentrated during the winter 
period. They originate from the Atlantic Equatorial air 
masses (S.E. trade winds) that join the penetration of 
Polar masses in the area during the winter period. The 
Atlantic Polar mass incorporates high amounts of humidity 
along its maritime traject, and produces the precipitations 
along the littoral. The so-called Intertropical Front that 
defines the North Equatorial mass (N.E. trade winds) is 
responsible for the autumn summer rainfalls.

The mean annual temperature varies from 24.2°C to 24.8°C. 
The mean temperature of the warmest month (February) 
oscillates from 25.3°C to 26.0°C. The annual amplitude of 
the temperature (difference between the mean temperatures 
of the warmest and coldest months) is directly dependent 
on the latitude. Therefore, an amplitude of only 3.0°C is 
observed. These figures show that the temperatures are 
extremely uniform throughout the studied area.

The rainfall distribution is very uniform in the whole area 
and the lowest records are measured in spring and summer. 
Precipitations are usually very abundant, and the mean 
annual rainfall values rather differ between the north and 
the south. In the north Pilar and Satuba present respective 
mean annual precipitations of 1678 mm and 1739.9 mm, where
as in the south Sao Miguel registers a year mean of 1388
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From mean monthly temperature and precipitation data, the 
mean monthly and annual values were calculated for : 
1) Potential Evapotranspiration in mm (PET); 2) Actual 
Evapotranspiration in mm (AET); 3) Accumulated potential 
water loss in mm (APWL) ; 4) water deficit in mm (DEF) ;
5) Water surplus in mm (SUR); 6) Water storage in mm (STOR); 
7) Water need (R - PET).

A distinction is made between actual and potential evapo
transpiration (PET) . The former relates to the amount of 
water that actually transpires and evaporates, while the 
latter refers to the amount that would transpire and evapo
rate if water was available. Essentially, the system em
ploys two main parameters viz. rainfall (R) and temperature 
(T) . An empirical method was idealized to obtain PET based 
on temperature and subsequently a moisture index was derived 
after having calculated the amounts of water surplus and 
deficiency. Since PET is an expression of temperature, it 
relates effectiveness of rainfall to thermal efficiency. The 
cumulative PET for the summer months indicate the type of 
summer concentration. The combination of thermal efficiency 
and summer concentration characterises the temperature para
meter .

This system is based on the balance between water need or 
potential evapotranspiration (PET) and water supply or 
precipitation (R). Thus apart from observations of tempe
rature, precipitation, atmospheric humidity, pressure and 
wind velocity, the role of vegetation is also considered. 
Evapotranspiration considers the combined effect of evapo
ration from the soil surface and transpiration from the 
plants. Since this parameter is subject to biological con
trol, the role of vegetation is therefore important in 
climatic quantification.

1.4.3. Classification_of_the_present climate

1.4.3.1. Thornthwaite's classification
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Humidity index

Aridity index

0.6 laMoisture index Im = Ih

Summer concentration of thermal efficiency :

Sc

1.4.3.2. Results obtained

Table 1. Climatic classification of Pilar» Sao Miguel
and Satuba stations according to Thornthwaite' s
systern

Ihla ImStation SCPET

16.40 53.251269.0 37.11Satuba 29.07 BlslA'la'8
47.9518.741298.7Pilar 29.21 29.95 B1s1A'2a'7

22.20 25.161345.1 2.96 29.10 C2s2A'2a'8

Out of the results obtained, and compared with the inter
vals given by Thornthwaite, the determined climatic types 
were given in table 1.

From the annual values, the following indices were calcu
lated :

S.M.dos 
Campos

Climatic 
type

Based on the variations of the rainfall and evapotranspira
tion, water balances' diagrams (fig. 1) corresponding to 
the stations of Pilar and Sao Miguel dos Campos, were esta
blished for a soil water retention capacity of 125 mm.

Ih = x 100FL 1ia - m *100
PET (summer)
PET ( year )
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1.4.3.3. Interpretation of the results

Satuba

Pilar

Sao Miguel

Therefore on the basis of Thornthwaite' s system the climatic 
type of Pilar is humid with a moderate summer water deficit, 
while a moist subhumid climate with a large summer water 
deficit is observed in Sao Miguel. In agreement with the

According to Thornthwaite, the climatic types of the studied 
stations are as follows :

The representative water balances for the northern (Pilar 
station) and southern (Sao Miguel dos Campos) zones of the 
studied area, given in fig. 1, indicate that in Pilar the 
precipitation is higher than the potential evapotranspira
tion during six months a year. In the case of Sao Miguel 
the rainfall only exceeds the potential evapotranspiration 
for five months. In all meteorological stations this rela
tion is reversed during the rainy period, going from Sep
tember to April. A marked water excess during Mai, June and 
July is thus observed in Pilar and a moderate excess in Sao 
Miguel, during the same period. Accordingly, the amounts of 
recharge and utilization water are significantly higher in 
the latter. The other months show a water deficit that is 
clearly more pronounced in Sao Miguel.

- BlslA'la'8 - Humid, with large summer deficit,
first megathermal, and tempera
ture efficiency regime normal to 
eight megathermal.

- B1s1A'2a'7 - Humid, with moderate summer defi
cit, second megathermal, and 
temperature efficiency regime 
normal to eight megathermal.

- C2s2A'2a'8 - Moist subhumid, with large summer
water deficit, second megathermal 
and temperature efficiency regime 
normal to eight megathermal.
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1.4.4. Soil climate

established climatic classification, significantly higher 
indices of humidity and moisture were obtained in Pilar, 
whereas the aridity index is highest in Sao Miguel.

Finally, water balance, climatic types and indices of 
humidity, aridity and moisture, all confirm the climatolo
gical differences taking place between the northern (Pilar) 
and the southern (Sao Miguel) parts of the area under study.

The definition of taxa in Soil Taxonomy (1975) includes a 
number of soil climatic parameters of soil which are used 
at different categorical levels. According to Van Wambeke 
(1981) one of the reasons given for the use of soil climatic 
data is to make taxa meaningful for interpretative purposes 
and to create units, defined in such a way, that major soil 
limitations for plant growth are implied in the system. 
Also soil climates are the causes of many other properties. 
Furthermore, some soil characteristics are only meaningful 
when they are considered in a limited area restricted to a 
defined soil climate.

Soil moisture regimes were defined on basis of soil tempera
ture conditions, the duration of dryness and its frequency 
over a period of time, existing in the control section. The 
regimes were calculated using a computation model developed 
by Franklin Newhall (1972) . In the present computation, 
Thornthwaite’s potential evapotranspiration was taken to 
estimate the water removal from the soil. The mean soil 
temperature was obtained by adding 2.5°C to the mean annual 
temperature, and the amplitude of temperature variation at 
50 cm depth between winter and summer was reduced by 33% of 
the difference between air temperatures for the same 
seasons.
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1.4.5. Paleo climate

Van Wambeke (1981) has proposed a tentative scheme of sub
divisions of the soil moisture regimes included in Soil 
Taxonomy (1975).

The computed soil moisture regimes for the meteorological 
stations of Satuba, Pilar and Sao Miguel dos Campos are 
Ustic throughout as shown in table 2.

Through geomorphological, geological and phytogeographical 
studies it was established that in the South American 
continent in relatively short geological time, significant 
climatic and ecological changes occurred during the 
Pleistocene.

According to that proposal, the soil moisture regime for 
the whole studied area is classified as udic tropustic. 
This regime is characterized by an iso-temperature regime 
in which the number of consecutive days that the MCS is 
completely or partly moist, is 270 days or more, and where 
the soil temperature at 50 cm depth is more than 8°C (see 
table 3) .

Among the first authors drawing the attention to the 
Quaternary's climatic changes in Brazil we find Maack (1947) 
(1948), who, based on geological evidences, suggested the 
existence of semi-arid conditions for that particular 
area. In 1957, Cailleux and Tricart perceived the magni
tude of climatic fluctuations during the Holocene, in the

Anyhow, it is important to stress that the system here 
applied, serves as a rough method to estimate moisture 
regimes, this because climatic information of the area 
is limited, and the temperature and rainfall figures are 
only available on monthly basis.
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Ab1 Sabersouthern part of the country. One year later, 
proposes the first general outline of the climatic 
oscillations for the whole country. Later, in 1961, 
Bigarella and Ab' Saber established the link between 
glacial conditions, low sea levels and the expansion of 
semi-arid climates over the continent. But it was in 1970 
that Damuth and Fairbridge published a fundamental work 
that provides the first global explanation of the mecha
nisms producing the simultaneous occurrence of aridity 
and low sea levels, during the glacial Quaternary periods 
in South America as a whole. That work confirmed the hypo
thesis, relating the dry Pleistocene systems with the 
penetration in tropical latitudes of the cold Atlantic 
Ocean currents, and established the probable traject, fol
lowed by the cold sea currents during glacial and peri
glacial periods along the South American continent. Thus, 
two climatic schemes were defined according to the pre
dominance of drier and cooler conditions in the glacial 
periods, in alternating with more humid and warmer climates 
during the interglacials, which are valid for a very large 
continental area. Moreover, it is important to mention that 
along these major contrasting cycles, minor climatic oscil
lations were taking place.

During the interglacial periods therefore, the semi-arid 
and desertic zones were localized in places where even in 
humid phases, rigorous climatic conditions occurred. In 
glacial times these "centers of aridity" (or semi-aridity) 
were remarkably expanded, transforming into deserts consi
derable geographic areas, currently occupied by forest 
during the interglacial intervals.

During the glacial periods different types of open vegetal 
formations dominated the dense forest actually present, 
and this throughout the continent. A very important core 
of "cerrados" associated with forest and sub-xerophytic 
vegetation took place in Amazonia (Ab* Saber, 1977; 
Tricart, 1974).
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During the times of semi-aridity and extensive pedimenta
tion the sea levels were low, while high sea levels were 
present along the humid and warm tropical periods.

From the beginning of the Pleistocene and due to the effect 
of climatic oscillations, significant changes in the exist
ing morphogenetic processes occurred, sometimes producing 
radical modifications of the Upper Tertiary landscapes.
That evolution of the landscapes was followed by changes in 
vegetation, physiography and ecological conditions.

Although the climatic conditions along these minor dry 
phases were apparently not extremely rigorous as the semi- 
arid periods, they were important enough to promote the 
expansion of "campo" and "cerrado" in areas normally occu
pied by forest in the humid phases.

Therefore, a cyclic system of retraction and re-expansion 
of the vegetation is generally accepted by most authors 
(Bigarella, 1964; Ab' Saber, 1977; Tricart, 1974). Of the 
complex mechanisms followed by the different vegetal for
mations (Klein, R.M., cited by Bigarella, 1964) only frag
mentary information and indirect evidences are available 
today.

In the warm humid epochs climatic fluctuations were fre
quent, and according to Bigarella (1964) these minor 
variations expressed by expansions and retractions of the 
forests from their cores of distribution, produced signi
ficant changes in the vegetative cover.

Periods of "stability" were always succeeded by "unstable" 
phases, characterized by the alternation of prolonged mor- 
phoclimatic systems and fast degradation phases, with 
transitional periods, that in spite of their short duration 
were very active from a morphogenetical point of view 
(Ab' Saber, 1977).
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1.5. Vegetation

Consequently, the Pleistocene - when compared with other 
periods of the earth1 s history - is an exceptional geolo
gical epoch from climatological point of view.

The Upper Tertiary (Group Barreiras) landscapes of the 
low land tablelands in the Amazon Basin studied by 
Tricart (1974) are actually highly dissected no matter the 
dense forest cover. The drainage density is high, the 
slopes very steep and the ridges very narrow. The author 
therefore concludes that such a dissection cannot develop 
under a dense forest cover, but needs a sparse vegetation 
more or less of the savanna type. Furthermore, this type 
of sculpture must coincide with a low sea level stand that 
enabled the streams to cut their beds below their present 
floodplains.

The semi-evergreen tropical forest and the semi-evergreen 
tropical cerrado are the vegetative ensembles present in 
the tablelands (Tabuleiros) of the State of Alagoas. The 
tropical forest is largely dominant along the region, and 
the cerrado occupies relatively reduced surfaces. The cer
rado vegetation appears in some places as uniform and 
rather extensive ensembles (eg. Tabuleiro dos Martins), 
and it is also present as inclusions inside the forest or 
in transitional forest-cerrado areas. In recent years a 
very large part of both vegetal formations has been 
cleared to make way for agriculture. The recent agronomic 
success of the sugarcane has significantly accelerated the 
elimination of the natural vegetation.

The semi-evergreen tropical forest is a luxurious, dense 
and high (20-30 m) formation that includes the following 
trees1 species :
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1.6. Hydrography

The main rivers that drain the tablelands are perennial, 
and flow from the Crystaline elevated zone (Borborema 
hills) to the Atlantic Ocean, generally a west-east direc
tion (map 3) . They are fed by minor water courses and 
rivulets originating in the tablelands, that transport 
fine sediments mostly composed of clay and silt particles 
(Wanderley Leite, 1974). Due to the reduced gradient be
tween the bottom of the valleys and the rivers' mouths,

Parkia pendula Benth. (visgueiro) , Lecythis pisonis 
Cambess (sapucaia) , Bowdichia virgilioides W.B.K. 
(sucupira) , Caraipa densifolia Mart, (camagari), Sclero- 
lobium densiflorum Benth. (ing£-de-porco) , Copaifera sp. 
(pau-d' oleo), Hymenaea latifolia Bayne, (jatoba), Ocotea 
sp. (louro) , Attalea sp. (pindoba), Simaruba amara Aubl. 
(praiba) , Byrsonima sericia DC. (murici-da-mata) . The 
epiphyts species include Bromeliaceae and Orchidaceae : 
Cattleya sp. , Oncidium sp., Cryp topodium andersonii R.Br. 
In the substratum the bromeliaceae are very frequent.

The most frequent species belonging to that formation are : 
Byrsonima cydoniaefolia Juss. (murici-do-tabuleiro) , Cura- 
tella americana L. lixeira or cajueiro-brabo) , Hancornia 
specie sa Gomez (mangabeira), Ouratea sp. (batiputa), 
Miconia ferruginata DC (apaga-fogo) , Anaeardium occidentals 
L. (cajueiro) . The substratum is mostly formed by species 
of the Cyperaceae (BuIbostylis spp.) and Gramineae (Echino- 
laena inflexa (Pair) Chase.) families.

The semi-evergreen tropical cerrado is a vegetal formation 
of the savanna type, also called "tabuleiros" or "cobertos". 
It is characterized by the presence of sparsely distributed 
trees that range from 3 to 5 meters high, and by shrubs 
with coriaceous leaves. In the substratum the dominant 
species are graminae.
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1.7. Morphogenetic processes

The geomorphological study of similar surfaces carried out 
by Wanderley Leite (1974) in the neighbouring State of 
Sergipe, stresses the importance of erosion in the present 
landscape and characterizes the morphogenetic processes

The general aspect of the low level plateaux observed in 
the State of Alagoas, suggests a long history of erosion 
mainly related to the age of these surfaces and to the 
climatic oscillations during the Quaternary.

co V— CO s IO

the transported material is not readily evacuated in the 
areas near the Littoral. Therefore, only the finer 
sediments are carried out from the area of the table
lands. Anyhow, zones of sedimentation are not observed 
within the area of the tablelands, and the real zone of 
colmatation takes place in the so-called "Littoral Depres
sion" where areas flooded by the rivers, lagoons, and 
small internal deltas occur.

From Maceio to the north, Santo Antonio Mirim, Santo Anto
nio Grande, Camaragibe and Manguaba, are the main rivers 
draining the waters from the highly dissected plateaux of 
the area, where the most extensive ones (Santo Antonio 
Mirim and Camaragibe) range from 40 to 50 km length.

Throughout the tablelands area the major rivers are to be 
found in the south of Maceio. The Mundau river with 200 km 
and the Paraiba river with 150 km length are the longest; 
in their lowest course, not far from the rivers' mouths, 
they show the largest lagoons of the State, respectively 
called "do Norte" and "Manguaba". Other rivers like Coru- 
ripe (120 km), Sao Miguel (50 km), Santo Antonio and Man
guaba have minor extensions but remain important from an 
agricultural point of view, due to the presence of large 
associated floodplains that are intensively cultivated.

L
i&r. i
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off,

Therefore, the top level surfaces and the flanks of the 
tablelands present a diffuse surface drainage pattern, 
where following the way of the run-off water, material is 
removed and transported to the bottom of the valleys. The 
transported material is mainly composed of silt and clay; 
however, coarser fractions can also be displaced during 
heavy rainfalls. The coarser fractions - when removed - 
are commonly stopped by the grassland vegetation and thus 
deposited, and the finer fractions composed of silt and 
clay are transported further, reaching the river-beds 
(Wanderley Leite, 1974). A similar description of the same 
phenomena is given by De Leenheer, D'Hoore and Sys (1952) 
for the plateaux of Yangambi (Zaire). The selective losses

actually taking place. The author concludes that regard
less of the type of vegetation cover (Tropical forest, 
Cerrado or Grassland) , "sheet erosion" caused by run-off 
is the dominant morphogenetic process observed throughout. 
This, in agreement with Sys (1967), who stated that 
off is always significant in the intertropical zone, 
ever

"run- 
what- 

the nature of the plant cover". Sheet run-off, which 
occurs even beneath ombrophile forest, is the erosion form 
most frequently observed (Rougerie, 1958, cited by Sys, 
1967) . "Anyhow, if vegetation does little to check run- 

its effect on erosion control is far from negligible. 
It slows down the rate of movement of the surface water 
and reduces its eroding effect, no matter the vegetation 
type" (Sys, 1967). The vegetation cover controls the kine
tic energy of raindrops and prevent them from beating 
against the soil, with the consequences resulting there
from, viz. maintenance of the soil structure, better in
filtration, and reduced run-off (Fournier, 1967). The ve
getation also influences the content of coarse elements 
(quartz grains and fine gravel), which become concentrated 
as a result of the removal of fine material by run-off, 
and produces some homogeneity in these materials through 
the mechanical action of roots (Sys, 1977) .
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areas, 
U.S.D.A.

Africa, 
(Fournier, 
slopes of 1.1%, De Dapper (1979) indicates the presence of 
run-off, which - among other factors - plays an important 
role in the genesis of the local microrelief. According to 
De Dapper and De Moor (1978), "slope values that limit 
erosion processes ought not to be generalized." Other fac
tors like precipitation surplus, soil type (structural 
stability and permeability), vegetation type and cover 
also condition the erosive power of the run-off. On the 
other hand, it is stressed that some of the erosion forms 
actually observed (rills) in these Tertiary surfaces, 
could be generated during a period of higher erosion in
tensity where the climate was characterized by lower mean 
annual precipitation, larger dry season and higher rain
fall variability.

of silt and clay particles due to run-off in tropical 
have been also reported by many authors.

(1960), Sys (1960) and Folster (1967) indicate 
the surface erosion as a factor contributing to the gene
rally sandier textures present in the upper horizons of 
many tropical soils. Also Roose (1970) emphasizes the 
preferential impoverishment in fine particles (silt and 
clay) due to run-off, in the surface horizons of ferral- 
itic soils of Ivory Coast.

Besides the vegetation, slope gradients are considered to 
influence soil erosion throughout the world, and strong 
gradients have a powerful effect on the extent of erosion. 
In any case, in the coastal plateaux of the State of Ala
goas, run-off erosion is currently observed even in the 
slightly undulated top surfaces where slope gradients are 
rarely higher than 4%. The existence of severe erosion on 
very slight slopes (1-1.5%) indicates that the presence of 
a slope is not necessary to induce erosion in tropical 

and thus the action of the rain is sufficient 
1967). On plateaux of Kolwezi (Zaire), with
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1.8. Soils

1.8.1. General

On these surfaces the Red Yellow Latosols, Red Yellow 
Podzolic soils and intergrades between these two classes

In places where the surface of the tablelands is covered 
with thick (several meters depth) sandy sediments, the 
typical diffuse surface drainage pattern is absent due to 
the rapid indiltration of rainwater. The sands are 
bleached in the top soil and subsurface horizons and be
come gradually yellow with depth.

During the construction of highways the flanks of the pla
teaux are excavated and the natural vegetation totally 
removed; as a result the landscape stability is locally 
affected. As a consequence, "land slides" are only obser
ved along the road cuts during the rainy periods, and are 
entirely due to the influence of human activity.

The soils of the lowland tablelands of the State of Ala
goas belong to the so-called Red Yellow Latosols, Red Yel
low Podzolic soils and Podzols of the Brazilian soil 
classification system.

The amount and distribution of rainfall acting on unconso
lidated sandy clay sediments, produces locally, on the 
slopes, erosion processes expressed as "soil creep". This 
process involves the slow displacement of soil particles 
along slopes under the effect of gravity. Its intensity 
is favoured by strong slope gradients and by the existence 
of clayey layers that impede deep water percolation, and 
thus producing the saturation and occasional flooding of 
the surface material. Anyhow, it is important to mention 
that in the studied area processes of soil creep are not 
frequently observed.
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1.8.2. The_Brazilian_system_of_soil_classification

are largely dominant. They are characteristic of the well 
drained uplands and respectively correspond to the Oxi- 
sols, Ultisols and Oxisol-Ultisol transitions of the 
USDA Soil Taxonomy (1975) .

In the same landscapes, Podzols occupy minor surfaces. 
They occur in imperfectly to poorly drained depressions 
where water accumulates during the rainy periods, and are 
classified as Spodosols according to the USDA Soil Taxono
my (1975).

The soil classification system actually applied in Brazil 
is based on the Baldwin, Kellogg and Thorp* system of 
1938, that preceed the Vllth Approximation (Soil Survey 
Staff, 1960).

In order to achieve a better understanding of the soil 
profiles selected for this work, some classification con
cepts actually used in Brazil, in relation with the stu
died soils, will be commented in the following paragraphs.

Under that classification system, the soils are grouped in 
different classes according to morphological, physical, 
chemical and mineralogical attributes. However, it must be 
said that some of these classes are differentiated in re
lation to physical, chemical and mineralogical character
istics, which cannot necessarily be observed in the field.

At the highest level of classification the well drained 
soils are subdivided in two wide classes : 1) soils with a 
Latosolic B horizon and 2) soils with a textural B horizon.
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The modal Latosol

1)

2)

5)

The most remarkable properties and characteristics as pro
posed by Bennema (1963) are as follows :

1.8.2.1. Soils with latosolic B horizon - The modal 
Latosol

3)
4)

The most important characteristics of Latosols are related 
to the nature and constitution of the mineral soil mass, 
indicating the high degree of weathering of the soil. It 
consists of sesquioxides, 1:1 type silicate clays, quartz 
and highly resistant minerals. Primary silicate minerals 
are present in small amounts or absent, as are 2:1 lattice 
clay minerals, and those amorphous compounds of Fe and Al 
(allophanes) that have high cation exchange capacities.
Free aluminum oxides are often present, but not always. 
The silt contents are generally low. Concretions of iron, 
manganese or aluminum oxides may be present in the soil 
mass.

Based on the concept of Latosol given by Kellogg (1949, 
1950), in 1959 Bennema, Lemos and Vettori presented the 
first extensive characterization of the Brazilian Lato
sols. The same elaborated concept presented by Bennema 
(1963) has not suffer further modifications until the 
present.

Indistinct horizon differentiation with often diffuse 
or gradual transitions between horizons.
Absence or scarcity of distinct clay skins on peds or 
distinct linings in the channels.
Low cation exchange capacities of the clays.
Red, yellow or brown colors of the subsurface horizon, 
or part of the subsurface horizon.
Absence or near absence of electro-negative "natural 
clay" in parts of the subsoil horizons that have low 
percentages of carbon (carbon/clay ratio less than 
0.015) .
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In addition to those characteristics and properties, typi
cal Latosols have :

6) Absence of well developed blocky or prismatic struc
ture. The structural elements are often very fine 
granules that may be more or less coherent, forming 
together a porous, friable, massive soil mass. A weak 
or moderate blocky structure, or seemingly massive 
structure without much visible porosity, may be found 
in Latosols intergrading to other soils.

7) Deep solum (A B horizons).
8) Consistency in the moist state : very friable or 

friable.
9) High porosity and high permeability.

10) Low base saturation in the whole profile, or at least 
in the subsoil.

11) Relatively high anion exchange capacity, and high 
phosphorous fixing power.

12) Relatively low amounts of exchangeable aluminum, due 
to the low effective cation exchange capacities of the 
clays.

13) High resistence to gully erosion. Soft or hard 
plinthite may be present in the lower part of the 
solum, or below the solum, but it is not an essential 
characteristic of a Latosol.

The brown, yellow or red colors, the absence of well de
veloped blocky or prismatic structure, and the absence of 
distinct clay skins, the porosity, the high friability, 
the indistinct horizon differentiation, and frequently the 
great depth of the solum are the best and most easily re
cognizable morphological characteristics of typical Lato
sols.
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a

1)

2)

3)

1.8.2.2. Soils with textural B horizon - The modal Red 
Yellow Podzolic soil

Besides the Latosols the other main well drained soils 
having a textural B horizon present in the studied area 
are the so-called Red Yellow Podzolic soils.

According to Thorp and Smith (1949), the modal Red Yellow 
Podzolic soils were defined as : "Well developed, well 
drained acid soils, having a thin organic (Ao) and organic 
mineral (Al) horizons, over a light colored bleached (A2) 
horizon, over a red, yellowish red or yellow and more 
clayey (B) horizon. Parent materials are more or less si
liceous. Coarse reticulate streaks or mottles of red, yel
low, brown and light gray are characteristic of deep hori
zons of Red Yellow Podzolic soils where parent materials 
are thick." It is important to stress that in the procee
ding definition is not mentioned the necessity of having 
clay skins in the B horizon.

Based on this concept, Lemos, Bennema, Santos et al. (1960) 
defined the Red Yellow Podzolic as soils where the clay 
sized minerals should consist of silicate clay mainly of 
1:1 lattice structure, and iron oxides. The latter are 
generally present in smaller quantity than in most Lato
sols, and there are few if any aluminum oxides. At the 
same time the B horizon should have the characteristics of 

"Textural B", which are listed below :

Normally very distinct contrast with the upper horizons. 
Transitions are either abrupt, clear or gradual. The 
separation of subhorizons is mainly based on structure, 
texture and the presence of clay coatings.
At least 15% clay size mineral particles, and more 
clayey than the A horizon.
Structure - If the structure is "clayey", "sandy clay" 
and "clay loam" (heavy textured), the structure is
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4)

5)

6)

molecular ratio) is normally7)

2 3
8)

9)

1.8.2.3. Soils with podzol 3 horizon - The Podzols

These soils are easily identified in the field due to 
their contrasting horizonation. They normally have a thick

It includes soils having a Podzol B horizon (Spodic hori
zon as defined in the 7th Approximation, 1967), very well 
differentiated, mostly sandy, strongly acid with very low 
fertility and originated from sandy quartzitic materials.

strongly or moderately subangular or angular blocky 
or prismatic.
If the texture is "sandy clay loam", "loam" or "heavy 
sandy loam" (medium textured), the structure is weakly 
or moderately subangular or angular blocky. The textu
ral ratio is above 1.6.
Coatings - If the structure is moderate, strong blocky 
or prismatic, the clay skins are well developed and 
often continuous.
If the structure is weakly or moderately blocky, the 
clay skins are rather well developed.
Porosity - In clayey soils a rather low porosity is 
present. Lighter textured soils show an homogeneous 
soil mass.
Consistence - If textures are clay or "sandy clay", 
the consistence is hard when dry, firm humid, and 
sticky, slightly plastic to plastic when wet.
If the texture is "sandy clay loam", the consistence 
is friable when humid.
The Ki value (SiOj/AljOj
above 1.8, less commonly between 1.8 and 1.6.
The Kr value (Si02/A103 Fe2O3) is normally above 1.5.
The cation exchange capacity is in general larger than 
in the Latosolic B.
The base saturation has a large variation (from 10 to 
90%) and is one of the criteria employed at lower 
categoric level for the separation of soils having a 
textural B.
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1.8.2.4. Discussion

Besides the very low fertility which is characterized by 
serious deficiencies of macro- and micronutrients, drain
age limitations are remarkable in areas where indurated B 
horizons occur at shallow depths, leading to periodical 
flooding during the rainy season.

grayish A horizon that ranges from 50 to 100 cm. The A 
horizon is normally sandy, with loose consistence in dry 
or humid state, and presents an abrupt transition with 
the B horizon. The B horizon shows variable thickness. It 
is characterized by the presence of illuvial concentra
tions of organic material and/or sesquioxides; colors are 
dark (Bh), yellowish or reddish giving Bir or Bh.ir hori
zons which normally show red mottling. In some cases the 
B horizon is irreversivelly indurated (Bm) giving an 
"ortstein" where the silica and/or aluminum concentrates; 
occasionally it constitutes a fragipan (Brazilian sensu). 
The permeability in the upper layers is rapid, and slow 
or very slow in the subsoil. These are in general imper
fectly drained soils, that occupy semi-circular small de
pressions in the tablelands where Red Yellow Podzolic 
(with fragipan) soils are dominant. Intermediary soils 
between Podzols and Red Yellow Podzolic soils are also 
present. The vegetation cover is Cerrado and Tropical 
Forest.

No matter the process involved in the formation of Lato
sols and Red Yellow Podzolic soils are different in nature. 
These soils may, in many cases, show similar mineralogical, 
physico-chemical and morphological properties. Moreover, 
in the area under study, Latosols and Red Yellow Podzolic 
soils occur in close proximity, and the separation in the 
field is normally difficult. Transitional soils between 
the modal types are in consequence frequently indicated in 
soil survey reports(e.g. Jacomine et al., 1975,a; Lasa 
Engenharia e Prospeccoes S.A., 1971a, 1971b, 1971c, 1971d,
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1971e), in spite of the efforts done by Brazilian pedolo
gists to establish quantitative boundaries between lato- 
solic and podzolic character. For the heavy textured 
soils of the studied area, the principal differentiating 
characteristics between latosolic and textural B horizons 
are compared in table 4.

From the morphological and soil analytical data published 
by Jacomine (1975) and Lasa Engenharia e Prospecooes 
(1971,a,b,c,d,e), it appears that in the Tertiary coastal 
plateaux of the State of Alagoas, the soil profiles actu
ally classified as Latosols and Red Yellow Podzolic are 
similar in : a) consistence, b) "natural clay" (water 
dispersible clay), c) mineralogical composition of the 
clay fraction (SiO2/Al2O3 molecular ratio), d) cation ex
change capacity, e) weatherable minerals and f) silt/clay 
ratios. Therefore, the separation of these soil classes 
is finally based on the estimation of a restricted number 
of qualitative field properties such as : 1) contrast and 
type of transitions between horizons, 2) type and degree 
of structure development, and 3) identification of clay 
skins. The estimation of the contrast and transitions be
tween soil horizons and the degree of structure develop
ment are features not always equally appreciated by dif
ferent pedologists. Moreover, the identification of clay 
skins in the field is frequently doubtful, and here also 
the individual concepts and experience of the soil sur
veyor are determinant.

Due to the difficulties encountered in the identification 
of the diagnostic latosolic B and textural B horizons, the 
separation of Latosols and Red Yellow Podzolic soils, can 
be considered highly subjective.
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2

The Ki value (SiO_/Al„O The Ki value (SiO_/Al_O,

are

1966).(Adapted from Sombroek,

Easily weatherable primary 
minerals may be present.

The consistence when moist 
is firm or friable.

The cation exchange capacity 
is often larger than in the 
latosolic-B.

When the horizon is heavy tex
tured (clay, sandy clay, clay 
loam), then the structure is 
strongly or moderately suban- 
gular and angular blocky, or 
prismatic, with well or mode
rately well developed, often 
continuous clay skins, and 
relatively low porosity.

TEXTURAL-B
Normally very distinct con
trast with the other horizons. 
The transitions are either 
abrupt, clear and gradual.

The cation exchange capacity is small. 
It is below 12 m.e./100 g of clay

ratio) is normally be?ow 1.8, 
commonly between 1.8 and 2.0.

molecular 
, less

The silt content is often 
higher than in the latosilic- 
B.

xne xvx vaxuc ^^2z«x2J mo
lecular ratio) is normally 
above 1.8, less commonly be
tween 1.8 and 1.6.

LATOSOLIC-B
Weak contrast with the other 
horizons; The transitions are 
normally diffuse or gradual.

When the horizon is heavy textured 
(clay, sandy clay), then the structure 
is generally of fine or very fine 
granules, forming a porous homogene
ous mass with very weak coherence. It 
also may have a weakly or moderately 
developed subangular and angular 
blocky structure, the blocky elements 
being composed of fine granules. Clay 
skins, when present, are non-continu- 
ous and of weak development. The poro
sity is generally high.

The consistence when moist is friable 
or very friable.

The 'natural clay' content 
can be relatively high.

(NH^OAc method).

Weatherable primary minerals 
practically absent. They comprise less 
than 42 of the sand fraction.

Table 4. Principal characteristics of latosolic and 
textural B horizons (after Bennama, Lemos and 
Vettori, 1959 and Lemos, Bennema, Santos et al., 
1960)

The silt content is generally low. The 
silt/clay ratio is normally below 
0.25.

The 'natural clay' content is normally 
low. It is less than 12 in the B2, ex
cept when the Ki value is very low and 
the pH-KCl is higher than the pH-lLO, 
or the carbon-clay ratio is relatively 
high (C/clay > 0.015).
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1.8.3. Soil_formir}2_factors

1.8.3.1. Parent material

The parent materials of the soils formed on the plateaux 
of Alagoas correspond to sediments of the Upper Tertiary. 
These sediments present the same mineralogy throughout 
the region and are composed of highly resistant primary 
minerals where quartz (up to 98%) is predominant. Their 
heavy fraction includes mainly opaques (84-99%) and among 
the transparent minerals zircon is the most important, 
followed by tourmaline and rutile. Easily weatherable 
minerals are practically absent.

One of the purposes of this work is to demonstrate that the 
studied profiles, which represent the different soil types 
present in the flat surfaces of the plateaux, were all 
developed in homogeneous and highly similar original mate
rials.

On the other hand, in some sites following the edges of 
the plateaux, sandy layers of generally limited extension 
and variable thickness are observed in shallow depressions.

From granulometric viewpoint, the parent material in al
most the entire surface of the region, is always clayey 
and shows a narrow textural variation that ranges from 
about 60 to 70% clay and 3 to 5% silt in the deepest B2 
or B3 horizons.

These textural variations of the soil parent materials are 
correlated with the regional distribution of some types of 
soils. In this way, the dominant soil types - Latosols, 
Red Yellow Podzolic and Latosol-Red Yellow Podzolic inter
grades - are always formed in clay-rich materials, while 
Podzols develop in sandy parent materials.
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1.8.3.2. Relief

1.8.3.3. Climate

One of the most relevant features of the studied table
lands is that in spite of the low gradients of their 
slopes, these landscapes present an important morphologi
cal potential. In consequence, not only the vertical mi
grations normally expected for a flat topography, but also 
the transport and lateral removal of soil components occur 
under these conditions.

In the case of these plateaux, the macro- and microrelief 
are both related to the soil drainage, and to the intensi
ties of run-off and erosion.

The present climatic conditions of the area under study 
can be considered similar throughout, and the influence 
they actually have on some soil characteristics will be 
commented in the following paragraphs.

As a result, the strongest contrast between soil horizons 
is normally observed in parts of the landscape where the 
run-off waters are accumulated, and thus produce maximum 
percolation through the profile and/or lateral transport 
of soil components.

So, in depressed zones where the excess of rainwater is 
collected by run-off during the rainy season, the water
table (temporary) is closer to the soil surface than in 
the adjacent and more elevated sections of the relief, and 
in some places remains above the soil for rather long pe
riods. In these sectors of the landscape the infiltration 
is therefore reduced and the lateral displacement of soil 
components may be important when the external drainage is 
favourable. The closer the watertable gets to the surface, 
the stronger is the intensity of run-off.
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1.8.3.4. Vegetation

The difference between the mean annual temperature of the 
warmest month (February) and the coldest month (August) 
is about 3°C. This narrow difference suggests that weather
ing processes, biological activity and other factors affec
ting soil properties are not influenced by temperature 
variations along the year. On the other hand, the water 
balances indicate a marked water excess during part of the 
autumn and throughout the rainy season - from April to 
September -, and a clear water deficit for the rest of the 
year.

The type of vegetation actually present in the coastal pla
teaux of Alagoas is not uniform throughout the region. It 
is mainly composed of the semi-evergreen tropical forest, 
and areas of semi-evergreen tropical cerrado which appears 
as inclusions inside the forest, or in some places forming 
rather extensive homogeneous zones.

Under these conditions, it is evident that leaching pro
cesses, migration of soil components and run-off are signi
ficant during the water surplus period, while the biologi
cal activity is at the same time restricted, especially in 
the poorly drained soils.

The presence of cerrado vegetation in tropical areas is 
generally associated with drier climatic conditions of re
lated to human activity. Anyhow, in the studied region 
forest and cerrado occur together - under the same climatic 
conditions -, and the presence of cerrado is apparently not 
due to man. Moreover, the northern part of the studied area, 
covered by cerrado, shows a remarkably higher mean annual 
total rainfall (Satuba - 1739 mm) , than the southern part 
covered by forest (Sao Miguel - 1358 mm) . This apparent 
disagreement between the type of vegetation and the total 
rainfall observed today could probably result from the re
traction and re-expansion cycles followed by the vegetation 
during the Quaternary.
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1.8.3.5. Time

1.8.4. Studied soils

1.8.4.1 . Basic formation

A generalized map of soils intermediary between Exploratory 
and Reconnaissance levels, scale 1/400,000 of the State of 
Alagoas, was published by Embrapa in 1975.

From the analyses of the different soil forming factors 
prevailing in the study area, it can be concluded that the 
soil parent materials are uniform throughout, except in 
restricted zones that show contrasting granulometries. The 
water balances indicate an unequal rainfall distribution, 
with important water excesses for about five months a year. 
During this period, leaching processes, run-off and erosion 
controlled by the relief and the vegetation, are manifestly 
present.

The parent material of the studied soils were deposited in 
the Upper Tertiary. In consequence the age of the dominant 
well-drained soils formed on these materials have at least 
two million and no more than twenty three million years.

But regardless of the evolution followed by the vegetation 
in the past, the vegetation types actually present exert 
an important influence in the control of the run-off. 
Thus, the well-drained uplands today covered by cerrado 
are more easily eroded than the forest zones, at the same 
time the soils show somewhat lower organic matter contents 
in the topsoil and are more desaturated, and are mostly 
classified as Latosols, while under forest Red Yellow 
Podzolic soils are dominant.

The methodology of the survey included field observations 
(done by auger and in soil pits) and physico-chemical ana
lyses. A large use of photo-interpretation was necessary in
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1.8.4.2. Sampled soils

Complementary information about the distribution of the 
soil classes included in the Exploratory-Reconnaissance 
map, was obtained from semi-detailed soil surveys and to
pographic maps in the scale 1/25,000 done in 1971 by Lasa 
Engenharia in the area of Caete and Sinimbu sugar mills.

The different soil mapping units were defined following 
the norms established by the C.P.P. (Comisao de Pesquisa 
Pedologica) and respective phases according to relief, 
vegetation, stoniness, erosion and presence of concretions 
were established. The resulting soil mapping units were 
presented as soil associations. In the studied area the 
taxonomic units forming these soils associations include 
the following soil classes of the Brazilian system of soil 
classification : 1) Soils with Latosolic B horizon - the 
Latosols -; 2) Soils with textural B horizon - the Red 
Yellow Podzolic - and 3) the Latosol-Red Yellow Podzolic 
intergrades, that approximately correspond to the Oxisols, 
Ultisols and Oxisol-Ultisol transitions of Soil Taxonomy 
(1975) .

in NW-SE direction (map 4).
taken to include the complete sequence of

places of difficult access, by means of aerial photos in 
the scale 1/25,000. Geological maps published by 
Petrobras, scale 1/100,000 and Hydrogeological maps of 
Sudene, scale 1/500,000, were also employed.

