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Introduction

The name ‘Amazonia’ immediately conjures up visions of damp, vine-entangled
greenery, infested with preying tarantulas and snarling jaguars. Such notions of ‘the
green hell’ or ‘the steaming jungle’ are widespread among the average European and
American, but also among many an inhabitant of southern Brazil. They have been fed
on vast numbers of fictional impressions on the region, through vivid pictures on
school walls, lush descriptions in novels, popular magazines, and impressive illustrated
books. When their authors did not entirely draw on their own imagination, or simply
copy from previous narratives, they often only peeped through riverside vegetation
or a patch of secondary forest and took their pictures at the Belém zoo. They did a
disservice to those interested in this part of the world. All the more admiration is due to
such early explorers of Amazonia as CoUDREAU, BATES, KaTZER and LECOINTE for
their perseverance and the veracity of their publications.

One’s first sensation on actually penetrating the primeval forest of central Amazonia
is one of deception. There are no entangling vines, hardly any wildlife, no steaming
atmosphere. One soon discovers that the dangers of snakes, jaguars and wild Indians
(the eobras, ongas e indios of the indigenous caboclo) are very limited. The everlasting
drone of insects is the only real nuisance. It takes some time before one becomes fully
aware of the cathedral-like majesty of the high forest with its choir of rasping cigarras
and howling guaribas, and begins to marvel at the delicate igapd growth along the cool
rivulets.

The present soil study is the result of three years of plodding along straight transects
through primeval forest, accompanying an experienced forest inventory team. Very
divergent evaluations have been made of the Amazon soils. The luxurious vegetative
cover led to the early assumption that the supporting soil was extremely rich. However,
once it was realized that such growth is based largely on a closed nutrient cycle on top
of the soil, and in view of the failure of agricultural settlements in the region, this
opinion was completely reversed. Indeed, the great majority of the Amazon soils
are ‘poor’ in the chemical sense. But until recently the only factual information on
which to base such a conclusion was the 1926 report of MARBUT and MANIFOLD, whose
investigations were an aftermath of the famous rubber boom. After its collapse, no
new data on the Amazon soils were gathered until well after the second world war,
when the SPVEA, the Federal Brazilian Development Board for Amazonia, was set up.

Drawing on the pioneering work of DAy, this book gives a new description and
evaluation of the main Amazon soils based on present-day standards of soil study. It
is endeavoured to combine the advantages of the morphometric method, as now



applied in the U.8.A., with those of the more physiographical approach of certain
European scil scientists. Thus, on the one hand, detailed morphometric descriptions
are given of representative profiles and classification of the main soils is fully checked.
On the other hand, much attention is given to the pedogenetic factors. Several
of these factors as exhibited in Amazonia, have been little described, unlike those in
such comparable regions as the central Congo basin. It was therefore necessary to
relate extensively our own and others’ data on such aspects as geomorphology, which
is found to be of great importance for the understanding of the local pattern of soils.

The purpose of the study is twofold.

On the one hand it is a release of scientific data of more than regional interest — on
the Amazon soils themselves, the genesis of tropical soils in general and on soil-
plant relationships in a tropical region with limited human influence. But it is hoped
that this publication will also serve as a kind of handbook for those Brazilians, and
their associates, who are directly concerned with the Amazon soils and their use. An
attempt is therefore made to facilitate future soil surveys in the region by providing a
legend to all the soils hitherto encountered and by describing their geographic pattern.
All existing data on the qualities of the main soils and their management is also
provided.

The available field and laboratory data only cover a part of the region and they often
give less information than might be wished. Moreover, conclusions on local pedogene-
sis and soil-plant relationships are often only tentative. The resulting picture of the
Amazon soils is therefore far from complete, but it may well open the way to further
soil studies on the immense region known as Amazonia.

Finally it should be stated that the opinions and conclusions expressed in this publica-
tion are the author’s responsibility, and may not be taken to represent the official
opinions or policies of either the Superinténdencia do Plano de Valorizagdoe Econdmica
da Amazénia or the Food and Agriculture QOrganisation of the United Nations.



Some terms and abbreviations

Amazonia: The Amazon region.

Amazon planalte (LiT. Amazon high plain): The Plio-Pleistocene plateau land of
Amazonia, usnally at 150-200 m altitude.

Planicie (L1717, flat area of very large extent): All the upland in the axial part of Ama-
zonia, comprising the Amazon planalto and the Pleistocene terraces.

Terra firme (LIT. stable terrain): All the upland, i.e. all non-flooded terrains, com-
prising the Planicie and the older geomorphoiogic units.

Varzea (LIT. low, grassy land): Holocene lowland, intermittently waterlogged.

Igapo (L1T. marsh}: Holocene lowland, or bottom lands, permanently waterlogged.

Massapé (L1T. sticking-to-the-feet}: Strongly mottled, clayey soil; also used to denote
terrains slightly above level of flooding, presumably of Early Holocene age.

Belterra clay: Very heavy, kaolinitic clay, deposited on top of the Amazon planalto.

Reworked Belterra clay: Belterra clay nowadays on terrains below the level of the
Amazon planalto.

Terra Preta (L1T. black earth): Soil of Pre-Columbian Indian dwelling sites.

Hiléia (or hylaea, LiT. the great forest): The vegetative cover of Amazonia as phyto-
geographic unit.

Cipoal (LIT. cipd- or liana vegetation): Forest type composed largely of creepers and
climbers,

Tabocal (LIT. taboca- or bamboo vegetation): Forest type composed largely of Guadua
species.

Campo (LIT. field): Type of savannah.

Camping (LiT. small campo): Type of savannah.

Campina-rana (L1T. false campina}: Type of savannah-forest.

Caatinga amqzdnica (LIT. Amazon caatinga, i.e. openforest): Type of savannah-forest,

Capoeira (LIT. the forest that was): Young secondary forest.

FAO: Food and Agriculture Organization of the United Nations

SPVEA: Superintendéncia do Plano de Valorizacdo Econémica da Amazémia, the
Federal Brazilian Development Board for the Amazon Region

IAN: Instituto Agronémico do Norte, the Federal Brazilian Agricultural Institute
for Amazonia (as from October 1962, IPEAN: Instituto de Pesquisas ¢ Experi-
mentagoes Agropecudrias do Norte)

QA : Instituto de Quimica Agricola, the Soils Laboratory of the Federal Brazilian
Soils Commission



I. The Environmental Factors

1.1 The Geographic Location

The extent of the Amazon region, later referred to as Amazonia, varies according to
the criterion used.

Most of the catchment area of the Amazon river system is situated within Brazilian
territory, but it also comprises considerable parts of Bolivia, Peru and Colombia.
Compared to this, the phytogeographical area of Amazonia is smaller to the south
and more extensive on the northern hemisphere, where it includes the Guianas and a
part of Venezuela (Fig. 1).

Fig. 1 Alguns dados geogrdficos da Amazénia
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As a geologic basin Amazonia is much smaller. It consists of a relatively narrow
stretch at the lower part of the river system, and a fan-like area towards the Andes.

This study deals with the Brazilian part of Amazonia. The limits of Brazilian
Amazonia are partly arbitrary. In this publication, the transitions from the belt of
equatorial forest to the savannahs of North-Eastern and Central Brazil and to those of
Rio Branco — British Guiana are taken as boundaries. Brazilian Amazonia thus con-
sists of all of the States Pard, Amazonas and Acre, the federal Territories Amapd and
Rondédnia, and parts of the States Maranhdo, Goids and Mato Grosso.

References to the Amazon river in general include the Solimdes, which is the name

given to the upper part of the central river in Brazilian territory. The axial part of
Brazilian. Amazonia may be divided into four areas, as follows:

1. the Upper Amazon region, from the frontier with Peru-Columbia to Manaus.

2. the Middle Amazon region, from Manaus to the boundary between the States
Amazonas and Pard (Faro).

3. the Lower Amazon region, from Faro to the mouth of the Xingii river.

4. the Estuary region, including Marajé island, from the mouth of the Xingt river to
the Atlantic Ocean.

1.2 The Climate

The climate of Brazilian Amazonia is humid and hot. The number of weather
recording stations is small and they are far from evenly distributed. In the huge
watershed areas at the north and the south side of the Middle and Lower Amazon
region they are very rare. Nevertheless, the climate in its entirety is fairly well-known.
Much relevant data and many maps are produced in & recently published book on the
geography of Brazilian Amazonia (GUERRA, 1959). Therefore only the main charac-
teristics are described.