The soil sampling was carried out in four tablelands (A, 
B, C and D) which are roughly parallel to each other and 
that slope towards the sea 
Special care was

Based on the information of soil survey data, nine profi
les that represent the different soil types present in the 
top flat surfaces of the plateaux, were selected for this 
work.
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□ Profiles

Map 4. Soil map of the area (Jacomine el al.r 1975) . 
Location of plateaux and studied soils.

LVd5 - Ass. Red Yellow Latosol Dystrophic, cohesive + Red Yellow Podzolic 
latosolic, both with prominent and moderate A horizon, clayey texture, 
semi-evergreen cerrado, level phase.

LVd2 - Ass. Red Yellow Latosol Dystrophic, cohesive + Red Yellow Podzolic 
latosolic, both with prominent and moderate A horizon, clayey texture, 
semi-evergreen forest, level phase.

LVd3 - Ass. Red Yellow Latosol Dystrophic, cohesive + Red Yellow Podzolic 
latosolic, both with clayey texture + Red Yellow Podzolic with fragi
pan, medium/clayey texture, all with moderate and prominent A horizon, 
semi-evergreen forest, level and slightly undulated phase.

PV16 - Ass. Red Yellow Podzolic with fragipan, medium/clayey texture + Red 
Yellow Podzolic latosolic clayey texture + Red Yellow Latosol Dystro
phic, cohesive, clayey texture, all with prominent and moderate A 
horizon, semi-evergreen forest level phase.
|f—► Plateaux±1'6
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They respectively classify as Red Yellow Latosol podzolic 
(Oxic Paleustult) and typical Red Yellow Podzolic (Oxic 
Paleustult) included in the soil mapping unit LVd3 (map 4).

profiles varying from the typical Latosol, through the 
Latosol-Red Yellow Podzolic transitional soils, to the 
typical Red Yellow Podzolic of the Brazilian system of 
soil classification (from profiles 1 to 6). A couple of 
Podzols (profiles 7 and 8) and a Red Yellow Podzolic - 
Podzol intergrade (profile 9), occurring as minor inclu
sions in the studied area, were also sampled.

Plateau B
The profiles 4 and 5 are located on plateau B (map 4).They 
are formed on clayey original materials. The vegetation 
cover is semi-evergreen tropical forest and the slopes 
range from 1 to 3%.

They respectively correspond to the typic Red Yellow Lato
sol (Typic Haplustox) and to the Red Yellow Podzolic lato- 
solic (Tropeptic Haplustox) included in the soil mapping 
unit LVd5 (map 4).

Profile 4 (well-drained) was sampled in the highest part 
of the relief, and profile 5 (moderately well-drained) in 
the bottom of an open drainage rill of about 70 cm depth, 
at 700 m from the first (see scheme B).

The first profile (well-drained) was sampled in the upper
most part of the plateau area (summit), and the second 
(moderately well-drained) in the lowest segment of the 
landscape, at about 300 m from the former (see scheme A).

Plateau A
Profiles 1 and 2 belong to plateau A (map 4). Both profi
les are developed in a clayey parent material. The local 
vegetation is semi-evergreen tropical cerrado and the 
slope less than 1%.
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SCHEME A Topographic profile and vegetation
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the ve-

This profile (well-drained to moderately well-drained) was 
sampled in the upper third sector of the relief (scheme D). 
It classifies as a Red Yellow Podzolic with fragipan (Oxic 
Paleustult) and constitutes the principal member included 
in the soil mapping unit PV16 (map 4).

The soil classes corresponding to the profiles 7, 8 and 9, 
which occur as inclusions in the soil mapping unit LVd2, 
were excluded from the soil legend due to scale reasons. 
They were only reported in large scale soil maps (1/25/J00) .

Profiles 7 and 8 are developed on sandy materials, 
getation cover is cerrado and the slopes range from 0 to 
1%. Both profiles (poorly drained) were sampled in a flat 
open depression located at the edge of the plateau and 
classify as Hydromorphic Podzols. According to Soil Taxo
nomy (1975), profile 7 is an Ultic, Arenic Trop- 
aquod and profile 8 and Ultic, Aerie Tropaquods.

Plateau D
Profile 3 is located on plateau D (map 4). The parent ma
terial is clayey. The vegetation is semi-evergreen tropi
cal forest and the slopes range from 0 to 2%.

Plateau C
Map 4 shows the location of profiles 6, 9, 7 and 8 on pla
teau C. The profiles 6 and 9 are both formed on clayey ma
terials. The local vegetation is semi-evergreen tropical 
forest and the slopes are less than 2%. Profile 6 (well- 
drained to moderately well-drained) was sampled close to 
the uppermost segment of the relief (upper third) and pro
file 9 (mod. well drained) in a shallow close depression 
in the central part of the tableland (see scheme C) . These 
profiles respectively classify as typical Red Yellow Pod
zolic (Oxic Paleustult) and as Red Yellow Podzolic-Podzol 
intergrade (Orthoxic Palehumult).
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SCHEME D Topographic profile and vegetation
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CHAPTER 2 MATERIALS AND METHODS

2.1. Materials

2.2. Morphological descriptions

2.3. Physico-chemical analyses

2.3.1 . OrganiC-Carbon

Type of samples : a) bulk samples for physico-chemical, 
mineralogical and sedimentological analyses, and b) un
disturbed samples in Kubiena boxes for the micromorpholo- 
gical study. All samples were taken from freshly dug pits.

The physico-chemical characterization was carried out at 
the laboratory of the Geological Institute of the Ghent 
State University (Belgium), including the following de
terminations :

The morphological descriptions of the profiles were made 
according to the FAO "Guidelines for soil descriptions". ■ 
The master horizon nomenclature was also presented accor
ding to the norms established by the Soil Survey Manual 
(1981) .

The materials used in this work include disturbed and 
undisturbed samples of the horizons forming the soils 
selected for this study.

Organic carbon was determined by wet combustion using po
tassium dichromate and sulfuric acid according to Walkley 
and Black, using one gram of ground soil sample. The car
bon present as organic compound in the soil was estimated 
by oxidizing it with known excess of a solution of potas
sium dichromate in concentrated sulfuric acid, and back- 
titrating the unconsumed dichromate with a standard solu
tion of ferrous ammonium sulphate using diphenylamine as 
an indicator.
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2.3.2. Particle size distribution

R/S
tm

n
R

S

2.3.4. Soil reaction

The pH value has been measured by means of a pH meter using 
a glass electrode. The measurements were determined in a

2.3.3. Quantitative_determination_of_the_coarse_and_fine 
clay_contents

The mechanical analysis has been carried out by the 
successive sedimentation method. The elementary particles 
were dissociated according to the following procedure :
a) oxidation of the organic matter by hydrogen peroxide;
b) destruction of ligands due to sesquioxides with diluted 
hydrocloric acid; c) dispersion with sodium hexametaphos
phate. The fractions larger than 5Ou were separated by 
sieving into very coarse sand (2-1 mm), coarse sand (1- 
0.5 mm), medium sand (0.5-0.25 mm), fine sand (0.25-0.1 mm) 
and very fine sand (0.1-0.05 mm). Clay contents were deter
mined by difference.

1 0 
(AS)

The coarse (2-0.2p.) and fine (<0.2u) clay contents were de
termined according to Jackson (1956). For the separation 
of the fine clay the centrifuging time was calculated using 
the following formula :

o63.0 x 10
(Nm) 2

= viscosity
= distance from the ax of the centrifuge to the bottom 
of the tube (29 cm)

= R - 10 cm =19 cm
Nm = r.p.m. = 2000
Dm = particle size in u (0.2u)
AS = 2.65 - 1 = 1.65
tm = 43 min. 39 sec.

n log
(Dn) 2
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2.3.6. Cation_exchan2e_cagacity__(CEC)_

2.3.7. Base saturation

2.3.8. Extractable_acidity

A 5 grains sample in a glass centrifuge tube containing 50 
ml KC1-TEA at pH 8.2 solution was put on a shaker for 30

The cation exchange capacity, by sum of cations, was esti
mated by adding exchangeable bases to the extractable aci
dity (KC1-TEA pH 8.2).

Exchangeable bases are the bases present in the NH^OAc 
solution, from the CEC determination method; Ca, Mg, K 
and Na were all determined by atomic absorption spectro
photometer.

minutes. The solution was then filtered under suction in a 
Buchner funnel. This was followed by 4 times leaching with 
10 ml KC1. The leachate was latter transferred to a 100 ml 
flask and was filled up to the mark with KC1 solution. A 
25 ml aliquot was finally titrated to pH 4.5 with 0.05 N 
HC1. A blank was run for each series.

The cation exchange capacity was determined by displace
ment of all the cations with a buffer solution of NH4OAc 
at pH 7.0.

1:1 soil-water and 1:1 soil-KCl 1N ratios, after equili
bration for one day.

— / /. • ■;

- io .
2.3.5. Exchangeable bases

The sum of bases was respectively expressed in per cent of 
CEC (NH^OAc) and CEC by sum of cations. The values were 
approximated to the nearest whole number.
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2.3.9. Extractable aluminum

2.3.10. Bulk densities

dw WodsB.D. =

= water contentWods

2.4. Taxonomy classification

4.1.
4.2.
4.3.
4.4.

Wsa
Wsp
Wspw
dp
Wpa

Extraction by leaching with 1N KC1 solution. Aluminium 
was determined by atomic absorption spectrophotometer.

= bulk density of the soil
= density of water

B.D.
dw

The soil profiles included in this study were classified 
according to the following systems :

USDA Soil Taxonomy (1975) .
FAO/UNESCO system.
INEAC system.
BRAZILIAN system.

The bulk densities were determined by the clod method 
(Black, 1965) in triplicate samples. The clods were 
weighed in the air, then covered with paraffin and 
weighed again in the same way. In the next step the paraf
fin covered clods were weighed in water at controlled tem
perature. Finally correction due to the moisture content 
of the clod is made. The applied formula is the following:

Wsa
1 +

Wsa - Wspw + Wpa - (■

= weight of soil in the air
= weight of soil plus paraffin in the air
= weight of soil plus paraffin in water
= density of paraffin
= weight of paraffin in the air

Wpa - dw/ 
dp J
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2.5. Sedimentological study

o

X mean

standard deviationo 1

skewness3 =a

. 6-1* Ef (m«2S- X 0) ** kurtosis4 =a

Besides the routine mechanical analysis, and in order to 
detect possible sedimentological anomalies in the soil 
forming materials, a detailed granulometrical study of 
the sand fraction was carried out for all the soil hori
zons not affected by plowing. The fractions larger than 
63g were separated by sieving, previous destruction of or
ganic matter. The sand fraction was latter treated with a 
concentrated hydrochloric acid (2N) solution, and let 
stand overnight at 70-80°C. The solution was poured out, 
and the sand washed and dried. The sand fraction (63-2000jm) 
obtained, was next divided in ten fractions by means of 
an appropriate set of sieves. The percentages of the frac
tions and their cumulative values were calculated.

1 
100

1 
100 *

Zfm0
100

The parameters were calculated by applying the following 
formulas (Friedman, 1962) :

From these data and with the aid of adequate computation 
programs, the mean, standard deviation, skewness and kur
tosis were calculated for the sand distribution of each 
sample. The results were expressed in phi-units, where 

(diameter in mm).

i

£f (m <t> - X0)2
100

= -log2

6-3 Ef (m0- X 0)3
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2.6. Comparative particle size distribution (CPSD) index

2.7. Mineralogical analysis

2.7.1. Separation_gf _the_sand_ _(>50|U _and_clay__(<2u)
fractions

2.7.1.1. Sand fraction

The mineralogical analysis was carried out on the sand 
(50-25Opt) and clay (<2g) fractions. In order to study them 
weighed amounts of separate fine earth samples were em
ployed and treated as follows.

2.7.1.1.1,. The sand fraction (50-250ji) resulting from the 
routine mechanical analysis was washed with IN citric acid 
under ultrasonic treatment to facilitate the removal of 
grain coatings. This was followed by another washing with 
distilled water. The sand was dried in an air oven at 
100°C and weighed. The heavy and light fractions were se
parated by bromoform (S.G. = 2.85), washed with alcohol.

The comparative particle size distribution index is the 
sum of the minimum values of the percentages of the par
ticle size fractions in two samples (Langohr, R. et al., 
1976). It corresponds to the area simultaneously covered 
by two histograms constructed from granulometrical data. 
An index of 100 indicates that the compared samples have 
identical particle size distributions, and an index of 0 
indicates that the distributions do not overlap at all. 
Tests on duplicate samples carried out by Langohr, R. and 
Van Vliet, B. (1979) have shown that a CPSD index of 94- 
100 does not cover the sampling and analytical errors. 
Therefore, an index of 94 or more attests for an extremely 
high similarity. Between 90 and 94 the index points the 
samples which are very similar and between 85 and 90 the 
similarity can be considered to be still high.
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2.7.1.1.2

2.7.1.2. Clay fraction

2.7.1.2.1. Particle size separation of the clay fraction

30% until all the

weighed and expressed as percentages of the total sand 
fraction. The heavy minerals were mounted on glass slides 
in Canada balsam (n = 1.537) at a temperature of 70-75°C.

The counting was done line by line, and each mineral 
(including opaques) occurring under the cross was identi
fied and counted until the total number of grains reached 
100. This was followed by an inventory of transparent mi
nerals also until 100. The results thus obtained were re
calculated and expressed as percentages.

The light minerals were mounted on glass slides 
with Vulsa Pol. resin and allowed to harden during two 
weeks. The material thus hardened was then ground with 
carborundum (600, 800, 1000) till obtaining gray first 
order colors for the quartz grains (more or less 30p 
thickness). The surface of the light minerals was etched 
with hydrofluoric acid for 30 seconds and then rinsed 
with water. Next, they were successively treated with a 
saturated solution of cobaltinitrite and sodium rhodizo- 
nate (0.5 g in 20 ml water), in order to stain calcic and 
potassic feldspars respectively with red and yellow 
colors. Countings were not done, due to the scarcity of 
feldspars present.

The fine earth was treated with H2O2 
organic matter was destroyed. The fraction <2p was separ
ated by dispersion with a solution of Na2CC>3 2% at pH 
9.0-9.5. After allowing to settle for 8 to 8.5 hours, the 
clay was separated by siphoning and flocculated at pH of 
about 6.0 by adding a solution of HC1 2% and NaCl. The 
clays were then washed free of the dispersing and floccu
lating agents using alcohol and acetone and distilled
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2.7.1.2.2. Mineralogical determination of clay minerals

2.7.1.2.2.2. X-Ray diffraction

2.7.1.2.2.3. Differential thermal analysis (D.T.A.)

The differential thermal analysis was applied to samples 
previously studied by X-ray diffraction.

The determination of free iron and aluminum oxides was made 
with the aid of an atomic absorption spectrophotometer ap
paratus .

water until the washing liquid showed free of chloride. 
The clays were then dried, powdered and stored in test 
tubes. Chloride free samples from selected horizons of 
each profile were X-rayed. These samples were referred as 
untreated samples.

The mineralogical determination of the clay minerals was 
carried out through the following procedures.

2.7.1.2.2.1. Removal and determination of iron and 
aluminum oxides

For iron and aluminum removal the citrate-dithionite method 
(Mehra and Jackson, 1960) was used with modifications by 
De Coninck et al. (1969). Citrate buffer (pH 7.3) was added 
to the samples followed by heating to 75-80°C for 15 minu
tes under continuous storring, previous addition of dithio
nite .

The X-ray diffractometric study in order to identify the 
clay minerals was carried out with a Philips apparatus, 40 
Kv, 20 mA, with a CuqK radiation (A = 1.54 A), Ni filter, 
lateral source 6° and a register velocity of 2°20/min. The 
divergent slit was 1°, the receiving slit 0.1 min. with 23 
attenuation and range 400.



53.-

2.7.1.2.2.4. Thermo-gravimetric analysis (T.G.A.)

2.8. Micromorphology

2.8.1. Samplin2_and_prepa^-ation_of_thin_sections

2.8.2. Description and point counting

The thermo-gravimetric analysis was applied to samples 
already studied by X-ray diffraction and differential ther
mal analysis.

A Dupont 950 thermo-gravimetric analyser was employed, and 
natural samples of about 20 mg were used. The samples were 
heated in the air from room temperature up to 900°C, with a 
heating rate of 15°C/min.

The study of the thin micromorphological sections was per
formed with a Leitz petrographic microscope. The description 
of microstructure and porosity pattern, the fine and coarse 
materials of the soil matrix as well as their related dis
tribution pattern, and the birefringence fabric of the fine

Samples for micromorphological studies were obtained from 
undisturbed soil materials by means of Kubiena boxes. These 
samples were air dried and then impregnated under vacuum 
using Vulga polyester resin (Trade Mark TRA) with cobalt 
octoate (NL 49,1%) as accelerator and cyclohexanoneperoxide 
(Interox, 30% solution) as catalyst.

The diagrams were obtained by means of a Dupont thermal 
analyser 900 apparatus. Natural samples of about 20 mg 
were used, and subjected to temperature variations ranging 
from room temperature up to 800°C. The heating rate was 
15°C/min. and the analysis was done in the air and in a N2 
atmosphere, having A12O3 as a standard.
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material were done following Stoops and Jongerius (1975) 
and Stoops (1978). The pedological features were described 
according to Brewer (1964) and Stoops (1985, per. comm.)

The quantitative micromorphological analysis was made by 
point counting and up to 1200 points per thin section, 
with the aid of a special counting ocular.
The clay illuviation for the horizon and the profile clay 
illuviation indices were calculated according to Midema 
and Slager (1972), with modifications of Stoops (1978).
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GEOMORPHOLOGICAL UNIT : PLATEAU A

3.1. Profile 1

Information of the siteI.

II. Information of the soil

3.1.1. Mgrgholo2ical_gescrigtion

CHAPTER 3 - STUDIED SOILS, CHARACTERIZATION AND 
CLASSIFICATION

Parent material : clayey sediments
Geological formation and lithology : Barreiras Group.

Tertiary sediments.
Drainage : class 4 : well-drained.
Moisture conditions in profile : moist throughout
Depth of watertable : perched watertable at 160 cm depth
Presence of surface stone; rock outcrops : none.
Human influence : confined to plow layer.
Vegetation : semi-evergreen tropical cerrado.

The soil is deep, well-drained, yellowish brown, strick- 
ingly uniform throughout, especially when moist. The

Date of examination : 15/3/80
Author : D. Barrera
Location : 700 m W from km 12 of Maceio-Recife highway.

Approx. 35O44'W, 9°34'S
Elevation : 120 m
Land form : 1) physiographic position : plateau 

(see scheme A)
2) Microtopography : very slightly 

undulated
Slope : class 1 (0-1%)
Land-use : sugarcane (monoculture).



55.-

CHAPTER 3

GEOMORPHOLOGICAL UNIT : PLATEAU A

3.1. Profile 1

Information of the siteI.

Location

Information of the soilII.

none.

3 11. Morphological description

Date of examination : 15/3/80
Author :

STUDIED SOILS, CHARACTERIZATION AND 
CLASSIFICATION

The soil is deep, well-drained, yellowish brown, strick- 
ingly uniform throughout, especially when moist. The

Parent material : clayey sediments
Geological formation and lithology : Barreiras Group.

Tertiary sediments.
Drainage : class 4 : well-drained.
Moisture conditions in profile : moist throughout
Depth of watertable : perched watertable at 160 cm depth 
Presence of surface stone; rock outcrops : 
Human influence : confined to plow layer.
Vegetation : semi-evergreen tropical cerrado.

D. Barrera
: 700 m W from km 12 of Maceio-Recife highway. 
Approx. 35°44’W, 9°34’S

Elevation : 120 m
Land form : 1) physiographic position : plateau 

(see scheme A)
2) Microtopography : very slightly 

undulated
Slope : class 1 (0-1%)
Land-use : sugarcane (monoculture).
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Ap - 0-20 cm.

clear smooth

( )

The Ap horizon shows clear compaction.
Presence of Krotovinas in the B22 horizon .

Remarks : a) 
b)

45-90 cm. Yellowish brown (10 YR 5/8) moist, and yel
low (10 YR 7/6) dry; sandy clay; weak fine 
subangular blocky breaking into weak fine- 
medium granular; hard dry, friable moist, 
slightly plastic and sticky wet; many fine 
pores; common roots; diffuse smooth boun
dary.

90-160 cm. Brownish yellow (10 YR 6/8) moist, and 
yellowish brown (10 YR 5/8) dry; clay; few 
fine medium faint, diffuse, reddish yellow 
(5 YR 7/8) irregular mottles; weak to 
moderate fine-medium subangular blocky 
breaking into strong fine medium crumbly, 
slightly hard, dry, friable moist, plastic 
and sticky wet; many fine pores; common 
roots; clear smooth boundary.

Horizon's nomenclature according to the 
Soil Survey Manual (1981).

Dark brown (10 YR 3/3) moist and grayish 
brown (10 YR 5/2) dry; sandy clay loam; 
strong fine-medium granular; hard dry,

moist, and 
sandy clay;

B22 
(B2)

B21 
(Bl)

B1 - 
(BA)

A3 - 
(AB)

20-45 cm. Yellowish brown (10 YR 5/4) 
pale brown (10 YR 7/4) dry; 
weak fine subangular, breaking into strong 
fine medium granular; very hard dry, 
friable moist, slightly plastic and slight
ly sticky wet; common fine pores; many fine 
roots; diffuse smooth boundary.

structure is weak up to 160 cm depth, becoming moderate 
downwards. When dry, the consistence is hard to very hard 
in the Ap, A3 and Bl horizons. Roots are concentrated in 
the top 20 cm.

friable moist, slightly plastic and slight
ly sticky wet; many fine and very fine 
pores; abundant fine roots;
boundary.

160-200 cm. Reddish yellow (7.5 YR 6/8) moist and 
strong brown (7.5 YR 5/8) dry; clay; few 
fine-medium faint distinct sharp, dark red 
mottles (2.5 YR 3/6); moderate fine-medium 
subangular blocky, breaking into strong 
fine medium granular; slightly hard dry, 
friable moist, plastic and sticky wet; 
common fine pores; common roots.
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3.1.2. Physico^chemical-groperties (see table 5)

in the

Base saturation is highest in the Ap horizon (28.0%) and 
lowest in the underlaying A3 (16.2%), increasing with 
depth to reach figures about 23.0% in the subsoil. Ex
changeable contents of Ca, Mg, K, and Na are very low, 
being highest in the Ap and lowest in the A3.

The pH is very low and varies from 4.2 (pH/KCl) 
upper horizons to 4.7 in the subsoil.

The organic carbon content is highest in the Ap horizon 
(0.84%) and decreases gradually with depth.

The nutrient status for plant growth is very low. The 
cation exchange capacity per 100 grams of soil is uniform 
throughout and varies between 4.0 meg. and 4.7 meg. Ex
changeable aluminum is low, with highest figures in the 
A3 (0.5 meg.) horizon, declining gradually with depth to 
reach 0.16 meg. in B22, and strongly decreasing in the 
overlaying Ap (0.22 meg.).

The silt/clay ratios are very low ranging from 0.04 in 
A3 and B21 to 0.06 in the Ap horizon, indicating extreme 
degree of weathering.

The clay content gradually increases with depth from 
38.6% in the Ap reaching its maximum in the B22 (58.6%). 
The sand fraction follows also a gradual but opposite 
trend from the top soil downwards, with 59% in the Ap 
and 38.0% in the B22. The medium and fine sand make up 
the greater proportion of the total sand fraction. The 
silt fraction is present in extremely low amounts (2.0- 
3.0%).

Bulk densities increase markedly in the top soil, with 
values ranging from 1.4 g/c.c. in the B2, to 1.7 g/c.c. 
in the Ap horizon.
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Table 5. Physico-chemical properties of profile 1

Size class and particle diameter (mm)
TOTAL SAND

Horizon Sand Silt Clay V.C. C. M. F. V.F.
> 2 mm

2-0.05 < 0.002 2-1 1-0.5

0- 20 59.0Ap 2.4 38.6 2.2 11.2 21 .4 20.4 3.8 0

45 A3 52.7 2.0 45.3 16.81. 1 10.4 20.4 4.0 0

90 47.5Bl 2.8 49.7 1.2 18.0 15.010.0 3.2 0

-160 B21 39.8 2.5 57.7 7.3 14.81.1 12.6 4.0 0

-200 B22 38.4 3.0 58.6 1 .1 9.0 13.9 11.5 2.9 0

PH

0- 20 0.84 4.3 1.09 1.704.5 0.52 0.06 8.5 0.7730.1

45 0.62 4.2 4.3 1 .41 0.75 1.59 0.04 9.9 35.4 0.78

1 .47 0.76 0.050.38 4.4 4.9 1.42 15.5 34.290 0.68

0.854.5 4.8 2.02 1 .42 0.04 22.80.32 34.9-160 0.65

2.21 0.93 1.45 0.05 18.74.7 5.20.16 39.9-200 0.68

Extractable bases C.E.C.

Na SumKMgCa
meg./100g soil meg./100g soil meg./100g clay

0.22 4.2 4.1 5.360.51 0.22 0.31 0.12 1.16 10.6 3.570- 20 28.0 21.6

0.50 4 .0 4.00.28 0.11 0.16 0.10 0.65 4.65 8.9 2.5345 16.2 14.0

4.290.34 3.5 4.00.40 0.22 0.10 0.07 0.79 8.9 2.77 19.7 18.090

2.8 4.70.24 3.920.43 0.45 0.18 0.06 1.12 8.1 2.35 23.8 28.0-160

2.30.32 0.52 0.03 0.07 0.94 0.16 4.1 3.24 7.0 1 .87 22.9 29.0-200

Depth 
(cm)

Depth 
(cm)

Depth 
(cm)

Al 
1NKC1

sum 
cations

Fine 
clay 

< 0.2u

COARSE 
FRAGM.

Fine clay/ 
Tot. clay

Sum 
cations

Extr. 
acidity 
KC1 

pH 8.2

Bulk 
density 
g/cm’

Coarse 
clay 
2-0.2u

Organic 
carbon 1:1 

KC1

Silt/ 
clay 
ratio

Base saturation 
(%)

0.05-
0.002 0.5-

0.25
0.25- 
0.1

0.1-
0.05

NH.OAC E.C.E.C.4nh4oac

Ext. Al as 
A12O3 

%

NH.OAC 4

Ext. Fe as 
Fe2°3 %1:1

H2°
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3.1.3. Mineralogical-Composition

3.1.3.1. Sand fraction (50-250 urn)

Table

Hor.

tr.

tr.
(traces) = <1%tr.

3.1.3.2. Clay fraction (<2um)

tr.
tr.
tr.
tr.
tr.

In the sand fraction the light minerals are dominant, 
making 94 to 97 per cent (weight %) of the total sample 
in the different soil horizons.

6 . Mineralogical composition of the sand fraction 
(50-250um) of profile 1

100
100
>99
100 
>99

88.2
92.1
91.7
91.7
90.0

Depth 
(cm)

Ap
A3
Bl
B21
B22

0- 20
- 45
- 90
-160
-200

10.2
7.3
7.9
7.1
9.7

Light minerals 
Quartz Feldspars

On the bases of X-ray reflexion intensities (fig. 2 ) 
kaolinite is the dominant mineral of the clay fraction in 
all horizons, followed by minor amounts of gibbsite, which 
as shown in table 7, is not apparent in horizon Bl.

The light fraction is composed of fissured and highly 
weathered quartz grains and no more than traces of 
feldspars (table 6 ). The heavy fraction includes mainly 
opaques (where magnetic minerals are the most frequent). 
X-ray analysis showed that the opaque minerals consist of 
magnetite, ilmenite, hematite and goethite. Among the 
transparent minerals zircon is dominant, followed by very 
low amounts of tourmaline and the occasional presence of 
rutile.

Heavy minerals
Opaques Zircon Tourma- Rutile 

line
1.0
1.0
1.0
1.0
1.0
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Table

Hor.
T.G.A.X-ray

G1A3 20- 45 K
G190B1
G1B22 -200 K, G

2

3.1.4. Sedimentology

or

K5,
K5,
K5,

The detailed particle size distribution of the fractions 
between 63 and 2000y for A3, B1, B21 and B22 horizons 
which are considered without possibility of migration, 
subjected to significant changes during soil forming 
processes, is given in table 8.

The cumulative frequencies were calculated for all frac
tions between 63 and 2000um.

7 . Mineralogical composition of the clay 
fraction (<2gm) of profile 1

Depth 
(cm)

The cumulative curves plotted on probability scale are 
presented in fig. 5.

K, G, A
K

Clay fraction
D.T.A.

Tables 9 and 10 give respectively the cumulative frequen
cies of the fractions between 63 and 2000um and the most 
important sedimentological parameters.

Mineral code : K : kaolinite; G : gibbsite; A : anatase. 
Approx, weight fractions (T.G.A.) : 5 : more than half; 
4 : half to one third; 3 : one third to one fifth; 

: one fifth to one twentieth; 1 : less than one 
twentieth.

Table 7 also shows that these results are confirmed 
through D.T.A. and T.G.A. X-ray diffractograms also 
indicate the occurrence of anatase.

K, G, A
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3.1.5. Micromorghology

A. Micrestructure and pore pattern

In B1 the microstructure is dominantly spongy, with fis
sured and vughy cavited intrapedal m.s., that locally 
grades to 1) weak fine crumbly and to 2) weak very fine

It can be observed that the A3 horizon shows an almost 
symmetrical, negatively skewed (<x3 = -0.04) and platy- 
kurtic (cc4 = 0.61) distribution curve, with a Mz value 
of 1.69 p; the standard deviation (61 = 0.9) indicates 
that the material is moderately sorted (Friedmann, 1962).

The distribution curve of the B22 horizon is moderately 
asymmetric (a3 0 = 0.23) positively skewed, platykurtic 
(a4 = 0.59), with a Mz of 1.62 0; a moderate sorting is 
indicated by a standard deviation of (G1 0 = 0.93).

The microstructure of the A3 horizon is mostly strong 
fine crumbly; the crumbs (1-2 mm 0) have fissured and 
vughy cavited intrapedal m.s. Very frequent interpedal 
compound packing pores are dominant; smooth and rough 
vughs mostly interconnected, smooth channels and fissures 
are also very frequently present.

The B21 horizon shows a moderately asymmetrical, positive
ly skewed (a3 0 = 0.18) platykurtic (cx4 0 = 0.17) distri
bution; the mean Mz value is 1.63 0 and the standard 
deviation (G1 = 0.95) indicates a moderately sorted 
material.

The Bl horizon has also a nearly symmetric, negatively 
skewed (a3 = -0.01) and platykurtic (a4 = 0.35) distribu
tion with a Mz value of 1.64 0 and a standard deviation 
of 0.92.

Therefore, the profile under discussion may be considered 
as highly uniform from sedimentological viewpoint.
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8Table

A3 0.0 2.9 5.87 17.6 5.815.6 12.6 1.4617.6 22.4

B1 1.05 2.1 6.8 15.8 18.9 15.8 11.6 5.2 2.121.1

B21 1.2 2.4 5.9 6.0 3.615.5 18.8 9.4 10.625.9

B22 0.0 7.8 18.1 6.5 2.62.6 18.0 19.5 14.2 10.4

Table

>180 >125 >90 >63>500 >355 >250>710>1400 >1000

80.0 98.5 99.58.8 25.4 43.0 64.4 92.6A3 2.90.0

65.3 81.1 92.7 97.925.3 44.2 100.09.53.15B1 1.05

43.8 69.7 79.1 89.7 95.725.0 99.39.53.6B21 1.2

80.228.5 46.5 66.0 90.6 97.1 99.710.42.6B22 0.0

Table

3a 4a1 aMz

0.9 -0.04 0.611.69A3

0.92 -0.011 .64 0.35Bl

0.95 0.18B21 1 .63 0.17

0.23B22 1 .62 0.23 0.59

1400 
-2000

9 . Cumulative frequencies of the fractions between 
63 and 2000iim

. Particle size distribution of the fractions 
between 63 and 2000gm

1000 
-1400

710 
-1000

500 
-710

355 
-500

250
- 355

180 
-250

125 
-180

90
- 125

63
- 90

10. Sedimentological parameters of the fractions 
between 63 and 2000iim
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B. Matrix

B1 . Coarse_material__(>5|im)

B2. Fine_materlal_J<5ym£

horizons and the infilling material - dark red - 
with the matrix color, except in the A3 horizon.

Channel infillings are throughout observed, and mostly 
show weak and moderate very fine crumbly intrapedal m.s.
Compound packing pores and fissures are dominant and 
respectively occupy interpedal and intrapedal positions.

crumbly; showing a pore pattern similar to the upper and 
lower soil horizons.

The B21 presents 1) weak crumbly microstructure with fis
sured and vughy cavited intrapedal m.s., and 2) moderate 
to weakly crumbly microstructure with fissured intrapedal 
m.s., where both types (1 and 2) grade to spongy. The 
pore pattern is similar to the overlaying horizons.

Fine to coarse, sand-sized, angular, subangular and sub
rounded grains of quartz compose the coarse material 
throughout. The medium and coarse fractions present fis
sured and corroded grains. Runiquartz is common in all 

contrasts

The lowermost B22 mostly shows a moderate crumbly micro
structure; the crumbs (0.5-1.5 cm 0) have a fissured and 
vughy cavited intrapedal m.s. Locally it grades to spongy, 
with similar intrapedal m.s. The pore pattern is similar 
to the overlaying horizon.

It is very pale brown, dotted in A3, yellowish in B1 and 
B21 and reddish yellow dotted in B22, composed of clay, 
oxihydrates and organic matter. The b-fabric pattern is 
very similar throughout where the undifferentiated type
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B3. Coarse/fine_related_distribution

C. Organic matter

D. Features

color, 
ries.

Laminated coatings and infillings of limpid and speckled 
clay (from 30jim to 1 mm 0) occur in channels, vughs and 
packing pores. The color is yellow, the orientation strong 
and the boundaries are sharp.

Coatings and infillings of limpid clay ranging from <10gm 
to 1 mm 0, occur in fissures, vughs and channels through
out the soil. They have a yellow color, strong continuous 
orientation and sharp boundaries.

In channel infillings, the dominant type is enaulic; also 
gefuric is locally observed.

dominates. Dotted, parallel, striated and circular stria
ted b-fabrics are subordinated and generally weakly ex
pressed. The channel infillings present undifferentiated 
b-fabric.

Organic matter is observed in the upper horizons as slight
ly and highly humified roots (o) and as fecal’pellets (o) .

Single and double spaced gefuric to enaulic is dominant in 
A3, locally porphyric. In B1 mainly porphyric, with single 
and double spaced gefuric between big grains. In the lower 
B21 and B22 porphyric dominates and gefuric is locally 
present.

Coatings and infillings of iron-rich clay, having 30gm <0, 
occur in vughs of the B21 horizon. They have a reddish 

a strong continuous orientation and sharp bounda-
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F. Quantification of illuviation features

3.1.6. Classification

Fragments of clay coatings (0.2-0.5 mm , with strong 
and diffuse boundaries, occur in the fine mass and in
side channel infillings.

Iron oxihydrate soil nodules of red color, rounded, 
ranging from 100 to 500um, with sharp and diffuse bounda
ries, are frequent in the B1, B21 and B22 horizons.

Although this profile has a dark Ap horizon, it is not 
thick enough to be umbric, and thus is an ochric epipedon. 
No clay skins were discerned in the field and the required 
clay increase for an argillic horizon is not met in spite 
of thin section showed 2.7% illuviation cutans in the ho
rizon B22 as shown in table 11. On the other hand, the 
subsoil has the properties of an oxic horizon throughout. 
Therefore, the profile is classified as a member of the 
clayey, kaolinitic, isohyperthermic family of the TYPIC 
HAPLUSTOX.

The point counting results presented in table 11 show 
maximum illuviation percentages in the B22 (3.1%) and 
B24 (3.2%) horizons. The degree of clay illuviation is 
strong in B22, moderate in B21 and B24, and weak in other 
horizons, and the profile illuviation index is moderately 
high (343.3) as shown in table 12.

Compounds nodules of red color, rounded (5-7 mm 0), with 
sharp boundaries, were observed in the B22 horizon. The 
coarse material includes quartz grains and runiquartz, 
and the fine material is composed of iron-rich clay. The 
related distributions are porphyric, similar to the 
enclosing soil matrix or showing a contrasting denser 
packing of the coarse material.
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CLASSIFICATION ACCORDING TO OTHER SYSTEMS

3.2. Profile 2

I. Information of the site

II. Information of the soil

Vegetation :

Parent material : clayey sediments
Geological formation and lithology : Barreiras Group. 

Tertiary sediments.
Drainage : class 3-4 : well-drained - Moderately well- 

drained.
Moisture conditions in profile : dry throughout.
Depth of watertable : perched watertable between 45 and 

60 cm depth
Presence of surface stone, rock outcrops : none.
Human influence : none.

semi-evergreen tropical cerrado.

FAO/UNESCO : Xanthic Ferralsol
BRAZILIAN SYSTEM : Red Yellow Latosol Dystrophic, 

moderate A horizon, clayey, semi
evergreen tropical cerrado, level 
phase

I.N.E.A.C. SYSTEM: Hygro-xero Ferralsol.

Date of examination : 17/3/80
Author : D. Barrera
Location : 250 m W from km 12 of Maceio-Recife highway. 

Approx. 35°44'W, 9°34'S.
Elevation : 120 m
Land form : 1) physiographic position : plateau

(see scheme A)
2) microtopography : very slightly undulated 

Slope : class 1 (0-1%) 
Land-use : virgin soil
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3.2.1. Morghological-description

0-30 cm. Dark brown (10 YR 3/3) moist, grayish brown 
(10 YR 4/2) dry; sandy clay; very weak 
fine subangular blocky breaking into 
strong fine-medium crumbly; hard dry, 
friable moist, slightly plastic and sticky 
wet; many fine pores; abundant fine roots; 
gradual smooth boundary.
Yellowish brown (10 YR 5/4) moist, light 
yellowish brown (10 YR 6/4) dry; clay; weak 
medium subangular blocky breaking into 
moderate fine medium crumbly; hard dry, 
firable moist, slightly plastic and sticky 
wet; common-many roots; clear smooth boun
dary. Few, distinct, diffuse light red 
(2.5 YR 6/8) mottles.

B23 - 
(Bt3)

B22 - 
(Bt2)

Al 
(A)

100-130 cm. Yellow (10 YR 7/6) moist, and very pale 
brown (10 YR 7/4) dry; clay; moderate 
medium-coarse subangular blocky breaking 
into moderate fine medium crumbly; hard 
dry, friable firm moist, plastic and sticky 
wet; few very fine roots; diffuse smooth 
boundary.

60-100 cm. Yellow (10 YR 7/6) moist, and very pale 
brown (10 YR 8/4) dry; clay; moderate
strong, medium-coarse, subangular blocky 
breaking into moderate medium crumbly; hard 
dry, friable-firm moist, plastic and 
sticky wet; common very fine roots; diffuse 
smooth boundary.

B21 - 45-60 cm.Yellowish brown (10 YR 5/6) moist and light 
(Btl) yellowish brown (10 YR 6/4) dry; clay;

common, fine, prominent, sharp, red (2.5 YR 
4/8) mottles; moderate, medium, subangular 
blocky breaking into moderate fine-medium, 
crumbly; very hard dry, friable firm moist; 
plastic and sticky wet; common roots; dif
fuse smooth boundary.

It is a well-drained to moderately well-drained yellowish 
brown profile, rather uniform in aspect, particularly 
when moist. Structure is weak in the topsoil, moderate 
and moderate to strong in the upper part of the subsoil, 
becoming moderate with depth. Cohesion is particularly 
high when dry in the topsoil. Root penetration is poor, 
with roots concentrated in the upper 15 cm.

A3 - 30-45 cm. 
(B1 or AB)
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b)

3.2.2. PhYsic02chemical_pr0perti.es (see table 13)

130-160 cm. Yellowish brown (10 YR 5/6) moist, and 
yellow (10 YR 7/6) dry; clay; moderate 
medium-coarse subangular blocky breaking 
into moderate fine-medium crumbly; hard 
dry, friable moist, plastic and sticky 
wet; few very fine roots; gradual smooth 
boundary.

B24 - 
(Bt4)

B3 - 
(BC)

The cation exchange capacity varies from 4.5 meq. per 100 
grams of soil in the A1 and A3 horizons to about 5.6 meq. 
in the major part of the subsoil. Exchangeable aluminum

Bulk density shows maximal values (about 1.5 g/cc) in the 
A1 and B24, in the other horizons somewhat lower figures 
(about 1.4 g/cc) are present.

Remarks : a) cracks when dry, from the top up to the up
per part of the B23(t) horizon.
( ) horizon's nomenclature according to the
Soil Survey Manual (1981).

The results of the granulometrical analysis shown in 
table 13 indicate the dominance of the sand and clay frac
tions. Only very small amounts of silt are present 
throughout the profile (less than 3%). In the surface ho
rizon the clay fraction represents 46.2%, increasing 
rather strongly in the underlaying A3 (59.1%); a new in
crease is observed in B22, B23 and B24 (about 66.0%), 
before reaching its maximum in the B3 (70.4%). The sand 
fraction presents an identical and opposite trend with 
depth, with 50.9% in A1 and 26.9% in B3. The medium and 
fine sand dominate the total sand fraction. The amounts of 
silt are very low and constant ranging from 1.9 to 2.9 in 
A1; therefore, very low silt/clay ratios (0.06 in the A1 
and 0.03 in the other horizons) are found.

160-200 cm. Reddish yellow (7.5 YR 6/8) moist, and 
pink (7.5 YR 7/4) dry; clay; moderate 
fine crumbly; slightly hard dry, very 
friable moist, plastic and sticky wet; 
very few fine roots.

PhYsic02chemical_pr0perti.es
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3.2.3. Mineralo2ical_comgosition

3.2.3.1. Sand fraction (50-250p.m)

The organic carbon content shows an irregular decreasing 
trend with depth. It is highest in the A1 horizon (0.78%), 
and drops to 0.54% in A3, B21 and B22 that show the same 
figures. A new marked decline takes place in the underlay
ing B23 and B24, which present values around 0.20%, fol
lowed by a slightly lower percentage in the lowermost B3 
(0.15%) horizon.

The sand fraction is dominated by the light minerals which 
constitute 94 to 97% (weight %) of the total sample 
throughout the soil.

The pH is low but increases slightly in the subsoil from 
pH/KCl 4.2 in the A1 to 4.6 in the B3. Exchangeable con
tents of Ca, Mg, K and Na are low, decreasing from Al 
(sum of bases = 0.86 meg.) to A3 (sum of bases = 0.57 
meg.). In the B21 horizon however, higher contents are 
found (0.73 meg.) that progressively increase up to 
1.78 meg. in B24.

The light fraction is formed by highly weathered and fis
sured grains of guartz and no more than traces of feld
spars (table 14). The heavy fraction includes mainly 
opagues, where magnetic minerals are the most freguent. 
X-ray analysis showed that the opague minerals consist of 
magnetite, ilmenite, hematite and goethite. Zircon is

is rather low, being highest in the top A1 (0.84 meg.), 
gradually decreasing with depth to 0.08 meg. in the B3 
horizon. Base saturation is rather low, being lowest in 
the A3 and B21 (about 12%), markedly increasing (about 
33%) in the B24 and B3 horizons.
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Table 13. Physico-chemical properties of profile 2

Size class and particle diameter (mm)
TOTAL SAND

Horizon
Sand Silt Clay V.F.C. M. F.V.C. > 2 mn
2-0.05 < 0.002 1-0.52-1

0- 30 A1 50.9 2.9 19.4 08.0 20.4 4.146.2 0.8
45 A3 44.5 2.0 14 .5 15.7 3.4 053.5 6.70.6

69.164 B21 38.7 12.6 3.22.2 15.0 06.91 .0C ’• T
-100 B22 32.7 2.711.1 01 .9 65.4 6.6 11.31 .0
-130 B23 30.9 9.6 2.9 02.7 11.266.4 0.8 6.4
-160 B24 2.530.0 2.3 10.5 9.7 068.3 6.40.9
-200 B3 8.4 2.626.9 2.7 5.3 10.0 070.4 0.6

PH

0.730.58 1.55 0.06 11.9 32.50.980.78 4.2 4.40- 30
1 .48 0.03 37.40.66 16.1 0.694.9 1 .2045 0.54 4.4

0.67 0.03 21.3 37.81 .41 0.634.7 1.1360 0.54 4.4
25.50.65 1.43 0.02 39.91.35 0.690.54 4.4 5.1-100

1.38 23.90.54 0.04 42.51.06 0.644.60.22 4.4-130
1.52 0.03 22.1 42.21.28 0.644.80.20 4.6-160 0.61
1.42 0.03 21.8 48.60.610.15 5.4 1.52 0.694.6-200

C.E.C.Extractable bases

SumK NaCa Mg
meq./100g soil meq./IOOg soil meq./IOOg clay

5.54.6 4.3 9.30.84 3.80.40 0.26 0.08 0.12 0.86 20 160- 30
4.6 4.60.60 4.0 8 .6 2.00.29 0.15 0.03 0.10 0.57 1245 12

3.3 5.7 4.0 9.70.60 2.20.37 0.22 0.04 0.10 0.73 1360 18
2.5 5.6 3.6 8.60.48 2.40.51 0.48 0.01 0.11 1.11 20-100 31
4.3 5.5 8.30.32 5.4 2.20.49 0.52 0.01 0.12 1.14 21-130 20

0.20 3.1 5.7 4.9 7.60.97 0.71 0.03 0.09 1.78 2.9 34-160 36
0.08 3.2 4.8 6.90.68 0.67 0.08 0.13 1.56 4.8 2.3-200 32 32

Depth (cm)

Depth 
(cm)

Depth 
(cm)

Al 1NKC1
sum cations

Coarse clay 2-0.2u
Fine clay 

< 0.2u
Fine clayj Tot. clay

COARSE FRAGM.

Sum 
cations

Extr. acidity 
KC1 pH 8.2

Bulk density g/cm1
Silt/ I 
clay 
ratio

Organic 
carbon 

%

0.25- 0.1

Base saturation (%)

1:1 KC1

0.5- 0.25
0.05- 0.002 0.1-0.05

NH4OAc E.C.E.C.

Ext. Fe as 
Fe2°3 

«
1 :1 h2°

Ext. Al as 
Al2°3 

%

NH.OAc 4
NH.OAC 4



72.-

Hor.

tr.

tr.
II tr.tr.
II

IItr.
IIB3 tr.

(traces) = <1%tr.

3.2.3.2. Clay fraction (<2um)

Hor.
X-ray T.G.A.

K
K
K
K

Table 15 . Mineralogical composition of the clay 
fraction (<2ym) of profile 2

A1

B21
B22
B33

Depth 
(cm)

0- 30

- 63
-100
-200

100 

100 

>99 

>99

100 

>99 

>99

86.3
90.3

88.7
91.2

90.5
88.5
81.5

G

G

G

K5
K5
K5
K5

A1

A3

B21
B22
B23
B24

Depth 
(cm)

0- 30
- 45
- 60 
-100 
-130 
-160 
-200

K,
K,
K, 
K

12.0
7.5

10.9

8.6 
10.0 
15.6
7.0

Light minerals
Quartz Feldspars

dominant among the transparent minerals of the heavy 
fraction followed by very low amounts of tourmaline and 
rutile.

Table 14 . Mineralogical composition of the sand 
fraction (50-250ym) of profile 2

X-ray diffractograms and T.G.A. traces both indicate the 
sole presence of kaolinite in the clay fraction of all 
horizons, whereas D.T.A. also points out the occurrence 
of gibbsite in most layers (table 15).

Clay fraction
D.T.A.

Mineral code : K : kaolinite; G : gibbsite.
Apprcx. weight fractions (T.G.A.) : 5 : more than half; 4 : half to 
one third; 3 : one third to one fifth; 2 : one fifth to one 
twentieth; 1 : less than one twentieth.

Heavy minerals
Opaques Zircon Tourma- Rutile 

line
1.3
< 1

II
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3.2.4. Sedimentology

B22, B23,

The horizon A1 shows an almost symmetrical positively 
skewed (a3 0 = 0.05) and platykurtic (a4 0 = 0.56) dis
tribution, with a Mz ?S of 1.82 and a standard deviation 
(G1 0 = 0.83) that indicates a moderately sorted material.

The cumulative frequencies were calculated for all frac
tions between 63 and 2000 microns.

The distribution curve of horizon A3 is moderately asymme
tric negatively skewed (a3 0 = -0.22), platykurtic (a4 0 = 
0.36), with a Mz 0 value of 1.85, and showing similar 
sorting as the proceeding horizon (G1 0 = 0.96).

The B21 horizon presents asymmetric negatively skewed 
(a3 0 = -0.34) and platykurtic (cx4 0 = 0.18) distribution; 
a Mz 0 value of 2.08, and the same sorting as the upper 
horizons (G1 0 = 0.87).

The cumulative curves plotted on probability scale are 
given in fig. 6.

Tables 17 and 18 give respectively the cumulative fre
quencies of the fractions between 63 and 2000 microns 
and the sedimentological parameters of each soil horizon.

The detailed particle size distribution of the fractions 
between 63 and 2000 microns for A1, A3, B21, 
B24 and B3 horizons is given in table 16.

The B22 horizons shows a weakly asymmetrical positively 
skewed (a3 0 = 0.09), platykurtic (a4 0 = 0.39) curve with 
a Mz 0 of 1.71 and same sorting (G1 0 = 0.92) as the upper 
horizons.
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zon.

The standard deviations are rather uniform throughout, 
being highest in B23 (G1 0 = 1.0) and lowest in the A1 
(G1 0 = 0.83) horizon.

The B23 horizon curve is almost symmetric, positively 
skewed (a3 0 = 0.03), platykurtic (a4 0 = 0.44), and 
poorly sorted (G1 0 = 1.0) with a Mz 0 = 1.64.

The distribution of horizon B24 is moderately asymmetric, 
positively skewed (a3 0 = 0.19), platykurtic (a4 0 = 
0.66) with a Mz 0 value of 1.66, and a standard deviation 
(G1 0 = 0.95) indicating a moderate sorting.

The mean grain of particles is lowest in the B21 horizon 
(Mz 0 = 2.08) and increases in the upper and underlaying 
horizons. The top A3 and A1 show respectively Mz 0 values 
of 1.85 and 1.82. In the subsoil, the contrast is particu
larly marked where Mz 0 figures range from 1.71 in the B22 
to 1.60 in the lowermost B3 horizon (see fig.

The Kurtosis values indicate platykurtic distributions 
throughout, where the B21 (a4 0 = 0.18) is detached from 
other horizons, showing the most peaked curve.

The B3 distribution curve is moderately asymmetric, posi
tively skewed (a3 0 = 0.16), platykurtic (a4 0 = 0.68) 
with a Mz 0 of 1.61 and a standard deviation of 0.95 that 
indicates the same sorting class as the overlaying hori-

The horizons A3 (a3 0 = -0.22) and B21 (a3 0 = -0.34) are 
both negatively skewed, clearly contrasting - particularly 
the latter - with the almost symmetrical distributions 
found in A1 (a3 0 = 0.05), B22 (a3 0 = 0.09) and B23 
(a3 0 = 0.03) and with the positively skewed distributions 
of B24 (a3 0 = 0.19) and B3 (a3 0 = 0.16) (see fig.
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Table

2.0A1 8.00.0 1.0 3.0 15.014.0 23.014.0
A3 8.31.2 1.2 5.9 11.9 15.5 21.4
B21 0.0 6.51.3 3.9 5.2 15.6 15.6 23.4
B22 0.8 1.5 6.15.4 16.9 21.5 12.2 3.116.9
B23 1.7 2.6 7.7 10.3 3.415.5 17.2 18.9
B24 0.0 2.5 7.6 18.5 16.8 16.8 8.4 2.518.5
B3 0.0 3.3 8.3 18.3 16.6 20.0 13.3 11.6 6.6 1.7

Table

>1400 >710>1000 >500 >180>355 >250 >125 >90 >63

A1 0.0 89.01.0 4.0 18.0 97.0 99.032.0 55.0
A3 1.2 2.4 8.3 20.2 35.7 57.1 97.5 100.0
B21 0.0 1.3 5.2 10.4 26.0 41.6 65.0 94.4 100.0
B22 0.8 2.3 7.7 24.6 41.5 63.0 78.3 90.5 96.6
B23 1.7 4.3 12.0 27.5 63.6
B24 2.50.0 10.1 28.6 63.9
B3 0.0 3.3 11.6 29.9 46.5 66.5 91.4 98.0 99.7

4a3dMz

1 .82 0.83 0.05 0.56
-0.22 0.36

B21
B22
B23
B24 0.95

1 .60B3 0.94

6.9

8.4

3.6

5.2

Table 18 . Sedimentological parameters of the fractions between 63 and 2000ym

1400 
-2000

17 . Cumulative frequencies of the fractions between
63 and 2000um

16 . Particle size distribution of the fractions 
between 63 and 2000jim

A1
A3

1000 
-1400

1 .85 

2.08
1 .71

1 .64

1 .65

710 
-1000

500 
-710

0.96
0.87
0.92

1 .00

355 
-500

44.7
45.4

250 
-355

0.18
0.39

0.44

0.66
0.68

180 
-250

19.0

16.8

15.3

15.5

74.0
73.9

79.1
80.7
79.8

125 
-180

14.3

23.4

89.2

88.4

89.4

89.1

90 
-125

96.3

97.5

99.7

99.7

100.0

-0.34
0.09

0.03

0.19
0.16

63
- 90

1 o
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3.2.5. Micromorphology

A. Microstructure and pore pattern

The B21 horizon shows 1)

In the B24 horizon the microstructure is mostly fissured 
and vughy cavited, grading to weak crumbly. The pore pat
tern is similar to the B23.

In B22 and B23 weak crumbly and spongy microstructures 
are dominant, both having fissured and vughy cavited in- 
trapedal m.s. The pore pattern is similar to the over
laying soil horizon.

Thus, the profile under discussion is considered rather 
uniform from sedimentological viewpoint with the excep
tion of the B21 horizon, which differs in most parameters 
with respect to the overlaying and especially with the 
underlaying horizons.

Moderate and strong very fine crumbly microstructures 
with fissures intrapedal m.s. dominate in the A3 horizon; 
very locally moderate crumbly microstructure having fis
sured and vughy cavited intrapedal m.s.is also observed. 
Very frequent intrapedal compound interpedal packing 
pores are dominant; very frequent fissures, frequent 
smooth channels and common smooth and rough vughs fre
quently interconnected are also present.

a moderate crumbly microstruc
ture with fissured and vughy cavited intrapedal m.s. and 
2) strong to moderate fine crumbly microstructure with 
fissured intrapedal m.s. The pore pattern is similar to 
the overlaying A3 horizon and also the frequency of vughs 
and fissures, with the exception of channels that become 
common.
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B. Matrix

Bl. Coarse_material__(>5[im)

B2. Fine_material_J<5|im)_

Granular channel infillings are present throughout the 
profile and show moderate and strongly developed very 
fine crumbly microstructure with fissured intrapedal 
m.s. Very frequent interpedal compound packing pores and 
interconnected vughs are dominant; frequent intrapedal 
fissures were also observed.

Fine to coarse sand sized quartz grains, angular, suban
gular and subrounded shaped, compose the coarse material 
in all horizons.
The grains are commonly fissured and corroded. Frequent 
runiquartz, filled with dark red sesquioxides-rich mate
rial, are present in all soil horizons, except in B21. 
Some ubiquists are rarely observed.

In channel infillings, the dominant b-fabric is undiffe
rentiated; very weak circular striated and dotted fa- 
fabrics are respectively found around and inside micro
aggregates (pellets) as subordinate types.

The fine material is composed mostly of clay, oxihydrates 
and organic matter. The color is yellowish brown, dotted 
in the upper A3 horizon, pale brown and yellowish brown in 
B21, yellow dotted in B23 and pink dotted in B24. Undif
ferentiated b-fabric is dominant throughout, and dotted 
and circular striated (generally very weakly expressed) 
types subordinated. In the B24 horizon, a parallel stria
ted type is also locally present.
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B3. Coarse/fine_related_distribution

C. Organic matter

D. Features

located in

Open gefuric to enaulic is dominant in the A3 horizon; 
very locally enaulic and porphyric. In B21 porphyric and 
gefuric types are dominant; locally enaulic. The under
laying horizons show porphyric related distributions 
throughout.

Penetration is observed only in the upper horizons (A1, 
A3 and parts of B21) under the form of roots and tho
roughly humified organic material.

Laminated coatings and infillings of limpid and speckled 
clay, ranging from 4 0um to 0.9 mm $5, occur in vughs and 
channels. The color is yellow, the orientation strong, 
the boundaries are sharp and they are more frequent with 
depth.

Coatings formed by iron-rich clay were only observed in 
the B21 horizon, located on vughs and channel walls and 
on top of yellow clay coatings. They have sharp bounda
ries and show reddish yellow and dark red colors.

Fragments of clay coatings dat range from 0.2 to 0.5 mm 
tf, with diffuse and sharp boundaries, occur in the fine 
material and in channel infillings throughout the soil.

Coatings and infillings of limpid clay of variable size 
(about 20 gm are present in the B horizon,
fissures, vughs and channels. They are yellow, strongly 
oriented with sharp boundaries and more abundant in 
deeper layers.
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E. Quantification of illuviation features

3.2.6. Classification

The degree of clay illuviation per horizon and the profile 
clay illuviation index are shown in table 20.

The degree of clay illuviation is strong in B22, moderate 
in B21 and B24, and weak in other horizons. The clay il
luviation index for the whole profile is moderately high 
(343.3).

Red sesquioxidic undifferentiated nodules of 100 to 
400^ 0, mostly rounded with sharp and diffuse bounda
ries, are frequent in the upper horizons and very 
frequent in the subsoil.

The results of point counting for quantification of illu
viation is presented in table 19 . Clay illuviation per
centages show maximum values in the B22 horizon (3.1%) 
and B24 horizon (3.2%).

This profile was studied in 1977 during the First Inter
national Soil Classification Workshop, carried out in 
Brazil. According to Camargo and Beinroth (1978), "Soils 
of this general morphology developed on unconsolidated 
sedimentary materials are widespread in the humid tropics 
and were mentioned to occur in Amazonia (Camargo, Som- 
broek, Rosateli), West Africa and the Cameroons (Moormann) 
and the Congo Basin (Smith et al.. Pedology, 1975). They 
present difficult and ill-defined transitions between 
Oxisols (Haplorthox and others) and Ultisols (Paleudults 
or Kandiudults). They may or may not have a "textural" or 
argillic horizon, cutans are frequently present but at 
greater depth, so that an oxic horizon as defined in Soil 
Taxonomy is present above an argillic." Although, some 
participants recognized the presence of clay skins in the
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CLASSIFICATION ACCORDING TO OTHER SYSTEMS

I.N.E.A.C. SYSTEM :

Xanthic Ferralsol
Red Yellow Latosol, Dystrophic, 
podzolic, moderate A horizon, 
clayey, semi-evergreen tropical 
cerrado, level phase.
Hygro-xero Ferralsol slightly 
Ferralsolic.

The profile has a dark A1 horizon that fulfils the re
quirements of an umbric epipedon. No clay skins were 
observed in the field and the necessary clay increase 
for an argillic horizon is not present. Anyhow, thin sec
tions showed more than 1% clay cutans in the major part 
of the B2 horizon (table ) . Moreover, the subsoil has 
the properties of an oxic horizon and the structure is 
moderate throughout. Thus, the profile is classified as 
a member of the clayey, kaolinitic, isohyperthermic 
family of the TROPEPTIC HAPLUSTOX.

B horizon, the observed pedon was considered to have a 
thin oxic horizon underlain by an argillic horizon. It 
was agreed that the soil is in the Oxisol side of the 
borderline. Consequently, the profile was generally 
classified as a Typic Haplustox but some preferred a 
tropeptic subgroup.

FAO/UNESCO 
BRAZILIAN SYSTEM :
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GEOMORPHOLOGICAL UNIT : PLATEAU B

3.3. Profile 4

I. Information of the site

Land-use

Information of the soilII.

3.3.1. Morghological_descrigtion

The profile is deep, well-drained, yellowish brown in the 
upper subsoil and yellow with depth, with very uniform 
aspect throughout. Structure is weak in all horizons. 
Cohesion is high in the top soil, that shows hard con
sistence when dry. Roots concentrate in the top 15 cm.

Date of examination : 10/1/80
Author : D. Barrera
Location : Sininbd mill. Fazenda Gitirana (M 21).

Approx. 36°14'W, 9°49'S
Elevation : 120 m
Land form : 1) physiographic position : plateau

(see scheme B)
2) microtopography : slightly undulated 

Slope : class 1 (0-1%)
: sugarcane (monoculture).

Parent material : clayey sediments
Geological formation and lithology : Barreiras Group.

Tertiary sediments.
Drainage : class 4 : well-drained
Moisture conditions in the profile : dry throughout
Depth of groundwater table : unknown, no influence on 

the profile
Presence of surface stone, rock outcrops : none.
Human influence : confined top plow layer 
Vegetation : semi-evergreen tropical forest.
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Remark :

140-200 cm. Brownish yellow (10 YR 6/6) moist, and 
very pale brown (10 YR 8/4) dry; clay; 
weak fine subangular blocky; many fine 
and very fine pores; slightly hard, 
friable, plastic and sticky; very few 
roots; smooth gradual boundary.

B1 - 
(Bt2)

B22 - 
(Bt4)

B23 - 
(Bt5)

A3 - 
(Bt1)

B21 - 
(Bt3)

Al 2 
(A)

Ap - 0-15 cm. 
(Ap)

( ) Horizon's nomenclature according to the 
Soil Survey Manual (1981).

60-96 cm. Dark yellowish brown (10 YR 4/4) moist, 
and yellowish brown (10 YR 5/4) dry; sandy 
clay; weak fine subangular blocky; many 
fine and very fine pores; and few medium 
ones; slightly hard, friable, plastic, 
sticky; very few roots; smooth clear gra
dual boundary.

37-60 cm. Dark gray (10 YR 4/1) moist, and light 
brownish gray (10 YR 6/2) dry; sandy clay; 
weak fine subangular blocky, and fine 
medium granular; many fine and very fine 
pores, and common medium pores; slightly 
hard, friable, plastic and sticky; few 
roots; smooth gradual boundary.

96-140 cm. Dark yellowish brown (10 YR 4/4) moist 
and light yellowish brown (10 YR 6/4) dry; 
sandy clay; weak fine subangular blocky; 
many fine and very fine pores; and few 
medium ones; hard, friable, plastic and 
sticky; very few roots; smooth gradual 
boundary.

200-250 cm. Yellow (10 YR 7/6) moist, and very pale 
brown (10 YR 8/4) dry; clay; weak, very 
fine subangular blocky; slightly hard, 
very friable, plastic and slightly sticky.

Very dark gray (10 YR 4/3) moist, and 
dark gray (10 YR 4/2) dry; sandy clay 
loam; weak-moderate medium granular; many 
very fine and medium-coarse pores; hard, 
firm, non-sticky, non-plastic; frequent 
roots; smooth gradual boundary.

- 15-37 cm.Dark grayish brown (10 YR 4/2) moist, and 
gray (10 YR 5/1) dry; sandy clay loam; 
weak, fine-medium granular; many fine and 
very fine pores; and gew medium-coarse 
pores; hard, firm, slightly plastic and 
sticky; common roots; smooth gradual 
boundary.
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3.3.2. Physico-chemical properties (see table 21)

The pH is low and rather uniform in the whole profile, 
ranging from 4.8 (pH/KCl) in the Al 2 to 4.1 in the B22.

The cation exchange capacities per 100 grams of soil 
varies from 3.7 meg. in the A3 to 6.3 meg. in the B22. 
The subsoil shows somewhat higher values than the top 
soil. Exchangeable aluminum is very low throughout, be
ing highest in the A3 (0.26 meg.). Base saturation shows 
maximum values in the Ap (83.0%) decreasing towards the 
B22 (17.3%); in the B23 the base saturation increases 
again to 33.6%. Exchangeable contents of Ca, Mg, K and 
Na are low, being highest in the top Ap horizon, and 
lowest in the A3 horizon.

Silt/clay ratios are very low, ranging from 0.11 in the 
Ap to 0.04 in the B22.

Bulk densities increase markedly in the top soil, from 
1.45 g/cc in the B21 to 1.71 in the Ap horizon. The B23 
horizon (1.38 g/cc) presents the lowest value.

The clay and the sand are the dominant fractions through
out. Very low amounts of silt are found in the whole 
profile (max. 3.6%). The clay content increases gradual
ly from the top Ap horizon (21.5%) to the deepest B23 
(65.1%). The increases of clay are stronger in the top 
soil. The sand fraction follows a similar and opposite 
trend with depth, from 76.0% in the Ap to 31.3% in the 
B23. The medium and fine sand have nearly egual percent
ages making up the larger proportion of the total sand 
fraction. The silt distribution is very uniform through
out, slightly increasing in the lower subsoil.

The organic carbon content declines gradually from the 
Ap (1.08%) to the B1 (0.24%), and remains constant in 
the subsoil.
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Table 21. Physico-chemical properties of profile 4

Size class and particle diameter (mm)

SANDTOTAL
Horizon

Sand Silt Clay V.C F. V.FC. M.
> 2 mm

2-0.05 < 0.002 2-1 1-0.5
0- 15 76.1 2.4 21 .5 26.3 4.8 0Ap 2.5 26.116.3

37 66.6A12 2.6 30.8 21.6 5.6 02.8 22.614.0
55.3 4.760 2.6 42.1 18.2 19. 1 0A3 11.51 .6

96 51.3 2.4 17.5 14.0 4.0 046.3 12.7Bl 2.9
-140 2.6 14.0 12.0 4.0 0B21 43.0 54.4 10.82.2
-200 9.8 10.4 3.8 034.5 3.5 62.0 8.5B22 1.9

9.0 9.7 3.9 0-250 65. 1 7.631.3 3.6 1.2B23

PH

1 .71 0.11 2.0 19.5 0.900.485.44.60- 15 1.08
1.67 0.08 4.9 25.9 0.841.190.675.64.80.737

0.06 9.50.96 1.62 32.6 0.770.815.24.560 0.42 I
1.57 0.05 10.1 36.20.97 0.781.035.396 0, .24 4.6
1 .45 0.04 19.3 35.10.91 0.641 .055.14.40.22-140
1.53 0.050.92 17.3 44.71 .25 0.724.74.1-200 0.20
1.38 0.05 16.70.80 41.01.17 0.714.6 5.2-250 0.20

C.E.C.Extractable bases
SumK NaCa Mg

meg./100g soil meg./100g soil meg./I 00g clay
0.18 4 .0 4.2 6.72.17 0.33 0.10 0.07 2.67 19.6 17.0 63.6 40.00- 15

2.22 0.26 0.01 0.09 2.58 0.12 3.5 3.7 6.1 12.237 8.8 69.7 42.4
0.08 1 .71 3.81.44 0.19 0.0 0.26 4.2 5.560 10.0 4.7 31.040.7

1.70 0.26 0.0 0.08 2.04 4.00.12 4.3 6.0-96 9.4 2.2 47.4 33.7
1.59 0.41 0.0 0.07 2.07 4.1-140 0.14 5.1 6.2 9.4 4.0 40.5 33.5
0.68 0.30 0.02 0.09 1.09-200 0.20 3.0 6.3 4.1 10.2 2.0 17.3 26.6
1.28 0.30 0.01 0.09 1.68-250 0.02 3.7 5.0 5.4 8.7 2.9 33.6 31.2

Depth 
(cm)

Depth 
(cm)

Depth 
(cm)

Al 
1NKC1

sum 
cations

Fine clay 
< 0.2u

Fine clay/ Tot. clay

Sum cations

Extr. 
acidity 

KC1 
pH 8.2

Bulk 
density 
g/cm1

Silt/ 
clay 
ratio

Coarse 
clay 

2-0.2u

Base saturation 
(%)

Organic 
carbon 

%
1 :1 
KC1

0.05-
0.002

0.5- 
0.25

0.25- 
0.1

0.1-
0.05

COARSE 
FRAGM.

NH.OAC E.C.E.C. 4

Ext. Fe as 
Fe2°3 

%
1:1
HjO

Ext. Al as 
A12°3 

%

NH.OAC 4
NH.OAC 4
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3.3.3. Mineralogical-Composition

3.3.3.1. Sand fraction (50-250jxm)

Hor.

tr.

If II

II II

II II

II II

IItr.

(traces) = <1%tr.

3.3.3.2. Clay fraction (<2ym)

tr.
II

The results of X-ray diffractometry, D.T.A. and T.G.A. 
presented in table 23 show kaolinite as the sole mineral 
present in the clay fraction of all horizons. Only D.T.A.

The light fraction is formed by quartz and traces of 
feldspars (table 22). The heavy fraction includes mainly 
opaques, where magnetic minerals are the most frequent. 
X-ray analysis showed that the opaque minerals consist 
of magnetite, hematite, goethite and ilmenite. Zircon is 
the dominant transparent mineral of the heavy fraction 
followed by very low amounts of tourmaline and rutile.

Table 22 . Mineralogical composition of the sand fraction 
(50-250pim) of profile 4

The sand fraction is dominated by the light minerals 
which range from 91 to 97 per cent (weight %) of the 
total sample in the different soil horizons.

Depth 
(an)

>99 
100 
100 
>99 
>99
100 
>99

tr.
tr.

96.7
95.5
94.5
65.2
96.1
93.6
92.6

2.6
2.5
4.5
3.4
3.0
5.4
6.5

Ap 
A12 
A3 
B1 
B21 
B22 
B23

0- 15
- 37
- 60
- 90 
-140
-200 
-250

Light minerals
Quartz Feldspars

Heavy minerals
Opaques Zircon Tourma- Rutile 

line
tr.

II
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Hor.
T.G.A.X-ray

K5K
K
K K
K K

3.3.4. Sedimentology

Table 24 shows the detailed particle size distribution 
of the fractions between 63 and 2000ym for A12, A3, B1 , 
B21, B22 and B23 horizons.

Table 23 . Mineralogical composition of the clay 
fraction (<2ym) of profile 4

traces indicate besides kaolinite the presence of gibb
site in the A12 horizon.

A1 2
A3
B1
B23

Depth 
(cm)

15- 37
- 60
- 90 
-250

K5
K5

Clay fraction
D.T.A.

Tables 25 and 26 give respectively the cumulative fre
quencies of the fractions between 63 and 2000um and the 
sedimentological parameters of each horizon.

The A12 horizon shows an almost symmetric (a3 0 = 0.09) 
and platykurtic distribution (a4 0 = 0.54), with a Mz 
value of 1.50 0 and a moderately sorted material (G1 0 
= 0.99).

Mineral code : K : kaolinite; G : gibbsite.
Approx, weight fractions (T.G.A.) : 5 : more than half;
4 : half to one third; 3 : one third to one fifth;
2 : one fifth to one twentieth; 1 : less than one 
twentieth.

The cumulative curves drawn in probability scale are 
shown in fig. 7.

K, G
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The B22 distribution curve shows a moderately positive 
(a3 0 = 0.19) asymmetry and platykurtic (a4 0 = 0.66) 
distribution, with a Mz value of 1.48 0 and a (G1 0 = 
1.10) poorly sorted material (Folk and Ward, 1957).

The B23 distribution curve is almost symmetric, positi
vely skewed (a3 0 = 0.03), platykurtic (a4 0 = 0.67); the 
Mz value is 1.61 0 and the sorting is similar as the rest 
of the profile (G1 0 = 1.10).

The B1 horizon distribution is nearly symmetric, positi
vely skewed (a3 0 = 0.04), platykurtic (a4 0 = 0.58), 
with a Mz value of 1.50 0 and having similar sorting as 
the proceeding horizons (G1 0 = 1.06).

The distribution curve of the A3 horizon is asymmetric, 
positively skewed (a3 0 = 0.21), platykurtic (cx4 0 = 
0.56); the Mz value is 1.52 and the sorting is similar 
as the horizon above (G1 0 = 0.99).

The distribution of the B21 horizon is slightly asymme
tric, positively skewed (a3 0 = 0.11), platykurtic (a4 0 
= 0.63); the Mz value is 1.57 0 and a (G1 0 = 1.05) indi
cates some sorting class as the above horizons.

The standard deviations present also a highly homogeneous 
pattern, very slight increasing in the lower horizons.
The figures range from G1 0 = 0.97 in A12 to G1 0 = 1.11 
in B22.

The mean grain size of particles is very similar through
out, being lowest in B23 (Mz 0 = 1.61) and highest in the 
B2 2 (Mz 0 = 1.48)

The skewness are positive and varies from almost symme
tric in B23 (a3 0 = 0.03) to moderate in the A3 horizon 
(a3 0 = 0.21).
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A12

>1400 >1000 >710 >500 >355 >180>250 >125 >90 >63

Mz 3a 4 a

A12
A3
B1
B21
B22
B23

A3
B1
B21
B22
B23

1.5
0.9
3.0
2.4
2.8
3.0

1400 
-2000

1.5
0.9
3.0
2.4
2.8
3.0

A12
A3
B1
B21
B22
B23

5.2
5.3
8.1
4.8
8.3
6.0

1000 
-1400

3.7
4.4
5.1
2.4
5.5
3.0

1 .50 
1.52
1 .50 
1.57
1 .48
1 .61

15.0
14.1
17.3
14.5
18.0
15.2

710 
-1000

9.8
8.8
9.2
9.7
9.7
9.2

0.97
0.99
1.06
1.05
1.11
1.10

500 
-710

18.0
19.3
17.3
19.5
20.8
16.9

51.0
50.4
49.9
48.6
51.3
47.6

355
- 500

18.0
17.0
15.3
14.6
12.5
15.5

68.3
67.9
67.2
64.4
67.9
62.9

250 
-355

17.3
17.5
17.3
15.8
16.6
15.3

0.54
0.56
0.58
0.63
0.66
0.67

82.6
80.1
80.5
77.7
80.3
75.2

180 
-250

14.3
12.2
13.3
13.3
12.4
12.3

92.3
90.6
90.7
88.7
87.2
87.5

125 
-180

98.3
96.7
96.8
96.0
95.5
95.2

90 
-125

6.0
6.1
6.1
7.3
8.3
7.7

99.8
99.3
99.8
99.6
99.7
99.8

1.5
2.6
3.0
3.6
4.2
4.6

0.09
0.21
0.04
0.11
0.19
0.03

63 
-90

33.0
33.4
34.6
34.0
38.8
32.1

9.7
10.5
10.2
11.0
6.9

12.3

Table 25 . Cumulative frequencies of the fractions between
63 and 2000p.m

Table 24 . Particle size distribution of the fractions 
between 63 and 2000um

Table 26 . Sedimentological parameters of the fractions 
between 63 and 2000um

1 o
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3.3.5. Micromorghology

A. Microstructure and pore pattern

The observed microstructures in the A3 horizon are :
1) moderate medium crumbly (crumbs of about 5 mm ji) , 
having fissured and vughy cavited intrapedal m.s., and
2) moderate fine crumbly grading to spongy occasionally 
showing fissured intrapedal m.s. Locally, strong crumbly 
with fissured intrapedal m.s. is present. Very frequent 
interpedal compound packing pores are dominant; smooth 
channels, rough and smooth vughs (many interconnected) 
and fissures are frequent.

Consequently, from sedimentological point of view, the 
parent materials of the different soil horizons are very 
similar in the whole profile.

The Kurtosis is very uniform and gradually increases 
with depth from the a4 0 = 0.54 (Al 2) to the a4 0 = 0.65 
in the deepest B23.

In the underlaying Bl and B21 horizons the microstructure 
is spongy with fissured and vughy cavited intrapedal m.s. 
It locally grades to moderate and strong fine crumbly and 
to moderate crumbly, both showing fissured and vughy 
cavited intrapedal m.s. The same pore pattern as the 
overlaying A3 is here observed, where intrapedal vughs 
(mostly interconnected) and fissures (few urn 0) are very 
frequent and dominant; smooth channels are frequent and 
compound packing pores are very frequent.

In the B22 horizon the dominant microstructures are :
1) moderate medium and crumbly (crumbs from 3 to 10 mm ^) 
and 2) spongy, both having fissured and vughy cavited 
intrapedal m.s. The pore pattern is similar to the over
laying horizon.
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B. Matrix

B1 . Cgarse_material__(>5[iin)_

B2. Fine_material_J<5|xm)

The grains frequently present fissures. Runiquartz are 
observed in all horizons.

Channel infillings were observed throughout the profile 
and show weak to moderate fine crumbly microstructure, 
with mostly fissured intrapedal m.s. Very frequent in
terpedal compound packing pores and interconnected 
vughs dominate.

The lowermost B23 horizon mostly shows weak crumbly 
microstructure (crumbs of about 5 mm jS) very frequently 
grading to spongy, with fissured and vughy cavited in
trapedal m.s. The pore pattern is similar to the B22.

The fine material is mostly composed of clay and very low 
amounts of oxihydrates. The colors are brownish in the 
A3, brownish yellow and yellow in the B1 and the B21, and 
reddish brown in the B22 and the B23 horizons. 
Undifferentiated b-fabric is dominant in all horizons; 
dotted and circular striated are locally observed.

Fine to coarse sand sized quartz grains, angular, suban- 
gular and subrounded shaped, compose the coarse material 
throughout.

In the channel infillings, undifferentiated b-fabric is 
also dominant; locally circular striated and dotted are 
present.
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B3. Coarse/fine_related_distribution

C. Organic matter

D. Features

Compound nodules of red color, rounded (6-13 mm tf) with 
sharp boundaries are observed in the B22. The coarse 
material includes quartz grains and runiquartz, the fine 
fraction is composed of iron-rich clay. The related dis
tribution is porphyric and reddish coatings and infilling 
strongly oriented, having sharp boundaries, as well as 
dark red isotropic coatings and infillings are mostly 
present in vughs and channels.

Fragments of clay coatings (0.1-0.4 mm &) with sharp and 
diffuse boundaries are common in the fine material and 
inside channel infillings.

Laminated coatings and infillings of limpid well speckled 
clay ranging from 30 to 50um $ are frequent in the A3 and 
very frequent in the subsoil, located in vughs and chan
nels. The color is mostly yellow, with strong continuous 
orientation and sharp boundaries.

Coatings and infillings of limpid clay are present from 
A3 to B23, located in vughs and channels, with strong 
continuous orientation, yellow color and sharp boundaries.

Partially decomposed roots are very frequent in the A3 
horizon, becoming rare with depth.

Simple and double spaced gefuric, grading to enaulic, 
dominates in the A3 horizon, porphyric is subordinated. 
In the B1 and B21 horizons, porphyric and gefuric are 
equally present. In the underlaying horizons, porphyric 
dominates and gefuric locally occurs; in channel infil
lings the dominant type is enaulic, and gefuric subordi
nated.
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E. Quantification of illuviation features

3.3.6. Classification

No matter the profile shows a dark Ap horizon having a 
basa saturation higher than 50%, it is not thick enough 
to be mollic; therefore, it is an ochric epipedon.