The rainfall in Brazilian Amazonia is generally high. There is nevertheless much
variation in total annual rainfall, as well as in the annual distribution. The data for
total annual rainfall are given in Fig. 2. Highest recordings (over 3000 mm/year) are in
the extreme east and the extreme west, namely in the north-eastern part of Amapd
Territory and in the north-western part of Amazonas State. The Figs. 3 and 4 show
the number of dry months — less than 50 mm and less than 100 mm rainfall per
month —, and the central month of the dry season.

With regard to the temperature, Brazilian Amazonia shows high, but not excessively
high values. The mean annual temperature varies from 23.5°C to 26.9°C. The rainy
season (inverno) is generally slightly less warm than the dry season (verdo)., The
annual amplitude in the mean temperatures of the months is however very small at all
stations of the region, namely below 5°C, and in most places even below 2.5°C. The
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Fig. 2 Os tipos climdticos da
Amazénia brasileira  con-
Sorme a classificacdo  de
Kioppen, e a precipitagdo
anual  total (de GUERRA,
1959 ¢f 1.2)

Fig, 2 The climates of Bro-
zilian Amazonia as per the
classification of Kdppen, and
the total annual rainfall {from
GUERRA, 1959; ¢f. 1. 2)

Fig. 3 Nimero de meses sé-
cos por ano, e més central da
estagfio séca, sendo critério
de um més séeo uma preci-
pitagdo de menos de 30 mn
(coligido de dados de GUER-
Ra, 1959)

Fig. 3 Number of dry months
per year, and central month
of dry season, taking less than
50 mun rainfall as criterion
Jor a dry month (compiled
from data of GUERRA, 1959)

Fig. 4 Numero de meses sé-
cos por ano, e més central da
estacdo séea, sendo critério
de um més séeo uma precipi-
tagdo de menos de 100 mm
(coligido de dados de GUER-
R4, 1959)

Fig. 4 Number of dry menths
per year, and central manth
of dry season, taking less
than 100 mm rainfall as crite-
rion for a dry month (compi-
led from data of GUERRA,
1959}
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temperature of the coldest month is everywhere above 18°C. The absolute maximum
temperature ever measurad is only 44°C (Tefé). There is a distinet difference in
temperature between day and night; high amplitudes are known for instance for
Belém (9.6°C), Manaus (8.7°C), and Séna Madureira in Acre State (13.5°C).

The relative humidity is high. The variation over the region in the annual mean is
between 73 % and 94 9/. In the central part of Brazilian Amazonia the values are above
80%; everywhere. The highest percentages are found near the Ocean coast, and in
Acre and western Amazonas State.

The winds are usually weak, except for the coastal region where they may be moderate
(vento geral). Storms such as typhoons are unknown, but gusts of strong winds are
frequent before afternoon rain showers. Exact data are lacking.

Figures for evaporation, cloudiness and dew are not available, as no systematic
recording has been carried out.

With K&PPEN’S classification, Brazilian Amazonia has three types of climate (Fig. 2).
Type Af (hot and humid, without dry season) is found in the north-eastern part of
Amazonas State, and in a pocket of as yet undetermined size around Belém. Type Am
(humid and hot, with a short dry season) comprises the main part of the region, while
type Aw (humid and hot, with a pronounced dry scason) occurs on the south-castern
fringes of forest covered Amazonia, in the boundary area with British Guiana, and in
a part of the Lower Amazou region.

1.3 The Geology

The geology of Amazonia was studied already at the end of the nineteenth century,
for instance by DERBY (1877) and KaTzer (1903). In recent years much more has
become known, especially from the extensive surface and subsurface prospections of
the national oil company Petrobrds. On the Figs. 5 and 6, this Company’s data are
given schematically, while use is also made of the most recent geological map of Brazil
{LAMEGO, 1960).1

The Amazon valley constitutes a low, sedimentary area between the shields of
Central Brazil and the Guianas. These shields consist of crystalline basement com-
plexes of old age, namely of the Pre-Cambrian period. The rocks are principally granites,
gneisses and mica schists. For the Guiana shield north of the Lower Amazon region,
Katzer (1903) indicates that the granitgs are concentrated at the frontier zone with
the Guianas, the gneisses occur in a band along this zone and the mica schists — with

1) The area of the Brazilian shield within Amazonia is very little explored. Omitted from
Fig, 5 are several parts indicated as Cretaceous on early geology maps, and mainly as
Carboniferous on the 1960 map {(areas along the middle Tapajos, the middle Xingu and
the lower Tocantins river).
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intrusions of granites and syenites — occupy the southernmost part of this crystalline
shield. In northern Amazonas State, as well as along the Tapajds river, granites seem
to be dominant.

The comparatively young Andean mountain range, which is bordering Amazonia on
the west side, consists of folded sedimentary rock, predominantly of Paleozoic or
Mesozoic age. Much volcanic activity took place here.

The sedimentary part of Amazonia is not one basin, but consists of several: the
basin of Acre, the large basin of the Amazon proper, the basin of Marajd, and the
basin of Maranhiio, which latter has two sub-basins, namely those of S0 Luis and
Barreirinhas (¢f Appendix 5). The first three basins are relatively deep, while the
Maranh#o basin is shallow. The Amazon basin is narrow in its eastern part, but very
wide upstream, in the western part. The schematised stratigraphic sections of the
main basins are given in Appendix 8. If can be seen that both in the Amazon, the
Maranh3o and the Acre basins a part of the beds was deposited under marine or
lacustrine conditions.

In the Maranhfio basin the deposits are largely Paleozoic or Mesozoic. They outcrop
over extensive areas. The youngest deposits of considerable thickness are of Late
Cretaceous or Tertiary age (Itapecurt or Serra Negra beds). They occupy the nort-
hern part of the present surface of the basin.

In the Amazon basin proper, the deposits are for a large part Paleozoic or Cenozoic.
The Paleozoic deposits only outcrop on the edges of the basin in its narrow eastern
part. At one place they form a Dome (Monte Alegre). Apart from the edges, the
basin surface consists of Late Tertiary deposits (Alter do Chio or Barreiras beds).

The Acre basin consists of Cretaceous and Tertiary deposits for a large part. Their
composition is different from that of the deposits of the same periods in the Amazon
basin proper.

The Maraj6 basin has only deposits of Cretaceous and younger age.

Seen in its entirety, the sedimentary part of Amazonia has at its surface a large
proportion of Cretaceous or Tertiary sediments. They are of varying textures and
colours, consist of kaolinitic clays and quartz sands, and are little consolidated.

The thickness and the extent of the Pleistocene deposits proper, which consist also of
kaolinitic clays and quartz sands, are apparently limited, especiaily in the western part
of Amazonia. At Nova Olinda, near the confluence of the Amazon and the Madeira
rivers, the Pleistocene sediments comprise only several metres. On the banks of the
Amazon river between Manaus and Monte Alegre, the Tertiary Alter do Chéo or
Barreiras beds are well exposed. The contact of these beds with the overlying Plei-
stocene sands is found at varying heights above the river, The thickness of the Plei-
stocene deposits reaches a maximum of 50 m, namely at Monte Alegre (SAKAMOTO,
1960). The approximately flat terrains east and south of Belém (zona Bragantina,
zona Guajarina) are covered with Pleistocene sediments, but only in a thin layer
(5-10 m). The only thick Pleistocene deposits are in the Marajo area. Here they reach
about 250 m thickness and consist of grey silts (Appendix 8).
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For geologists, truly Pleistocens deposits are therefore restricted in occurrence. But
it will be shown that Pleistocene eustatic changes in sea level and Pleistocene river
regimes have had a very great influence in reworking of the Tertiary deposits and the
topegraphy of the Amazon land (¢f. 1.4).

It should be borne in mind that considerable parts of Amazonia which are indicated
as crystalline or Paleozoic on the geologic map, are, in fact, covered with thin layers of
Tertiary or Pleistocene sediments. This applies, for instance, to the lower Gurupi area
and the whole region of the Rio Negro.

The Holocene sediments consist largely of silts and clays. They cover the floodplain
areas along the Amazon river proper and the lower parts of its main tributaries, and
are also found in the Estuary region {(Fig. 5). However, the Holocene areas, all
together, comprise only about 1-2%, of the total land surface of Amazonia. This is
much less than assumed by early explorers. As they only travelled on the rivers they
rarely saw any upland, and therefore obtained a wrong impression on the expanse of
the floodplains.