The results of point counting for quantification of clay 
illuviation are presented in table 27. Clay illuviation 
percentages do not show any definite trend with depth, 
where B22 (4.22%) presents the highest value and B23 
(0.66%) the lowest. In consequence, the degree of clay 
illuviation is strong in B22 and moderate in overlaying 
and underlaying horizons as shown in table 28 . The clay 
illuviation index for the whole profile is moderately 
high (684.4).

Red undifferentiated sesquioxidic nodules, rounded (0.3 
mm 0) and sometimes including small quartz grains, were 
observed in the B22 and B23 horizons.

Clay skins were not observed in the field, but thin 
sections showed more than 1% clay cutans from the A3 
horizon to the B22 horizon (table 27) . The clay content 
increases gradually with depth and the illuvial/eluvial 
ratio between the A12 and the A3 horizons is more than 
1.2, thus fulfilling the requirements for an argillic 
horizon; from the B horizon downwards the clay content 
remains constant. Furthermore, the subsoil has the proper
ties of an oxic horizon.
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CLASSIFICATION ACCORDING TO OTHER SYSTEMS

I.N.E.A.C. SYSTEM :

3.4. Profile 5

Information of the siteI.

information of the soilII.

Barreiras Group.Geological

FAO/UNESCO
BRAZILIAN SYSTEM

Elevation :
Land form :

Therefore, 
clayey, kaolinitic, 
OXIC PALEUSTULTS.

Ferric Acrisol
Red Yellow Podzolic Dystrophic, 
latosolic, low clay activity, promi
nent A horizon, clayey, semi-ever- 
green tropical forest, level phase. 
Hygro-xero Ferrisol.

the profile is classified as a member of the 
isohyperthermic family of the

Date of examination : 15/10/80
Author : D. Barrera
Location : Sininbd mill. Fazenda Gitirana (M 14) 

Approx. 36°14' W, 9°49' S 
120 m
1) physiographic position : plateau 

(see scheme B)
2) microtopography : slightly undulated

Slope : class 1 (0—1%)
Land-use : sugarcane (monoculture).

Parent material : clayey sediments 
formation and lithology :
Tertiary sediments.

Drainage : class 4-3s well drained to mod.well drained
Moisture conditions in profile : dry throughout
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CLASSIFICATION ACCORDING TO OTHER SYSTEMS

Ferric Acrisol

I.N.E.A.C. SYSTEM :

3.4. Profile 5

I. Information of the site

W,

Land-use

Information of the soilII.

FAO/UNESCO
BRAZILIAN SYSTEM Red Yellow Podzolic Dystrophic, 

latosolic, low clay activity, promi
nent A horizon, clayey, semi-ever- 
green tropical forest, level phase. 
Hygro-xero Ferrisol.

Therefore, the profile is classified as a member of the 
clayey, kaolinitic, isohyperthermic family of the 
OXIC PALEUSTULTS.

Date of examination : 15/10/80
Author : D. Barrera
Location : Sininbd mill. Fazenda Gitirana (M 14) 

Approx. 36°14' W, 9°49' S
Elevation : 120 m
Land form : 1) physiographic position : plateau 

(see scheme B)
2) microtopography : slightly undulated

Slope : class 1 (0-1%) 
: sugarcane (monoculture).

Parent material : clayey sediments
Geological formation and lithology : Barreiras Group. 

Tertiary sediments.
Drainage : class 4-3: well drained to mod.well drained 
Moisture conditions in profile : dry throughout
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3.4.1 . Morphological_descrigtion

Ap - 0-20 cm.

Depth of watertable : temporary watertable between 72 
and 120 cm depth.

Presence of surface stone, rock outcrops : none.
Human influence : confined to plow layer.
Vegetation : semi-evergreen tropical forest.

A12
(A)

A3 - 
(Bt1)

43-72 cm. Brown-dark brown (10 YR 4/3) moist, and 
yellowish brown (10 YR 5/4) dry; sandy 
clay loam; weak fine subangular blocky and 
fine medium granular; many fine and very 
fine; slightly hard, friable, slightly 
plastic and sticky; few roots; smooth gra
dual boundary.

20-43 cm. Dark grayish brown (10 YR 4/2) moist, and 
dark gray (10 YR 4/1) dry; sandy clay 
loam; weak fine-very fine subangular 
blocky; many fine and very fine pores; 
hard, firm, slightly plastic, slightly 
sticky; common roots; gradual smooth boun
dary .

Very dark gray (10 YR 3/1) moist, and dark 
gray (10 YR 4/1) dry; sandy clay loam; 
weak-moderate medium granular; hard, firm, 
non-plastic, non-sticky; many very fine 
and fine pores; frequent roots; gradual 
smooth boundary.

B21,£f - 82-120 cm. Light yellowish brown (10 YR 6/4) moist 
(Bt2) and pale brown (10 YR 3/ ) dry; clay;very few

fine-medium faint diffuse red (2.5 YR 
4/2) mottles; clay; weak-moderate subangu
lar blocky; slightly hard, friable, plastic 
and sticky; many fine and very fine pores 
and few medium ones; very few roots; smooth 
gradual boundary.

The profile is deep, well-drained to moderately well- 
drained, having brownish yellow color. Horizonation 
between the A and the B horizons is distinct, emphasized 
by the presence of stronger structure development and by 
the presence of abundant mottling, that occur in the top 
part of the B2 horizon. Cohesion is high in the upper 
layers (Ap and Al2) where the dry consistence is hard. 
Root distribution is normal, concentrated in the upper 
20 cm.
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3.4.2. Physico-chemical properties (see table 29)

180-225 cm. Brownish yellow (10 YR 6/8) moist, and 
yellow (10 YR 7/6) dry; clay; weak fine 
granular to subgranular blocky; soft, very 
friable, plastic and sticky; very few 
roots; smooth diffuse boundary.

B32 - 
(BC2)

B31 - 
(BCD

B23 - 
(Bt4)

Remarks : ( ) horizon's nomenclature according to the 
Soil Survey Manual (1981).

The results of the granulometrical analysis indicate 
the dominance of the sand and clay fractions. Silt is 
present in very low amounts throughout (max. 4.1%). In 
the uppermost Ap, the clay represents 23.2%, increasing 
gradually downwards, to reach its maximum in the B22 
(58.6%). In the deeper horizon, it remains constant. A 
rather strong increase occurs between A12 (27.2%) and A3 
(34.1%), and from the latter to B21 (49.1%); also between 
B21 and B22 a remarkable increase is found (from 49.1% 
to 58.6%). The sand fraction presents a similar and op
posite trend downwards, with 74.1% in the Ap and 38.9% in 
the B22. The medium and fine sand having equal percenta
ges make up the larger proportion of the total sand

145-180 cm. Brownish yellow (10 YR 6/6) moist, and 
very pale brown (10 YR 7/4) dry; clay; very 
weak fine subangular blocky; slightly hard, 
friable, plastic and sticky; many fine and 
very fine pores; very few roots; smooth 
gradual boundary.

B22h - 120-145 cm. Brownish yellow (10 YR 6/6) moist and 
(Bt3) very pale brown (10 YR 7/4) dry; common,

fine and medium, distinct, diffuse red 
(2.5 YR 4/8) mottles; clay; weak subangu
lar blocky; slightly hard, friable; 
plastic and sticky; many fine and very 
fine pores; very few roots; smooth diffuse 
boundary.

225-280 cm. Brownish yellow (10 YR 6/8) moist, and 
yellow (10 YR 7/6) dry; clay; weak fine 
granular; very friable, plastic and sticky; 
very few roots.
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(about 45%) and

3.4.3. Mineralogical_composition

3.4.3.1. Sand fraction (50-250jxm)

Highly weathered and fissured quartz grains and traces of 
feldspars compose the light mineral suite (table 30) .
The heavy fraction includes mostly opaques, where negnetic

fraction. The distribution of the silt fraction is very 
uniform with depth, and gradually increases from B23 
downwards.

Silt/clay ratios are very low, varying between 0.11 (Ap) 
and 0.04 (B22).

The light minerals dominate the sand fraction and range 
from 91 to 97% (weight %) of the total sample in the dif
ferent soil horizons.

The organic carbon content decreases with depth from the 
Ap (0.8%) to the B23 (0.22%), remaining virtually constant 
in deeper horizons.

Bulk densities are highest in the A12 (1.70 g/cc) and 
the Ap (1.72 g/cc), decreasing with depth to reach 1.39 
g/cc in the B32.

The cation exchange capacity varies from 3.8 meq. per 100 
grams soil in the A12 and A3 horizons to about 6.9 meq. 
in the major part of the subsoil. Exchangeable aluminum 
is fairly low, being highest in the A12 (0.60 meq.) and 
the A3 (0.52 meq.) and mostly absent in the subsoil. 
Exchangeable Ca, Mg, K and Na are very low throughout and 
somewhat higher in the subsoil, ranging from 0.97 meq. in 
the A3 to 2.54 meq. in the B22. Base saturation is rather 
uniform; highest in the Ap and the B21 
lowest in the A12 (25.5%).
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Table 29. Physico-chemical properties of profile 5

Size class and particle diameter (mm)
TOTAL SAND

Horizon
Sand Silt Clay V.F.v.c. c. M. F.

> 2 mm
2-0.05 < 0.002 2-1 1-0.5

0- 20 74.1 2.7 23.2 2.1 25.1 27.4 4.914.6 0
43 70.4 2.4 27.2 24.1 22.43.4 15.6 4.9 0
72 A3 63.4 2.5 20.734.1 2.5 14.5 21.1 4.6 0

48.4-120 B21 2.5 15.5 14.7 3.7 049.1 2.7 11.8
-145 B22 38.9 2.5 11.7 10.5 3.9 058.6 2.7 10.1
-180 B23 39.7 3.83.3 11.7 11.957.0 2.3 10.0 0
-225 B31 38.8 3.8 11.6 11.3 3.8 057.4 2.2 9.9
-280 B32 39.2 3.84.1 56.7 11.6 11.3 02.1 10.4

PH

0.52 1.70 0.11 3.9 19.3 0.830- 20 0.80 4.1 4.9
1.14 1.67 0.08 4.8 22.4 0.8243 4.5 0.600.66 4.0
1.18 1 .65 0.07 7.8 26.3 0.7772 0.68 4.7 0.794.1

0.05 17.91.17 0.99 1.69 31.2 0.635.1-120 0.44 4.4
1.08 1.65 0.04 19.9 38.7 0.664.5 5.2 1 .62-145 0.30
0.97 1.69 0.05 16.9 40.1 0.705.3 1.55-180 4.60.22

1 .52 0.06 17.21.52 0.91 40.2 0.705.20.22 4.7-225
0.73 0.081.395.5 1.410.20 4.9-280

C.E.C.Extractable bases
SumNaKCa Mg

meg./100g soil meg./100g soil meg./100g clay
8.5 44.5 30.5
5.8 25.5 17.8

4.080.52 3.8 5.4 11.372 5.4 35.0 24.5
4.580.16 4.5 6.6-120 9.2 4.5 45.5 30.9
4.880.0 7.1 7.4-145 12.2 4.3 35.7 34.6
4.400.0 6.9 6.7-180 12.2 4.1 34 .4 34.7
4.35 6.80.0 6.7-225 11.9 4.0 34.4
3.90 5.80.0 6.0-280 10.4 3.7 36.0

4.0
3.8

1.19 0.41 0.12 0.06 1.78 
0.56 0.19 0.11 0.11 0.97 
0.90 0.26 0.08 0.09 1.33 
1.62 0.33 0.03 0.07 2.05 
1.80 0.63 0.03 0.08 2.54 
1.68 0.56 0.02 0.08 2.34 
1.58 0.67 0.02 0.07 2.34 
1.25 0.74 0.01 0.09 2.09

Ap 
A12

0.20
0.60

5.8
5.4

17.5
14.1

34.9
34.8

0- 20
- 43

4.04 
4.46

Depth 
(cm)

Depth 
(cm)

Depth (cm)

sum 
cations

Fine clay < 0.2u
Fine clay/ Tot. clay

Sum cations
Al 

1NKC1
Extr. 

acidity 
KC1 

pH 8.2

Bulk 
density 
g/cm’

Coarse 
clay 2-0.2u

Organic carbon Silt/ 
clay ratio

0.25- 0.1

Base saturation 
(»)

1 :1 
KC1

0.5- 0.25
0.1-
0.05

COARSE FRAGM.

0.05-0.002

Ext. Fe as Fe2°3 
%

NH.OAc E.C.E.C. 4

Ext. Al as Al2°3 
%H2°

NH.OAc 4
NH.OAC 4
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Hor.

II

II

tr. (traces) = <1%.

3.4.3.2. Clay fraction (<2nm)

tr.
II

0.0
0.0

0.0
0.0
0.0

Table 30 . Mineralogical composition of the sand fraction 
(50-250gm) of profile 5

minerals are dominant. X-ray analysis showed that the 
opaque minerals consist of magnetite, hematite, goethite 
and ilmenite. Among the transparent minerals, zircon is 
the dominant, followed by very low amounts of tourmaline 
and the occasional presence of rutile.

100
100
100
>99
>99
>99
100
100

92.4
91.8
93.5
95.5
93.6
94.2
95.6
96.2

7.0
7.7
5.6
3.7
5.8
4.9
3.9
2.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Depth
(cm)

Ap 
A12 
A3 
B21 
B22 
B23 
B31 
B32

0- 20
- 43
- 72
-120
-145
-180
-225
-280

The mineralogical composition of the clay fraction as 
determined by X-ray diffractometry, D.T.A. and T.G.A., 
presented in table 31 , indicates the only presence of 
kaolinite in all horizons of this profile.

Light minerals
Quartz Feldspars

Heavy minerals
Opaques Zircon Tourma- Rutile 

line 
tr.

II
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Hor.
T.G.A.X-ray

K5K K
K
K K
K K

3.4.4. Sedimentology

Table 31 . Mineralogical composition of the clay 
fraction (<2jim) of profile 5

A12
A3
B22
B31

20- 43
- 72
-145
-225

Depth 
(cm)

K5
K5

Clay fraction
D.T.A.

The cumulative frequencies for all fractions between 63 
and 20 00 microns and the sedimentological parameters are 
respectively given in tables 33 and 34.

The A12 horizon shows an almost symmetric, positively 
skewed (a3 0 = 0.08) and platykurtic (a4 0 = 0.53) dis
tribution, with a Mz value of 1.52 0 and a standard de
viation (G1 0 = 0.98) which indicates a moderate sorting 
of the material (Folk and Ward, 1957).

The cumulative curves plotted on probability scale are 
presented in fig. 8.

Mineral code : K : kaolinite; G : gibbsite.
Approx, weight fractions (T.G.A.) : 5 : more than half;
4 : half to one third; 3 : one third to one fifth;
2 : one fifth to one twentieth; 1 : less than one 
twentieth.

The detailed particle size distribution between 63 and 
2000 microns for the horizons A12, A3, B21 , B22, B23, 
B31 and B32 is presented in table 32.
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The mean particle size distribution pattern is highly ho
mogeneous throughout, except for the lowest B32 (Mz 0 = 
1.40), which shows a somewhat lower value when compared 
with the rest of the profile (see table 34) .

- The B32 horizon distribution curve is asymmetric, having 
positive skewness (a3 0 = 0.31) , platykurtic (c*4 0 = 
0.73), with a Mz of 1.40 0 and showing the same sorting 
(G1 0 = 1.03) as the B31 horizon.

- The B22 horizon shows a nearly symmetric, positively 
skewed (a3 0 = 0.08), platykurtic (<x4 0 = 0.68) distribu
tion, with a Mz of 1.53 and same sorting (G1 <t> = 1.09) 
as the overlaying horizons.

- The distribution of the B31 horizon is moderately asym
metric, positively skewed (a3 0 = 0.12), platykurtic
(a4 0 = 0.54), with a Mz value of 1.59 0 and a standard 
deviation (G1 0 = 1.05) indicating the same sorting as 
the overlaying horizon.

- The distribution curve of horizon A3 is somewhat asym
metrical positively skewed (s3 0 = 0.06), platykurtic
(a4 0 = 0.62), the Mz value is 1.58 0 and the sorting
(G1 0 = 1.01) is similar as the horizon above.

- The distribution of the B21 horizon is moderately asym
metric, positively skewed (a3 0 = 0.15), platykurtic
(a4 0 = 0.49), the Mz value is 1.57 0 and the standard 
deviation of (G1 0 = 0.99) indicates the same sorting 
class as the preceeding horizons.

- The B23 horizon distribution is very weakly asymmetric 
and positively skewed (a3 0 = 0.09), platykurtic (<x4 0 = 
0.56), with a Mz of 1.59 0 and a standard deviation (G1 
0 = 1.10) that indicates poorly sorting.
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3.4.5. Mier©morphology

A. Microstructure and pore pattern

In the subsoil (B21 , B22 and B23 horizons) the micro
structure is spongy with fissured and vughy cavited in
trapedal xn.s. It normally grades to 1) moderate fine 
crumbly (crumbs reach 12 mm) and to 2) moderate very fine 
crumbly, which occasionally shows fissured intrapedal 
m.s. Very frequent interconnected vughs (mostly rough) 
and fissures are dominant; frequent interpedal compound 
packing pores and smooth channels are also present.

The microstructures of the A12 and A3 horizons are mostly 
strong and moderate fine crumbly grading to spongy, with 
fissured and vughy cavited intrapedal m.s. Locally, in 
the A12, very fine crumbly (crumbs about 10 mm 0) micro
structure comprising fissures and vughs is also present. 
Very frequent interpedal compound packing pores and 
smooth vughs mostly interconnected, are dominant; follow
ed by very frequent fissures.

The asymmetry is always positive, from very weak to 
moderate, and very similar throughout. Only the B32 hori
zon (a3 0 = 0.31) presents a definite asymmetric curve.

The standard deviations are very similar along the whole 
profile.

Thus, the parent material of the lowermost B32 horizon 
appears somewhat different from sedimentological point of 
view, with respect to the highly uniform parent material 
where the overlaying horizons were formed.

The peakedness of all the horizons is flat and rather 
similar from the A12 to the B31 horizon. The B32 horizon 
shows a somewhat flatter curve than the overlaying 
horizons.
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A12 1.4 2.03.4 9.8 9.8 5.618.4 14.018.217.4
2.5A3 12.4 6.61.6 3.3 8.2 13.319.0 16.6 16.6

B21 10.2 6.1 3.01.0 4.0 7.1 13.319.4 17.4 18.4
3.8B22 11.5 6.42.6 5.1 8.9 12.819.2 14.1 15.4

5.1B23 2.6 11.55.1 7.7 15.4 11.517.9 16.6
B31 11.3 4.92.6 5.2 7.3 11.415.4 17.9 16.6

2.712.0 4.0B32 17.3 10.71.3 3.4 20.0 12.0 16.0

>63>355 >250 >180 >125 >90>710 >500>1400 >1000

98.0 100.033.0 50.4 68.6 82.6 92.44.8 14.6A1 2 1.4
48.1 64.7 78.0 97.0 99.512.5 31.51.6 4.3A3
48.9 80.6 96.9 99.931.5 67.35.0 12.1B21 1.0

78.1 96.035.8 49.9 65.37.7 16.62.6B22
93.430.8 48.7 65.3 76.815.47.72.6B23

30.5 48.4 65.0 76.4 87.7 92.6 99.47.8 15.12.6B31
80.7 92.742.0 54.0 70.0 97.7 99.44.7 22.01.3B32

4aMz

0.081.52 0.98 0.53A12
1 .58 1.01 0.62A3
1.57 0.99B21 0.49
1.53 1 .09 0.08B22 0.68

B23 1.10 0.09
B31 1.11 0.12
B32 1 .40 1.03 0.31 0.73

Table 34 . Sedimentological parameters of the fractions 
between 63 and 2000jim

1400 
-2000

1000 
-1400

1 .59
1 .59

710 
-1000

500
-710

355 
-500

0.06
0.15

250 
-355

0.56
0.54

180 
-250

125 
-180

89.6
88.3

90.4
90.8

90 
-125

6.4
6.8

99.8
99.8

63 
-90

Table 33 . Cumulative frequencies of the fractions between 
63 and 2000nm

Table 32 . Particle size distribution of the fractions 
between 63 and 2000jxm

1 a 3a
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B. Matrix

B1. Coarse_material__(>5[iin)_

B2. Fine_material__(<5yni]_

In channel infillings, the dominant b-fabric is undiffe
rentiated; locally very weak dotted and circular striated 
are present.

In the lowermost B3, the observed microstructures are 
1) weak crumbly (crumbs 10 to 15 mm with fissured and 
vughy cavited intrapedal m.s., and 2) strong and moderate 
very fine crumbly grading to spongy, having fissures and 
vughy cavited intrapedal m.s.

The fine material is brownish in the A12 and A3 horizons, 
yellowish in B21, B22 and B23, and reddish dotted in B31, 
mainly composed by kaolinitic clay and oxihydrates. Un
differentiated b-fabric is the only type present in A12 
and largely dominant in the other horizons, where weakly 
expressed dotted and circular striated are locally pre
sent.

It is composed of angular, subangular and subrounded 
quartz grains from fine to coarse sand size. Fissured 
grains are common, particularly in the medium and coarse 
fractions. Runiquartz is generally present.

Channel infillings are very frequent throughout the 
profile and mostly show strong very fine crumbly micro
structure, with occasional fissured intrapedal m.s. The 
pore pattern is similar to the subsoil horizons.
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B3. Coarse/fine_related_distribution

C. Organic matter

Partially decomposed roots are frequent in the Al2 horizon.

D. Features

Coatings of limpid kaolinitic clay are present in all ho
rizons, ranging from few microns (less than 10) to 
about 0.1 mm {6. They occur in fissures, vughs and channels. 
They have yellow colors, weak to strong orientation and 
the boundaries are sharp and diffuse. In the upper A12 and 
A3 horizons they are rare to occasional, becoming frequent 
in the B2 horizon.

Coatings and infillings of iron-rich clay are frequently 
present throughout; their size ranges from 0.1 mm to 0.5 
and occur mostly in vughs and channels. They show reddish 
colors, strong continuous orientation and sharp and diffuse 
boundaries.

Laminated coatings and infillings composed of limpid and 
speckled clay are commonly observed in the B2 and B31 ho
rizons; the size varies from 0.2 to 0.3 mm tf, occurring 
in vughs and channels. The color is yellow, with strong 
continuous orientation and sharp boundaries.

Enaulic to gefuric intergrades are dominant in the upper 
A12 and A3 horizons, locally, among finer grains, single, 
double and close porphyric. Underlaying horizons are 
mostly porphyric (single, double, open) and locally ge
furic (single to open) between coarser grains.

In channel infillings, enaulic and gefuric types are 
observed.
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E. Quantification of illuviation features

) is

3.4.6. Classification

thick enough to be umbric 
epipedon.

Fragments of clay coatings (0.1-0.5 mm 0) with sharp and 
diffuse boundaries are present throughout, located in 
the fine mass and inside channel infillings. Their fre
quency follows the clay coatings distribution.

During the field work only few, and doubtful clay skins 
were recognized in the B2 horizon. Thin sections confir
med not only the presence of abundant clay cutans 
throughout the B2, but also showed their presence in the 
overlaying A3 (1.7%) and A12 (0.22%) horizons. The clay 
content gradually increases with depth and the illuvial/ 
eluvial clay ratio between the Al 2 and A3 horizons is 
above 1.2, thus attending the requirements of the argil-

Although the profile has a dark Ap horizon, it is not 
and therefore is an ochric

Channel infillings (V.F.) are present in all horizons, 
ranging from 1 to 6 mm containing angular and rounded 
microaggregates and sand grains, and frequently showing 
darker color than the enclosing material.

Therefore, the degree of clay illuviation (table 
very strong in the B2 horizon, decreasing in the upper 
and lower horizons. The clay illuviation index for the 
entire profile is very high (1204.8).

The results of point counting presented in table 
show that the percentages of clay coatings increase with 
depth from A12 (0.22%) to B23 (10.0%) and decreases in 
B31 (1.5%).



108.-

3

i i i i i
o

CMco
o o oo o

O tn
0) 0)0)

JS
inco

nJ
in oo vo

O

tn
nJu>

o vo inco co

vo

co
in

o o CMtn co
o CM CMCO CO CO

(0 IIc:

mCM o CM

invovo vo
E

u

CM

<

o
0)

<D0) CM
I I I I

co

m

in
CM

in

T

in 
co

I 
o 
CM

in

o
CM

CM 
CM

co 
co

o
CM

CM 
in

o 
co

in
CM 
CM 

I

CM 
CM

o 
co

m 
CM

in 
co

in
■ST

nJ 
C 
nJ

tn 
O

nJ u

>1 
X

O 
>

tn 
C

tn 
<D 
Jh 
0 
ou

3 
T3 
O 
Z

tn 
0)

CM
CO

co

CO

o
CM

CO 
CM 
CO

•o 
K 
nJ

vo 
co

C o

<Uex

<D 
<D

C 
O

C 
o

co 
co

co 
CM

in 
in

tn 
co

co 
co

o 
in

o 
in o 

CM

c 
o

> 
5

XI 
nJ

UH 
o

c 
nJ □ 
O

0) 
>

o 
tn

UH
o

o

Jh 
0) 
(X
<D 
E 
3

O 
tn

JH o x

E o

c o 
N

tn tn a

CM 
0

CM
CM
CO

In ■'T 
in

co 
0

UH 
o 
Jh 
CX

UH
O

JQ 
nJ 

Eh

>1 
nJ

>i 
nJ

X 
0) 

TJ 
C

+> 
nJ

UH 
O
(U <u
tn<u
Q

tn
tna>c —
X E
O O

> 
5

nJ 
M a> 
'O 
O 
E

co 
<

CM 
a

Jh 
0)
>

CM
CM 
0

0) 
>

>n 
JH a> >

co 
CM 
0

nj 
Jh a> *o o E

co 
0

Uh 
O 
Jh 
0

E 
O

Jh 
a> ex

o
a.
Jh 
O 
E 
O 
Jh 
O

C

-M 
C 
3 
O 
o

a 
<D 
O

ex 
0) a

X 
(D 0) es -u 

•h nJ 
ex E

nj o o

co
*C

TJ 
0) 
4J tn nJ <u o n o s

3 nJrH 
•U-H O 
■H > tn 
tn 3

^h c 
G>h O

4J 
nJ

nJ 
0)
S

tn a o 
M
tn

tn a 
o H
tn

tn c o 
M
tn

M 
0) 
>

a 
to 
o

X 
0) 

T5 c

tn

a 
0) c o 
ex 
E 
O o

tn

o o an

c o 
N

Jh 
O 
-C

> 
3

a o 
N

Jh 
O 
0

uh tn 
O tn• a 
E ‘H 
tn-P 
nJ nJ 
Jh O ex o

nJ 
QJ -H 
tn Jh 
Jh 0) 
nJ -U 
O nJ 
O E

>
3 

tn 
<D rH 
Q -H

tn nJ a) com 
nj uh nJ 
Jh x: ■u a ex o



109.-

CLASSIFICATION ACCORDING TO OTHER SYSTEMS

SYSTEM :I.N.E.A.C.

lie horizons. From the B22 horizons downwards the clay 
content remains constant. Moreover, the subsoil has the 
properties of an oxic horizon.

Consequently, the profile is classified as a member of 
the clayey, kaolinitic, isohyperthermic family of the 
OXIC PALEUSTULTS.

Ferric Acrisol.
Red Yellow Podzolic, Dystrophic, 
low clay activity, prominent A 
horizon, clayey, semi-evergreen 
tropical forest, level phase 
Hygro-xero Ferrisol.

FAO/UNESCO 
BRAZILIAN SYSTEM :
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GEOMORPHOLOGICAL UNIT : PLATEAU C

3.5. Profile 6

I. Information of the site

Information of the soilII.

none.

3.5.1. Morghological_description

It is a deep, well-drained to moderately well-drained 
yellowish brown profile. Horizon differentiation between 
the transitional A3-B1 and the top of the B2 is fairly 
distinct and mostly remarked by the presence of mottling

Parent material : clayey sediments
Geological formation and lithology : Barreiras Group.

Tertiary sediments.
Drainage : class 4 : well-drained
Moisture conditions in profile : dry throughout
Depth of groundwater table : unknown, no influence on 

the profile.
Presence of surface stone, rock outcrops : : 
Human influence:confined to plow layer 
Vegetation : semi-evergreen tropical forest

Date of examination : 7/4/1980
Author : D. Barrera
Location : Caete mill. 3.5 km right from km 77 of 

Maceid-Aracaju highway. 
Approx. 36°05'W, 9°44'S.

Elevation : 125 m
Land form : 1) physiographic position : plateau 

(see scheme C)
2) microtopography : very slightly undulated 

Slope : class 1 (0-1%) 
Land-use : sugarcane (monoculture).
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tion is normal

B22’t 
(Bt3)

B211 
(Bt2)

Bl - 
(Bt1)

A3_______
(AB or BA)

A12 
(A)

which starts in the B21. Structure is moderate in the
Ap and A12, and weak long the rest of the profile. Cohe
sion is particularly high in the horizons B1, B21 and 
B22, that show hard consistence when dry. Root distribu- 

concentrated in the top 25 cm.

Ap - 0-12 cm. Very dark grayish brown (10 YR 3/2) moist, 
and dark grayish brown (10 YR 4/2) dry; 
sandy clay loam; weak moderate-fine sub- 
angular blocky and moderate medium granu
lar; slightly hard, friable, plastic, 
sticky; many very fine and medium pores; 
many roots; smooth clear boundary.

4 3-60 cm. Yellowish brown (10 YR 5/4) moist, and 
very pale brown (10 YR 7/4) dry; sandy 
clay; weak fine subangular blocky; hard, 
friable, plastic, sticky; many fine and 
very fine pores, and few medium ones; few 
roots; smooth clear boundary.

25-43 cm. Brown-dark brown (10 YR 4/3) moist; and 
brown (10 YR 5/3) dry; sandy clay; weak 
to moderate fine subangular blocky; 
slightly hard, friable, plastic and sticky; 
many very fine and fine pores, common 
roots; smooth gradual boundary.

12-25 cm. Very dark grayish brown (10 YR 3/2), 
moist, and very dark gray (10 YR 3/1) dry; 
sandy clay loam; weak moderate-fine sub
angular blocky, and moderate medium granu
lar; slightly hard, friable, plastic and 
sticky; many very fine and medium pores; 
many roots; smooth clear boundary.

60-135 cm. Yellowish brown (10 YR 6/6) moist, and 
light yellowish brown (10 YR 7/4) dry; 
common, fine and medium distinct diffuse 
yellowish red (5 YR 5/8) mottles; clay; 
very weak fine subangular blocky;(massive 
aspect in situ); hard, friable, plastic, 
sticky; many fine and very fine pores, 
and few medium ones; very few roots; 
smooth diffuse boundary.

135-200 cm. Brownish yellow (10 YR 6/6) moist, and 
yellow (10 YR 7/6) dry; common fine and 
medium distinct diffuse red (2.5 YR 4/8) 
mottles; clay; very weak fine subangular 
blocky (massive aspect in situ); hard; 
friable, plastic and sticky; many fine and 
very fine pores; very few roots; smooth 
diffuse boundary.
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3.5.2. Ph^sico2chemical_grogerties (table 37)

Bulk densities follow an increasing trend from the lower
most B23 (1.5 g/cc) to the top Ap (1.69 g/cc) horizon.

B23 - 
(Bt4)

Silt/clay ratios are always very low, with somewhat high
er figures in the top soil.

The results of the textural analysis point out the 
dominance of clay and sand in the fine earth. The silt 
fraction represents less than 4.2%. Clay gradually -in
creases with depth from 29.8% in the Ap to about 70.0% 
in the deepest horizons. Markedly clay increases take 
place in the top soil, and in the upper subsoil : 
1) from Ap (29.8%) to A12 (37.5%), from A12 to A3 (44.5%), 
from A3 to B1 (52.4%), and between the latter and B21 
(62.8%). The sand fraction follows a similar but opposite 
decreasing trend with depth, from 67.8% in the top to 
about 26.0% in the lowest B22 and B23 horizons. The 
amounts of silt are very low and increase with depth from 
2.3% in the A3 to 4.1% in the B23.

Remarks : ( ) Horizon's nomenclature according to the 
Soil Survey Manual (1981).

200-250 cm. Yellowish brown (10 YR 5/8) moist, and 
brownish yellow (10 YR 6/8) dry; clay; 
very weak, fine subangular blocky; 
slightly hard, friable, plastic, sticky; 
many fine and very fine pores, and few 
medium ones; very few roots.

The cation exchange capacity per 100 g of soil is rather 
uniform throughout and somewhat higher in the subsoil; 
highest values are found in the B22 (7.2 meg.) and lowest 
in the A3 (4.1 meg.) horizon. Base saturation is highest 
in the upper Ap (53.5%) and A12 (40.2%) and lowest in the 
B1 (13.6%) and B23 (11.6%). Exchangeable bases are low 
and present similar trend throughout. Exchangeable alumi
num shows fairly low values, being highest in the B1
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3.5.3. Mineralogical, composition

3.5.3.1. Sand fraction (50-250|im)

3.5.3.2. Clay fraction (<2ym)

X-ray diffractograms indicate kaolinite as the unique mi
neral present in the clay fraction throughout the soil. 
D.T.A. and T.G.A. showed besides the presence of kaolinite 
that of minor amounts of gibbsite (table 39).

Fissured and highly weathered quartz grains and no more 
than traces of feldspars compose the light fraction 
(table 38 ). The heavy suite includes mainly opaques, 
where magnetic minerals are the most frequent. X-ray ana
lysis shows that the opaque minerals consist of magnetite, 
ilmenite, hematite and goethite. Among the transparent 
minerals zircon is dominant, followed by very low amounts 
of tourmaline and the occasional presence of rutile.

Light minerals are dominant in the light fraction, making 
89 to 93% (weight %) of the total sample in the different 
soil horizons.

The pH values are rather uniform throughout, ranging from
4.1 (pH/KCl) in the B1 to 4.5 in the Ap horizon.

The organic carbon content is highest in the Ap (1.48%) 
and regularly declines with depth to reach 0.18% in the 
lowermost B23 horizon.

horizon (0.78 meg.) and in the overlying A3 and A12 (0.62 
meg.). The lowest figures are present in the Ap (0.22 
meg.) and B22 (0.24 meq.) horizons.
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Table 37. Physico-chemical properties of profile 6

Size class and particle diameter (mm)

SANDTOTAL
Horizon

Sand Silt Clay V.F.V.C. C. M. F.
> 2 mm

2-0.05 1-0.5< 0.002 2-1

0- 12 4.767.8 23.4 02.4 29.8 15.3 22.2Ap 2.2
18.8 4.825 20.2 0A12 60.2 2.3 37.5 14.51.9

3.917.4 15.4 043 A3 53.2 2.3 13.544.5 3.0
3.960 14.2 044.9 2.7 52.4 2.3 10.5 14.0Bl

10.3 3.6 08.6 10.8-135 B21 34.5 2.7 62.8 1.2
07.7 7.2 3.0B22 25.6 6.4-200 4.0 70.4 1 .3

7.7 07.7 3.06.0-250 B23 25.9 4.1 70.0 1.5

PH

KC1

23.50.08 6.3 0.780.40 1.695.2 0.580- 12 1 .48 4.5
0.06 13.5 24.0 0.640.48 1 .640.664.2 4.60.8025

1.57 0.05 11.5 33.0 0.740.614.7 1 .124.20.6443
1 .56 0.05 15.4 37.0 0.700.671.344.70.48 4.160
1 .65 42.8 0.680.68 0.04 20.01 .705.00.28 4.4-135
1.53 0.05 20.70.75 44.2 0.682.215.24.40.20-200
1.50 0.050.825.1 2.04.40.18-250

C.E.C.Extractable bases
SumCa K NaMg

meg./100g soil meg./100g soil meg./100g clay
5.4 8.0 18.25.10.22 10.4 53.5 36.12.19 0.52 0.13 0.25 2.890- 12

7.84.30.87 0.48 0.10 0.08 1.73 0.62 6.1 11.6 22.06.3 40.225
6.3 4.1 7.10.68 0.11 0.02 0.08 0.89 0.62 9.4 12.43.4 21 .743

0.78 5.6 5.2 6.30.44 0.19 0.01 0.07 0.71 11.0 3.1 13.6 11.260
2.6 6.8 3.9 10.80.90 0.33 0.01 0.08 1.32 0.30 33.82.6 20.8-135
3.7 7.20.24 5.0 8.50.56 0.63 0.03 0.08 1.30 2.2 26.0-200 23.6
3.80.37 0.33 0.05 0.09 0.84 0.38 5.5 4.6-250 11.3 1 .7 18.211.6

Depth 
(cm)

Depth 
(cm)

Depth 
(cm)

Al 
1NKC1

Bulk 
density 
g/cm1

sum 
cations

Fine clay/ 
Tot. clay

COARSE 
FRAGM.

sum 
cations

Organic 
carbon 

%

Extr. acidity 
KC1 pH 8.2

Silt/ clay 
ratio

Coarse clay 
2-0.2u

Fine clay < 0.2u

Base saturation 
(I)

0.25- 
0.10.5-0.25

0.1-0.050.05-0.002

NH.OAC E.C.E.C. 4

H2°
Ext. Al as 

A12°3 
%

Ext. Fe as 
Fe2°3 

%

NH.OAC 4 NH.OAC 4
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Table

Hor.

0- 12 6.3100 0.0

- 25 >99 tr.
■I IIA3 - 43 89.0100
II II- 60 100 90.0B1
II10.4100 II 89.0B21 -135
II9.090.6B22 -200 >99 tr.
II 0.090.1 9.1B23 -250 100 0.0

(traces) = <1%.tr.

Table

Hor.
X-ray T.G.A.

12- 25A12 K K, G K5, G1
43A3 K

-135B21 K G

-200B22 K G

0.0
II

0.0
II

K,
K,

39 . Mineralogical composition of the clay 
fraction (<2gm) of profile 6

38. Mineral composition of the sand fraction 
(50-250jim) of profile 6

Depth 
(cm)

92.9

89.9

Depth 
(cm)

Ap
A2

tr.
II

tr.
II

9.3

10.5

8.7

Heavy minerals
Opaques Zircon Tourma- Rutile 

line

Light minerals
Quartz Feldspars

Clay fraction
D.T.A.

Mineral code : K : kaolinite; G : gibbsite.
Approx, weight fraction (T.G.A.) : 5 : more than half;
4 : half to one third; 3 : one third to one fifth;
2 : one fifth to one twentieth; 1 : less than one 
twentieth.

K5, G1
K5, G1
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3.5.4. Sedimentology

- The distribution for horizon B21 is asymmetric, positi
vely skewed (a3 0 = 0.22), platykurtic (a4 0 = 0.63); tne 
value for the Mz is 1.61 0 and the standard deviation (G1 
0 = 1.05) indicates a moderate sorting.

- The horizon A12 shows moderately asymmetric and positi
vely skewed (a3 0 = 0.15), platykurtic (a4 0 = 0.62) 
distribution, with a Mz value of 1.54 0 and a standard 
deviation (G1 0 = 0.97) that indicates a moderate sorted 
material.

The cumulative curves drawn in probability scale are 
presented in fig. 9.

The cumulative frequencies of the fractions between 63 
and 2000 microns and the sedimentological parameters are 
respectively shown in tables 41 and 42.

- The distribution curve of the A3 horizon is asymmetric, 
with positive skewness (a3 96 = 0.25), platykurtic (a4 0 = 
0.55), with a Mz of 1.51 0 and showing similar sorting 
(G1 0 = 1.02) as the proceeding horizon.

- The Bl horizon distribution is moderately asymmetric, 
positively skewed (a3 0 = 0.14), platykurtic (a4 0 = 0.65) 
with a Mz of 1.59 0 and having a similar sorting (G1 0 = 
1.05) as the upper horizons.

The detailed particle size distribution of the fractions 
between 63 and 2000 microns for the A12, A3, Bl, B21, 
B22 and B23 horizons is given in table 40.
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3.5.5. Micromorphology

A. Microstructure and pore pattern

The kurtosis is very uniform throughout, being highest in 
the B22 (a4 0 = 0.77) and lowest in the A3 (a4 0 = 0.55) .

The standard deviations also present an extremely uniform 
pattern, with figures about G1 jz5 = 1.0.

- The horizon B22 shows a moderately asymmetric, positive
ly skewed, (a3 & = 0.17), platykurtic (a4 fS - 0.77) dis
tribution, with a Mz value of 1.57 0 and a standard devia
tion (G1 & = 1.09) indicating similar sorting as the 
above horizon.

Therefore, it is concluded that the parent material is, 
from sedimentological viewpoint, uniform in the whole 
profile.

- The distribution curve of horizon B23 is moderately 
asymmetric, positively skewed (a3 = 0.09), platykurtic,
with a Mz value of 1.52 and showing similar sorting (G1 $5 
= 1.05) as the rest of the profile.

The mean grain size of particles is very similar for all 
the horizons.

The microstructure of the A12 horizon is strong and moder
ate very fine crumbly intergrading to spongy, with fissures 
and vughy cavited intrapedal m.s. Locally, moderate medium 
crumbly (crumbs 2-3 mm 0) showing occasional fissured in
trapedal m.s. is present. Very frequent intexpedal com
pound packing pores and vughs normally interconnected, are

The skewness values are rather similar in all horizons, 
ranging from a3 0 = 0.09 in the B23 to a3 = 0.25 in the 
A3 .
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A12 0.7 11.83.7 8.9 5.217.520.4 17.0
A3 9.2 5.50.9 4.5 10.2 19.5 15.7 17.5
B1 11.4 5.7 4.51.1 4.5 13.69.1 18.1 17.014.7

8.7 4.3B21 10.21.4 2.9 10.1 13.117.4 15.915.9
8.4B22 12.5 10.22.0 3.0 13.5 16.5 18.812.5

11.8 7.1B23 4.8 9.41.2 13.0 14.2 19.014.2

Table 41

>180 >125 >90 >63>710 >500 >355 >250>1000>1400

93.2 100.013.3 33.7 50.7 68.2A12 0.7 4.4
99.615.6 35.1 50.8 68.3 90.45.4A3 0.9

89.5 99.732.8 47.5 64.5 79.1 95.214.75.6Bl 1.1
76.7 95.6 99.914.4 31.8 47.7 63.64.31.4B21

97.435.0 47.5 66.3 78.8 99.45.0 18.52.0B22
75.8 87.6 94.7 99.533.2 47.4 66.46.0 19.01.2B23

1 o 3a 4aMz

1.54 0.97A12 0.15 0.62
1.021 .51 0.25A3 0.55

1.59 1.05 0.14B1 0.65
1.05B21 0.22 0.63
1.09B22 0.17 0.77

B23 1 .52 1.05 0.09 0.75

1400 
-2000

. Cumulative frequencies of the fractions between 
63 and 2000jim

1000 
-1400

1 .61
1 .57

710 
-1000

500
-710

355 
-500

250 
-355

180 
-250
12.6
12.9

80.8
81.2

125 
-180

86.9
89.0

90 
-125

98.4
95.4

2.2
3.7

2.0
4.8

Table 42 . Sedimentological parameters of the fractions 
between 63 and 2000um

63 
-90

Table 40 . Particle size distribution of the fractions 
between 63 and 2000jim
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In the B21 and B22 horizons moderate coarse crumbly (crumbs 
about 10 mm 0) microstructure, with fissured and vughy 
cavited intrapedal m.s., and strong very fine granular 
macrostructure with occasional fissured cavited intrapedal 
m.s. were observed. The pore pattern is similar to the 
overlaying Bl horizon.

The transitional A3 and Bl horizons are dominantly spongy, 
with fissured and vughy cavited intrapedal m.s. that local
ly grades to 1) weak coarse crumbly (crumbs about 10 mm 
$5), with fissured and vughy cavited intrapedal m.s., and 
to 2) weak very fine crumbly, with fissured cavited intra
pedal m.s. Very frequent fissures (few pm 0) and rough and 
smooth vughs mostly interconnected are dominant, and fre
quent smooth channels subordinated.

dominant. Also very frequent fissures of few pm 0 and 
frequent smooth channels were observed.

Channel infillings are present in the whole profile and 
show mostly strong and weak very fine granular micro
structure. Locally strong and weak very fine crumbly with 
fissured intrapedal m.s. is observed. Very frequent inter
pedal compound packing pores are dominant, followed by 
common fissures.

The lowermost B23 horizon presents strong and moderate 
coarse crumbly microstructure (crumbs from 5-7 mm 0) , witn 
fissured and vughy cavited intrapedal m.s-.; frequently 
grading to spongy. The pore pattern is similar to the over
laying soil horizon.
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B. Matrix

Bl. Coarse_material__(>5ym)_

B2. Fine_inaterial__[<5jjm)

B3. Coarse/fine_related_distribution

C. Organic matter

In the upper horizons the organic matter is occasionally 
apparent as humified root remains and as fecal pellets.

It is brownish yellow in the A12 and A3 horizons and turn 
to yellowish with depth, composed of kaolinitic clay and 
oxihydrates. In the top layers, the fine material is 
darker, due to the higher organic matter content. Undif
ferentiated b-fabric is dominant throughout, and exclusive 
in the uppermost Al2 horizon. Dotted, circular striated, 
poro-striated are subordinated and weakly expressed. In 
channel infillings, only undifferentiate b-fabric was 
observed.

Fine to coarse sand-sized, angular, subangular and sub
rounded grains of quartz, compose the coarse material 
throughout. Fissured and corroded grains are frequently 
observed, Runiquartz are common.

Single and double spaced gefuric to enaulic is dominant in 
horizon A12, locally porphyric. In the A3 mostly porphyric 
with locally close gefuric and enaulic .
In the underlaying horizons, porphyric is largely dominant 
and gefuric is locally present. In channel infillings, 
enaulic and gefuric types are the most frequent.
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D. Features

In the subsoil they are readily identified as they are mostly 
located between crumbs (defining structure). In upper ho
rizons, where the material appears totally reworked, their 
recognition is difficult, particularly in the transitional 
A3 and Bl horizons.

Laminated coatings and infillings of limpid and speckled 
clay are found in the B2 horizon; their size ranges from 
30pm to 1.0 mm 0, mostly occurring in vughs and channels, 
they have a yellow color, strong continuous orientation 
and sharp boundaries.

Fragments of clay coatings about 0.25 mm & with sharp and 
diffuse boundaries occur in the fine mass and inside chan
nel infillings; they are more frequently observed in the 
A3 and Bl horizons.

Loose channel infillings of microaggregates and quartz 
grains are observed throughout the profile. They are tabu
lar shaped and range from 1-6 mm fi.

Coatings of iron-rich clay were observed in the subsoil 
(B21 and B22 horizons); their size ranges from 0.2 mm to 
0.4 mm 0; they are located in vughs and channels. They have 
reddish colors, strong continuous orientation and rather 
sharp boundaries.

Coatings and infillings of limpid kaolinitic clay ranging 
from 10pim to about 0.9 nun occur in fissures, vughs and 
channels in almost the whole profile. The color 
is yellow, the orientation weak to strong and the bounda
ries from diffuse to sharp. In the top layers they are 
rare, and very frequent in the upper part of the B2 hori
zon .
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• E. Quantification of illuviation features

3.5.6. Classification

CLASSIFICATION ACCORDING TO THE OTHER SYSTEMS

I.N.E.A.C. SYSTEM

FAO/UNESCO SYSTEM
BRAZILIAN SYSTEM

Thus, the profile is classified as a member of the clayey, 
kaolinitic, isohyperthermic family of the OXIC PALEUSTULTS.

Ferric Acrisol
Red Yellow Podzolic, Dystrophic, low 
clay activity, prominent A horizon, 
clayey, semi-evergreen tropical 
forest, level phase 
Hygro-xero Ferrisol.

The upper Ap and Al2 horizons are dark but not thick 
enough to be umbric, thus forming an ochric epipedon. In 
the field uncertain patchy clay skins were observed in 
the top of the B horizon. Thin sections showed the presence 
of clay cutans throughout the B horizon and also in the 
overlaying A3 (table 43 ). The clay content increases gra
dually with depth and the clay increase required for an 
argillic horizon is reached between Ap and A3 (clay ratio 
1.2), and from A3 to Bl (>8% absolute clay). From the hori
zon B22 downwards the clay content is constant. Moreover, 
the subsoil has the properties of an oxic horizon.

The results of point counting for quantification of clay 
illuviation are presented in table 43. Clay coatings show 
highest percentages in the B2 horizon (B21 = 7.0% and 
B22 = 4.2%) and were not observed in the top A12. The 
degree of clay illuviation, shown in table 44 , is very 
strong in the B21 and strong in the B22 horizons, where 
figures are highest. The clay illuviation index for the 
total profile is very high.
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3.6. Profile 9

I. Information of the site

Land-use

II. Information of the soil

none

3.6.1. Morphological-description

The profile is deep, imperfectly drained, with brown and 
grayish colors. Horizonation is rather contrasting, having 
a clear-abrupt transition between the B/A and B21x horizons. 
Structure is moderate throughout; subangular blocky in the 
top soil and angular blocky in the subsoil, wnere organic 
coatings, iron-rich coatings and red mottles take place. 
Cohesion is very high in the subsoil - B21x and B22x hori-

Parent material : sandy clay sediments
Geological formation and lithology : Barreiras Group.

Tertiary sediments.
Drainage : class 3 . moderately well-drained
Moisture conditions in profile : dry throughout
Depth of groundwater table : perched watertable above 

the B2 horizon
Presence of surface stone, rock outcrops : 
Human influence : confined to plow layer 
Vegetation : semi-evergreen tropical forest.

Date of examination : 28/5/1980
Author : D. Barrera
Location : Caete mill. 1.5 km right from km 73 of Maceio- 

Aracaju highway.
Elevation : 125 m
Land form : 1) physiographic position : plateau 

(see scheme C)
2) microtopography : nil.

Slope : class 1 (0-1%) 
: sugarcane (monoculture)
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Ap

B21x

B22x

( )
Soil Survey Manual (1981)

0-20 cm. Dark yellowish brown (10 YR 2.5/1) moist; 
and dark yellowish brown (10 YR 3/1) dry; 
sandy clay loam; weak very fine granular; 
slightly hard, friable, non-plastic, 
slightly sticky; abundant roots; abrupt 
smooth boundary.

90-150 cm. Pale brown (10 YR 6/3) moist, and slight 
gray (10 YR 7/2) dry; clay; massive and 
moderate medium subangular blocky; very- 
extremely hard; very friable, slightly 
plastic, slightly sticky; very few roots; 
clear smooth boundary.

2.5 YR 4/6 
distinct,

B22x 
(B2x)

B21x 
(Blx)

zons - that presents extremely hard consistence when dry. 
Root distribution is normal and rather deep, with most of 
the roots concentrated in the top 20 cm.

A12 - 20-50 cm. Brown-dark brown (10 YR 4/2) moist, and
(A) dark gray (10 YR 4/1) dry; sandy clay; weak

fine subangular blocky, and moderate medium 
granular; many very fine and medium pores; 
hard, friable, plastic, sticky; many roots; 
gradual smooth boundary.

150-250 cm. Light gray (10 YR 7/2) moist, and white 
(10 YR 8/1) dry; clay (massive) and moderate 
medium subangular blocky; extremely hard, 
friable, slightly plastic, slightly sticky; 
no roots.

B/A - 50-90 cm. Dark gray (10 YR 4/1) moist, and gray- 
(E/B) light gray (10 YR 6/1) dry; sandy clay;

moderate medium subangular blocky; hard, 
firm, plastic, sticky; common roots; clear 
irregular boundary.

Remarks : Massive incorporation of organic matter (filter 
cake).

: organic matter infiltration,stains, dark 
gray (10 YR 4/1) dry.

: red stains (till 40 cm length) 
dry, common, medium and coarse, 
clear.

: horizon's nomenclature according to the
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3.6.2. Physico-chemical_groperties (table 45)

The results of the mechanical analysis (table 45 ) show 
that the sand and clay fractions are dominant in the 
upper 150 cm of the profile, where the silt increases with 
depth from less than 2.9% to 12%. Below that depth, the 
clay is largely dominant (58.7%), followed by 22.8% of 
silt and 18.5% of sand. The clay content increases rather 
strongly from the Ap (31.4%) to the underlaying A12 
(43.2%) and from the B/A (46.7%) to the B2x horizons (about 
58.0%). The silt which is very low in Ap (2.0%), A2 (2.0%) 
and B/A (2.8%) raises markedly in B21x (12.2%) and B22x 
(22.8%) . The medium and fine sand make up the larger pro
portion of the total sand fraction.

The pH (H2O and KC1) are highest in the Ap and B21x hori
zons, intermediary in B22x and lowest in A12 and B/A hori
zons .

Bulk densities are highest in the lowermost B22x (1.59 
g/cc) horizon.

Exchangeable aluminum is absent in the Ap horizon and low 
in other horizons (from 0.5 to 1.0 meg.) . This results in a 
relatively high base saturation in Ap (54.1%), A12 (39.3%) 
and B/A (38.5%), that markedly decline in the subsoil, par
ticularly in the B21x (8.52%) horizon.

The nutrient status for plant growth is very low. The ca
tion exchange capacities per 100 grams of soil are highest 
in B21x (9.0 meg.) and in the Ap (8.1 meg.) horizons; lower 
values are found in the B22x (4.2 meg.), B/A (2.8 meg.) and 
Ap (2.9 meg.).

Silt/clay ratios are very low in Ap, A2 and B/A (from 0.03 
to 0.06), and significantly higher in B21x (0.21) and B22x 
(0.38) .
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Table 45. Physico-chemical properties of profile 9

Size class and particle diameter (mm)
TOTAL SAND

Horizon Sand Silt Clay V.F.V.C. C. M. F. > 2 mm
2-0.05 < 0.002 1-0.52-1

0- 20 23.2 15.6 3.866.6 2.0 21.3 0Ap 31 .4 2.7
50 A12 55.3 1 .5 17.0 18.4 13.3 4.4 043.2 2.2

12.6B/190 50.5 2.8 46.7 2.7 14.9 16.4 3.9 0
8.4 8.2 5.2-150 B21 x 12.2 6.9 029.9 57.9 1.2

2.85.3 5.4 0-250 18.5 22.8 58.7 0.9 4.1B22 x

PH

1 .56 0.06 11.3 20.1 0.640.316.3 0.195.70- 20 2.34
15.5 27.7 0.640.43 1.45 0.030.215.04.350 1 .0

1.39 0.06 16.3 30.4 0.650. 17 0.514.3 4.990 0.46
1.38 0.21 55.0 2.9 0.052.210.134.7 5.41.12-150
1 .59 0.38 26.7 20.7 0.350.610.405.14.50.22-250I

C.E.C.Extractable bases
SumK NaCa Mg

meg./100g soilmeg./100g soil meg./100g clay
0.66 8.1 17.70.51 0.16 17.0 0.0 25.7 17.0 54.1 96.013.22 3. 10- 20

2.9 3.80.98 2.620.51 0.33 0.17 0.13 1.14 6.9 39.3 30.04.950
2.85.3 6.40.44 0.33 0.15 0.16 1.08 1.0 38.5 17.05.9 4.590

0.46 0.15 0.08 0.12 0.81 5.1 9.00.56 6.0 13.68.5215.5 2.36-150
4.20.57 0.19 0.01 0.16 0.93 0.52 2.5 3.5 8.9 22.1 26.83.05-250

Depth 
(cm)

Fine clay/ 
Tot. clay

Depth 
(cm)

Depth (cm)

Al 1NKC1
sum cations

Coarse clay 
2-0.2|i

Fine clay 
< 0.2u

COARSE FRAGM.

Sum 
cations

Extr. 
acidity 

KC1 pH 8.2

Bulk 
density g/cm’

Silt/ clay ratio
Organic 
carbon 

%
1 :1 
KC1

0.25- 0.1

Base saturation 
(«)

0.05-0.002 0.5- 0.25 0.1-
0.05

Ext. Fe as 
Fe2°3 

»

NH.OAC E.C.E.C. 4

Ext. Al as 
A12°3 

%HjO

NH.OAC 4
NH.OAc 4
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3.6.3. Mineralogical_comgosition

3.6.3.1. Sand fraction (50-250pm)

Table

Hor.

II

IIII II

IIII II

tr. (traces) = <1%.

The organic carbon content is rather high in the Ap (2.34%) 
and strongly decreases with depth to 1% in the Al 2 and 
0.46% in the B/A.

46 . Mineralogical composition of the sand fraction 
(50-250um) of profile 9

0.0
tr.

II

92.7
89.4
96.8
95.6
89.2

Ap
A12
B/A
B21x
B22x

Depth
(cm)

0.0
II

0- 20
- 50
- 90 
-150 
-250

0.0
tr.

II

100
>99

II

6.5
10.0
2.5
5.04
10.4

Light minerals 
Quartz Feldspars

The sand fraction is dominated by the light minerals that 
constitute 91 to 96% (weight %) of the total sample through
out the soil.

The light fraction is formed by highly weathered and fissu
red quartz grains and traces of feldspars (table 46 ). The 
heavy fraction is mainly formed by opaques, where magnetic 
minerals are dominant. X-ray analysis showed that the 
opaque minerals consist of magnetite, ilmenite, hematite 
and goethite. Zircon is dominant among the transparent mi
nerals of the heavy fraction followed by very low amounts 
of tourmaline and rutile.

Heavy minerals____________
Opaques Zircon Tourma- Rutile 

line 
tr.

II
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3.6.3.2. Clay fraction (<2ym)

Hor.
T.G.A.X-ray

G120- 50 GA12 K
G G1B21x K
G G1B22x K

3.6.4. Sedimentology

K,
K,
K,

K5,
K5,
K5,

Tables 49 and 50 give respectively the cumulative frequen
cies of the fractions between 63 and 2000 microns and the 
sedimentological parameters.

Table 47 . Mineralogical composition of the clay 
fraction (<2pm)of profile 9

Depth 
(cm)

-150
-250

The detailed particle size distribution of the fractions 
between 63 and 2000 microns of the A12, B/A, B21x and 
B22x horizons are shown in table 48 . They are supposed 
not to migrate or to suffer significant changes during the 
soil formation.

Clay fraction
D.T.A.

Mineral code : K : kaolinite; G : gibbsite.
Approx, weight fractions (T.G.A.) : 5 : more than half;
4 : half to one third; 3 : one third to one fifth;
2 : one fifth to one twentieth; 1 : less than one 
twentieth.

The cumulative curves plotted on probability paper were 
drawn in fig. 10.

X-ray analysis results presented in table 47 show that 
the clay fraction of all horizons is only composed of 
kaolinite. D.T.A. and T.G.A. confirmed this result and 
also determined the occurrence of minor amounts of 
gibbsite throughout.
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The upper Al2 and B/A horizons, with respectively Mz 
values of 1.38 / and 1.43 0 are very similar and somewhat 
coarser than the also highly similar subsurface B21x (Mz 
0 = 1.61) and B22x (Mz 0 = 1.65) horizons (see table 50).

The A2 horizon shows a strongly, positively skewed (a3 0 
= 0.46) and platykurtic distribution (a4 0 = 0.38), with 
a Mz value of 1.38 & and a standard deviation (G1 0 = 
0.98) indicating a moderately sorted material (Folk and 
Ward, 1957).

The distribution curve of the B/A horizon is asymmetric, 
positively skewed (&3 0 = 0.24), platykurtic (a4 0 = 
0.47); the Mz value is 1.43 0 and shows similar sorting as 
the preceeding horizon (G2 0 = 1.04).

The B22x horizon shows a symmetric (a 3 0 = 0.0) and platy
kurtic (“40 = 0.99) distribution, with a Mz value of 
1.69 0 and similar sorting as the rest of the profile (G1 
fS = 1.24) .

The B21x horizon presents a moderately asymmetric, positi
vely skewed (“3 0 = 0.14) and platykurtic (a4 = 0.86)
distribution curve, a Mz value of 1.61 0 and similar 
sorting as the upper horizons (G1 0 = 1.15) .

The skewness grades from a markedly asymmetric, positively 
skewed distribution in the uppermost A12 (a 3 0 = 0.46) to 
a perfectly symmetric curve in the lowest B22x (a 3 0 = 
0.00) horizon, with intermediary values in the B/A (a3 0 
= 0.24) and B21x (a3 0 = 0.14) horizons.

The values of the standard deviations gradually increase 
with depth, from G1 0 = 0.95 in the A12 to G1 0 = 1.24 in 
the B22x horizon.
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A12 0.90 3.70 9.3 8.4 4.7 2.813.1 23.3 15.917.7

B/A 1.90 5.70 12.3 7.6 4.5 3.410.4 21.9 18.0 15.3

B21 x 2.50 2.50 15.0 12.5 15.0 7.5 12.5 5.017.5 10.0

7.7B22 x 3.80 5.80 9.6 15.4 7.70 11.5 11.511.5 15.3

>180>710 >500 >355 >250 >125 >90 >63>1000>1400

58.717.7 74.6 83.941.0 92.3 97.0 99.84.600.90A2

18.0 39.9 57.9 85.573.2 93.1 97.67.60 100.01.90B/A

32.5 50.0 65.0 75.0 82.520.0 95.05.0 100.02.50B21x

19.2 34.6 46.1 61.4 69.1 80.6 92.19.60 99.83.80B22x

1o 3a 4aMz

1.38 0.98A2 0.46 0.38

1 .43 1.04B/A 0.24 0.47

B21x 1.61 1.15 0.14 0.86

B22x 1 .65 1 .24 0.00 0.99

Table 50 . Sedimentological parameters of the fractions 
between 63 and 2000ixm

1400 
-2000

1000 
-1400

710 
-1000

500 
-710

355 
-500

250 
-355

180 
-250

125 
-180

90 
-125

63
- 90

Table 49 . Cumulative frequencies of the fractions between 
63 and 2000nm

Table 48 . Particle size distribution of the fractions 
between 63 and 2000um
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3.6.5. Micromorghology

A. Microstructure and pore pattern

Channel infillings are present in all horizons and in most 
cases show strong very fine crumbly microstructure, with 
fissured and vughy cavited intrapedal m.s. Interpedal com
pound packing pores and interconnected vughs are mostly 
present; intrapedal fissures are subordinated.

In the B21x horizon, the microstructure is spongy, grading 
to moderate crumbly (crumbs of 10-20 mm 0), having fissured 
and vughy cavited intrapedal m.s. Very frequent rough and. 
smooth vughs frequently interconnected and smooth fissures 
dominate; smooth channels are frequent.

Weak, moderate and strong very fine crumbly microstructures 
with fissured and vughy cavited intrapedal m.s. are domi
nant in the A12 and B/A horizons. Locally, strong and 
moderate medium crumbly (crumbs of 2-5 mm 0) , with fissured 
and vughy cavited intrapedal m.s. is also present. Very 
frequent interpedal compound packing pores and vughs mostly 
interconnected, are dominant, and very frequent smooth 
channels and fissures of few pm 0, subordinated.

Most of the parameters indicate the extreme sedimentologi
cal similarity between the uppermost A12 and B/A horizons, 
which are somewhat different from sedimentological point 
of view with respect to the also highly similar B21x and 
B22x horizons.

No matter, all distributions are platykurtic, the top Al2 
(a4 0 = 0.38) and B/A (a4 0 = 0.47) present clearly more 
peaked curves than the underlaying B21x (a4 = 0.86) and
B22x (a4 jzS = 0.99).
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B. Matrix

Bl. Coarse_material__[>5ym)^

B2. Fine material (<5ym)

B3. Coarse/fine_related_distribution

C. Organic matter

D. Features

Root fragments, partly decomposed, were observed in the A12 
horizon.

In channel infillings, the dominant type is enaulic; also 
gefuric is locally present.

The dominant related distribution in the upper Al2 and B/A 
horizons is porphyric and locally enaulic. The subsoil 
(B21x and B22x) is porphyric throughout.

Sand-sized, angular, subangular and subrounded grains of 
highly weathered quartz, compose the coarse material 
throughout.

In the A12 and B21x horizons the fine material is darker 
because of the higher organic matter contents. 
Undifferentiated b-fabric is present in all horizons. 
Very rarely dotted b-fabric, very weakly expressed, was 
also observed.
In channel infillings undifferentiated b-fabric is exclu
sively present.

Coatings and infillings of parallel layers of limpid and 
speckled yellow clay are frequently found in the subsoil 
B21x horizon, the sizes range from 50ym to about 150pm,
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E. Quantification of illuviation features

Highly humified organic (monomorphic) coatings and infill
ings of few urn 0 (<10) are frequently observed in fissures 
and on top of grains of the B21x horizon. They have smooth 
and rugose surfaces and their boundaries are sharp.

The results of point counting for quantification of clay 
illuviation are presented in table 51. No illuviation 
features were observed in the upper A12 and B/A horizons. 
Only the horizon B21x present 3.5% of coatings and infil
lings and 0.27% fragments of illuvial features. The lower
most B22x horizon was not sampled.

Channel infillings (V.F.) are present in the whole profile/ 
ranging from 1.0 to 1.5 mm generally formed by dark 
brown microaggregates of fine material and quartz grains. 
Their identification becomes easier in the subsoil.

Laminated coatings of pale yellow and black parallel layers 
are frequently observed in the B21x horizon. They range 
from 50 to 100ym 0 and mostly occur in vughs and channels.

occurring in vughs, packing pores, channels and fis
sures. They present strong continuous orientation, sharp 
boundaries and are frequently fissured.

Fragments of limpid yellow coatings, about 100 microns 0, 
are frequently present in the fine mass. They have rather 
sharp boundaries and strong continuous orientation.
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Hor. Pores

3.6.6. Classification

CLASSIFICATION ACCORDING TO OTHER SYSTEMS

0.0
0.0
3.5

FAO/UNESCO SYSTEM
BRAZILIAN SYSTEM

Table 51. Quantitative micromorphological analysis of 
soil components (by point counting) expressed 
in volume per cent of total soil

20- 50
50- 90
90-150

A12
B/A
B21x

28.32
27.35
12.80

28.04
23.27
18.00

43.62
49.37
65.20

Frag, of 
coatings

Depth 
(cm)

Coarse 
material

0.0
0.0
0.27

: Orthic Acrisol
: Red Yellow Podzolic-Podzol intergrade, 
distrophic, with fragipan, low clay 
activity, weak A horizon, clayey,semi
evergreen tropical forest, level phase.

This profile has a dark Ap horizon which is not thick 
enough to be mollic, and thus it is an ochric epipedon, 
underlain by an albic horizon occurring between 50 and 
90 cm. Below that depth, a clayey highly cohesive subsoil 
(B21x and B22x horizons) is present showing in the upper 
part (B21x) a rather high organic matter content. The 
properties of an oxic horizon are present throughout, 
except in the Ap. No clay skins were observed in the field 
but thin sections showed 3.5% illuviation cutans in the 
B21x, and also organic coatings on grains and pores. The 
clay content gradually increases with depth and remains 
constant from B21x downwards; the requirements for an 
argillic horizon are reached between Ap and Al2, and 
between B21x and B22x.
Thus considering the ustic soil moisture regime and the 
low activity of the clay fraction, the profile is classi
fied as a mamber of the USTIC, ORTHOXIC PALEHUMULTS.

Fine Coatings 
naterial
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3.7. Profile 7

I. Information of the site

II. General information of the soil

3.7.1. Morpholo2ical_description

The profile is deep, imperfectly to poorly drained, snowing 
contrasting soil properties between a structureless sandy 
epipedon which lies on top of an indurated clayey B (ort- 
stein) horizon at 110 cm depth. Root penetration is poor, 
concentrated in the upper 15 cm

: none.

Parent material : sandy sediments 
Drainage : class 2-1 : imperfectly drained-poorly drained 
Moisture conditions of the profile : dry throughout. 
Depth of groundwater table : G.W.T. oscillates between 

the ortstein and the top soil during the 
rainy season.

Presence of surface stone, rock outcrops
Vegetation : low and not dense, semi-evergreen tropical 

cerrado.
Human influence : confined to plow layer. Massive additions 

of organic matter (filter cake).

Date of examination : 17/5/1980
Author : D. Barrera
Location : Caetd mill. 5 km left from km 74 of Maceid- 

Aracaju highway.
Approx. 36°05’W, 9°44'S.

Elevation : 102 m.
Land form : 1) physiographic position : plateau 

(see scheme C)
2) microtopography : nil.

Slope : class 1 (0-1%)
Land-use : sugarcane (monoculture) and cerrado.
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Ap

non-

no

1.
B22

Bh - 80/90-110/130 cm. Very dark gray (10 YR 3/1) moist, 
and very dark grayish brown (10 YR 3/2) 
dry; loamy sand; single grain; weak fine 
subangular blocky; slightly hard, friable, 
slightly plastic, slightly sticky; many 
very fine pores; few roots; clear wavy 
boundary.

B22 h.ir.m.
(B2 h.s.m.)

A12 
(A)

0-15 cm. Very dark gray (10 YR 3/1) moist, and dark 
gray (10 YR 4/1) dry; sand; single grain, 
weak fine granular; many fine and very fine 
common medium pores; soft, very friable, 
non-plastic, non-sticky; abundant roots; 
gradual smooth boundary.

B21 h.ir.m. - 110/130-175 cm. Brownish yellow (10 YR 6/8) 
(Bl h.s.m.) moist, and very pale yellow (10 YR 8/3) 

dry;1clay; strong medium-coarse subangular 
blocky and platy; very hard, very firm, 
slightly plastic, slightly sticky; few 
pores; humus accumulation and red (2.5 YR 
5/8)coatings between structure elements; 
many old decomposed roots and very few 
living ones; clear wavy boundary.
175-250 cm. Very pale brown (10 YR 5/4) 
moist, and yellowish brown (10 YR 7/4) dry;
2clay; massive; very-extremely hard, very- 
extremely firm, slightly plastic, slightly 
sticky; many old root channels with accumu
lation of organic material; reddish brown 
(5 YR 4/4) and organic matter and iron 
stains along fracture planes; few pores; 
roots.

A22 - 80/90 cm. Light brownish gray (10 YR 6/2) moist, and 
(E) light gray (10 YR 7/1) dry; sand; single

grain; many very fine pores; loose, non
plastic, non-sticky; few roots; wavy abrupt 
boundary.

15-40 cm. Dark gray (10 YR 4/1) moist, and gray
light gray (10 YR 6/2) dry; sand; single 
grain; many very fine pores; loose, 
plastic, non-sticky; common roots; smooth 
diffuse boundary.

Remarks : B21 Few, fine, faint-distinct reddish brown (2.5 YR 5/4) mottles.
2. Common, medium, prominent, yellowish- 

red (5 YR 5/8) mottles.
The Bh horizon is discontinuous.
Thin iron pan (+ 1 cm thick) in B21 h.ir.m.
( ) Horizon's nomenclature according to the

Soil Survey Manual (1981).
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3.7.2. Physico-chemical_properties (table 52)

the

m.

Silt/clay ratios are widely different throughout, not fol
lowing any definite trend; its values range from 0.05 in 
the B22 h.ir.m. to 11.0 in the A12 horizon.

Bulk densities were determined only in the subsoil; the 
figures were 1.72 g/cc in the B21 h.ir.m. and 1.60 in the 
B22 h.ir.m.

The results of the mechanical analysis (table 52 ) indicate 
the almost exclusive presence of sand in the upper horizons 
in contrast with the subsoil where the clay makes up the 
dominant fraction. The silt content is very low throughout 
ranging from 2.0 to 4.8%, except in the B21 h.ir.m. horizon 
where it reaches 13.2%. In the surface Ap, A21 and A22 ho
rizons, the clay fraction represents respectively 6.0, 0.2 
and 2.3%, markedly increasing to 14.9% in the Bh, and from 
the latter to the underlaying B2 h.ir.m. (about 53.0%) . The 
medium and fine sand are the dominant sizes of the total 
sand fraction.

Exchangeable aluminum is very low in the Ap (0.14 meq.) and 
A3 (0.18 meq.) horizons; absent in A2, markedly increasing 
in the major part of the subsoil (Bh = 2.16 meq.; B21 h.ir.

= 0.48; B22 h.ir.m. = 2.38 meq.). Base saturation is 
significantly higher in the top soil where the figures 
range from about 33% in the Ap and A3, to 80% in the A2 
horizon; the subsoil (Bh, B21 h.ir.m. and B22 h.ir.m.) show 
percentages around 3 and 4. Exchangeable Ca, Mg-, K and Na 
are very low throughout, ‘ being highest in the Ap horizon

The cation exchange capacities per 100 grams of soil are 
low and very low; the higher values are present in the top 
Ap horizon (7.4 meq.) and in the B horizon (values about 
9.0 meq.). In the A21 (0.5 meq.) and A22 (1.2 meq.) 
lowest values occur.
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3.7.3. Mineralogical-Comgosition

3.7.3.1. Sand fraction (50-250ym)

The light fraction is composed of fissured and highly 
weathered quartz grains and traces of feldspars (table 53) . 
The heavy fraction includes mainly opaques, where magnetic 
minerals are the most frequent. X-ray analysis shows that 
the opaque minerals mainly consist of magnetite, ilmenite, 
hematite and goethite. Zircon is dominant among the trans
parent minerals, followed by very low amounts of tourmaline 
and the occasional presence of rutile.

The light materials are dominant in the sand fraction, 
ranging from 97 to 98% (weight %) of the total sample 
throughout the soil.

The organic carbon content is irregularly distributed with 
depth, being highest in the Ap (2.98%) and lowest in the 
underlaying A2 (0.2%) horizon. It increases in the A3 
(0.44%) and Bh (1.9%), to decrease again in the B21 h.ir.m. 
(1.48%), before reaching 2.56% in the lowermost B22 h.ir.m. 
horizon.

(sum of bases = 2.24 meq.) and strongly declining in lower 
horizons where a slight decreasing trend with depth is 
observed (from about 0.4 meq. in the A2 to 0.3 meq. in the 
B22 h.ir.m. horizon).

The pH (KC1) values are very low and increase with depth, 
from the Ap (3.2) to the B21 h.ir.m. (4.6) horizon, slight
ly decreasing in the B22 h.ir.m. (4.2) horizon.
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Table 52. Physico-chemical properties of profile 7

Size class and particle diameter (mm)

TOTAL SAND
Horizon

Sand Silt Clay F. V.F.V.C. C. M.
> 2 mm

2-0.05 < 0.002 1-0.52-1

0- 15 5.492.0 6.0 38.7 26.2 02.0 0.7 21.1Ap
40 18.9 33.1 6.6 0A12 0.2 1.9 37.097.6 2.2

-80/90 6.934.8 34.3 02.6 16.795.1 2.3 1.9Az
5.5 0-110/130 27.8 23.280.3 4.8 14.9 19.7Bh 4.1
3.3 07.1 12.0 10.9-175 52.8 0.7B21 hirm 34.0 13.2

014.3 14.0 3.91.4 10.1-250 3.1 53.2B22 hirm 43.6

PH

0.335.34.72.980- 15
1 1.05.55.10.2040
1.135.24.90.44-80/90
0.324.53.91.90-110/130

2.240.96 1 .72 0.054.84.21 .48-125
0.05 1 .49 1.60 0.254.64.02.56-250

C.E.C.Extractable bases

SumNaKCa Mg
meg./100g soil meg./100g claymeg./100g soil

8.1 10.32 123.50.56 0.09 0.09 2.24 0.14 7.4 39.6 30.2 21 .71.50- 15
1 .2 0.50.0 1 .600.16 0.15 0.02 0.07 0.4 250.0 0.40 80.0 25.040

0.18 1.70.26 0.10 0.01 0.05 0.42 1.2 2.1 52.2 26.0 35.0-80/90 20.0
2.16 9.4 8.20.10 0.17 0.02 0.06 0.35 55.19.7 16.8 4.3-110/130 3.5
0.480.07 0.15 0.02 0.08 0.32 11.0 10.3 11.3 19.5 2.0 3.1-125 2.8
2.380.15 0.07 0.03 0.07 0.32 10.9 18.5 5.09.9 11.2-250 3.2 2.8

Depth 
(cm)

Depth 
(cm)

Depth 
(cm)

Al 
1NKC1

Sum 
cations

COARSE 
FRAGM.

Sum 
cations

Organic 
carbon 

%

Extr. 
acidity 

KC1 
pH 8.2

Bulk 
density 
g/cm1

Base saturation 
(%)

Silt/ 
clay 
ratio1:1 

KC1

0.5-
0.25

0.25- 
0.1

0.05- 
0.002

0.1-
0.05

1:1
H2O

Ext. Al as ai2o3 
%

NH.OAC E.C.E.C. 4 NH.OAC 4
NH.OAC 4

Ext. Fe as 
Fe.O, / J
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Table

Hor.

II II

II II II

II IItr.

II II87.8 11.8-250 100 0.0

(traces) = <1%.tr.

3.7.3.2. Clay fraction (<2pm)

Hor.
X-ray T.G.A.
K K5, G1
K K, G K5, G1

one

0.0
II

Table 54 . Mineralogical composition of the clay 
fraction (<2pm) of profile 7

53 . Mineralogical composition of the sand fraction 
(50-250pm) of profile 7

Depth 
(cm)

100
100
100
100
>99

89.0
90.9
84.6
86.4
91.9

Depth 
(cm)

tr.
0.0

II

0- 15
- 40 

-50/90 
-110/130

-175

tr.
II

10.2
8.5
15.1
11.8
7.5

Ap
A12
A2
Bh
B21 
h.ir.m.
B22 
h.ir.m.

Clay fraction
D.T.A.

B21 110/130
h.ir.m. -175
B22 175-250
h.ir.m.

: K : kaolinite; G : gibbsite.
: 5 : more than half;

: one third to one fifth; 2 : 
: less than one twentieth.

Light minerals 
Quartz Feldspars

As shown in table 54 the X-ray analysis indicates the only 
presence of kaolinite in the clay fraction of all the 
horizons. This result is confirmed through D.T.A. and 
T.G.A. which also pointed out the occurrence of minor 
quantities of gibbsite.

Mineral code
Approx, weight fractions (T.G.A.) 
4 : half to one third; 3 
fifth to one twentieth; 1

Heavy minerals
Opaques Zircon Tourna- Rutile 

line

K, G
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3.7.4. Sedimentology

The B22 h.ir.m. distribution curve is asymmetric (a3 0 = 
0.31), platykurtic (ct4 0 = 0.57), the Mz value is 1.59 0

The Bh horizon distribution is moderately asymmetric (a3 
6 = 0.11), platykurtic (a4 0 - 0.68), with a Mz of 1.73 0, 
having similar sorting (G1 0 = 0.91) as the upper horizons.

The cumulative curves plotted on probability scale are 
given in fig. 11.

The cumulative frequencies were calculated for all frac
tions between 63 and 2000 microns.

Tables 56 and 57 give respectively the cumulative fre
quencies of the fractions between 63 and 2000 microns and 
the sedimentological parameters for each soil horizon.

The A12 horizon shows a symmetric (a3 0 = 0.00) , and 
platykurtic (a4 f6 = 0.41) distribution, with a Mz value of 
1.94 0 and a standard deviation (G1 0 = 0.83) which indi
cates a moderate sorted material.

The distribution curve of the A2 horizon is almost symme
tric, negatively skewed (a3 & = -0.02), platykurtic (a4 0 
= 0.10) , with a Mz of 1.87 0 and having the same sorting 
as the preceeding horizon (G1 96 = 0.83).