1.4 The Geomorphology
1.4.1 Sketch of proto-Amazonia

Due to the absence of major orogenetic movements since the Pre-Cambrian period,
other geomorphogenic factors were allowed to play a marked role in the development
of the landscapes of Amazonia. The evolution of Amazonia as discussed below, is
illustrated in the sketches of the Figs. 8 and 9.

A very extensive denudation and peneplanation' must have taken place after the
Pre-Cambrian. The Andean mountain range did not then exist. Instead, a Peruvian
trough was present. Because of the existence of marine Paleozoic deposits in the
above mentioned Amazon sedimentary basin, DERBY (1877) assumed that there was
no superficial connection between the two crystalline shields in those early periods.
The shields would have constituted two separate islands at the northern and southern
side of an Amazon trench?, a trench which would have been connected with the Peru-
vian trough and the proto-Atlantic until the Tertiary. KaTZER (1903), however, con-
cluded that such an Amazon trench had no connection with water masses east of
present Brazil. He stated that there must have been a superficial connection between
the eastern parts of the shields, running over the present-day Estuary region. The
existence of such a connection has been recently confirmed by the presence of the

1 1t may concern actually ‘pediplanation’, as this term is applied more recently, for
instance by KinG; the existing geomorphologist’s controversy on this subject is evaded
by adhering to the old term ‘peneplain’ for an erosional surface, whatever its mode of
formation.

) “trough of subsidence’ according to Soares (1956).

18



Gurupd arch (Fig. 6), and the fact that the Marajé sedimentary basin constitutes a
Graben which has been acting only from the Cretaceous onwards. A connection with
the Peruvian trough will have existed, although for several Paleozoic periods sills and
land barriers are supposed to have occurred (KATZER, 1903; SakamoTo, 1960).

During the Paleozoic the erosion products of the shields were transported from the
north and the south to the Amazon trench, and in a western direction to the Peruvian
trough. Transport to the Maranhfo basin also took place.

Permean, Triassic and Jurassic deposits are not found in the Amazon basin, except
for some basic intrusions. KaTzEeRr (1903) supposes that during these periods there was
a superficial connection between the Guianas and Central Brazil over a broad front.

Asrelated, for instance, by OLIVEIRA et al. (1956), a general subsidence, accompanied
by an intensive levelling, took place at the end of the Jurassic or the beginning of the
Cretaceous. Cretaceous flat lying sand-stones, of continental origin, are found wide-
spread in the interior of Brazil. From their reddish colour, and the presence of eolian
elements, SAKOMOTO (1960) concluded that these sediments were formed in a relatively
warm and dry climate, and spread over the plains close to their source. The sand-stones
now apparently still cap many of the plateaux of the watersheds between the main
rivers. Examples are the Chapada de Parecis, Serra do Roncador, Serra do Cachimbo
on the Brazilian shield, and parts of the Serra de Tumucumaque, the Serra de Acarai
and the Serra de Pacaraima on the Guiana shield. These plateaux are often at an
altitude of 400-600 m. Apart from capping these plateaux, Cretaceous sediments are
found in parts of the basins, where they may be marine (Acre, Maranhio).
SAxAMOTO (1960) and VARGAS (1958) distinguish also an Early Tertiary peneplanation
surface on the crystalline shields, at 250-400 m altitude. To this level for instancs
would belong the Campos de Ariramba (90 km north of Obidos), the Campos Geraie
de Obidos (200 km north of Obidos), and the table lands of Almeirim-Prainha®
amongst which is the Serra de Paranaquara.! The savannah areas in the region of the
upper Paru river, near Surinam, probably belong also to this Early Tertiary pene-
planation surface {¢f. quotation of KATZER on p. 164), s0 also do the savannah areas of
the middle course of the Tapajds (Campos de Cururitl, Campos de Mucajazal) that
are reported by LECOINTE (1922). The geologic material of the floor of this surface is
not necessarily Pre-Cambrian crystalline. S1orl and KLINGE (1961) mention that the
substratum of the Campos de Ariramba consists of sand-stones of possibly Devonian
age, and that of the Campos de Cururd of sand-stones of Cretaceous age.

Little can be said with certainty about the above mentioned peneplanation surfaces.
The correlation with the surfaces in Central and Southern Brazil, as established by

1) From the geologic description of this table land by K arzer (1903) it seems likely that
its top is similar to that of the planalte south of Santarém (Belterra clay over Ipixuna-like
plinthite concretions; ¢f. 1.4.2 and 1.4.5}. Tt seems therefore more probable that the tops of
the Serra de Paranaquara and the adjoining table lands belong to the Plio-Pleistocene
Amazon planalto level, and that their relatively high altitude is due to a Post-Tertiary
relative uplift of the area between Almeirim and Prainha. This is in agreement with StoL1
(1957} who deduced from the absence of #ias (¢f. 1.4.3) in this area, that such an uplifi
occurred.
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KiING (1957), also awaits further study. 1t is possible that the above mentioned Amazon
ones are related to KinG’s Post-Gondwana and Sul-Americana levels respectively.

It is generally accepted (¢f. OLIVEIRA et @f., 1956) that, from the Middle Tertiary on,
a general uplift of Amazonia took place, except for the Marajo area (Graben of
Marajo, see above). The extraordinarily extensive Tertiary sediments of the Amazon
basin, known as the Alter do Chio or Barreiras beds, were probably deposited largely
during the Miocene, under continental conditions. Until recently it was assumed that
this had been done by the then westward flowing proto-Amazon river. BARBOSA
(1959), however, casts doubt on the truly fluviatile character of the deposition. IHe
states that the sedimentation took place with an endoreic drainage, related to what
seems to have been a semi-arid climate of great extent, and that the Amazon river
system proper originated only afterwards, during a subsequent humid climate.

Contrary to the general situation, the Tertiary deposits in the Acre basin, as well as
those in the area east of Belém, were for a part laid down under marine conditions
(Pirabas beds, Pebas beds.)

To sum up, the watershed regions on the north and the south sides of the Amazon
river system may be divided into the following geomorphologic units:

1. Undulating terrains with outcropping crystalline basement.

2. Undulating terrains with outcropping Paleozoic, Mesozoic or Early Tertiary
deposits.

3. Two pencplanation surfaces within the area designated as crystalline on the
geologic maps, supposedly of Cretaceous and Early Tertiary age respectively.

1.4.2 The Planicie. The Plio-Pleistocene Plateau or Amazon Planalto

Throughout the eastern part of Amazonia can be found a flat, terrace-like surface, at
100 or more metres above the level of the main rivers, The upper layers of this surface,
about twenty metres thick, consist of uniform, vellowish, very heavy, kaolinitic,
sedimentary clay without any visible stratification. After exposure to the weather, the
clay falls apart into characteristic fine structure elements that are very resistant to
destruction (see Photo 1), This particular material is scarcely mentioned in literature
about Amazonia. The material will henceforth be called Belterra clay, after one of the
localities where its occurrence is very conspicuous, Before dealing with the problem of
its origin, an extensive description will be given of the occurrence of plateau land with
Belterra clay cover.

1.4.2.1 Description of Occurrence of Belterra Clay (cf. Fig. 7)

A Belterra clay covered flat surface is very widespread in the upper Capim - upper
Gurupi area, in most places at an altitude of about 200 m, but in the southernmost part,
the Serra de Gurupi, at an altitude of about 350 m ('¢f. cross-sections of the BR-14 high-
way, Appendices 4and 3). In the region between the rivers Xing(i and Tocantins, the sur-
face is present apparently only far south of the Amazon river; it occurs west of Tucurui,
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Foto 1 Argila de Belterra exposta & superficie. Apds ser exposta ds condicfes climdticas, a argila cao-
linitica muito pesada, denominada de Belterra, desagrega-se em elementos macicos hem finos e miito
resistentes a destrucdo

Photo | Belterra clay exposed al the surface. After exposare to the wearher, the very ficavy, kaolinitic
cluy, termed Beiterva clay, falls apart into very fine blocky clements that are ver ¥ oresisiant 1o desrric-
tion

atan estimated altitude of 160 m (Serra de Trocara). Between the rivers Tapajés and
Xingu however the surface with Belterra clay cover is found near to the Amazon river.
Directly south of Santarém the altitude is about 130 m (Gourou, 1949). At Belterra
Estate, about 40 km south of Santarém, the altitude is about 175 m. At the Curud-una
centre, zbout 80 km cast-south-east of Santarém, the altitude is 180 m.! Near the
Xingu the altitude is less and the surface seems in most places not flat. For the region
west of the lower river Tapajés HEINSDIIK (1958¢), who knew its characteristics well
from a survey in the Curud-una avea, reports that the Belterra clay covered surface is
also present, although much attacked. The plateau fragments in the area (Serra de
Parintins, Serra de Balaio, and others) are reported to occur at about 150 m altitude
(LECOINTE, 1922},

On the north side of the Amazon river the Belterra clay is also found. The clay
oceurs in the southern part of Amapd Territory, namely in the headwater region of
[garapé do Lago (about 60 km northwest of Macapd), at an estimated altitude of
100 m. The clay has been reported to oceur at ‘some distance’ north of Prainha. The
presence of Belterra clay was also established at a short distance north of the towns

'} In this area, the surface has a slight dip in an easterly direction.
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Fig. 7 Ocorréncia de argila de Belterra
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Fig. 7 Occurrence of Belterra clay

Terra Santa and Faro, between the rivers Nhamundd and Trombetas, there at a re-
latively low altitude, about 60 m, It seems probable that the terrain further north,
which forms a plateau — Serra de Chinelo, Serra de Cunuri — at about 200 m altitude
{(KaTzER, 1903) has also a cover of Belterra clay. A similar plateau is very conspi-
cuously present east of the river Uatuma, forming the Serra de Santa Rita, Serra de
Santa Rosa and others (VARGAS, 1958). The same author mentions a plateau of 150 m
altitude directly north of Obidos. Large parts of the stretch traversed by the recently
constructed Manaus-Itacoatiara road (AM-1) have a cover of Belierra clay. The
altitude of the approximately flat sections of plateau in this area, locally called
chapadas, is about 120 m in the central stretch of the road (about 40 km north of the
Amazon river). Near both Manaus and Itacoatiara the terrain tops are less flat and
their altitude is somewhat lower,

There are few data about the occurrence of Belterra clay on plateau land in the
western part of Amazonia. MARBUT and MANIFOLD (1925) report the existence of a
platean east of Humaita on the Madeira river. Southeast of Porto Velho large flat
stretches occur, at about 40 m above local river level, with a cover of Belterra clay. 1t
has, however, a slightly less heavy texture than that in the eastern part of Amazonia.
It seems probable that the western part of Acre State has a terrain cover similar to
that near Porto Velho. Indications from AAF and CNG topographical maps are that
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the terrains in the central part of Amazonas State (Jurud-Purls-Madeira) have very
little topographical differences and are relatively low lying, both with regard to
altitude and to height above local river level. The textures of the surface materials
seem to be mainly heavy, for instance around Tefé. MARBUT and MANIFOLD report
that from the Catud river (about 250 km west of the mouth of the river Puras) to the
west, a dissected plateau is present. It seems to extend westward to at least within
50 km of the frontier (1925, p. 642}, and also far southward (1926, p. 440). They
estimate the level of this plateau to be about 30 m above the river Solimdes. For this
region they report soils that are similar, also texturally, to those of the plateau south of
Santarém. In the frontier region there are apparently more topographical differences
than in the Jurud-Purus-Madeira region. For the area south of Benjamin Constant, on
the frontier, the existence is reported of sections of platean similar to that of the
Curud-una centre (internal reports FAO/SPVEA Mission, Belém), The only available
data about the adjoining parts of Peru are those of MARBUT and MawiFoLD, who
mention a similarity with the Brazilian part of the region. For the Madre de Dios
area in Bolivia widespread presence of plateau land is established {(DREWES, 1961). No
reliabie data are available on the texture of the covering sediments.

In summarising these data, it may be said that over all of the axial part of Amazonia
flat plateau land occurs with a cover of Belterra clay. The limited number of textural
analysis data suggest that the heaviness of the clay slightly increases towards the east.
Moreover, the lower part of the Belterra clay layer scems to be less heavy textured
than the upper part.!

In the eastern part of Amazonia the blanket of Belterra clay on plateau land is
underlain by a layer of plinthite (= laterite) concretions. The plinthite layer seems to
constitute the weathered upper stratum of the sediments of the Barreiras or Alter
do Chéo beds which composes the base of the sections of platean (¢f. 1.4.5).

1.4.2.2. Origin of Belterra Clay (¢f. Figs. 8 and 9)
Neither dating nor explanation of the occurrence of the Belterra clay on plateau land
has been found in literature. The deposition of the clay must have taken place after the
first uplift of the Andean Cordillera and the flattening of the Amazon land by de-

1} The percentage of clay (separate < 2p) varies between 85 and 95%;,. Within the silt
fraction (2-50u), there is apparently no clear top; two samples gave the following granulo-
metric data (by courtesy of Dr. FAVEIEE of the Geology Department of Wageningen
University):

»>50u 50-32p 3216w 16-8u 82p «2p
{BR-14, km 366; 5-40 cm depth) 4.2 22 1.6 2.7 27 870
(Curud-una, km 14; 95-150 ¢cm depth) 2.6 2.2 1.6 2.8 4.9 85.9

The percentage of silt and/or fine sandis slowly increasing with depth, at the cost of the
percentage of clay. This is illustrated on the lowest horizons of Profile 24 (II1.2), as well
on sample XI-1-6 of Cate (1960) from 280 cm to 470 cm depth on the planalto of Curua-
una Centre. These samples moreover show that the lower part of the Belterra clay ‘blanket’
is indeed kaolinitic in character, as was already believed because of the similarity in
morphometric characteristics between the upper and the lower parts of the layer of
sediment. It therefore does not concern a kaolinitisation by soil formation.
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Fig. 8 Esbigo que demostra a formagdo do planalto amazénico

PLIO-PLEISTOCENE (CALABRIAN)
PLIG-PLEISTOCENG

T,
%#’rv.v
+ 14+

inland sea
mar interior .-

PRESENT
ATUAL

)
2 fEH

3 [FTEE
44+

s U

L
i C 31t

-+
H

+ b
By

¥t

Cr

Qutcropping crystalline shields
Contrafortes cristalinos aflorantes

Early Tertiary peneplanation surface
on the crystalline shields

Superficie de peneplanacdo do Tercidrio
Inferior nos contrafortes crisialinos

Crystalline covered with thin layer of
Pleistocene deposits

Cristalina coberta de camada delgada
de depdsitos do Pleistoceno

Cretageous peneplanation level and
deposits

Superficie de pereplanacdo e depdsitos
do Creticeo

: Il

Fig. 8 Sketch showing the formation of the Amazon planalto
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Fig. 9 Cortes transversais esquemdticos da Amazénia nos sentidos Nordeste-Sudeste e Norte-Sul res-
petivamente, demostrando as vdvias unidades geomorfoldgicas ( para a legenda e a locag@io dos cortes veja
aFig. 8)

A B
NW SE

4% 400-600m

250-400m

150-200m

250-400m

150-200m

1 Cretaceous peneplanation surface/Superficie de peneplanagdoe Cretdcea
1T Early Tertiary peneplanation surface/Superficie de peneplanacdo do Tercidrio Inferior
111 Plic-Pleistocene Amazon planalto/Planalto amazdnico Plio-Pleistoceno
IV Pleistocene terraces/Terragos do Pleistoceno
(ITl + TV: Pianicie)

$ = Silurian/Siluriano ; D = Devonian/Devoniano,; C = Carboniferous/Carbenifere; Cr = Cretaceous/
Cretdceo; T = Tertiary/Tercidrio

Fig. 9 Schematic cross-sections of Amazonia in northeast —souiheast direction and north-south
directions respectively, showing the various geomorphologic units {for legend and sitnation of sections
see Fig. 8)
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position of Tertiary (Miocene) sediments of the Barreiras or Alter do Chéo beds, and
also after the upper stratum of the latter sediments became laterised in at least part of
the region. The composition of the Belterra clay and its horizontal and vertical very
gradual changes in texture lead to the assumption that this sediment was deposited in
a huge, shallow lake or sea bay, and that the flow of suspensed material was in an
easterly direction. The tentative conclusion drawn is the following: Kaolinitic, little
consolidated deposits uplifted in the Andes region, eroding easily, gave sediments that
were spread widely throughout the enormous inland sea or bay that a large part of
Amaronia constituted during a time when the sea level was high. The coarsest
sediments were laid down in thick layers near the foot of the Cordillera, and the
minuscule kaolinitic clay particles were suspended in the bay water. Whilst being
borne towards the east these particles were gradually deposited, thus forming a very
regular thin blanket on the shallow and flat bottom of the inland sea (see the upper
sketch of Fig. 8).