The distribution for the B21 h.ir.m. horizon is moderately 
asymmetric (a3 0 = 0.16), platykurtic (a4 0 = 0.66), with 
a Mz value of 1.67 f6 and the standard deviation G1 0 = 0.96 
that indicates a moderate sorting.

The detailed particle size distribution of the fractions 
between 63 and 2000 microns of the A12, A2, Bh, B21 h.ir. 
m. and B22 h.ir.m. horizons is given in table 55.
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zons

0.68) and B21 h.lr.m. (a4 =

and the standard deviation (G1 0 = 0.94) shows the same 
sorting as the other horizons.

Most of the parameters indicate a slight sedimentological 
difference between the parent materials of the uppermost A 
(Al2 and A2) and the parent material of underlaying hori
zons .

No matter, all the horizons have platykurtic distributions; 
the A2 (cx4 0 = 0.10) presents a markedly more peaked curve 
than the other horizons, especially when compared with tne 
underlaying Bh (a4 =
0.66) .

A marked increase in the asymmetry with depth is indicated 
by the values of the skewness. The upper A12 and A2 hori- 

show asymmetric distributions (ct3 fi = about 0.0) that 
become moderate in the underlaying Bh and B21 h.lr.m. (a3 
/ = between 0.1 and 0.2) and clearly asymmetric in the 
lowermost B22 h.lr.m. (a3 0 = 0.35) (see table 57).

The standard deviation is rather uniform in all horizons, 
with somewhat higher figures in the subsoil. It varies 
from G1 = 0.83 in the Al2 and A2 horizons to G1 & = 0.96 
in the B21 h.lr.m. horizon.

The mean grain size of the particles is lowest in the top 
Al2 (Mz = 1.94 0) horizon, increasing gradually witn deptn 
to reach the highest figures in the B22 h.ir.m. horizon 
(Mz = 1.59).
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A12 0.0 1.1 8.2 2.81.6 18.6 16.310.4 23.517.4

0.5A2 0.5 3.2 10.6 18.6 13.8 6.9 2.616.5 26.6

Bh 1.80.0 6.1 6.716.5 14.1 2.417.2 15.319.6

3.2 3.20.0 6.4 17.7 12.9 6.417.7 17.7 14.5

8.50.0 2.1 10.6 5.3 3.220.2 19.2 13.716.9

>710 >500 >355 >250 >180 >125 >63>1000 >90>1400

2.7 13.1 30.5 54.0 72.6 88.9 97.1 99.90.0 1.1A12

99.814.8 31.3 57.9 76.5 90.3 97.21.0 4.20.5A2

24.4 76.5 97.31.8 7.9 41.6 61.2 90.6 99.7Bh 0.0

27.3 45.0 62.7 77.29.6 90.1 96.5 99.73.20.0

30.8 66.9 80.610.6 50.0 91.2 96.5 99.72.10.0

Mz

1.94 0.83 0.00A12 0.41

0.831.87 -0.02A2 0.10

Bh 1 .73 0.91 0.11 0.68

1.67 0.96 0.16 0.66

1.59 0.94 0.35 0.57

Table 57 . Sedimentological parameters of the fractions 
between 63 and 2000pm

1400 
-2000

1000 
-1400

710 
-1000

500 
-710

355 
-500

250 
-355

180 
-250

125 
-180

90 
-125

B21 
hirm
B22 
hirm

B21 
hirm
B22 
hirm

B21 
hirm
B22 
hirm

63 
-90

4a

Table 56 . Cumulative frequencies of the fractions between 
63 and 2000pm

Table 55 . Particle size distribution of the fractions 
between 6 3 and 2000pm

3a1 o
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3.7.5. Micromorphology

A. Microstructure and pore pattern

B. Matrix

Bl. Coarse_material__[>5ym)_

The underlaying B22 h.ir.m. horizon presents a spongy mi
crostructure with fissured and vughy cavited intrapedal 
m.s. Very frequent interconnected vughs ranging from 20 to 
100 pm are dominant; smooth fissures of few ym jzS are also 
very frequent, and channels of 0.7 mm are occasionally 
present.

The B21 h.ir.m. horizon shows weak crumbly microstructure 
with fissured and vughy cavited intrapedal m.s., and 
strong to weak very fine crumbly with fissured intra
pedal m.s.; both types grade to spongy. Very frequent 
smooth fissures (few ym f6) and vughs many times intercon
nected, dominate; smooth channels (0.7 to 2 mm 0) are 
frequent.

Channel infillings were observed in both horizons,that 
show moderate and strong very fine crumbly microstructure, 
with fissured and occasionally vughy cavited intrapedal m. 
s. Very frequent interpedal compound packing pores and 
vughs are mainly observed.

Fine to coarse sand sized, mostly subangular and subrounded 
grains of quartz form the coarse material of the B21 h.ir. 
m. and B22 h.ir.m. horizons. All grain sizes present fissu
res and/or corrosion features, indicating extreme weather
ing.
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B2. Fine jnaterial_^<5ym)_

Channel infillings only show undifferentiated b-fabric.

B3. Coarse/fine_related_distribution

C. Organic matter

D. Features

Coatings and infillings composed of limpid kaolinitic clay 
are present in the B21 h.ir.m. and B22 h.ir.m. horizons; 
their size ranges from 20 microns to about 1 mm They 
occur in vughs and channels, have yellow color, strong 
continuous orientation, sharp boundaries and are very fre
quent in both horizons.

It is mostly yellow in the B21 h.ir.m. and brown to dark 
brown in the B22 h.ir.m., composed of clay, oxihydrates 
and organic matter. Both horizons present a dominant un
differentiated b-fabric. Dotted, parallel straited, cir
cular striated and poro-striated b-fabric are occasional
ly observed.

Organic matter stains the fine mass, particularly in the 
B22 h.ir.m. horizon, that has a darker color. Other forms 
of organic matter are described further within the special 
features.

In both horizons (B21 h.ir.m. and B22 h.ir.m.), single 
spaced porphyric related distributions are dominant, and 
gefuric are locally present.

In the channel infillings, enaulic and gefuric types are 
observed.
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E. Quantification of illuviation features

Coatings and infillings of speckled and limpid clay layers 
were very frequently observed in the subsoil (B21 h.ir.m. 
and B22 h.ir.m.) ; the size varies from 50 microns to 500 
microns 0, have yellow color and are located in fissures, 
vughs and channels.

Reddish isotropic coatings and infillings of 20 to 300pm 
very frequently occur in fissures, channels and on top of 
grains, in the B21 h.ir.m. horizon. They have sharp boun
daries, smooth walls and red color, indicating the presence 
of a fluctuating watertable.

Fragments of clay coatings of 100 to about 200 pm 0 are 
frequently present in the fine mass of the B21 h.ir.m. and 
B22 h.ir.m. horizons. Boundaries are rather sharp and the 
orientation is generally weak.

Highly humified organic (monomorphic) coatings and infill
ings of few to 40 pm 0 very frequently occur in fissures, 
pores and grains in the subsoil horizons. They are smooth 
or rugose with sharp boundaries, and have a black color. 
Besides the general staining of the fine mass, tne fissures 
appear to be plugged by organic matter accumulations. Most 
of the quartz grains are partially coated by a very thin 
organic cover. In channels, the deposition of organic coat
ings on top of pre-existing clay coatings is frequently 
observed.

Reddish hyaline clay coatings are frequently seen in the 
B21 h.ir.m. and B22 h.ir.m. horizons. They are located in 
vughs. The orientation is strong and the limits are sharp.

Point counting results are shown in taele 58 . The percent
age of clay coatings is highest in the upper part of the



148.-

3.7.6. Classification

Therefore, the presence of abundant illuviation cutans in 
the subsoil horizons (B21 h.ir.m. and B22 h.ir.m.) , the 
lack of an umbric epipedon and the existence of a thick 
epipedon composed almost entirely of quartz grains, classi
fy the profile as a member of the skeletal, siliceous, iso- 
hyperthermic family of the ULTIC, AERIC ARENIC TROPAQUODS.

subsoil. The horizons B21 h.ir.m. and B22 h.ir.m. respecti
vely present 11.6% and 3.4% coatings. The upper Ap, A21 
and A22 horizons were not sampled.

Thus, the degree of clay illuviation shown in table 59 is 
very strong for B21 h.ir.m. and strong for B22 h.ir.m. The 
clay illuviation index for the whole profile is very high 
(1180.5 per cent.cm).

The profile has a dark Ap horizon which is not thick 
enough to be umbric and therefore is an ochric epipedon; 
underlain by a thick albic horizon that extends up to 90 
cm. Below that depth a dark discontinuous Bh horizon lies 
on top of a clayey indurated 'ortstein' (B21 h.ir.m. and 
B22 h.ir.m. horizons) where organic matter and iron sesqui- 
oxide accumulations are apparent, and which looses its 
extremely hard consistence after heating. The micromorpho- 
logical study of the 'ortstein* shows the presence of silt 
size pellets and organic coatings on grains and pores; 
features that also define a spodic horizon. Moreover, abun
dant illuviation cutans were observed in thin sections as 
shown in table 58.
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CLASSIFICATION ACCORDING TO OTHER SYSTEMS

Ground-Water Podzol.

3.8. Profile 8

I. Information of the site

II. Information of the soil

none.

FAO/UNESCO
BRAZILIAN SYSTEM

AMERICAN SYSTEM 
1938

Placic Podzol
Podzol, with duripan, moderate A hori
zon, sandy texture, semi-evergreen 
tropical cerrado, level phase.

2)
3)

Slope : class
Land-use-: sugarcane (monoculture).

102 m 
physiographic position : plateau 
(see scheme C) 
surrounding land form : slightly undulated 
microtopography: nil.

Parent material : sandy sediments
Geological formation and lithology : Barreiras Group.

Tertiary sediments.
Drainage : class 1 : poorly drained.
Moisture conditions in the profile : dry throughout.
Depth of the groundwater table : reaches the soil surface 

during the rainy season.
Presence of surface stone, rock outcrops :

Date of examination : 25/5/1980
Author : D. Barrera
Location : Caetfi mill. 4 km left from km 74 of Maceid- 

Aracaju highway.
Approx. 36°05'W, 9°44’S.

Elevation :
Land form : 1)
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3.8.1. Morphological_description

0-18 cm.Ap

moist,

Human influence : confined to plow layer
Vegetation : low and not dense semi-evergreen tropical 

cerrado.

few fine 
clear

Bh - 50/60-75/80 cm. Dark brown (10 YR 3/3) moist, and very 
dark gray (10 YR 3/1) dry; sandy clay loam; 
massive; rare roots; wavy abrupt boundary.

B22 ir.m.
(B2 s.m.)

It is a deep, imperfectly to poorly drained profile show
ing a strickingly contrast between a free grain sandy 
epipedon of about 80 cm thick underlayed by an indurated 
fine textured B horizon. Root penetration is concentrated 
in the upper 20 cm.

B21 h.ir.m. - 75/80-90 cm. Light yellowish brown (10 YR 
(Bl h.s.m.) 6/4) moist, and very pale brown (10 YR 7/4)

dry; sandy clay loam; massive breaking into 
medium and coarse granular and subangular 
blocky; non-sticky, non-plastic; few pores; 
no roots; irregular clear boundary; 
prominent yellowish red (5 YR 4/6), 
and diffuse mottles.

Very dark gray (10 YR 3/1) moist, and dark 
gray (10 YR 4/1) dry; sandy; single grain; 
loose, non-plastic, non-sticky; many fine 
and medium pores; abundant roots; smooth 
clear boundary.

90-200 cm. Very pale brown (10 YR 7/4) 
and very pale brown (10 YR 8/3) dry; sandy 
clay loam; massive breaking into medium and 
coarse granular and subangular blocky; 
extremely hard, extremely firm, non-plastic, 
non-sticky; few pores no roots, common, 
medium and coarse yellowish-red (2.5 YR 5/8, 
distinct; clear and diffuse mottles.

A2 - 18/50/60 cm. Light brownish gray (10 YR 6/2) moist, 
(E) and light gray (10 YR 7/1) dry; sand;

single grains; loose non-plastic, non- 
sticky; many fine and medium pores; common 
roots; wavy clear boundary.
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3.8.2. Physico^chemicaljjrogerties (table 60)

The results of the mechanical analysis indicate a con
trasting textural difference between the upper and subsoil 
layers, where the sand fraction dominates in the whole 
profile.

Silt/clay ratios are very variable, not following any 
trend with depth, with highest values occurring in the Ap 
(1.9) and lowest in the Bh (0.11) horizon.

The bulk densities in the subsoil range from about 1.72 
g/cc in the B21 h.ir.m. and B22 ir.m. to 1.43 g/cc in the 
overlaying Bh horizon.

The silt is very low (around 2.5%) in the Ap, B2 and Bh 
horizons, markedly increasing in the B2 (about 16.0%). In 
the top Ap (1.2%) and A2 (0.0%), the clay fraction is vir
tually absent, increasing very strongly in the Bh (24.8%) 
and B21 h.ir.m. (20.6%) and reaching its maxinum in the deepest 
B22 ir.m. (30.2%) horizon. The sand fraction makes more 
than 92% in the Ap, A2 and Bh, decreasing to 62.9% in the 
B21 h.ir.m. and 53.6% in the B22 ir.m. The medium and fine 
sand dominate the total sand fraction.

Remarks :-B21 h.ir.m. (Bl s.m.) : presence of yellowish 
red (5 YR 4/8) and reddish yellow stains along 
fracture plains; large old decomposed roots. 
Very dark gray (10 YR 3/1) stains along aggre
gates surfaces.

-B22 ir.m. (B2 s.m.) : sometimes rounded organic 
matter and Fe sesquioxides accumulation.
The type of yellowish red stains described in 
the preceeding horizon tend to disappear.

-The Bh horizon is not continuous.
-( ) Horizon's nomenclature according to the
Soil Survey Manual (1981) .
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3.8.3. Mineralogical-Comgosition

3.8.3.1. Sand fraction (50-250ym)

The light fraction is formed by highly weathered and fis
sured grains of quartz and traces of feldspars (table 61). 
The heavy fraction includes mainly opaques, where magnetic

The sand fraction is dominated by the light minerals that 
range from 96 to 98 per cent (weight %) of the total 
sample throughout the soil.

Base saturation is about 80% in the top Ap and A2 horizons 
and decreases very strongly in the subsoil, with lowest 
values in the B22 ir.m. horizon (6.3%).

The organic carbon content in the Ap (1.42%) horizon is 
followed by a strong decrease in the underlaying A2 
(0.20%); in the Bh (3.32%) the highest amounts are present, 
declining with depth to 2.82% in the B21 h.ir.m. and 0.46% 
in the deepest B22 ir.m.

The pH (KC1) is low, decreasing from the top Ap (4.7) 
horizon to the underlaying A2 (3.9); in the deeper hori
zons it increases reaching pH 4.9 in the B22 ir.m.

The cation exchange capacity varies from 0.4 meq. per 100 
grams of soil in the A2 horizon to 5.72 meq. in the 
B22 ir.m.; other horizons show intermediary values. 
Exchangeable aluminum is absent in the upper Ap and A2, 
highest in the Bh (1.16 meq.) and decreases with depth to 
reach 0.28 meq. in the B22 ir.m. horizon. Exchangeable 
contents of Ca, Mg, K and Na are very low, strongly de
creasing from Ap (sum of bases = 2.44 meq.) to the under
laying horizons where the sum of bases ranges from 0.33 
to 0.52 meq.
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Table 60. Physico-chemical properties of profile 8

Size class and particle diameter (mm)

TOTAL SAND
Horizon

Sand Silt Clay V.C. C. V.F.M. F.
> 2 mm2-0.05 < 0.002 2-1 1-0.5

0- 18 5.1 093.5 2.3 1.2 1.5 26.6 38.0 22.0Ap
-50/60 37.5 5.8A2 97.8 2.4 17.2 34.7 02.2 0.0
-75/80 5.52.8 24.8 25.3 20.0 0B4 92.4 2.6 19.0

90 18.0 26.6 4.8 0B21 hirm 16.5 20.6 1.6 11.962.9
4.818.7 15.4 0-200 B22 hirm 30.2 2.3 12.453.6 16.2

PH

1 .915.64.71.420- 18
5.53.9-50/60 0.20

2.36 1 .43 0.110.05.24.4-75/80 3.32
3.03 1.74 0.800.055.34.62.8290

1.720.0 2.22 0.535.24.90.46-200

C.E.CExtractable bases
SumNaXMgCa

meg./100g soil meg./100g claymeg./100g soil
2.72 3.2 5.2 141.6 21 .2 47.00.0 76.21.64 0.56 0.09 0.15 2.440- 18

0.4 0.33 7.0 0.33 82.50.0 0.0 1.00.13 0.330.16 0.04 0.0-50/60
64.510.8 2.4 11.2 6.20.13 0.07 0.01 0.17 0.38 1.16 16.0 3.4-75/80

10.5 3.60.14 0.52 0.9 11.0 47.7 4.6 14.6 4.70.16 0.22 0.090
0.28 5.3 5.7 5.6 20.80.10 0.07 0.01 0.18 0.36 2.1 6.3 6.4-200

Depth 
(cm)

Depth 
(cm)

Depth 
(cm)

Al 1NKC1
sum 

cations Sum 
cations

Extr. acidity 
KC1 pH 8.2

Bulk 
density 
g/cm’

Silt/ clay ratio
Organic carbon 

%

0.25- 
0.1

Base saturation 
(%)

1:1
KC1

0.05- 0.002 0.5- 
0.25

0.1-
0.05

COARSE FRAGM.

Ext. Fe as 
Fe2°3 

%

I1H.OAC E.C.E.C. 4

H2°
Ext. Al as 

Al2°3 
%

NH.OAC 4 NH.OAC 4
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Table

Hor.

II II II

II II II

92.8-200 II II>99 6.7tr.

(traces) = <1%.tr.

3.8.3.2. Clay fraction (<2pm)

6.9
6.3
8.3
2.7

The results of the X-ray analysis presented in table 
indicate kaolinite as the only mineral present in the 
clay fraction of all horizons. D.T.A. and T.G.A. confirm 
the results of the X-ray diffractometry and also determine 
the presence of very low amounts of gibbsite (table 62) .

61 . Mineralogical composition of the sand fraction 
(50-250 m) of profile 8

100
100
100
100

92.6
93.1
91.1
96.4

Depth 
(cm)

0- 18 
-50/60 
-75/80
- 90

0.0
II

0.0
II

Ap
A2
Bh
B21 
h.ir.m.
B22 
ir.m.

minerals are the most frequent. X-ray analysis showed 
that the opaque minerals consist of magnetite, ilmanite, 
hematite and goethite. Zircon is dominant among the trans
parent minerals of the heavy fraction followed by very 
low amounts of toumaline and rutile.

Light minerals
Quatrz Feldspars

Heavy minerals
Opaques Zircon TOurma- Rutile 

line
tr.

II
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Table

Hor.
T.G.A.

75/80-90 K5, G1K, GK

K5, G190-200 K, GK

3.8.4. Sedimentology

The detailed particle size distribution of the fractions 
between 63 and 2000 microns of the A2, Bh and B22 ir.m. 
horizons appears in table 63.

62 . Mineralogical composition of the clay 
fraction (<2ym) of profile 8

Depth 
(cm)

- The distribution curve of horizon Bh is asymmetric, posi
tively skewed (ct3 0 = 0.37), platykurtic (<x4 = 0.12),
with a Mz of 1.42 and having the same type of sorting
(G1 = 0.9) as the horizon above.

B21 
h.ir.m.
B22 
ir.m.

- The A2 horizon shows a perfectly symmetric (cx3 & = 0.0), 
platykurtic (ct4 0 = 0.48) distribution, with a Mz value of 
1.74 0 and a standard deviation that indicates moderate 
sorting (G1 0 = 0.92).

Mineral code : K : kaolinite; G : gibbsite.
Approx, weight fractions (T.G.A.) : 5 : more than half;
4 : half to one third; 3 : one third to one fifth;
2 : one fifth to one twentieth; 1 : less than one 
twentieth.

Clay fraction 
X-ray D.T.A.

Tables 64 and 65 respectively give the cumulative fre
quencies of the fractions between 63 and 2000 microns and 
the sedimentological parameters of each soil horizon.

The cumulative frequencies plotted on probability scale 
are given in fig. 12.
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3.8.5. Micromorphology

A. Microstructure and pore pattern

The subsoil B21 h.ir.m. and B22 ir.m. horizons present 
spongy microstructure comprising vughs and fissures, that 
grades to weak and strong very fine crumbly with fissured

Therefore, it is concluded that parent material of the Bh 
horizon slightly differs from the rest of the profile.

From sedimentological viewpoint, the parent materials of 
the A2 and B22 ir.m. horizons are very similar, and some
what different for asymmetry, peakedness and mean grain 
size of particles with respect to the Bh horizon.

- The B22 ir.m. horizon presents a moderate, positively 
skewed, asymmetry (a3 0 = 0.18) and platykurtic (a4 fi = 
0.51) distribution, a Mz value of 1.62 and the same 
sorting as the other horizons (G1 & = 0.97).

The kurtosis is similar in the uppermost A2 (a4 0 = 0.48) 
and lowest in B22 ir.m. (a4 0 = 0.5) horizons, and con
trasting with the more peaked distribution of the Bh 
(a4 0 = 0.12) horizon.

The mean grain size of particles shows similar values in 
the top A2 (Mz 0 = 1.74) and bottom B22 ir.m. (Mz 0 = 
1.62), which are slightly higher with respect to the Bh 
(Mz 0 = 1.42) horizon.

The standard deviations present very similar values 
throughout. The skewness shows significant changes with 
depth, the distribution is perfectly symmetric in the upper 
A2 (a3 0 = 0.0), clearly asymmetric in the Bh (a3 0 = 0.37) 
and moderately asymmetric in the B22 ir.m. (a3 0 = 0.18) •
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Table

0.5 1 .6 6.9 17.5 12.7 2.6A2 13.7 15.8 21.3 6.9

Bh 8.8 1.91 .0 3.4 6.9 18.6 10.6 3.723.7 21 .0

B22 irm 19.8 6.9 3.01.0 2.0 7.9 18.8 17.8 11 .9 10.9

>180 >125 >90 >63>355 >250>710 >500>1000>1400

99.522.7 38.5 59.8 77.3 90.0 96.99.00.5A2 2.1

56.0 74.6 85.2 94.0 97.7 99.635.011.3Bh 4.41.0

67.3 79.2 90.1 97.0 100.029.7 47.510.93.0B22 irm 1.0

4o<1 b 3aMz

0.92 -0.0 0.481 .74A2

0.901 .42 0.37Bh 0.12

0.97B22 irm 1 .62 0.18 0.51

63 . Particle size distribution of the fractions 
between 63 and 2000um

1400 
-2000

1000 
-14 00

710 
-1000

500 
-710

355
-.500

250 
-355

180 
-250

125 
-180

90 
-125

Table 65 • Sedimentological parameters of the fractions 
between 6 3 and 2000jim

63 
-90

Table 64 . Cumulative frequencies of the fractions between 
63 and 2000ym
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B. Matrix

B1. Coarse_material_J>5jim)

B2. Fine_material__(<5um2

B3. Coarse/fine_related_distribution

Channel infillings were found in both horizons; they 
occupy a large soil volume and present strong and moderate 
very fine granular microstructure. Very frequent inter
pedal compound packing pores and interconnected vughs are 
mostly observed; very frequent fissures are subordinated.

The coarse material is mainly composed of subangular and 
subrounded quartz grains, ranging from fine to coarse 
sand size. They generally present strong weathering evi
dences as fissures, cracks and corroded zones.

intrapedal m.s. Very frequent fissures (less than lOym jzS) 
and vughs of 20 to 30 ym 0 mostly interconnected are the 
dominant pores. Interpedal compound packing pores of 
about lOOym 0 and channels of 0.45ym 0 are occasionally 
present.

In the whole subsoil (B21 h.ir.m. and B22 ir.m.) , close 
to single spaced porphyric to single spaced enaulic 
related distribution is dominant, and locally double
open porphyric is present. In channel infillings, enaulic, 
related distribution dominates and locally gefuric is 
present.

It is brown in the B21 h.ir.m. and dark brown in the
B22 ir.m. horizons, composed of clay, oxihydrates and 
organic matter. The b-fabric is undifferentiated throuh- 
out. In the B22 ir.m. horizon, some dotted b-fabric are 
locally very weakly expressed.
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C. Organic matter

D. Features

Reddish isotropic coatings of few to 40um <t>, mainly com
posed by iron-rich amorphous sesquioxides, frequently 
occur in the B21 h.ir.m. and B22 ir.m. horizons. They 
normally present sharp boundaries.

Highly humified organic (monomorphic) coatings and infil
lings of few gm 0 occur very frequently in vughs, chan
nels and fissures of the subsoil horizons (B21 h.ir.m. 
and B22 ir.m.). They are smooth and rugose, with sharp 
boundaries. The fissures are normally filled up by

Highly decomposed organic matter is coloring the fine 
material, particularly in the B21 h.ir.m. horizon, where 
amounts are higher. Other forms of organic matter present 
are described under the special features.

Laminated coatings and infillings ranging from 50 to 100|xm 
0, showing parallel dark and pale yellow layers, are fre
quently present in the B21 h.ir.m. and B22 ir.m. horizons. 
They occur mostly in vughs and under cross nichols very 
weak orientation is observed, probably due to the presence 
of amorphous material.

Coatings and infillings of very pale yellow clay are com
mon in the B1 h.ir.m. horizon; the size is about 100um. 
They commonly occur in vughs and dessication fissures, 
have rather strong continuous orientation and sharp boun
daries.

Fragments of clay coatings (c) , ranging from 50 to 100 
microns, are present in the fine mass of the subsoil 
(B21 h.ir.m. and B22 ir.m.); the colors are pale brown, 
the boundaries are sharp and the material is weakly to 
strongly oriented.
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E. Quantification of illuviation features

The clay illuviation in situ in that profile is not 
operative anymore. The eluvial horizons are exempt of 
clay and therefore the observed clay coatings can be con
sidered as relict ones.

Channel infillings (VF) are very frequently present in 
both horizons (B21 h.ir.m. and B22 ir.m.); they are com
posed of sand-sized microaggregates and grains of quartz.

organic accumulations. Most of the quartz grains are 
partially covered by thin organic coatings. In channels, 
the organic coatings are lying on top of the illuviated 
clay.

The quantification of the clay illuviation features 
through point counting is presented in table 66. The 
upper part of the B horizon presents a higher amount of 
clay coatings, and no fragments of clay coatings were 
observed throughout. The B21 h.ir.m. and B22 ir.m. hori
zons respectively show 1.5% and 0.7% illuviation 
features.

Consequently, the degree of clay illuviation (table 67) 
is moderate for the B21 h.ir.m. horizon and weak for the 
underlaying B22 ir.m.. The clay illuviation index for 
the whole profile is low according to Midema, R. and 
Slager, S. (1972).
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3.8.6. Classification

CLASSIFICATION ACCORDING TO OTHER SYSTEMS

AMERICAN SYSTEM 
1938

Taking into account the presence of illuviation cutans in 
the subsoil, the lack of an umbric epipedon, and the pre
sence of almost pure quartz grains in the epipedon, the 
profile is classified as a member of the skeletal, silice
ous, isohyperthermic family of the ULTIC, AERIC TROPAQUODS.

The profile shows a dark Ap horizon that is not thick 
enough to be mollic, thus it is an ochric epipedon, 
underlain by an albic horizon of about 4 0 cm thick. Below 
that depth a dark discontinuous Bh horizon is found on 
top of a clayey indurated subsoil (B21 h.ir.m. and 
B22 ir.m. horizons) that shows an organic matter accumu
lation in the B21 h.ir.m. horizon and which looses its 
hard consistence after heating. The micromorphological 
study of these horizons indicates the presence of silt 
size pellets and organic coatings on grains and pores. 
Thus, fulfilling the requirements of a spodic horizon. 
Furthermore, thin sections indicate the presence of illu
viation cutans in B21 h.ir.m. and B22 ir.m. horizons.

FAO/UNESCO : Orthic Podzol.
BRAZILIAN SYSTEM : Podzol, with duripan, moderate A 

horizon, sandy texture, semi-evergreen 
tropical cerrado, level phase.

: Ground-Water Podzol.
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GEOMORPHOLOGICAL UNIT : PLATEAU D

3.9. Profile 3

Information on the siteI.

Information of the soilII.

none.

3.9.1. Morghological-descrigtion

The profile is deep, well-drained to moderately well- 
drained, yellowish brown, becoming reddish yellow in 
deeper layers. The horizonation between the A and B ho
rizons is rather clear accompained by contrasting red 
mottling in the top part of the B2. The structure is mo
derate in the top soil (Ap and A12) and weak in the

Parent material : sandy clay sediments
Drainage : class 4-3. Well-drained-moderately well- 

drained.
Moisture conditions in the profile : dry throughout.
Depth of watertable : perched watertable between 72 and 

130 cm depth.
Presence of surface stones, rock outcrops : 
Human influence : confined to plow layer. 
Vegetation : semi-evergreen tropical forest.

Date of examination : 8/2/1980. 
Author : D. Barrera 
Location : Sininbd mill. Fazenda Prata.

Approx. 36°11'W, 9°51'S 
Elevation : 85 m 
Land form : 1) physiographic position : plateau 

(see scheme D)
2) microtopography : slightly undulated. 

Slope : class 1 (0-1%) 
Land-use : sugarcane.
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Ap - 0-12 cm.

common

130-200 cm. Reddish yellow (7.5 YR 6/6) moist, red
dish yellow (7.5 YR 7/6) dry; clay; weak 
fine subangular blocky; hard, friable; 
plastic and sticky; very few roots; few 
pores; diffuse smooth boundary.

B22 - 
(Bt3)

A3 - 
(BA)

B1 - 
(Btl)

A1 2 
(A)

52-72 cm. Brownish yellow (10 YR 6/6) moist, and 
light yellowish brown (10 YR 6/4) dry; 
clay; weak moderate, fine-medium subangu
lar blocky; hard, friable, firm; plastic 
and sticky; common medium pores; 
roots; gradual smooth boundary.

28-52 cm. Yellowish brown (10 YR 5/4) moist, and 
very pale brown (10 YR 7/4) dry; sandy 
clay; moderate fine-medium crumbly, weak 
fine-medium subangular blocky; slightly 
hard, friable, plastic and sticky; common 
medium pores; common roots; clear smooth 
boundary.

12-28 cm. Dark brown (10 YR 3/3) moist, and brown
dark brown (10 YR 4/3) dry; sandy clay 
loam; moderate fine-medium granular and 
weak fine subangular blocky; slightly 
hard, friable, slightly plastic and 
sticky; frequent roots; common medium 
pores; gradual smooth boundary.

Very dark grayish brown (10 YR 3/2) moist, 
and grayish brown (10 YR 5/2) dry; sandy 
clay loam; moderate fine medium angular; 
many very fine and common medium pores; 
slightly hard, friable, slightly plastic 
and sticky; abundant roots; clear smooth 
boundary.

underlaying horizons. In the upper part of the B the 
consistence is particularly hard when dry. Roots are 
concentrated in the upper 20 cm.

B21 - 72-130 cmYellowish brown (10 YR 5/8) moist, and 
(Bt2) brownish yellow (10 YR 6/8) dry; clay;

common, medium and coarse, distinct, * 
sharp, light red mottles (2.5 YR 6/8); 
weak, fine subangular blocky; slightly 
hard, friable, plastic and sticky; common 
medium pores; few roots; diffuse smooth 
boundary.
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3.9.2. Physico2chemical_properties (table 68)

B3 - 
(BC)

Bulk densities are highest in the A1 2 (1.64 g/cc) and Ap 
(1.78 g/cc) upper horizons, gradually decreasing with 
depth to reach 1.52 g/cc in the B23.

Silt/clay ratios are very low ranging from 0.03 (B21) to 
0.09 in the Ap and A12 horizons.

Remarks : ( ) Horizon's nomenclature according to the 
Soil Survey Manual (1981).

200-250 cm. Reddish yellow (7.5 YR 6/6) moist, 
strong brown (7.5 YR 5/6) dry; clay; weak 
fine angular-subangular blocky; slightly 
hard, friable, plastic, sticky; very few 
roots; few pores.

The mechanical analysis (table 68) shows the dominance 
of the clay and sand fractions. The silt fraction is pre
sent in very low amounts (max. 5%) . In the uppermost Ap 
and A12, the clay fraction is about 29.1%, increasing 
gradually with depth to reach its maximum B22 (67%). 
Rather strong increase takes place between A12 (29.1%) 
and A3 (42.5%) and from the latter to the B1 (55.0%) .The 
sand fraction shows identical and opposite trends with 
depth, having 68.8% in the Ap and 30.3% in the B22. The 
fine and medium sand make up the greater proportion of 
the total sand fraction.

The cation exchange capacity per 100 g of soil decreases 
from Ap (5.3 meq.) to the B1 (2.0 meq.). In B22 and B23, 
the C.E.C. increases again to about 5.0 meq. Base satura
tion presents maximum values of 44.0% (A12) in the top 
soil, and 61.2% in the subsoil. Exchangeable bases which 
are very low, show similar trend with depth. Exchange
able aluminum increases from the Ap (0.22 meg.) to the B1 
(1.02 meq.) horizon, decreasing in the underlaying hori
zons to reach 0.30 meq. in B23.
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3.9.3. Mineraloc[ical_composition

3.9.3.1. Sand fraction (50-250^m)

3.9.3.2. Clay fraction (<2gm)

In the sand fraction the light minerals are dominant and 
constitute 94 to 96% (weight %) of the total sample in 
the different horizons.

The pH is very low and uniform throughout, being lowest 
in the B1 horizon (pH/KCl = 4.2) and highest in the Ap 
and the B22 (pH/KCl = 4.4).

The organic carbon content is highest in the Ap (1.44%) 
and gradually declines with depth, reaching 0.14% in the 
lowermost B23 horizon.

Table 70 shows that X-ray diffractograms, D.T.A. and 
T.G.A. traces all indicate the exclusive presence of ka
olinite throughout this profile,with the exception of 
the B22 horizon, which, besides kaolinite D.T.A. points 
out the occurrence of gibbsite.

The light fraction includes fissured and highly weathered 
grains of quartz and eventual traces of feldspars (table 
69). The heavy fraction is mainly formed by opaques, 
among which magnetic minerals are dominant. X-ray analy
sis showed that the opaque minerals include magnetite, 
ilmenite, hematite and goethite. Zircon is dominant 
among the transparent minerals of the heavy fraction fol
lowed by very low amounts of tourmaline and rutile.
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Table 68. Physico-chemical properties of profile 3

Size class and particle diameter (mm)

TOTAL SAND
Horizon Sand Silt Clay V.F.v.c. c. M. F. > 2 mm

2-0.05 < 0.002 2-1 1-0.5
0- 12 25.868.8 6.4Ap 3.2 28.0 2.3 12.2 22.2 0

28 25.5 6.2A12 68.4 2.8 22.0 029.1 1.7 13.0
52 18.9 6.5 054.7 10.8 16.8A3 2.9 42.5 1.7
72 08.6 13.1 14.3 4.942.3 2.6 55.0Bl 1.4

3.9 0-130 7.4 10.3 11.263.8B21 34.1 2.1 1.4
6.6 3.5 09.3 9.3-200 2.7 67.0B22 30.3 1.6

8.9 3.4 09.965.8 6.2-250 5.1 0.9B23 29.1

PH

0.786.0 22.00.091.640.350.680- 12 4.4 4.91.44
22.2 0.760.09 6.91.780.380.734.74.328 0.88
30.6 0.720.06 11.91.610.541.114.94.352 0.54

23.6 31.4 0.570.040.65 1.611.404.74.272 0.42
0.66 40.2 0.630.03 23.61.451.725.00.38 4.3-130

15.4 51 .6 0.771.53 0.040.651.885.24.40.24-200
0.071.520.652.055.14.30.14-250

C.E.C.Extractable bases
SumNaKCa Mg

meg./100g soil meg./100g soil meg./100g clay
5.83.34 5.6 16.0 25.7 42.50.22 9.32.02 0.30 0.03 0.12 2.470- 12

3.22 3.9 4.80.46 12.0 32.36.9 44.01.04 0.40 0.01 0.09 1.5428
3.5 3.90.72 3.2 9.3 18.2 18.20.08 0.71 3.40.43 0.20 0.0- 52

3.24 2.0 3.9 17.51.02 3.6 34.50.10 0.69 3.10.49 0.10 0.072
0.52 2.64 2.4 3.90.92 0.19 0.03 0.13 1.27 3.8 3.1 61.2 32.5-130

2.42 5.70.71 0.30 0.04 0.10 1.15 0.30 3.6 9.7 2.4 20.1 32.2-200
2.780.50 4.70.44 0.11 0.01 0.06 0.62 3.4 1 .77.1 13.1 18.2-250

Depth (cm)

Depth 
(cm)

Depth 
(cm)

Al 1NKC1
Sum cations

Fine clay 
< O.2u

Fine clay; 
Tot. clay

COARSE 
FRAGM.

Extr. 
acidity 

KC1 
pH 8.2

Bulk 
density 
g/cm’

Silt/ 
clay 
ratio

Coarse 
clay 

2-0.2u

0.25- 
0.1

Sum cations

Organic carbon 
4

Base saturation 
(4)

1:1 
KC1

0.05- 
0.002

0.5-
0.25

0.1- 
0.05

Ext. Fe as 
Fe2°3 

4

NH.OAc E.C.E.C. 4

1:1
»2°

Ext. Al as 
A12°3 

4

NH.OAc 4
NH.OAC 

4
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Table

Hor.

A3 - 52 n n

nB1 0.0
II tr.
n-200 100
IIB23 -250 >99 tr.

(traces) =tr. 1%.

Hor.
T.G.A.X-ray

K5KK
K
K
K

3.9.4. Sedimentology

tr.
n

tr.
II

The detailed particle size distribution of the particles 
between 63 and 2000 microns for the horizons Al2, A3, 
B1, B21, B22 and B23 is given in table 71.

Table 70 . Mineralogical composition of the clay 
fraction (<2um) of profile 3

B22
B23

A12
A3

B21
B22

69 .Mineralogical composition of the sand fraction 
(50-250um) of profile 3

Depth 
(cm)

12- 28
- 52 
-200 
-250

>99
>99
100

100
100

94.9
95.7
95.0
93.2
92.2
94.4
91.9

K5
K5

tr.
0.0

Depth 
(cm)

0- 12
- 28

Ap 
A12

- 72
-130

tr.
n

K, G
K

4.5
3.7
4.0
5.8
7.44
4.88
7.24

Light minerals
Quartz Feldspars

Clay fraction
D.T.A.

Heavy minerals
Opaques Zircon Touxma- Rutile 

line

Mineral code : K : kaolinite; G : gibbsite.
Approx, weight fractions (T.G.A.) : 5 : more than half;
4 : half to one third; 3 : one third to one fifth;
2 : one fifth to one twentieth; 1 : less than one 
twentieth.
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The distribution curve of the B1 horizon is almost sym
metric, positively skewed (a3 = 0.05), platykurtic
(a4 $ = 0.74) with a Mz value of 1.72 and having the 
same sorting as the proceeding horizon (G1 0 = 1.05).

Tables 72 and 73 respectively give the cumulative fre
quencies of the fractions between 63 and 2000 microns and 
the most important sedimentological parameters.

The B23 horizon presents an almost symmetric negatively 
skewed (a3 0 = -0.04), platykurtic (a4 <t> = 0.59) distri
bution, with Mz value of 1.71 0 and similar sorting 
(G1 0 = 1.03) as the rest of the soil profile.