The present altitude of the plateau with the Belterra clay cover is usually 150-200 m in
the eastern part of Amazonia. This corresponds approximately with the Calabrian sea
ievel as given in Table 1. The deposition of the clay therefore probably took place in
the Pliocene (according to ZEUNER’S classification) or in the Early Pleistocene (accor-
ding to the classification of WoLDSTEDT). In the western part of Amazonia altitudes
are generally lower. There a subsidence must have occurred after deposition of the
clay. In the transitional areas between the Amazon trench proper and the crystalline
shields a continuing gradual uplift of the shields has affected the altitude of the plateau
with Belterra clay. The latter is illustrated in the southern part of the BR-14 cross-
section (Appendices 4 and 5).

The non-eroded plateau with Belterra clay cover is referred to in the following as
Amazon planalto.

As may be seen from the description of occurrence of Belterra clay, there are in the
eastern part of Amazonia also terrains with Belterra clay at an altitude considerably
lower than the planalto of 150-200 m, namely at 50 to 100 m (Igarapé do Lago; Faro;
the western bank of the lower Xingi; near Manaus). These terrains are usually not
quite flat and often occur near the main rivers, It is assumed that the clay in these
places was re-deposited, with little or no admixture of lighter textured sediments, at
these lower levels during the Early Pleistocene (Sicilian and Milazzian sea levels
mainly; ¢f. Table I and the discussions in 1.4.3). A good example of such a terrain is
the km 130-km 190 section of the Guamd-Imperatriz area {Appendices 4 and 5). The
Belterra clay on such terrains will be referred to in the following as reworked Belterra
clay.

1.4.3 The Planicie. The Pleistocene Terraces
1.4.3.1 Originof Terraces
In the Early Pleistocene the river Amazon and its tributaries originated. They

provided for drainage of Amazonia to the Atlantic and started cutting into the Plio-
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Table 1 Coastal rerraces of Pliocene-Pleistocene-Holocene age (compiled from WOLDSTEDT, 1958
and ZEUNER, 1659)

Chronology/cronologia

Sea American West Furopean British
Strand lines levels (m) Americano  FEwropeio Ocidental  Britdnico
linhas costeiras niveis do mar
WOLDSTEDT ZEUNER
{m}
. . Q
Flandrian/ Flandriana Recent Holocene Holocene
+2 ea.
Holoceno

PLEISTOCENE/ Pleistoceno

- -100 ? . . N ..
Eni . 0 Wisconsin ~ Wiirmian Last Glaciation
pi Monastirian + 3.5 ca. N .
Epi L Ultima glaciagdo
pI-monastiriang
Late Monastirian + 7.5 ca.
Monastiviano superior Sangamon  Rissian-Wirmian  Last Interglacial
Main Monastirian +17.5 ca. Interglacial Ultima interglacial
Monastiriano principal (Eernian)
-200 7 1llinoian Rissian Penultimate Glaciation
Peniiliima glaciagio
Tyrrhenian +30-40 Yarmouth  Mindelian-Rissian  Great or Penultimate
Tirreniano Interglacial Interglacial
(Holsteinian) Grande on peniiltima
interglacial
? Kansan Mindelian Ante-Penultimate
Glaciation
Ante-peniltima glaciacdo
Milazzian +60 ca. Aftonian Giunzian-Mindelian Ante-Penultimate
Milaziane Interglacial Interglacial
(Cromerian) Ante-peniiltima
interglacial
.? Nebrascan  Glinzian Early Glaciation
Primeira glaciag@o
PLIOCENE/Plioceno
Sicilian +100 ca. Danubeian-Giinzian
Siciliano Interglacial
(Waalian)?
2 pre Danubeian Villafranchian
Calabrian + 180 ca. Nebrascan Biberian-Danubeian Vilafranguiane
Calabriano Interglacial
(Tiglian)?
.2 Biberian?

Tabela I Terracos costeiros de idade Plioceno-Pleistoceno-Holoceno (compilado de WoLDSTEDT, 1958
¢ ZEUNER, 1959)
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Pleistocene Amazon planalto. Below the level of the planalto, the land was shaped
into terraces of various levels above the rivers.

It is generally accepted that during the Pleistocene glacials of Europe and North
America the sea level was much lower than today, since much of the world’s water was
tied up as enormous masses of ice in the polar and subpolar regions. During inter-
glacial ages, on the other hand, the sea level was higher than at present. Compar-
isons and correlations of ancient strand lines all over the world have been made.
Mention is made of the studies of ZEUNER (1959) and WoLDSTEDT (1938) who arrived
at several specific heights, which they named, These heights, and their correlation with
the various ages of the Pleistocene, are given in Table 1. Many discussions have arisen
as to whether or not glacials coincided with pluvials — i.e. times with humid climate —
in the equatorial and subequatorial regions, and whether interglacials with inter-
pluvials — i.e. times with dry climates — in these regions. For Africa and the Middle
Fast much relevant data has been assembled. Many authors have accepted the above
mentioned coincidences for these regions, but there are others whose opinions differ.
In comparison, little is known for South America. Recently vAN DER HAMMEN and
GonzALES (1960) established from pollen analysis at the Sabana de Bogotd that for
this region of South America a coincidence of glacials with pluvials exists. WILHELMY
(1952) mentions a pluvial, correlated with the last glacial, which would have occurred
from Venezuela to Parand.

The glacio-custatic oscillations in sea level during the Pleistocene may be traced on
ancignt strand lines and marine coastal terraces.! Oscillations in the sea level cause also
changes in the erosion base of rivers. At the same time differences in climate related
with these oscillations normally cause differences in discharge and ioad of the rivers.
Lowering of the erosion base of a river (regression time) normally results in entrench-
ment in its lower course until the river reaches a new equilibrium in its longitudinal
profile (graded profile). The surrounding land, the valley bottom, is modelled into a
floodplain with the same longitudinal profile. Subsequent raising of the erosion base
(transgression time) requires normally another graded longitudinal profile of the
river. In that case another, differing floodplain is formed. Along the lower course of
the river, sedimentation on the old floodplain takes place normally, whilst more up-
stream entrenchment of the former floodplain may occur, resulting in terrace for-
mation. In that case, present-day remnants of upstream terrace deposits are possibly of
ages with low erosion base of the river—or glacials—, while present-day remnants of
downstream terrace deposits are generally of ages with high erosion base — or
interglacials. Therefore, terrace levels of different age may cross, at a certain point
along the river course (‘terrace intersection point’, ¢f. scheme of Fig. 10). By means of
careful studies, which bear in mind the above factors, it may be possible to trace the
changes in sea level not only from coastal terraces, but also from fluviatile terraces as
far as these latter have been formed under influence of changes in the erosion base.

1) Reference may be made to the study of RueLLAN (1945), who distinguished the following
levels in the surrounding of Rio de Janeiro: 80-100 m, 50-65 m, 25-35 m, 15-20 m, less
than 15-20 m.

28



Fig. 10 Conexdo possivel de terragos fluviais, na situacdo em que um nivel baixo do mar precéde um nivel
aire do mar

High Sea Level
(Interglacial)
nivel do mar alto
Present Sea Level
nivel do mar atual
Low Sea Level
(Glacial)
nivel do mar baixo

1a, 1b Fluviatile terrace deposits of interglacial time
Depdsitos de terraco fluvial de época interglacial, nas partes interiores do perfil transversal do
vale

2a Buried fluviatile terrace deposits of glacial time
Depdsitos de terrago fluvial de época glacial, cobertos

2b Fluviatile terrace deposits of glacial time, at the outer sides of the cross profile of the valley
Depésitos de terraco fluvial de época glacial, no exterior do perfil fransversal do vale

3 Terrace intersection point; terrace deposits of glacial and inter-glacial times on the same level
Ponto de intersecedo de terracos; depdsitos de terraco de dpocas glacial e interglacial no mesmo
nivel

Fig. 10 Possible relationship of fluviatile terraces, with low sea level preceding a high sea level

These studies may be carried out at the different depths of the present burial of the
deposits, or at the still present remnants of terraces at different heights on the upland.
Conversely, if Pleistocene sea levels are taken as established data, then the age of
present coastal and fluviatile terrace deposits may be assessed, which is of importance
for discussion of soil genesis.

River surroundings far upstream, above resistant sills in the river course which are
well above the highest ancient sea levels, are not affected by changes in the erosion
base of the river. Here, the conditioning factors for terrace formation are only the
water discharge and the load of the river on the spot. These factors are very much
dependent on the climatic conditions. The terraces concerned are ‘climatic’ fluviatile
terraces, in conirast to the fluviatile terraces of rivers downstream that are formed
under influence of movements of the sea level (‘thalassostatic’ terraces in the terminol-
gy of ZEUNER, 1959).

It will be shown below that Pleistocene terraces of one kind or another have a
great extent in Amazonia., As already mentioned in 1.3, the sediments which for
geologists are truly Pleistocene are apparently of limited expanse in Amazonia. The
changes in the regimes of the rivers during that epoch have in many parts resulted
apparently only in the re-working of Tertiary and/or older deposits.
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1.4.3.2 Terrace Levels in the Guamd-Imperatriz Area

During the reconnaissance soil survey of the Guamd-Imperatriz area it was possible
to study in detail the geomorphology of an extensive Tertiary-Pleistocene region,
namely along the upper part of the newly opened BR-14 highway, which forms
the spine of the survey area, 470 km long. For a considerable part of this section, the
data of the constructors (Rodobrds) regarding the original topography of the line
of the highway were studied. For the other parts the altitudes given on the kilometre
posts were copied, and the height differences between these posts estimated. This
permitted the drafting of a slightly schematised cross-section of the traversed terrain
{Appendix 4), which was further schematised in Appendix 5. For discussion the stretch
is divided into a northern (km 0-195) and a southern half (km 195-415).

The northern half, with land-units Santana, Candirt, Médio Guamd and Alto Guamd,
belongs to the catchment area of the rivers Guamd and Capim. These rivers join at
their lower course and make a large curve to the West before they reach their present
erosion base in the Baia de Marajd. The southern half, with land-units Cunhantd,
Gurupi-mirim, Planalto and [tinga, belongs to the catchment area of the Gurupi river,
which drains in almost straight line into the Atlantic Ocean.

In the northern half, the following levels can be distinghuished (very concretionary
tops excluded because of their resistance to erosion):

A completely flat terrace, covered with Belterra clay, is present from km 195 on, at
an altitude of about 200 m (planalto terrace, ¢f. 1.4.2}. North of km 195 very gentle
undulating terrain — also covered with Belterra clay - is present, which flattens out, in
the north, to a terrace of about 100 m altitude. It is found, for instance, around km
120, but only east of the road itself it is conspicuously flat and extensive. Furthermore,
a terrace may be discerned at about 65-70 m altitude (km 5 — km 15; km 70-km 90).
Remnants of a somewhat lower terrace, of 40-45 m altitude, are also visible, for
instance around km 20, km 33 and km 45. All these terraces have specific altitudes and
appear to be unrelated to the present day drainage pattern. However, parts of the
latter terrace may be, in fact, a terrace related to the present day level of local rivulets,
all affluents of the river Guamd. Considered as such, the level of these partsis 20 m 4.1
The terrain directly around km 172 may also represent this terrace level of 20 m -+,
At varying altitude, but positively related to the present day detailed drainage system
is a terrace at 8-10 m +-. It is conspicuously present along all the rivulets between
km 75 and km 160. Between km 15 and km 75 another well-defined terrace can be
distinguished. It is situated in narrow bands along the rivulets, at 3-4 m |-. At the
same height as the present rivulets the valley bottom exists (varzea or igapd). In
summarising it can be said that in the km 0-km 195 section the following terrace
levels are present: 200 m altitude; — 100 m altitude; 65-70 m altitude; 30-35 m
altitude (20 m 4 ); 8-10 m +; 3—4d m .

1) With + is meant the height above the high-water level of the local river or rivulet. With
‘altitude’ (alt.) the height above sea level.
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In the southern half, the section between km 195 and km 415, the situation is as
follows: The completely flat planalto terrace is present at 200-220 m altitude in the
northern 100 kms, and gradually increasing in altitude from 220 m to 360 m in the
southern 220 kms.t The terraces below this have a varying altitude. They are apparent-
ly related to the present day level of the local rivulets, all afluents of the river Gurupi.
Terrain tops occur at about 70-80 m -, in the stretch km 320-km 405, They are
probably the remnants of a terrace at this or a slightly higher level. Another terrace
occurs at 30-40 m +. This one is fairly weil-defined in the southern part (km 320-km
403), but peorly defined in the norihern part (km 195-km 320). In the latter part also
a terrace level of about 10 m -+ may be traced, but this is also fairly poorly defined.
Terraces at still lower levels are absent. In summarizing, it can be said that in the
km 195-km 415 section the following terraces are present: 200-220 (= 360) m
altitude; 80 m +; 30-40 m +,; 10 m +.

A tentative correlation will now be given of the established terrace levels in the Gua-
md-Imperatriz area with past sea level oscillations.

Of the northern section, the upper four terraces, with their constant altitude, are
most probably marine coastal terraces of which the deposits were laid down during
ages with high sea level. The 65-70 m one may be for a part deltaic coastal because
on this terrace there was found, in the km 70-km 90 section, a horizontal alternation
of light and heavy textured sediments. The three lower terraces are fluviatile terraces.
To establish whether the deposits of the latter are of interglacial age (high erosion
base) or of glacial age (low erosion base}, it should be considered that the river Guamd
has at km 0 a rocky bottom, consisting of hard sand stones of probably Paleozoic age,
which is exposed at low tides. Owing to the presence of this sill, low sea levels will not
themselves have influenced the longitudinal profile of the Guamd and its tributaries
above km O (all the rivulets that drain to the east). Only sea levels higher than the
present one will have permitted deposition of sediments. Therefore, the terrace deposits
of the rivulets draining to the east are of interglacial age. For the lower Capim and the
Guamd downstream of the confluence of the latter, resistant sills are unknown. Low
erosion base deposits might therefore be present along the rivulets that are dis-
charging via the Capim (all those running to the West, between km 60 and km 150).
If so, then terrace intersection points, if present, would probably be located upstream
of the road, in view of the small gradient of the rivulets from the road on. The Jaboti-
maior-at-km-75-Capim—Guams&-Baia de Marajo section has a fall of only 30 m over
340 km. The Ipixuna-at-km-107-Capim-Guam4-Baia de Marajo section has a fall
of 35 m over 390 km, and the Candiri-Agu-at-km-145-Capim-Guama — Baia de
Marajo section a fall of 65 m over 420 km. It is therefore probable that also the

1 It should be mentioned that the altitudes in the southern half of the BR-14 cross-section
are not quite reliable, due to the uncertainty of the altitude of Imperatriz (probably
assessed in excess), and the incongruency in the altimetric data for the central part of the
stretch, as provided by the Rodobras survey teams; one working form km 0, one from km

467. The relative heights over short and intermediate distances, however, may be taken as
certain.
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terrace deposits of the rivulets draining to the West are of ages with high erosion
base.

The preliminary conclusion is therefore that all terrace deposits in the km 0 - km 195
section are of ages with high erosion base, or interglacials. Comparing the terrace
levels with the established interglacial sea levels (Table 1), a rather striking conformity
is found. This leads to a tentative dating of the terrace deposits in the section shown in

Table 2,

Table 2 Age of the terraces in the northern pars of the Guamd-Imperatriz area

Terrace level (m) and Origin

nivel do terraco (m) e
origem

34+
fluviatile/fluvial

arenoso Epi-Monastiriano Interstidio inferior da glacial
Wurmiana
3-10+ more or less sandy 7.5 Upper part of Rissian-
fluviatile/fluvial mais ou menos Late Monastirian ~ Wiirmian interglacial
arenoso Monastiriano (Sangamon)
superior parte superior da interglacial
Rissiana- Wurmiana
(204+) more or less sandy 18 Lower part of Rissian-
fluviatile/fuvial mais on menos Main Monastirian  Wiirmian interglacial
arenoso Monastiriano (Sangamon)
principal parte inferior da
interglacial Rissiana-
Wurmiana
40-50 alt. more or less sandy 3245 Mindelian-Rissian inter-
marine coastal mais oy menos Tyrrhenian glacial (Yarmouth)
cosfeiro marinho arenoso Tirreniano Interglacial Mindeliana-
Rissiana
65-70 alt. more or less sandy 60 Giinzian-Mindelian inter-
marine coastal or deltaic  mais ou menos Milazzian glacial (Aftonian)
coastal arenoso Milaziano Interglacial Gunziang-
costeiro marinho ou deltaico Mindeliana
— 100 alt. reworked 100 ca. Plio-Pleistogene
marine coastal Belterra clay Sicilian (Pre-Nebrascan)
costeiro marinho argila de Belterra Siciligno Plig-Pleistoceno
remodelada
200 alt. Belterra clay 180 Plio-Pleistocene
{planalto terrace) argila de Belterra Calabrian (Pre-Nebrascan}
(terrago de planalto) Calabriano Plio-Pleistoceno

marine-lacustring
marinho-lacusirinho

Sediment
sedimento

more or less sandy
mais ou menos

High sea levels (m)

niveis do mar
altos (m)