The B21 horizon distribution is moderately positive and 
asymmetric (a3 0 = 0.15), platykurtic (cx4 = 0.70), with 
a Mz 0 of 1.66 and similar sorting (G1 0 = 1.09) as the 
overlaying horizons.

The horizon Al2 shows an almost symmetric, negatively 
skewed (a3 0 = -0.05), platykurtic (a4 <t> = 0.70) distri
bution curve with a Mz 0 value of 1.79; the standard de
viation (G1 0 = 1.01) indicates a moderately sorted ma
terial.

The horizon A3 has a symmetric (a3 0 = 0.0), platykurtic 
(a4 = 0.70) distribution, with a Mz value of 1.76% and
a standard deviation (G1 0 = 1.03) showing a moderately 
sorted material.

The cumulative curves drawn in probability paper are 
presented in fig. 13.

The distribution of the B22 horizon is moderately nega
tively skewed (a3 <t> = -0.10), platykurtic (a4 0 = 0.62) 
with a Mz value of 1.75 0 and similar sorting (G1 0 = 
1.05) as the above horizons.
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3.9.5. Micromorphology

A. Microstructure and pore pattern

The underlaying B1 and B21 present 1) weak crumbly micro
structure with fissured and vughy cavited intrapedal m.s. 
and 2) strong and moderate fine crumbly microstructure 
with fissured and vughy cavited intrapedal m.s., both 
types grade to spongy. The total porosity of these hori
zons is lower with respect to the overlaying and under

Moderate and strong fine crumbly microstructure grading 
to spongy with fissured and vughy cavited intrapedal m.s. 
is observed in the A3 horizon. Very frequent compound 
interpredal and intrapedal packing pores are dominant, 
followed by very frequent fissures, vughs (smooth and 
rough) and smooth channels.

Thus, from sedimentological point of view, the parent ma
terial of the profile under discussion is highly uniform.

The kurtosis is also very similar in the whole profile, 
presenting figures about a4 0 = 0.70 in the A12, A3, Bl 
and B21 horizons and somewhat lower values (a4 0 = 0.60) 
in the underlaying B22 and B23 horizons.

Most of the horizons show nearly symmetric distributions, 
where the B21 (a3 0 = 0.15) and the B22 (a3 0 = -0.10) 
horizons present the extreme values (see table 73).

The mean grain size of particles is rather similar in 
all horizons, slightly increasing from the A12 to the 
B21 horizon, that respectively show Mz 0 = 1.79 and Mz 
0 = 1.66. In the horizons B22 (Mz 0 = 1.75) and B23 (Mz 
0 = 1.71) a slight decrease is found.

The standard deviations are practically the same through
out, with figures that range from G1 0 = 1.01 in the Al 
to G1 0 = 1.09 in the B21 horizon.



172.-

Table

A12 0.8 2.3 6.8 15.2 14.513.8 19.1 12.9 9.9 4.6
A3 0.9 2.8 6.5 14.816.6 17.5 13.0 8.313.9 5.5
B1 1.1 2.3 9.1 15.8 14.8 17.0 13.6 12.5 7.9 5.7
B21 1.5 3.0 10.4 8.914.9 14.4 16.4 14.9 7.4 7.5
B22 1.7 2.6 7.7 13.7 13.8 18.9 13.8 13.7 8.6 5.1
B23 1.8 1.8 9.1 14.5 14.5 16.3 16.3 14.4 5.4 5.4

Table

>180>710 >500 >355 >250 >125 >90 >63>1000>1400

38.9 58.025.1 72.5 85.4 95.30.8 3.1 9.9 99.9A12
26.8 40.7 58.2 73.0 86.0 99.894.310.2A3 3.70.9
28.3 73.7 86.2 99.843.1 60.1 94.112.53.4Bl 1.1

75.5 84.4 91.829.8 44.2 60.6 99.314.94.5B21 1.5
58.4 72.2 85.925.7 39.5 94.5 99.612.04.3B22 1.7

41.7 58.0 74.3 88.727.2 94.1 99.512.73.6B23 1.8

Table

3a 4a1 oMz

1.01 -0.05 0.701.79A12
1.03 0.0 0.701.76A3

0.051.05 0.741 .72B1
0.151 .66 1.09 0.70B21

1.051.75 -0.10B22 0.62
B23 1 .71 1.03 -0.04 0.59

1400 
-2000

73 . Sedimentological parameters of the fractions 
between 6 3 and 2000|xm

71 . Particle size distribution of the fractions 
between 63 and 2000jim

1000 
-1400

710 
-1000

500 
-710

355 
-500

250 
-355

180 
-250

125 
-180

90 
-125

72 . Cumulative frequencies of the fractions between
63 and 2000jim

63
— 90
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B. Matrix

B1 . Coarse_material_J>5|inO

B2. Fine_material_J<5iim£

The fine material includes mostly kaolinitic clay and 
very low amounts of oxihydrates. The colors are brownish 
in the upper A3 and B1, yellowish in the B21 and B22, 
becoming reddish in the lowermost B23 horizon. The b- 
fabric is undifferentiated in all horizons; some subordi
nated types as dotted and circular striated are present 
in the Bl, B21, B22 and B23 horizons.

Channel infillings are present throughout, showing mostly 
strong and moderately developed fine crumbly microstruc
ture with fissured intrapedal m.s. Very frequent compound 
packing pores and fissures are mostly observed and res
pectively occupy interpedal and intrapedal positions.

Quartz grains, from coarse to fine sand sized, angular, 
subangular and subrounded, compose the coarse material in 
all the horizons. The grains commonly show fissures. 
Runiquartz are frequently present in the whole profile.

In the B22 and B23 horizons the microstructure is domi
nantly spongy grading to weak and moderately developed 
crumbly with fissured and vughy cavited intrapedal m.s. 
The pore pattern is similar to the overlaying horizons 
dominated by very frequent fissures and vughs (mostly 
interconnected) and followed by frequent compound pack
ing pores and channels.

laying layers, where very frequent fissures and vughs 
dominate, followed by frequent channels and rare com
pounds packing pores.
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B3. Coarse/fine related distribution

C. Organic matter

as

D. Features

In channel infillings enaulic is dominant and locally ge- 
furic is observed.

Clay coatings and infillings of limpid and speckled clay 
with strong continuous orientation and sharp boundaries are 
commonly observed only in the B21 horizon. They have around 
40ym and are located in vughs. Fragments of clay coatings 
(0.1-0.3 mm gl) , with diffuse and sharp boundaries, commonly 
occur in the fine mass and inside channel infillings.

In the upper soil horizons the organic matter is present 
highly humified roots (f) and as fecal pellets (o) .

Coatings and infillings, composed of limpid kaolinitic 
clay, were observed from the A3 to the B22 horizons, rang
ing from few microns in fissures to 1.2 mm in vughs and 
channels. They have a yellow color, strong continuous 
orientation and sharp boundaries, are rare in A3, frequent 
in the underlaying B21 and B22 horizons and absent in 
deeper layers.

In channel infillings, undifferentiated b-fabrics are 
also dominant, with circular striated and poro striated 
locally present.

Open gefuric, grading to enaulic, dominates in the A3 
horizon; locally gefuric and porphyric. In the Bl and B21 
mainly porphyric is present, with open gefuric between 
larger grains. The lowermost B22 and B23 horizons show 
open and double porphyric.
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E. Quantification of illuviation features

3.9.6. Classification

Channel infillings having smooth and rough walls are 
very frequent throughout. They range from 1 to 12 mm 0 
and include microaggregates and quartz grains.

In consequence, the profile is classified as a member of 
the clayey, kaolinitic, isohyperthermic family of the 
OXIC PALEUSTULTS.

The profile presents a dark surface horizon in the top 
28 cm, which has the properties of an umbric epipedon. 
In the field doubtful thin and patchy clay skins were 
only observed in the B21 horizon. The thin section study 
confirmed the presence of illuviation cutans in the B21 
horizon (3.68%), and also indicate their existence in the 
overlaying B1 (2.55%) and A3 (0.5%) . The clay increase 
requirements for an argillic horizon are reached between 
the A12 and A3 horizons (illuvial/eluvial clay ratio 
>1.2), and from the A3 to Bl horizons (>8% clay). On the 
other hand, the subsoil presents throughout the proper
ties of an oxic horizon.

Point counting results are presented in table 74. Clay 
illuviation percentages are weak in the A3 (0.49%) and 
moderate in the B1 (2.55%) and B21 (3.68%) . The results 
obtained for the degree of clay illuviation per horizon 
and the profile clay illuviation index are shown in 
table 75. The degree of clay illuviation increases from 
weak in A3 to strong in B21, becoming again weak in un
derlaying horizons. The clay illuviation index for the 
whole profile is moderately high (388.5).
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CLASSIFICATION ACCORDING TO OTHER SYSTEMS

FAO/UNESCO : Ferric Acrisols
BRAZILIAN SYSTEM : Red Yellow Podzolic Dystrophic, low 

clay activity, prominent A horizon, 
clayey, semi-evergreen tropical 
forest, level phase

I.N.E.A.C.SYSTEM : Hygro-xero Ferrisol.
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CHAPTER 4 DISCUSSION AND CONCLUSIONS

4.1. General attributes of the soils

On the other hand in minor depressed zones with poor 
drainage the soils - Podzols - present contrasting pro
perties between a structureless sandy epipedon and the 
clayey indurated subsoil - ortstein - on top of which 
discontinuous layers of accumulated organic material 
occurs.

In the coastal plateaus of Alagoas the dominant soils - 
Latosols and Red Yellow Podzolic - are very deep and the 
color of the B horizon is mainly 10 YR (with values and 
chromas ranging between 5 and 8), that turns to 7.5 in 
deep layers. The yellow colors are not related to 
impeded drainage conditions; these soils are normally 
well and moderately well drained. The clay content in the 
B horizon varies from 50% to 70% and gradually decreases 
towards the top of the soil. The structure is normally 
moderate in the A1 or Ap horizons and weak in the major 
part of the B. Mottles are commonly observed in the 
transitional - A3 and B1 - horizons and in the upper part 
of the B2, where a peculiar great cohesion - hard to very 
hard consistence - when dry, also occurs. The structure 
of the A1 or Ap horizons is generally fine and medium 
crumbly, whereas the B2 mostly shows weak subangular 
blocky that rather easily breaks down when moist into 
very fine crumbly. Transitions between horizons are main
ly gradual and diffuse; clear transitions are only 
observed between the Ap and the B21 and their respective 
underlaying horizons. The horizon differentiation is any
how always stronger in Red Yellow Podzolic soils than in 
Latosols.
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4.2. The soil parent materials

4.2.1. Mineralogy

4.2.1 .1. Sand fraction

4.2.1.2. Clay fraction

The almost complete absence of weatherable minerals in the 
sand fraction confirms the extreme age and pre-weathered 
nature of the soil forming materials.

In the sand fraction (between 50 and 250(im) the light mi
nerals are dominant, making 91% to 98% of the total sample. 
Everywhere the light fraction is almost entirely composed 
of fissured and highly weathered grains of quartz and no 
more than traces of feldspars. The examination of soil 
thin sections led to the same conclusion.

The mineralogy of the soils, formed on the plateaus of 
Alagoas is simple and uniform throughout. The soils mainly 
consist of quartz, kaolinite and low amounts of sesqui- 
oxides of iron and aluminum.

The presence of kaolinite is evidenced by well defined 
o o

peaks at 7.15 A and 3.58 A, which completely disappear
after heating at 550°C (see fig. 2). Occasionally, rather

The heavy fraction includes mainly opaques that within 
profiles range from 84 to 92%, where magnetic minerals are 
the most frequent. X-ray analysis showed that the magnetic 
minerals consist of magnetite, ilmenite, hematite and 
goethite. Among the transparent minerals zircon is domi
nant, ranging from 2.5% to 11.8%, followed by very low 
contents of tourmaline - <1% - and the occasional presence 
of rutile.

The X-ray diffractograms showed that kaolinite is almost 
the unique mineral composing the clay fraction, throughout 
the studied area. Occasionally, some soil horizons show 
besides the kaolinite, the presence of gibbsite and tita
nium oxides.
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Differential thermal analysis (D.T.A.)

Thermo-gravimetric analysis (T.G.A.)

1)

2)

3)

4)

5)

ofaint peaks at 4.85 A that vanish on heating at 330°C due 
to dehydroxilation indicate the presence of gibbsite. The 
occurrence of titanium oxides is sometimes indicated by o o
poorly defined peaks at 2.9 A and 3.5 A, that respective
ly correspond to rutile and anatase (fig. 3) .

The very weak loss in weight at less than 80°C is proba
bly due to low amounts of loosely bound water, and the 
main endothermic (dehydroxilation) peaks observed between 
240°C and 260°C, and between 400°C and 550°C, respectively 
confirm the presence of gibbsite and kaolinite, as already 
pointed out by X-ray and D.T.A. analysis.

The differential thermal analysis always show major endo
thermic reactions at temperatures of about 550 °C due to 
the destruction of OH-groups (dehydroxilation) of kaoli
nite. When gibbsite is present, minor but well defined 
peaks at about 280°C point out the dehydroxilation of 
this mineral (see fig. 4).

In agreement with the X-ray diffractometry and the D.T.A. 
analysis, the thermogravimetrical curves of fig. 4 show :

a slight slope at temperatures of about 70-80°C, where
the loss of weight is 1.5%,
a plateau between 90 and 230°C, showing a weak
decrease of 1%,
from 240°C to 400°C a gradual loss of weight of about
3%,
a steep slope between 400°C and 550°C, where the loss
of weight reaches 9%, and
above 550°C the curve flattens, giving a weight loss 
that ranges from 1% to 1.5% up to 900°C.
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(330°C)

72

2236
36

(330°C)

D. T. A.T.G.A.

275°C

543°C
700 900 °C500300100

Fig. 4 T.G.A. and D.T.A. patterns showing the 
presence of gibbsite and kaolinite.

Weignt 
100% 
95 
90 
65

xL
36 22

JI

Fig. 2 - X-ray patterns indicating the presence of 
kaolinite.

Fig. 3 - X-ray patterns indicating the presence of 
kaolinite, gibbsite, rutile and anatase.
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4.2.2. Uniformity_of_the_soil_parent_materials

But, the sand fraction of the materials under discussion is 
almost entirely composed of a similar suite of highly

Particle size distributions are not often analyzed in resi
dual soils because of the heterogeneous composition of the 
grains and the frequent changes in sizes of the particles 
as a consequence of weathering. A progressive reduction in 
grain size from the lower to the upper soil horizons is 
commonly observed in all the mineral species forming the 
parent material (Brewer, 1955).

In the study of soil forming processes the uniformity with
in a soil parent material is a basic prerequisite in dif
ferentiating pedological features from those which are geo
logical in origin. Uniformity is therefore essential for 
any interpretation of soil forming processes and their 
rates.

Uniformities are frequently estimated through field eviden
ces and/or based on trends of soil components with depth, 
such as resistant minerals. But due to the great variety 
of soil parent materials, a large amount of criteria have 
been applied by different workers. Based on the proposals 
of several authors, Barshad (1964) has suggested total mi
neralogical analysis, particle size distributions of resis
tant minerals, ratio of two resistant minerals in one frac
tion, size distribution of non-clay fractions, the nature 
of clay distribution with depth and changes in the chemical 
composition of the non-clay fraction as useful properties 
to determine the uniformity of soil materials. Marshal and 
Haseman (1943), cited by Chang Wang and Arnold (1973), used 
particle size distributions and mineral analysis to esta
blish the uniformity of the soil system. Arnold (1979) 
stated that uniformity should be based on appropriate para
meters and that several lines of evidence - when possible - 
are preferred to a depth function of a single parameter.
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In the following paragraphs, the comparative particle size 
distribution indices (C.P.S.D. index) for the fractions 
between 63 and 2000pm, will be calculated. This in order to 
verify the results obtained through the sedimentological 
parameters, and to provide a quantitative estimation aoout 
the degree of similarity of the parent material within in
dividual profiles.

At the same time the C.P.S.D. index method allows the com
parison of the particle size distributions between differ
ent profiles. In this way not only the similarity of the 
soil forming materials between profiles that belong to the 
same geomorphological unit (plateau), but also the degree 
of similarity among the materials present in different pla
teaux will be established.

resistant minerals, where the quartz represents more than 
95%; thus excluding the possibility of using a specific 
'marker* mineral, in which case only presence or absence 
is usually diagnostic. On the other hand, the mean size of 
the grains within profiles is in most cases highly uniform 
throughout (see sedimentological parameters) , suggesting 
that no significant changes in the size of the minerals 
occurred after the deposition of the sediment, as a result 
of weathering.

A preliminar approach to the uniformity of the parent mate
rials within profiles was already given by the sedimentolo
gical parameters of the fractions between 63 and 2000 pm as 
discussed in chapter 3.

In consequence, the particle size distributions of the to
tal sand fraction - which appear to be insignificantly af
fected by pedogenesis - were considered a reliable base of 
comparison between the parent materials of the studied 
soils.
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4.2.2.1.1. PLATEAU A

4.2.2.1. Uniformity of the soil parent materials within 
individual profiles

As a consequence it may be concluded that the soil parent 
material of this profile is highly uniform throughout.

The comparison between the sand distributions of the hori
zons forming this profile (through the C.P.S.D. index) 
(table 76) show rather low similarities when comparing the 
horizon B21 with the underlaying layers (indices from 75 to 
78), and somewhat higher similarities with respect to the 
overlaying horizons (indices from 80 to 83) .

The results of the C.P.S.D. index method (table 76) show 
indices ranging from 90 to 96 within the profile, suggest
ing very high and extremely high similarities among 
horizons.

Profile 1. The sedimentological study carried out in 3.1.4. 
pointed out that the parent materials composing the dif
ferent soil horizons of this profile, are highly similar, 
as illustrated by the cumulative curves (fig. 5 ). The al
most identical figures of the mean (Mz) and the standard 
deviation (Gl) in the different soil horizons (table 10) 
is remarkable.

Profile 2. The sedimentological study developed in 3.2.4. 
indicates that the sand size distribution of B21 is some
what different, as compared with the underlaying and over
laying horizons. These differences, which are more pronoun
ced with respect to the deeper layers, are indicated by 
most sedimentological parameters (table 18) , and are 
illustrated by the cumulative frequencies of the sand frac
tion (fig. 6).
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8 96 7 105 1142 3

96

Reference numbers

The C.P.S.D. indices presented in table 76 also show the 
comparison between the particle size distributions of the 
horizons forming the profiles samples in Plateau A. Tne 
similarities among profiles are in general high to extre
mely high (indices from 82 to 96) , with the exception of 
the horizon B21 of profile 2.

Profile 1 : A3 (1), Bl (2), B21 (3), B22 (4).
Profile 2 : Al (5), A3 (6), B21 (7), B22 (8) , B23 (9), 

B24 (10) , B3 (11) .

91
92

95
94
90

89
87
82
84

77
76
71
75
80
83

97
96
91
93
88
93
78

93
95
90
95
85
91
77
94

92
91
85
95
85
89
76
91
94

95
93
88
96
84
88
75
93
93
93

1
2
3
4
5
6
7
8
9

10

91
91
87
88
91

Finally, the sedimentological parameters and the results 
of the C.P.S.D. index method show that B21 differs with 
respect to the other soil horizons. Therefore, the parent 
material of profile 2 is not considered as uniform from a 
sedimentological point of view.

On the other hand, the similarity within the sand size 
distribution of the layers, on top and below B21, are very 
high (indices from 91 to 94) .

Table 76. C.P.S.D. index based on 10 fractions between 63 
and 2000y . Plateau A
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4.2.2.1.2. PLATEAU B

Consequently, both methods confirm the very high uniformity 
of the soil parent material of profile 4.

The C.P.S.D. index method (table 77) confirms the results 
obtained through the sedimentological study. In this way 
the horizons Al, A3, B21, B22, B23 and B31, present very 
high and extremely high similarities, as suggested by in
dices ranging from 91 to 99. The B32, when compared with 
the other soil horizons, showed the lowest indices for the 
whole profile (from 84 to 89) ; anyhow, indices in that 
range still point to highly similar distributions.

The results obtained when using the C.P.S.D. index method 
are presented in table 77. Similarity indices that range 
from 89 to 95 within this profile point to samples having 
very similar distributions.

Profile 4. The conclusions of the sedimentological charac
terization carried out in 3.3.4. indicate that the parent 
material, forming the horizons of this profile, are very 
similar. The sedimentological parameters presented in 
table 26 and the cumulative frequencies of the fractions 
between 63 and 2000pm, for each soil horizon (fig. 7) 
clearly show a very high granulometrical similarity among 
horizons.

Profile 5. The sedimentological study elaborated in 3.4.4. 
shows a very high granulometrical uniformity among the soil 
horizons of this profile. This, with the exception of the 
lowermost B32 which appears somewhat different from a sedi
mentological point of view with respect to the other hori
zons. That slight sedimentological difference indicated by 
the mean (Mz) and the skewness (<x3) (table 34) is graphi
cally illustrated by the cumulative frequencies of the sand 
fraction (fig. 8).
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86 7 9 10 12 132 4 53 11

95

Reference numbers

Profile 4 : A12 (1), A3 (2), Bl (3), B21 (4), B22 (5), 
B23 (6) .

Profile 5 : A12 (7), A3 (8), B21 (9), B22 (10) , 
B23 (11), B31 (12) , B32 (13) .

95
95

93
93
94

89
90
92
92

91
92
94
95
91

95
96
94
95
90
94
95

95
97
95
93
89
90
96
96

92
94
95
96
93
95
92
95
93

91
92
93
90
88
92
90
92
91
92

86
88
87
89
87
87
87
89
86
89
85
84

98
96
95
93
89
91

90
91
92
89
87
91
90
91
91
91
99

1
2
3
4
5
6
7
8
9

10
11
12

Table 77. C.P.S.D. index based on 10 fractions between 
63 and 2000p. Plateau B

We therefore conclude that profile 5 is developed on a 
highly uniform parent material. Moreover, it is possible 
to add that both profiles sampled on plateau B are not 
only individually highly homogeneous, but also developed 
in extremely similar materials as indicated by the sedi
mentological parameters (tables 26 and 34) and by C.P.S.D. 
indices that range from 86 to 98 (table 77) .
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4.2.2.1.3. PLATEAU C

In agreement with the conclusions of the sedimentological 
study, the C.P.S.D. index method, presented in table 78 
also confirms a very high similarity of the sand fraction 
distributions among the soil horizons. Indices between 88 
and 96 indicate that the resemblance within the profile 
varies from high to extremely high.

Profile 9. The sedimentological study elaborated in 3.6.4. 
suggests a very high similarity between the sand size dis
tribution of the upper A12 and B/A horizons (table 50) . 
The subsoil horizons B21x and B22x, which are also highly 
similar, appear somewhat different from the sedimentologi
cal point of view, when compared with the upper horizons 
(Al2 and B/A), as illustrated in fig. 10. The sedimentolo
gical difference among the upper and lower horizons is 
highest between A12 and B22x,which is indicated by a gra
dual change in the values of all sedimentological para
meters with depth (table 50).

The C.P.S.D. index method seen in table 78 confirms the 
results of the sedimentological study. The lowest similari
ties within the profile were observed when comparing the 
upper A12 and B/A horizons against the lowermost B22x. Their 
respective indices of 80 and 83 anyway attest for highly 
similar distributions. The highest similarity was observed 
between the A12 and B/A horizons (index 94) . High similar
ities among contiguous horizons are also indicated by in
dices ranging from 85 to 94.

Profile 6. The sedimentological study, developed in 3.5.4. 
points out that the parent materials forming the different 
soil horizons in that profile, are very similar. A very 
high sedimentological likeness is indicated by the para
meters of table 42 and illustrated by the cumulative fre
quencies of the sand fraction (fig. 9) .
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The C.P.S.D. index method shown in table 78 confirms the 
conclusions of sedimentology. The lowest similarities among 
the sand size distributions in that profile result from the 
comparison of the horizon Bh with the overlaying A2, having 
an index of 82 which anyway indicates rather similar dis
tributions. The highest similarities for the whole profile 
(index = 91) were observed when womparing the horizon A2 
versus B22irm.

Profile 8. The sedimentological characterization elaborated 
in 3.8.4. determines that the parent material of the horizon 
Bh appears somewhat different from a sedimentological view
point with respect to the very similar overlaying (A2) and 
underlaying (B22irm) horizons, as shown by most of the para
meters presented in table 65 and illustrated in ficr. 12.

Profile 7. The sedimentological study carried out in 3.7.4. 
designates that a sedimentological difference exists be
tween the upper layers (A12 and A2, and the subsoil 
B21hirm and B22hirm, as illustrated in fig. 11 , character
ized by the gradation of most sedimentological parameters 
with depth (table 57 ) .

The results of the sedimentological characterization are 
supported by the results of the C.P.S.D. index method 
presented in table 78. The lowest similarities among the 
sand size distributions of the different soil horizons are 
observed, when comparing the top Al 2 and A2 versus the 
lowermost B22hixm, vhere indices of 80 in any case suggest a 
rather high similarity. The gradual change followed by the 
sedimentological parameters with depth is corroborated by 
the high to extremely high indices (ranging from 89 to 95) , 
found between contiguous horizons.
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4.2.2.1.4 . PLATEAU D

Moreover,

64 532

96

Reference numbers

1
2
3
4
5

95
96

90
92
94

96
95
95
91

91
92
94
92
93

Profile 3. The sedimentological parameters, (table 73) and 
the cumulative frequencies of the fractions between 63 and 
2000p for each soil horizon (fig. 13) illustrate a very 
extremely high uniformity throughout.

Profile 3 : A12 (1), A3 (2), Bl (3), B21 (4), B22 (5) , 
B23 (6) .

Table 79. C.P.S.D. index based in 10 fractions between 
63 and 2000p. Plateau D

the C.P.S.D. index (table 79) show indices of si
milarity ranging from 91 to 96, thus indicating that the 
compared distributions are very to extremely similar, and 
confirming the results of the sedimentological character
ization.
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8 9 10 12 13 147 116542 3
89

Table 80. C.P.S.D. index based on 10 fractions between 
63 and 2000p of the horizons between 0 and 50 cm

Table 80 shows that in the upper 50 cm the similarity of 
the materials is in general high to extremely high through
out the region. A somewhat lower index of similarity - 71 - 
is only observed when comparing the Al horizon of profile 2 
against the A12 horizon of profile 9, respectively located 
in plateaux A and C.

91
91

91
87
92

91
86
91
96

93
80
84
88
90

91
79
84
88
90
95

93
81
85
88
90
98
96

93
82
87
90
92
95
96
95

92
80
84
88
90
95
97
95
96

89
78
84
88
89
85
96
95
94
95

88
93
92
84
83
79
79
80
81
79
77

94
91
95
92
91
87
87
88
90
88
86
90

1
2
3
4
5
6
7
8
9

10
11
12
13

84
71
77
80
82
90
91
90
89
91
91
72
79

In order to estimate the degree of similarity among the 
soil parent materials present in the different geomorpholo
gical units included in this work, the particle size dis
tribution of the fractions from 63 to 2000g corresponding 
to the soil horizons comprised in the upper 50 cm, between 
50 and 150 cm, and from 150 to 250 cm depth, were compared 
with the aid of the C.P.S.D.index method. The calculated 
indices for the chosen depth intervals are presented in 
tables 80, 81 and 82.

4.2.2.2. Similarity of the soil parent materials between 
geomorphological units
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Reference numbers

Plateau B

Between 50 and 150 cm depth, the similarity of the particle 
size distributions among the studied geomorphological 
units is also high to extremely high, as shown in table 
with the sole exception of horizon B21 in profile 2, which 
normally shows rather low indices throughout.

Plateau A - Prof. 1 : A3 (1), 
Prof. 2 : Al (2)', A3 (3).

Plateau D - Prof. 3 : A12 (4), A3 (5).
Prof. 4 : A12 (6), A3 (7),
Prof. 5 : A12 (8) , A3 (9) .

Plateau C - Prof. 6 : A12 (10), A3 (11),
Prof. 7 : A12 (12) ,
Prof. 8 : A2 (13) , 
Prof. 9 : A12 (14) .
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2 3 8 124 5 6 7 9 10 13 14 1511
96 901

2 90
3 93
4 85
5 91
6 92

9
10
11
12

Reference numbers

Prof. (13)

Plateau D
Plateau B

13
14

Table 81 suggests a high and extremely hign similarity of 
the soil parent materials between 150 and 250 cm depth 
for the four plateaux included in this work.

7 
8

87
87

86
87
87 92

92

90
91

90
89
89
90
88

89
88
88
89
87

84
86
83
84
87
87
85
84

89
90
90
86
90

90
89
89
88
91

87
88

90
89
85
91
91
90
85
87
86

96
95

90
90
89
87
86
84
94

95
93
87
88
88

94
94

97
96
90
87
87

82
85
88
81
80
82

85
84
87
89
88
88

80
81

91
99

(4) . 
(6), 
(8), B32 (9).

91
86
85
89

91
88
87

91
91
90
86
90
88

Table 82. C.P.S.D. index based on 10 fractions between 
63 and 2000p of the horizons between 150 and 
250 cm depth

Plateau A - Prof. 1 : B22 (1), Prof. 2 : B3 (2).
Prof. 3 : B22 (3), B23 
Prof. 4 : B22 (5), B23 
Prof. 5 : B23 (7), B31

Plateau C - Prof. 6 : B22 (10), B23 (11),
7 : B21 h.ir.m.(12), B22 h.ir.m.

Prof. 8 : B22 ir.m. (14) 
Prof. 9 : B22x (15).
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4.2.2.3. Conclusions

3. Quartz and kaolinite, major mineral components of the 
discussed soils, are stable end-components of the weather
ing sequence, and therefore as a result of pedogenesis, 
changes in the mineralogical composition from the actual 
mineral assemblage are unlikely to occur.

2. The almost complete absence of weatherable minerals 
confirms the ultimate stage of weathering of the soil 
parent materials.

1. In the plateaux of Alagoas, the mineralogical composi
tion of the soil parent materials is uniform throughout, 
composed mainly by quartz, ubiquists, kaolinite and low 
amounts of iron and aluminum oxides.

4. Besides the identical mineralogical composition and 
with the sole exception of profile 2, all the pedons 
selected for this study may be considered as developed on 
highly uniform sediments. And also the different geomor
phological units included in the studied region present 
throughout a very high sedimentological similarity.

Therefore, the observed differences in soil features, 
processes or rates within and between the studied soils 
are related to other factors than the materials of 
departure.



202.-

4.3. Particle size distribution

as

Podzols are characterized by contrasting textures between 
the upper and the lower sola, as shown in fig. 15. The 
upper horizons are almost entirely composed of sand up to 
one meter depth. The subsoils are heavy textured, show 
uniform clay contents and significant higher amounts of 
silt are generally observed in horizons where organic mat
ter and sesquioxides of Al accumulate.

Anyhow, many times pedologists pointed out the influence 
of erosion itself or associated with other processes 
the cause of textural gradients. Thus, De Leenheer, 
D'Hoore and Sys (1952) verified for the catena of Yangambi 
(Central Africa), the relationship between textural diffe
rentiations and run-off intensities. Also Sys (1960) ex
plained the clay peak frequently found in Kaolisols of

Clay increases from the topsoil to the subsoil are common 
in soils of intertropical regions and have often been in
terpreted as the result of clay migration, like in certain 
groups of temperate soils.

In Red Yellow Podzolic-Podzol intergrades the depth dis
tributions of clay and sand are similar to the ones 
observed in Latosols and Red Yellow Podzolic soils, where
as the silt distribution with depth resembles that of 
Podzols.

The particle size distributions of the dominant soils - 
Latosols and Red Yellow Podzolic soils - illustrated in fig. 
1 5 shows that the clay content gradually increases from 
the topsoil to about one meter depth, remaining constant 
in the subsoil. They also show that the sand fraction 
follows a similar but opposite trend. The amounts of silt 
are very low and similar throughout, and present somewhat 
higher figures with depth.



203.-

o

to
O

c

00

CO

1o

>0

tn

o

i

o

o

•lua Hid a a

CM

O 
o

TJ 
0 ra

3 
0

u
*0 
0 
fl o 

to
D
Z 
<
tn

o 
w

o

o 
w

o

o 
n

O 
o 
CM

>, 
0

0 M 
0 
O'

o 
If)

cu 
(U •o

o 
to o
0

><
»0
<D

3
to 
0 
O

0 
X)
p
to

4J

"to

•0 
0 0 
tn

o 
N 
*0 
O 
Dj



204.-

*

co

o

Q

1O to

c

to

CM

00

*o

I
in

o

*UJ3 H id 30

O 
0

4?
O o

o o

o 
z 
< 
0

ae 
o 
CM

o o>

o 
0

o 
CM

o 
0

o 
o 
CM

o 
N •o o 
fa

0) 
M 
3 
O'

fa

>i 
<0 

i-4 
u
’O 
d 
to
-P 
r4

to*
T5 
d 
<0 
0

CL 
0) 
U

5 
t4 
3
co 
d o
4J 
5 
Ji
M 
4J 
to
T5



205.-

4.3.1. Sedimentation of coarse textured surface material

In the studied soils some of these processes actively 
participate in the present pedogenesis and are in conse
quence related with the classification and the distribu
tion of the soils in the landscape.

Most probably based in similar findings and in agreement 
with Soil Taxonomy (1975) , Moormann (1979) concludes that 
the textural differentiation in L.A.C. (low activity clay) 
soils may result from one or more processes acting simul
taneously or sequentially, affecting surface horizons, 
subsurface horizons or both.

Among the most important ones the author considers : 
sedimentation of coarse textured surface materials, clay 
destruction in the epipedon, clay eluviation and illuvi
ation and lateral selective erosion.

The evaluation of the uniformity of the soil forming mate
rials carried out in 4.2.2. shows that the soil profiles in
cluded in this work - with the exception of profile 2 - 
are all developed in homogeneous parent materials. And al
so that the materials forming the different soil profiles 
are in turn highly similar throughout.

Zaire by maximum weathering, and suggested surficial ero
sion as a factor contributing to the generally sandier 
texture of the A horizon. On the other hand, U.S.D.A. 
(1960), Folster (1964), Folster and Ladeinde (1967), in
dicated the influence of surface erosion associated with 
termite and earthworm activities contributing to the 
coarser texture of the A horizon in soils of Western 
Nigeria. Also primary differences of clay content in stra
tified parent materials were evoqued by Folster and 
Ladeinde (1967), as the causes of textural differentia
tions .
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4.3.2. Clay_destruction_in_the_egigedon

4.3.3. Clay eluviation and illuviation

Therefore, it is possible to state that the clay increases 
within individual profiles and the different clay gra
dients observed between profiles, result from other fac
tors than the material of departure.

Apart from the clay distribution itself in the L.A.C.clay 
soils under discussion, the presence of clay skins in the 
field is the main diagnostic criterion for the recognition 
of illuvial horizons; the textural B horizon after Lemos, 
Bennema, Santos et al. (1960), or the Argillic horizon 
according to Soil Taxonomy (1975) and FAO-UNESCO (1975) 
systems. In these soils clay skins were not observed dur
ing the field work (examined without magnifying glasses) . 
Anyhow, the micromorphological study showed moderately 
high and very high illuviation indices (Midema and Slager, 
1972) throughout the area; and in spite of the intense 
biological activity all soils - Latosols, Red Yellow Pod
zolic, Podzols, and their respective intergrades - present 
in the subsoil required illuvial rates for the Argillic 
horizon. In those materials the discrepancy between tne 
appreciation of illuvial clay in the field and the micros
copic evidences of this process is discussed in 4.5.5.1.

The relative loss of clay in the upper horizons of tropi
cal soils may result from the weathering of layer-lattice 
silicates (Moormann, 1979) . In the upper soil horizons, 
where weathering is more intense, slow clay destruction, 
elimination of bases and silica (ferralitization) is a 
particularly intense process in the high surface tempera
tures of well-drained soils. Because this process affects 
surface horizons more than subsurface horizons, a vertical 
textural differentiation usually results.
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4.3.4. Selective erosion

But in most cases the main soils of the region - Latosols 
and Red Yellow Podzolic - not only show the presence of 
clay coatings in the subsoil, but also in the eluvial 
horizons, suggesting that the occurrence of illuvial 
features and the textural differentiations with depth are 
not controlled by the same factors.

Precipitation on the land surface can follow three major 
pathways : overland flow, throughflow (interflow) and deep 
percolation (Seyhan, E., 1975). The amount of water fol
lowing these various pathways is controlled by a complex 
set of interrelated factors among which duration of the 
rainfall, topographic characteristics, permeability of the 
soil, vegetative cover, and physical condition of the sur
face of the soil are the most relevant (Hall, 1983) .

In principle, the micromorphological study points out that 
the clay illuviation processes appreciated throughout the 
area, could at least to some extent contribute to the clay 
increases with depth generally observed.

Aubert (1966) and Duchaufour (1965) stated that the perme
ability of each soil horizon is frequently higher than the 
permeability of underlaying layers. Therefore, a very 
slight slope may induce the lateral movement of the drain
age waters that momentaneously saturate the upper part of 
these horizons. The importance of shallow throughflow to 
overland flow in forested watersheds in humid regions has 
also been pointed out by many hydrologists (Harr, 1977; 
Whipkey, 1969; Hewlett and Hibbert, 1967; cited by Moniz 
and Buol, 1982). Miller et al. (1971) found out that 50% 
of the January-June precipitation ended up as throughflow 
above a fragipan and that in a single month with low 
transpiration, 80% of the precipitation moved downslopes 
as subsurface run-off. Anyhow, Roose (1968) points out
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that although the lateral movement of flowing water is 
mostly observed when an impermeable horizon is below a 
thin and very permeable layer, the same phenomenon is li
kely to occur when the differences in permeability are 
not so contrastive. According to Miller (1971), deep per
colation is a significant pattern only in depressed land
scape positions, or in coarse and very permeable materials 
such as gravel, sand or coarse volcanic deposits. In 
agreement to this Roose (1970) found that in Ferralitic 
soils of Ivory Coast, only 500 to 600 mm out of an average 
annual precipitation of 1750 mm were vertically drained 
through the soil. Therefore, in function of the rainfall 
rates, duration and the hydraulic properties of the soil, 
a significant part of the precipitation is evacuated from 
the landscape as throughflow along the surface of less 
permeable subsurface horizons.

In 1970 Roose evaluated the impact of flowing waters on 
soil properties under tropical conditions. The author 
points out that under semi-deciduous forest, the impover
ishment through selective erosion (throughflow) and verti
cal leaching without localized accumulation in fine par
ticles from the upper horizons, prevails in the actual pe
dogenesis. Besides that, horizontal migration of rion and 
aluminum oxides associated with the solid eroded particles, 
leaching of nitrogen and bases, and the migration of Si 
and organic matter mostly in solution or linked with the 
removed clay and silt, were also observed. Similar conclu
sions were reached by Hugget (1976) who, through field 
studies, evaluated -the effects of flow in temperate soils. 
This author concludes that : 1) silt and clay, as well as 
iron, aluminum, silicon and manganese, were translocated 
laterally and contributed significantly to soil develop
ment; 2) convergent throughflow in the cove positions re
sulted in a greater movement of soil plasma than in the 
nose positions were the throughflow was divergent; 3) 
throughflow of soil plasma and amorphous colloids decreased
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Within the studied area geomorphological and pedological 
evidences indicate that the clay surficial impoverishment 
of the soils is strongly dependent on selective erosion 
processes.

with depth in the soil and 4) the process of lateral 
translocation might be wave-like.

3) Moreover, Argillic horizons as defined in Soil Taxonomy 
(1975) contain more total clay and more fine clay than the 
eluvial horizons. In consequence, the illuviation of fine 
clay from the topsoil to the subsoil results in a relative 
increase of other fractions in the topsoil and a decrease 
in the B horizon, while the fine clay/total clay ratio is 
highest in the B. On the other hand, the removal of fine 
material from the topsoil by selective erosion causes no 
changes in the fine clay/total clay ratio of the subsoil but 
results in a relative increase of the coarse fractions in 
the topsoil.