3.5
Epi Monastirian

Age
idade

Lower interstadium of

Wiirmian glacial (Wisconsin)

Tabela 2 Idude dos terragos na parte Norte da drea Guamd-Imperairiz
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For the southern section of the Guamé-Imperatriz area (km 195 — km 415), draining
to the Gurupi, the situation is as follows: In the lower Gurupi a rocky bottom of
Pre-Cambrian age occurs, slightly above present day sea level, hampering navigation
during time of low tides in conjunction with low water (GLERUM, 1960). Because of the
existence of this resistant sill, low sea levels in themselves will not have influenced the
[ongitudinal profile of the middle and upper Gurupi and its tributary rivulets. Only
sea levels above the present one will have permitted deposition of sediments in the
upper Gurupi system. Therefore, the deposits of established terraces in the km 195~
km 415 section will be of interglacial age. No attempt will be made to date them fully
as was done for the km O-km 195 section, because of an apparent relative raising
of the Gurup{ head-water region, as is deducible from the position of the planalto
terrace there.l The height of the terraces above the present rivulets would not have
been as high without such a raising. The 3040 m 4 and 10 m + terraces of the
km 195-km 300 section may be related to the Tyrrhenian and Late Monastirian levels
respectively of Table 1.

1.4.3.3 Terrace Levels throughout the Amazon Valley proper

Large scale topographic maps with detailed annotation of the contours do not exist
for Amazonia. Several early explorers have however, written notes on the levels of the
upland along the rivers. In recent years, more systematic studies have been undertaken,
for instance by Gourou (1950) and GuERra (1954, 1939). Both Sakamoro (1960) and
VARGAS (1958) attempted to correlate their observations with the various Pleistocene
ages. The observations on terrace levels throughout the Amazon valley proper are
listed in Table 3. In this table, many of the written notes are combined with personal
observations and those deducible from the maps and reports of the FAO/SPVEA
Forest Inventory Group. The latter surveyed a broad stretch of land at the south side
of the Amazon river, from the river Madeira in Amazonas State to the river Maracas-
sumé in Maranhfo State (Fig. 22).

Many difficulties arise in attempting to correlate all the levels mentioned and deter-
mine their dependence on past sea level movements,

First of all, the data mainly concern scattered observations only, It is therefore not
quite possible to establish whether the terrace level concerned has a constant altitude
or follows the river level. If the terrains concern fluviatile terraces, absolute altitudes
have little value for our purpose. The same applies to relative heights above the present
river level of coastal terraces.

The data themselves are often not very reliable. When altitudes are given, they are
estimations in part. If instruments are used, errors of several metres are quite con-
ceivable In view of the vast distances (remarkable are the differences in indicated
altitudes for Amazon towns, when comparing several descriptive atlases). When
relative heights are given it is not always clear whether they relate to maximum annual
high-water or high-tide level, to mean annual high-water or high-tide level, to the

1} See note on page 3.
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Table 3 Observations on terrace levels throughout the Amazon Valley proper

Location Estimated terrace

locagdo levels (m)
niveis avaliados
de terrago {(m)

SCATTERED OBSERVATIONS/observacies espalhadas

North of Monte Alegrefao Norte de Monte Alegre 80 4
North of Prainhajae Norte de Prainha 80 +
North of Obidos (Serra de Escama)/ao Norte de Obidos 80 +

(Serra de Escama)

Guajarina: central course Capim, upper course Moju, 100 alt.
Acarj-grande and Acara-mirim/Guajarina:  curso

central do Capim, cuirso superior do Moja, Acard-grande

e Acard-mirim

Tomé-Agu 50 -+
Curud-una (¢f. Fig. 11} 90y +
Bragantina region/regidc Bragantina < 60 alt.
Manaus; along the lower courses of the rivers Negro, 3540 +

Solimdes, Tocantins and Madeira/ac longo dos cursos
inferiores dos rios Negro, Solimdes, Tocantins e Ma-

deira
Santarém {terrago de Santarém) 30 +
Southern part of Canhuma and Maués regions (slightly 20-30 +

undulating)/parte Sul das regides de Canbuimd e
Maués (levemente ondulada)

Curud village (70 km East of Santarém)/poveacio de 15-20 4~
Curud (a 70 km ao Leste de Santarém)

Marajo isltand (highest parts), surroundings Belém, 15-20 +
Manaus (Ponte Pelada)/itha de Marajé (paries mais
altas), arvedores de Belém, Manaus ( Ponte Pelada)

Paricd (Monte Alegre) and Tomé-Agt/Paricd ( Monte 8+
Alegre) e Tomé-Agi

Belém, [coroaci, Gurupa and other places/Belém, Ico- 6-8 +
roact, Gurupd e outros lugares

Cametd and Parintins, Maués, Codajis, Rosarinho 8+
(mouth of the river Madeira), opposite Itacoatiara: the

‘Marajo level'/Cametd e Parintins, Maués, Codajds,

Rosarinho (bica do rie Madeira), em frente de ltacoa-

tiara: o ‘nivel de Marajo’

Northern part of Canhuma and Maugés region/a parfe 5-8 +
Norte das regides de Canhumd e de Maués

Between the Baia de Pracupi and the Camaraipi 54+
(slightly undulating)/entre a Baia de Pracupi ¢ 0 Cama-
raipi (levemente ondulada)
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Source

fonte

VaRGas (1958)

KATZER (1903)

HEeINSDUK (1958b)

VARGAS (1958)

Gourou (1949)

Gourou (1949)

HeNspuk {1958¢)

VaraGas (1958)

Gourou (1949)

VARGAS (1958)

Gourou (1949)

MarruT and
MANIFOLD (1925)

Hemnspnk (1958)

HeinspUk (1958a)



Tuble 3 Continued|Tabela 3 Continuado

Location
locagdo

Between the Oeiras and the lower Tocantins (slightly
undulating)/enire o Oeiras e o curso inferior do Tocan-
tins (levemente ondulada)

South of Igarapé-mirim (northwestern part of the
Guajarina zonelae Sul de Igarapé-mirim (q parte
Noroeste da zona Guajarina)

Narrow strips along the rivers, e.g. Santarém; villages
on the islands of the Estuary region; along the river
Pard; the lowest course of the Tocantins; patches
(tesos) within the lowland of eastern Marajé island/
Sfaixas estreitas ao longo dos rios, p.e. Santarém; povoa-
¢des nas ithas de Estudrio,; ao longo do rio Pard,; o curso
inferior do Tocantins, tesos dentro da baixada do
Leste da itha de Marajo

Marajo (4 levels; if taken on local high-water level
these heights are lessy Maraji (4 niveis; caso de serem
determinados em nivel de enchente local, estas alturas
sdo menores)

Amapda Territory (upland banks along the Amazon
and the Ocean coast)/Territério do Amapd {falésias
ao longo do Amazonas e na costa do Oceano)

TOPOGRAPHIC STUDIES OF COHERENT LARGE AREAS/
estudos topogrdficos de vastas dreas coerentes

Caeté-Maracassumeé area (cf. Fig. 19}
Maracassumé association (3 levels)/
associacdo de Maracassumé (3 niveis)

Pitord association (3 levels)/
associgedio de Pitord (3 niveis)

Gurupi association/associacdo de Gurupi

North of Pitord (an ‘old relatively high terrace’, also
existing in the map unit ‘Agricultural Soils, undif-
ferentiated’)/ac Norte de Pitoré (um ‘terraco velfio
relativamente alto’, que também existe na nunidade de
mapeamento ‘Solos Agricolas, indiferenciados’)

Savannah region north of Macapa/regido dos campos
ao Norte de Macapd

Manaus and surroundings/Manaus e arredores

Estimated terrace Soturce
leveis (m) Jfonte

niveis avaliados

de terrago {m)

4-6 + Heimnspuk (1958a)
5-10 4 Hernsouk (1958b)
1-4 +
20 alt. GUERRA {1959)
15-16 alt.
10-12 alt.
4 alt.
47+ GUERRA (1954)
Day (1959)

10-15 +;5-8 +;
1-3 +

10 + (partly to 15 4);
1-2 +; one in-between
fum entre éstes

2-5 +

30+

80-100, 50-65, 25-35, GUERRA (1954)
10-15, 5-7 alt.