1) This way Wanderley Leite (1974) defines the selective 
erosion of silt and clay from the upper soil layers as the 
main morphogenetical process everywhere occurring in 
similar plateaux surfaces and no matter the vegetative 
cover present. Accordingly, during the rainy season, the 
rivers draining the plateaux transport a considerable mud 
load which is removed out of the area, and mainly deposi
ted in the littoral depression.

2) On the other hand, the type of clay distribution of the 
soils is everywhere that of a constant clay level below a 
clay impoverished surface horizon, but witnout any sign of 
an equivalent--3it accumulation peak in the subsoil as in 
the typical leached soils of temperate areas.
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In the dominant well-drained segments of the landscape - 
where Latosols and Red Yellow Podzolic soils occur - no 
matter the vegetation type (forest or cerrado), the 
resulting textural gradients are gradual and rather simi
lar throughout, as previously shown in fig. 14.

Based on these assumptions and considering that the main 
soils of the area - Latosols and Red Yellow Podzolic soils 
as show in fig. 16 - present a rather constant fine clay/tot. 
clay ratio throughout with highest values in the topsoil, 
where the coarse fractions relatively increase, we may 
conclude that the fine material appears to be removed 
from the topsoil by selective erosion. But, within the 
studied area run-off intensities, which are mainly con
trolled by topographic characteristics, drainage and vege
tative cover, are not uniform throughout and exert a 
remarkable impact in the textural gradients of the soils.

Anyhow, the profiles sampled under forest - Red Yellow 
Podzolic soils (profiles 3, 4, 5, 6) - present clay in
creases that satisfy the requirements of the argillic ho
rizon and are thus classified as Ultisols (Soil Taxonomy, 
1975) or Acrisols (FAO/UNESCO, 1974), whereas identical 
soils under cerrado (Latosols, prof. 1 and 2) not having 
the increase of clay required for the argillic horizon, 
are classified as Oxisols (Soil Taxonomy, 1975) or Ferral- 
sols (FAO/UNESCO, 1974). But, it is also important to 
stress that in areas having the same type of vegetative 
cover - forest or cerrado -, Latosols (Oxisols) and Red 
Yellow Podzolic soils (Ultisols) currently occur in close 
proximity. Therefore, based on these evidences and consi
dering that all the studied profiles are developed in uni
form and highly similar parent materials (see 4.2.2.) and 
show the same mineralogical (see (4.2.1.), physico
chemical (see 4.4.) and micromorphological (see 4.5.) pro
perties, we may conclude that the soils here classified as 
Latosols (Oxisols) and Red Yellow Podzolic soils (Ultisols)
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(x) See location of prof. 7 and 8 in scheme C.

Finally, the presence of Podzols in landscape positions of 
maximal run-off and that of Latosols and/or Red Yellow

are not more than differently eroded phases of the same 
soil type, either influenced by the vegetation or the to
pographical position.

In close depressed zones within the dominant well-drained 
sectors of the landscape, the convergent run-off waters - 
transporting fine elements - there accumulated are mainly 
removed through deep percolation. Therefore, the profiles 
in those positions present in the subsoil the highest 
amounts of fine material (silt plus clay) for the whole 
area (see prof. 9) .

In contrast with the main well-drained sectors of the 
landscape, in collection areas for seepage waters under 
cerrado with free lateral drainage and restricted percola
tion, intense run-off totally removes the fine fractions 
silt and clay from the upper meter of the soil (x) . The 
resulting coarse porous material leads to the formation of 
Podzols (Spodosols) in the upper eroded layers of a Lato
sol or a Red Yellow Podzolic soil. In consequence, the 
non-eroded clay-rich horizons below show under the micro
scope overlapped pedological features which correspond to 
pre-existing and actual pedogenetic processes (see micro
morphology prof. 7 and 8). The simultaneous expression in 
the subsoil of typical diagnostic features for argillic 
and spodic horizons in profiles having a uniform soil 
parent material, confirms that Podzols are developed in 
the upper clay impoverished layers of Latosols or Red Yel
low Podzolic soils, in agreement with Soil Taxonomy (1975) 
and Bennema (1979) .
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4.3.5. Conclusion

No matter that in the discussed soils tne textural diffe
rentiation may be due to pedological or geomorphological 
processes acting simultaneously or sequentially, and in 
spite of the micromorphological evidences of clay illuvia
tion present in all the selected profiles, along the 
studied region the soil textural gradients mainly result 
from processes of selective erosion and their rates are 
determined by factors which control run-off intensities.

Podzolic soils in less eroded zones, clearly points out / 
af the significance of run-off intensities in the regional 
distribution of the soils and shows the marked interdepen
dence between geomorphological and pedological processes.

Therefore, the lateral translocation of fine soil compo
nents must be considered in the plateaux of Alagoas as a 
significant contributor to soil development.
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4.4. Chemical properties

Tn depressed zones and independently of the vegetative 
cover type (forest or cerrado), the profiles have an irre
gular distribution of the organic matter with depth (see 
fig. 18) and the highest amounts for the whole area. Maxi
mal organic accumulations occur in the subsoil horizons of 
imperfectly drained Podzols under cerrado, where the 
presence of a high watertable during rather long periods 
inhibits the organic matter decomposition by lack of oxy
gen. Moreover, those particular segments of the landscape 
not only receive the organic material supplied by the

The low levels of organic matter everywhere present can be 
attributed to the warm climate and to the favourable soil 
drainage conditions, which provide suitable temperatures 
for high decomposition rates by aerobic micro-organisms.

The analytical results of the dominant well-drained soils 
- Latosols and Red Yellow Podzolic soils - show that the 
readily available plant nutrients are concentrated in the 
surficial ochric and umbric epipedons, where the bulk of 
the organic matter is normally present.

In the topsoil of the profiles under cerrado, organic 
matter contents are low (<1%), whereas in the soils under 
forest, medium contents (1-1.5%) are observed. In the sub
soils the amounts of organic carbon are similar through
out. Table 83 shows the average O.C % in surficial, 
transitional and subsoil horizons.

The organic matter contents are low, they range from 0.14 
to 1.5%, and show an exponential decreasing trend with 
depth (fig. 17).

4.4.1. Qrganicjnatter
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Extr. valuesHorizons

0.26

84. Organic carbon content in PodzolsTable

Extr. valuesHorizons

1.50 (0.46-2.82)

Table 83. Organic carbon contents in Latosols and Red 
Yellow Podzolic soils

The average and extreme organic carbon values of sur
ficial (Ap, A2) and subsoil horizons (Bh, Bh.ir.m., Bir.m.) 
are presented in table 84.

B2h.ir.m.
Bir.m.

(0.20-2.98)
(1.60-1.90)

(0.66-1.48)
(0.38-0.77)
(0.11-0.54)

Ap, A2 
Bh

Ap, Al
A3, Bl
B2, B3

local vegetation, but also organic matter solubilized in 
the laterally flowing water as established by Roose 
(1968, 1970).

Average 
(%) 

0.95 
0.49

Average 
(%) 

1.04 
1.75

The rather high organic matter present in the surficial 
horizons of Podzols and Red Yellow Podzolic-Podzol inter
grades included in this work, are due to the incorporation 
of sugar mill organic residues enriched in Ca and Mg 
(filter cake).
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4.4.2. Exchan2eable_bases

The decrease of bases with depth in the upper sola is lar
gely due to biocycling of nutrients by the native vegeta
tion. But biocycling, which constitutes - in the absence 
of weatherable minerals - the sole source of replenishment 
of bases, is not totally efficient and continued losses 
through leaching and erosion result in a progressive impo
verishment of bases. On the other hand, in agreement with 
Miller (1983), who stated that decreases in base saturation 
frequently occur in saturated parts of the profile, the 
transitional A3 and Bl horizons, where a perched watertable 
periodically oscillates, always show the lowest S values 
(see table 85).

The distribution or exchangeable bases approximately paral
lels the base saturation trends with depth (table 85) .

In Latosols and Red Yellow Podzolic soils the sum of ex
changeable bases (S value) represents a rather small part 
of the exchange complex. In the topsoil (Ap and A1 hori
zons) the variation of V ranges between 20% and 69.7% 
with an average of 43.6%. In transitional horizons (A3 and 
Bl) , the variation is between 12.3% and 47.4%, with an 
average of 25.9%. In the subsoil (B2 and B3 horizons), it 
ranges from 11.6 to 61.2%, with an average of 28.3% 
(table 85).

The absolute amount of Ca, Mg and K is extremely low 
throughout and shows the highest percentage in the topsoil. 
The percentage if Ca is always higher than that of Mg and 
both cations are dominant among the bases.

The total amount of bases is rather similar within profi
les, and the lowest S values are normally observed in the 
transitional A3 and Bl horizons (see table 85) .
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Horizons

Extr. values
1.92 43.6
1.00 25.9
1.48 28.3

Horizons

Extr. values
54.81.16
4.80.36

B2 0.38 5.3

Table 86. Sum of bases and base saturations of Podzols and 
Red Yellow Podzolic-Podzol intergrade

In depressions where Podzols and Red Yellow Podzolic- 
Podzol intergrades occur, more intense leaching results 
from the concentration of rainfall and laterally flowing 
waters. In these sites the soil profiles normally show a 
significantly lower base status than in Latosols and Red 
Yellow Podzolic soils (see table 86) .

Table 85. Sum of bases and base saturations of Latosols 
and Red Yellow Podzolic soils

(0.33-16.9)
(0.35-0.38)
(0.32-0.93)

(0.86-2.89)
(0.57-2.04)
(0.62-2.54)

(20.0-69.7)
(12.3-47.4)
(11.6-61.2)

Ap, A1, A2
Bh

(30.2-82.5)
(4.26-5.3)
(3.1-9.1)

Base saturation 
(%)

Average

Base saturation 
______(%) 
Average

Abnormally high levels of the S value and base saturation 
in the upper horizons (Ap, Al, A2) of Podzols and Red Yel
low Podzolic-Podzol intergrades result from the massive 
application of organic sugar mill subproducts (filter 
cake) rich in Ca and Mg.

Ap, Al
A3, Bl
B2, B3

Sum of bases 
(meq./lOO g)
Average Extr. values

Sum of bases 
(meq./lOO g)
Average Extr. values
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4.4.3. Exchan2eable_aluminum
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Fig. 19. Relation between pH/KCl and exchangeable aluminum 
in Latosols and Red Yellow Podzolic soils

The negative correlation between exchangeable aluminum and 
pH/KCl in the dominant soils of the area is graphically 
illustrated in fig. 19.

u
X

HI

v 0.8 * 
E

4.6
pH KCI

monomeric Al+++

The contents of exchangeable aluminum are low throughout 
studied area. The absolute amounts of Al range from 

0.0 to 2.4 meq./lOO g of soil.

In all profiles the trends with depth followed by KCI ex
changeable aluminum are strongly dependent on pH. The 
polymerization of AKOH)^ increases with pH, and ex
changeable amounts decrease as a result although the total 
amount of Al in the soil does not necessarily change. Con
sequently, lower pH values correspond to higher amounts of 

, which in turn generates acidity by hydro
lysis when there are not enough hydroxyl anions to neu
tralize it.
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4.4.4. gH

Table 87 shows that in Latosols and Red Yellow Podzolic 
soils the aluminum saturations of the effective C.E.C. 
(E .C.E .C.) are highest (average = 37.8%) in transitional 
horizons (A3 and/or Bl) , where pH values are normally 
lowest (see table 89) . At the same time saturations 
higher than 50% are occasionally present in either of 
these two soil horizons.

It is generally agreed that high levels of exchangeable 
aluminum in the soil have a detrimental effect on crop 
production.

Anyhow, the highest aluminum saturations for the whole 
area occur in the organic matter enriched Bh, Bh.ir.m. and 
Bir.m. subsoil horizons of Podzols. The average rates 
there observed range from 68.1% to 80.8% (see table 88) 
in agreement with the measured pH values.

The pH/H2O values are rather uniform within profiles, not 
showing in Latosols and Red Yellow Podzolic soils any 
clearly defined trend with depth, as seen in fig. 20. Y 
how, table 89 shows that the variation of this value 
the topsoil (Ap and Al horizons) is from 4.4 to 5.6, wi 
an average of 4.9; in transitional horizons (A3 and Al) 
it ranges from 4.3 to 5.3, with an average of 4.7, and in 
the subsoil (B2 and B3 horizons) the variation is between 
4.6 to 5.5, with an average of 5.07. Therefore, the t 
sitional A3 and Bl horizons generally show somewhat 
figures than the overlaying and underlaying layers, t

In agreement with the low base saturations generally 
observed, all the sampled profiles show "very strong" and 
"strong" acid reaction (terminology of the Soil Survey 
Manual, 1950).
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in agreement with the base and aluminum saturations which 
are respectively lowest and highest in these layers (see 
tables 85 and 87).
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Fig. 20. Distribution of pH/H20 with depth in Latosols and 
Red Yellow Podzolic soils

Table 90 shows that in Podzols the pH values are highest 
in the topsoil (Ap, Al and A2 horizons) where base satura
tions are highest and aluminum saturations lowest (see 
tables 86 and 88). A reversed situation is observed in 
the Bh horizons. The pH/KCl values are everywhere lower 
than the pH/H2O values, and here also the soil colloid 
charge is negative.

On the other hand, the pH/KCl values, which are always 
lower - less than one unit - than the pH/H2O values, indi
cate that the overall charges of the soil colloids have a 
negative sign (Mekaru and Uehara, 1972).
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pH/KClHorizons
Extr. val.Extr. val.Average Average

5.07

pH/KClHorizons
Extr. val.AverageAverage

(4.0-4.9)(4.6-5.3) 4.424.97

4.4.5. Cation_exchan2e_cagacity

The apparent C.E.C. by ammonium acetate in the B horizons 
is normally less than 16 meq./lOO g clay throughout the 
studied area. The apparent C.E.C. values denote the domi
nance of kaolinite in the clay fraction, and the soils 
have therefore reached the so-called oxic stage of pedo
genesis (Tavernier and Eswaran, 1973). The occasional 
higher C.E.C. values observed in some topsoils and in the 
subsoils of profiles, located in depressions - Podzols and 
Red Yellow Podzolic-Podzol intergrades -, are exclusively 
due to significant accumulations of organic matter.

5.42
4.85

4.90
4.70

(5.2-5.6)
(4.5-5.2)

(4.4-5.6)
(4.3-5.3)
(4.6-5.5)

4.78
4.30
4.47

(4.9-5.2)
(3.9-4.4)

(4.0-4.8)
(4.1-4.6)
(4.3-4.9)

Ap, A1, A2 
Bh

Ap, Al
A3, Bl
B2, B3

5.00
4.15

B2h.ir.m., 
Bx

Using the data of all horizons of the nine soil profiles 
selected for this work, the apparent C.E.C. by ammonium 
acetate at pH 7.0 was compared with the organic matter con
tent. Fig. 21 shows a very clear trend, as calculated from

Table 89. Average pH/H2O and pH/KCl values in Latosols 
and Red Yellow Podzolic soils

Table 90. Average pH/H2O and pH/KCl values in Podzols

pH/H2O
Extr. val.

pH/H2O
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Figure 21 - Relationship between percentage of organic 
carbon and C.E.C.(NH40Ac)/100g. clay in 
Latosols and Red Yellow Podzolic soils.
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4.4.6. Free iron and aluminum oxides

Due to the nature of the soil parent material, the amount 
of free Fe and Al oxides, as extracted by dithionite- 
citrate-bicarbonate, is very low throughout the region.

The low content of sesquioxides which makes the structure 
of these soils rather unstable, is related with important 
management properties, as pointed out by Bennema (1979). 
In these soils, dense layers are easily formed in the 
upper sola (from 20 to 80 cm) as discussed by Oliveira 
et al. (1968) and Janssen and Van Der Wert (1976). Density 
is easily increased by the use of agricultural machinery 
or when clearing the forests. On the other hand, under 
agricultural use the topsoils can easily loose clay and

In the B2 horizons of the dominant well-drained Latosols 
and Red Yellow Podzolic soils, the free Fe oxides range 
from 1.05% to 2.21%, with an average value of 1.56%; and 
the free Al oxides vary between 0.38% and 0.93%, with an 
average of 0.67%.

Moormann and Buol (1981) proposed the use of apparent 
C.E.C. per 100 g clay (<16 meq.), or E.C.E.C. (<12 meq.) 
expressed on clay basis, as alternative criteria for the 
recognition of the Kandic horizon. The studied Latosols 
and Red Yellow Podzolic soils showed a high (coef. corr.= 
0.99) linear relationship between C.E.C. by NH^OAc and 
E.C.E.C., which is given by the following equation : 
C.E.C. (NH4OAc) = E.C.E.C. (0.845 + 0.295 E.C.E.C.), and 
illustrated in fig. 22.

the following equation : apparent C.E.C. (NH4OAc) = 
7.363 e 0.554. 0.6 %.
The C.E.C. of the clay fraction always shows a positive 
high correlation (coef. corr. = 0.76) with the organic 
matter content.
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In open depressions along the edges of the plateaus, when 
the drainage is imperfect (see prof. 7 and 8 in scheme C), 
and in contrast with the associated well-drained profiles 
of the same landscape, free iron oxides are totally absent 
in the upper (ochric or albic) horizons, and range from

organic matter by differential erosion and by vertical mi
gration, as stated by Bennema (1979).

At the same time in depressed zones of the landscape, where 
surface and subsurface run-off waters are collected, the 
watertable normally remains on top of the soil for rather 
long periods during the rainy season. Consequently, iron is 
there solubilized and removed from the soil in significant 
amounts. Anyhow, in some places part of the soluble Fe 
is oxidized and precipitates to form mottles. Under tne 
microscope, these iron-rich zones are observed along pores, 
indicating either a more oxidizing environment or one in 
which oxidation prevails for longer periods than in the 
associated iron depleted soil mass.

In consequence, the free Fe/clay ratios and the free 
Al/clay ratios are constant within individual profiles, in
dicating that the comigration of clay and free oxides is a 
generalized process in the upper sola. This in agreement 
with Roose (1968 and 1970), who stated that in the upper 
horizons of Ferralitic soils of Ivory Coast, iron and 
aluminum oxides migrate in association with solid fine 
particles (from 0 to 20p) , mainly by a selective subsurface 
erosion - throughflow -.

In these soils the free oxides (Fe and Al) distributions 
are very similar and follow a smooth increasing trend with 
depth, which parallels the distribution of the clay. The 
relationship between the distributions of free Fe oxides 
and clay, and between Al oxides and clay are respectively 
illustrated in fig. 23 and 24.
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Finally, in these surfaces the macro- and microrelief are 
both related to the soil drainage. The influence of the 
watertable and the related oxido-reduction regimes in turn 
determine the amounts of free iron oxides in each soil 
(Daniels et al., 1975). This way, the profiles located in 
depressions - Podzols and Red Yellow Podzolic-Podzol inter
grades - have significantly lower levels of free iron 
oxides than the well-drained soils - Latosols and Red Yel
low Podzolic soils -.

In contrast to Fe, the free Al oxides, which are not redu
cible to a more soluble oxidation state, always accumulate 
in the subsoil horizons of profiles located in depressions 
— Podzols and Red Yellow Podzolic-Podzol intergrades -, 
and there form organic matter-sesquioxide complexes which 
give raise to characteristic indurated subsoils (see prof. 
7, 8 and 9).

In close depressed zones - in the central part of the 
plateaux - with moderate drainage conditions (see location 
of profile 9 in scheme C) , free iron oxides, even in extre
mely low amounts, are present throughout the soil. The 
contents are highest in the subsoil ranging from 0.13% to 
0.40%, with an average of 0.26%. The somewhat higher con
tents of free iron oxides, observed in this type of 
depression, are probably related to the amounts of collec
ted water, and to the fact that the losses of soluble Fe++ 
are only restricted to vertical leaching.

0.0% to 0.96%, with an average of 0.17% in the subsoil. In 
those areas the solubilized Fe++ may be vertically leached 
and also laterally removed by throughflowing and over
flowing water.
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4.4.7. Conclusions

Accumulations of organic matter are normally observed in 
depressed sectors of the landscape, where its decomposition 
is periodically inhibited by hi g& water table levels.

low organic matter contents shown by the main soils 
region - Latosols and Red Yellow Podzolic soils -

Significantly higher contents and saturations of exchange
able aluminum are observed in the subsoil horizons of pro
files located in depressions, where pH values are lowest 
for the whole discussed area.

3. The absolute amounts of exchangeable aluminum in the 
main well-drained soils of the area - Latosols and Red 
Yellow Podzolic soils - are rather low and negatively cor
related with pH values. Aluminum saturations are also 
rather low and follow similar trends.

1. The 
of the 
are due to high decomposition rates resulting from high 
temperatures and favourable drainage conditions. The non
mineralized organic material is anyhow partly removed 
through vertical leaching and probably also by laterally 
flowing waters.

In depressed zones more intense leaching results from the 
concentration of rainfall and laterally flowing water, and 
thus in those sites both parameters present significantly 
lower values.

2. The amount of bases and the base saturation rates are 
generally low, with highest figures in the upper soil hori
zons of the dominant soils of the area - Latosols and Red 
Yellow Podzolic soils -.
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6. From chemical point of view, the main soils of the 
studied region - Latosols, Red Yellow Podzolic soils and 
their respective intergrades - constitute a highly homoge
neous group of soils.

In depressed zones under the influence of periodically high 
watertables, the iron is solubilized and significantly 
removed with the flowing water, whereas the insoluble alu
minum accumulates in the subsoils.

Higher C.E.C. values are only observed in epipedons and in 
subsurface horizons of profiles located in depressions 
where significant organic matter accumulations occur.

5. Iron and aluminum oxides migrate from the upper soil 
layers of Latosols and Red Yellow Podzolic soils in asso
ciation with the removed fine material - silt and clay - 
through selective erosion.

4. In agreement with the mineralogy of the materials of 
departure, the diagnostic horizons of the major soils 
- Latosols and Red Yellow Podzolic soils - always show 
apparent C.E.C. values which correspond to that of oxic 
materials.

When depressions present free lateral drainage, iron and 
aluminum oxides are totally removed from the upper soil 
layers.
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4.5. Micromorphology

4.5.1. Coarse_material (>5jim)

4.5.2. Fine material (<5um)

Undifferentiated b-fabrics (magnification 100 X) are domi
nant in all the studied profiles. In the top layers, where 
organic matter concentrates, it is the only type observed. 
In the subsoils dotted, circular striated, also called 
ooidisepic (Verheye and Stoops, 1975), parallel striated 
and poro striated b-fabrics are present as subordinated 
types, which are generally weakly expressed and mostly 
observed under maximum light intensities. Therefore, the

The fine material is the major soil component in most of 
the studied soils. It is composed of kaolinitic clay stain
ed with organic matter and iron oxihydrates, mostly show
ing yellowish colors, or brown and dark brown colors in 
horizons where organic matter accumulates.

(1974) in Oxisols of Angola, and accord-
(1978) and Stoops (1979) it is a fea-

Quartz is the predominant mineral of the coarse material. 
It is mainly composed by subangular and subrounded grains, 
giving evidence of transport. Other primary or weather
able minerals were not observed. Mostly in the medium and 
coarse sand fractions, a lot of fissured and corroded grains 
are present in all horizons, suggesting that the sediment 
was already highly weathered before deposition (photo 2) . 
Iron oxides and/or fine material often fills the- fissures 
present in quartz grains. That particular feature called 
Runiquartz, according to Eswaran (1975) results from plasma 
infusion processes. Runiquartz have among others been ob
served by Stoops (1968) in Ferralsols of Zaire, by 
Beaudou (1972) in Ferralitic soils of Senegal, by Benayas, 
J. and Refega, A. 
ing to Buol et al. 
ture currently present in highly weathered tropical soils.
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4.5.3. Microstructure_and_pore_pattern

4.5.3.1. Microstructure

fine material is only oriented to some extent in the sub
surface soil horizons. The lack of orientation in the 
upper horizons is most probably due to the masking effect 
of humified organic matter. The orientation of the fine 
material depends on the mineralogical properties, and its 
morphological expression results from pressures taking 
place in the soil mass. Kaolinite and sesquioxides - 
major components of the fine material of these soils - 
have low COLE values. On the other hand, free iron coat
ings mask optical properties. Consequently, undifferen
tiated b-fabrics are mostly observed.

The tendency to form microaggregates constitutes a parti
cular property of the fine material. These microaggregates 
are more or less rounded, ranging from silt to medium sand 
size, are better developed in the subsoil horizons and 
show different degrees of separation. They are frequently 
not detached from the fine mass and the external boundary 
is defined by an halo of more limpid clay. In cases of 
stronger separation, very fine streaks of oriented clay 
(which often may give raise to circular striated b-fabrics) 
are observed sometimes together with the presence of cur
ved fissures that partially isolate the microaggregates 
from the groundmass (see photo 1).

In the uppermost centimeters, fine crumbs and pellets - 
both uncomplete and mostly complete -, which result from 
high biological activity, are normally present.

With the exception of the eluvial horizons of the Spodo- 
sols, the microstructure and pore pattern of the area's 
dominant soils are very similar, and show the following 
general characteristics.
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4.5.3.2. Pore pattern

Vughs are very frequent, and mostly appear interconnected 
in the upper and transitional (A3 and B1) horizons.

In thin sections, uncomplete microstructures are most com
monly observed. They are characterized by intergrades 
between apedal and pedal types (spongy to crumbly and 
spongy to pellety). Accordingly, the structures observed 
in the field are normally weak or moderate, and ped sur
faces are not well defined. Only in the uppermost centi
meters, under the influence of a denser root system and 
due to the cementing effect of the organic matter, peds 
are better defined.

The transitional A3 and B1 horizons are also extremely 
reworked and in most cases show a spongy microstructure.

Very fine (less than 10|xm) smooth fissures, formed by 
shrinkage of the fine mass, are very frequently observed 
throughout the profiles (except in the upper horizons of 
the Spodosols) . In the upper horizons usually appear inter
connecting large pores (vughs), whereas in the subsoil, 
curved types associated with partially separated micro
aggregates are largely dominant.

Crumbs are dominant in the subsoil (B2 and B3 horizons). 
They normally appear partially separated from the ground
mass by channel infillings (see 4.5.5.4.) or by zones of 
highly reworked material, that respectively display pel
lety and spongy microstructures. It is important to 
stress that the soil volume occupied by channel infill
ings and reworked material is very high in all horizons. 
Thus, biotic factors exert a very important influence in 
the general soil microstructure.
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4.5.4. Coarse/fine_related_distribution (c/f)

4.5.5. Special-features

4.5.5.1. Clay illuviation features

The microscopical identification of clay illuviation fea
tures was a matter of particular interest in this study. 
In the first place it represents the most important evi
dence on clay illuviation processes. On the other hand, 
thin sections became a fundamental tool to establish the

The coarse/fine related distribution indicates the distri
bution of individual fabric units in relation to smaller 
fabric units and associated pores, not included in the 
fabric units (Stoops, 1978).

Channels which are generally built up through the effect 
of the root system are also more frequent in the top ho
rizons.

Compound packing pores, mainly resulting from a random 
arrangement of fine material aggregates and quartz grains, 
are dominant in channel infillings, reworked zones and in 
the upper horizons. They normally constitute the largest 
observed pores and appear to be formed under the influence 
of intense biological activity. The total porosity of the 
different soil horizons largely depends on the frequency 
of this pore type.

In all profiles the subsoils are rich in clay, thus the 
R.D.P. is always porphyric, from open spaced to close'spa
ced (photo 2). In the upper layers, where the coarse mate
rial becomes more abundant, gefuric-enaulic intergrades 
are mostly observed; except in the sandy epipedons of the 
Spodosols (profiles 7 and 8) , where a monic c/f related 
distribution was inferred.
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All the studied soils showed the presence of illuvial 
clay coatings in at least some part of the profile, and 
the illuviation intensities range from moderate to strong 
(Midema and Slager, 1972).

presence of argillic horizons due to the particular dif
ficulties encountered to recognize clay skins in the 
field, in this type of soils. Thus, having a relevant im
portance for soil classification purposes (Soil Taxonomy, 
1975) .

The mineralogical composition of the clay that moves by 
illuviation and the clay of the soil matrix is supposed to 
be basically the same. Anyhow, the observed coatings are 
generally more limpid and/or paler in color, and sometimes 
more brownish than the clay in the groundmass. The remark
able limpidity observed in many illuvial features can be 
attributed to the finer size of the moved clay, this in 
agreement with Soil Taxonomy (1975). But sometimesn how
ever, the material of the clay coatings is comparable to 
that of the groundmass, suggesting that not only the 
finest clay is accumulated in illuvial features (Eswaran, 
1978) (see photo 1).

The different type of clay illuviation features recognized 
in thin sections include : limpid uniform clay coatings, 
laminated coatings composed of limpid and speckled clay, 
red yellowish clay coatings and fragments of the enumerated 
features.

The paler colors frequently observed in the illuvial mate
rial with respect to the fine mass are generally attribu
ted to their lower iron contents. The deferrification of 
the fine material could take place in the eluvial horizons 
as a necessary prerequisite for the clay to move according 
to Lespch et al. (1978). For others, it could be supposed 
that after coating formation, the water moving through the
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Not only the identification of illuvial features in thin 
sections was a matter of interest for classification, but 
also its quantification is required by Soil Taxonomy (1975).

voids could rejnove some iron (Eswaran, 1979). The brown 
and dark brown colors, mostly found in laminated clay 
coatings, correspond to the presence of coarse textured 
layers, while the reddish colors, less frequently shown 
by some coatings, indicate the occurrence of iron-rich 
clay (Stoops, 1968, 1978).

The illuvial features are principally located in coarse 
macropores (50-1 OOum) and megapores (very fine and fine, 
0.1-0.2 mm) that currently correspond to vughs and chan
nels. In the subsoils, where illuviation is highest, 
coatings are restricted to zones not showing biological 
disturbance. They mostly occur as total or partial infill
ings, indicating that probably illuviation processes are 
not currently operative (Stoops, 1968) (photos 1 and 2). 
In zones where biological activity is observed (reworked 
areas and channel infillings) , illuvial features are 
absent, suggesting their destruction by soil fauna. In 
fissures, coatings are generally very rare and difficult 
to recognize.

The material forming the coatings normally appears well- 
oriented, with strong birefringence and sharp boundaries. 
All these features confirm an illuvial origin (Brewer, 
1964; Stoops, 1968).

All the profiles showed the presence of fragments of clay 
coatings. They always occur in horizons where also clay 
coatings are present and were observed within the fine 
material and inside channel infillings. Most of the frag
ments of clay coatings appear to be disrupted in situ 
features formed by the breakdown of simple coatings mixed 
by soil fauna.
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Photo 2 - Idem photo 1, Under crossed polarizers.

Photo 1 - Micromorphological features of a well-drai
ned soil. Profile 4, 100-200 cm., plain 
light, 25X.
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indicate

4.5.5.2. Monomorphic organic coatings and infillings

4.5.5.3. Sesquioxidic nodules

Some large (6.0 to 13.0 mm 0) rounded sesquioxidic nodules 
having sharp boundaries were observed in subsurface hori
zons (B22 of prof. 1 and 4). Moreover, their c/f related 
distribution presents a much denser packing of the coarse 
material when compared with the surrounding groundmass. 
Thus, the external shape, the type of boundary, and the 
contrasting related distribution suggest the transport of 
an inherited soil material.

The accumulation of organic material in subsurface soil 
horizons takes place in profiles that occupy depressed 
zones (Palehumults and Spodosols) . In thin sections these 
accumulations are mainly observed inside fissures and 
channels, and on the surface of quartz grains. The fis
sures are normally filled by the illuvial organic material 
and the grains appear partially covered by very thin orga
nic coatings. In channels, coatings are thicker and where 
observed to occur on pore walls, and on top of pre-exist
ing clay coatings as shown on photos 3 and 4. Therefore, 
thin sections suggest that the illuviation of the organic 
matter has taken place after the accumulation of illuvial 
clay. Furthermore, considering that in the eluvial hori
zons of the Spodosols organic matter is the only fine ma
terial present, it is possible to conclude that the illu
viation of organic matter is the only current process.

The results of point counting in thin sections 
that all the studied soils have more than 1% of clay coat
ings in some horizon or subhorizon. Thus, fulfilling the 
requirements of the argillic horizon.
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Photo 4 - idem photo 3. under crossed polarizers.

Photo 3 - Micromorphological features of a poorly 
drained soil located in a depression. 
Profile 7, 110/130-175 cm., Plain light, 65X.
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4.5.5.4. Channel infillings

4.5.5.5. Reddish isotropic coatings and infillings

Other sesquioxidic nodules of variable size (from silt 
size to few mm 0) , having variable shape and diffuse 
boundaries, are most probably formed in situ. They are 
not necessarily associated with poor,drainage.

The presence of well-developed reddish coatings and in
fillings was observed in the subsurface horizons of poorly 
drained soils, submitted to the influence of a fluctuating 
water table. Under these conditions, the redistribution of 
iron is a current phenomenon. Thin sections generally show 
a decolorated (iron empoverished) fine material and red 
isotropic coatings and/or infillings, which in most of the 
cases fill up fissures, vughs and channels.

The channel infillings constitute the most striking 
microscopical evidence of the strong biological activity 
taking place in the studied soils. They occupy a very 
important volume in all profiles and influence the micro
structure and associated pore pattern, especially in the 
upper layers. They normally include small aggregates of 
undifferentiated fine material and quartz grains. Frag
ments of clay coatings are also very frequently included. 
The recognition under the microscope is easier in the sub
surface horizons, where biological activity is less 
intense, and a clear contrast exists between the infill
ing material and the non-disturbed soil mass. In the up
per layers (about 50 cm depth) , where termite activity is 
highest, the whole groundmass looks totally reworked and 
consequently, the identification of channel infillings is 
very often hard to establish.
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4.5.6. Conclusions

1.

2.

All the soils appear to be formed from mineralogically 
similar and highly weathered soil parent material, as 
indicated by the nature and properties of the ground
mass.
Transport of the soil forming material is suggested by 
the shape of the quartz grains.

3. The polycyclic character of these soils is indicated 
by the presence of Runiquartz and inherited sesqui- 
oxidic nodules.

4. The occurrence of translocated clay in all the profiles 
confirms that a moderate to strong clay illuviation 
has taken place in the whole region. On the other hand, 
clay coatings were exclusively observed inside pores. 
This particular location of the illuvial features ex
plains the apparent contradiction between the high 
estimates of illuviation under the microscope and the 
scarcity v.z. the absence of clay skins on ped's sur
faces observed in the field.

5. A very intense termite activity is indicated by the 
presence of reworked areas, channel infillings and dis
rupted illuvial features, which were observed through
out. Moreover, termite activity plays a major role in 
the definition of the microstructure.

6. The generalized presence of diffuse iron nodules in 
the well-drained soils suggests incipient epiaquic con
ditions, not enough developed to place these soils in 
such subgroups.

7. The poorly drained soils, submitted to the influence 
of a fluctuating watertable, show redistribution of 
iron compounds (prof. 7 and 8) .

8. Independently of the type of vegetation cover, the 
soils, located in depressions, present a subsurface 
accumulation of organic matter.

9. The dominant soil of the studied region - Latosols and 
Red Yellow Podzolic soils - are identical from micro- 
morphological viewpoint.
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CHAPTER 5 - MAJOR CONCLUSIONS

3. Consequently, - appart " ferralitization " - chemical 
and mineralogical transformations of soil materials are 
not major processes in the genesis of the soils.

5. The general aspect of these surfaces suggest a long 
history of weathering and erosion related to the age of 
the landscape and to the climatic oscillations during the 
Pleistocene. Moreover, under the present conditions and 
no matter the vegetative cover type " selective erosion " 
caused by run-off, constitutes everywhere the dominant 
morphogenetic process, which leads to the impoverishment 
in fine fractions from the topsoil.

2. The sediments are composed of a relatively " inert " 
mineralogy, dominated by quartz and kaolinite, which in 
the present environment will not be transformed into 
other minerals, thus strongly controlling subsequent 
soil development.

1 . In the plateaux of Alagoas the soil parent materials 
are highly weathered transported sediments which show a 
similar mineralogical composition throughout the region.

4 . Besides their identical mineralogical composition - 
and with the only exception of profile 2 -, all the pe
dons selected for this study are developed on sedimento- 
logically highly uniform materials. On the other hand, 
the different geomorphic units included in the studied 
region also present a very high sedimentological simi
larity throughout.
Thus, the differences observed in soil features, proce- /
sses or rates within and between the studied soils depend 
on other factors than the materials of departure.
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8. Furthermore, a) in the dominant well drained segments 
of the landscape the leaching of organic matter and bases 
by the drainage waters - which under the natural vegeta
tion are compensated by litter apports and biocycling 
and the lateral migration of organic matter and oxides 
of iron and aluminium associated with the solid eroded 
particles, prevail in the actual pedogenesis;

6. The presence of translocated clay in all the profiles 
and the occurrence of moderate to very high illuviation 
indices point out that clay illuviation has been a gene
ralized and significant process in the whole area. 
Within those materials however, clay illuviation is 
normally not manifested by producing skins of oriented 
clay on ped surfaces. Ped surfaces are not well defined, 
soil structure is weak and the presence of clay coatings 
which is restricted to the pore walls, explain the dis
agreement between high illuviation estimates under the 
microscope and the scarcity v.z. the absence of clay 
skins in the field.

7. Although processes like clay illuviation and clay 
destruction in the epipedon may have contributed to the 
losses of fine material in the upper horizons, the ob
served textural gradients mainly result from lateral 
selective erosion whose rates are controlled by run-off 
intensities.
Thus, textural gradients are smooth in the dominant well 
drained sectors of the landscape and abrupt in the poorly 
drained depressions with free lateral drainage, where 
run-off is highest.

In close depressions within the well drained sectors of 
the landscape, where convergent run-off waters are mainly 
drained through deep percolation, textural gradients are 
smooth and maximal fine material ( silt+clay ) contents 
for the whole area occur.
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b) in minor depressed areas:
b1) with free lateral drainage where run-off intensities 

are highest, Podzols ( Brazilian and FAO/UNESCO 
systems) or Spodosols ( Soil Taxonomy, 1975 ) are 
developed in the uppermost eroded layers of the soils 
enumerated under a1 and a2; and

b2) in cove positions where run-off waters are mainly 
eliminated through deep percolation the soils cla
ssify as Red Yellow Podzolic-Podzol intergrades un
der the Brazilian System, or respectivelly as Ulti- 
sols or Acrisols according to Soil Taxonomy (1975) 
and FAO/UNESCO (1974).

9. In agreement with the main pedogenetic and geomorphic 
processes actually occurring on these surfaces, the re
gional soil distribution shows the following pattern:

b) in depressed areas organic matter 
and aluminium oxides accumulate, and the iron is remo
ved under the influence of high watertables. 
Therefore the lateral translocation of fine soil mate- 

constitutes a significant contributor to soil de
velopment. Moreover this feature shows the close rela
tionship between landscape evolution and soil formation 
processes.

a ) in the main well drained sectors of the landscape, 
differently eroded phases of the same soil type with 
similar mineralogical, sedimentological, physico-chemi
cal and micromorphlogical properties are:

a1 ) in function of the horizonation classified in the 
field, under the Brazilian system, as Latosols 
or Red Yellow Podzolic soils; and

a2 ) depending on the presence or absence of textural 
gradients that satisfy the: requirements of the 
argillic horizon, the soils are according to Soil 
Taxonomy (1975) and FAO/UNESCO (1974) systems 
respectivelly classified as Oxisols or Ultisols 
and as Ferralsols or Acrisols; whereas
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