58 +,31 +,6 + SOARES (1956), data of
RuUELLAN/dados de
RUELLAN

Tabela 3 OGbservacdes sobre niveis de terrago de todo o vale amazénico propriamente dito

35



floodplain level, or to the annual low-water or low-tide level. Upstream, the differ-
ences between the annual high and low-water levels may be enormous (the mean
difference at Manaus is 11 m). Differences between high-tide and low-tide level are
often several metres in the Estuary region (2-3 m in the Baia de Marajo).

Another difficulty lies in the possibility of raising or subsidence of areas during the
Quaternary. In the Estuary region one may expect a tendency for the terraces to
drown, owing to the existence of the Marajé Graben (cf. 1.4.1). In the Upper Amazon
region a general gradual Quaternary subsidence is probable, in view of the low
position of the planalto terrace in this region {¢f. 1.4.2). If not subject to general
subsidence, the Middie and the Lower Amazon region have probably experienced local
vertical movements {¢f. SOARES, 1956; SioL1, 1957). STERNBERG (1950) assumed the
existence of minor faults from the pattern of drainage around Manaus.

The strikingly low level of the floodplain, and the abundance of lakes, in the Itacoa-
tiara-Oroximind area may be due to some special subsidence in this part. On the
edges of the crystalline shields a tendency to gradual raising may exist, as illustrated
on the southernmost part of the Guamd-lmperatriz area.

As explained above, the question of the interglaciality or glaciality of fluviatile
terraces deposits and the possible crossing of terrace levels at some spot along the
longitudinal profile of the river, has to be taken into account as well.

At present, the longitudinal profile of the Amazon river proper is extremely flat.
Entering Brazil, 3000 km from the Atlantic Ocean, the river has an altitude of only
65 m. At Manaus, [500 km from the Ocean, the altitude of the river is 15 m during
the low-water season. Consequently, tidal differences are detectable to beyond
Santarém, about 700 km from the Ocean. In view of the assumed gradual subsidence
of the central part of Amazonas State, the longitudinal river profile was probably less
flat during the Pleistocene. The difference however will not surpass 100 m (which is the
estimated difference in altitude between the planalto terrace in Pard and that in the
central part of Amazonas State} for the oldest part of the Pleistocene. The entire
Brazilian part, therefore, belongs to the flatter lower part of the longitudinal profile of
the river, where fluviatile terrace deposits are liable to be of ages with high erosion
base, i.e. the interglacials.

Additional support for the interglaciality of the river terrace deposits is given by the
existence of rias. This is the name for the strikingly wide, funnel-like mouths of many of
the tributaries of the Amazon river, for instance the Tocantins, the Xingu, the Tapajos,
the Rio Negro, the Trombetas. Several of these mouths are very deep, for instance
that of the Tapajos (80 m -). An adeguate explanation of the existence of the rias is
that they were excavated during the last glacial (the Wisconsin, Wurmian), when the
sea level dropped to 70-100 m below the present-day one (Table 1). The erosion base
of the tributaries, i.e. the bed of the Amazon proper, also will have been much lower
during that age. Due to the very restricted load of several of the tributaries in
Holocene times, contrary to that of the Amazon proper, these excavated mouths are
only partly silted up (Soares, [956; SioL, 1957; SakaMoro, 1960). Having been so
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many tens of metres lower, the Amazon cannot have left glacial deposits above its
present level,

As yet, the data available on fluviatile terrace levels are not systematic and reliable
enough to correlate and date them fully, in relation to the Pleistocene high sea levels.
VARGAS (1958) made an attempt, but it is thought that both his grouping of levels and
their dating are not quite correct. He assumed the highest levels, those of 80-50 m -,
to be of Yarmouth age, and the lower ones, those of 20-30 m ~ and of 4-10 m +-, to
be of the two sub-phases of the Sangamon age. Only MaArRpUT and MANIFOLD'S
*Marajé level’ (8 m ) seems to be certain, and widespread. These authors report this
level to extend as far as the mouth of the Japurd on the Solimdes, and Borba on the
Madeira, The Marajo level is most probably identifiable with the Late Monastirian
phase of Table 1.1)

It is likely that a large proportion of the terraces in the Estuary region and along the
Ocean coast are marine coastal or deltaic coastal. This is certainly the case for at least
the upper ones of (GUERRA’s terraces of the savannah region of Amapd Territory.

It is not yet possible to draw the geographic boundary between coastal and fluviatile
terraces.

The Plio-Pleistocene Amazon planalte and the Pleistocene terraces of the Amazon
valley proper will be referred to as Planicie when considered in conjunction.

1.4.3.4 Terrace Levels in Relatively High Situated Areas

Very few data are available on the accurrence of Pleistocene fluviatile terraces in
areas situated well above the highest Pleistocene sea levels, and separated from the
lower course of rivers by erosion resistant sills.

On the latest geologic map of Brazil (LAMEGO, 1960), extensive areas of Pleistocene
deposits are mapped in the region of the upper Xing and along the Araguaia. During
the reconnaissance soil survey of the Araguaia Mahogany area, large tracts of flat
land were found at a level of 5-10 m above local rivers and rivulets, They are composed
of very sandy sediments and are fully under forest cover (¢f. Appendix 6, soil mapping
unit KLS, F). There can be little doubt that a Pleistocene terrace is concerned. The
whole survey area is located at 150 to 300 m altitude, separated from the Amazon
valley proper by a long chain of rapids, both in the Araguaia river itself, and in the
Tocantins river below the confluence of the Araguaia. Hence Pleistocene sea level
movements cannot themselves have exerted an influence on the formation of the
terrace. The terrace is probably a ‘climatic’ fluviatile terrace, The sediments must have
deposited under a river regime that favoured deposition of coarse textured sediments
over large expanses. This will have been possible only if the protecting forest cover
in the region was absent, which indicates a relatively dry climate. The terrace material

1) SoaRrEs (1956) refers to an unedited conference of RUELLAN in 1954 at Riberdo Preto,
in which the latter links terraces at 80—100 m, 50-65 m, 25-35 m, 18-20 m, 8 m and 4 m, in
the vicinity of Marajo and Belém with the Bas Monastirien and the Pré-Flandrien of
Europe.
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therefore will have been deposited during, or at the end of, an interpluvial, when there
was not enough rainfall to sustain forest growth, but torrential masses of water
occurred during the wet season, which fiercely eroded uplands further upstream and
deposited the coarse fraction of the erosion products in the area under discussion.

1.4.4 The Holocene Terrains

Next to the uplands of Pleistocene age, there are also, in a limited area within the
Middle and Lower Amazon regions, terrains only slightly above normal high-water
level (1-2 m ), which have clayey and reddish mottled soil. These massapés are
found, for instance, on the savannah areas between Oroximind and Faro (SUTMOLLER
et al., 1963). VARGAS (1958) reports their existence around Parentins and Barreirinhas,
The terrains are not recent, it only because the soils are fairly strongly weathered
(compare Profile 3 of 11.3.2). Already VARGAS {1958) suggested that these clays were
deposited in a time between the deposition of the Pleistocene uplands and that of
the recent floodplain. They are assumed to have been laid down during the Atlantic
age of the Holocene, when the sea level was relatively high (Flandrian, Table 1).

The lowlands of eastern Marajé island are probably also of Early Holocene age,
because they consist of sub-recent deltaic sediments. This can be deduced from the
patterns of recent and ancient drainage, the meso-relief, and the soil characteristics on
these terrains (see the section of an aerial photograph in SUTMOLLER et al., 1963, and
SOMBROEK, 1962b).

The floodplains and the valley bottoms are certainly of Holocene age. They are
commonly divided into two groups: the vdrzeas and the Jgapds. Although the literature
concerned is not quite unanimous, they may be defined as follows: The vdrzea is
lowland that is intermittently waterlogged, while the igapd is lowland that is per-
manently waterlogged. Defined as such, the former is found usually on extensive
lowland areas, and the latter usually near or within upland areas. The vdrzeas may be
subdivided according to the character of the variation of the water level and the
quality of the water, namely:

1. Lowlands, along rivers, where the variation in water level is due to differences
within the year of the river discharge (vdrzea do rio).

2. Lowlands, away from rivers, where the variation in water level is due to differ-
ences within the year of the rainfall (vdrzea da chuva).

3. Lowlands, in the Estuary region, where fresh water tides cause the variation in the
water level (vdrzea do maré).

4. Lowlands, along the Ocean coast, where sea or brackish water tides cause the
variation in water level (vdrzea do mar).

The vdrzeas are predominantly heavy textured (silts, silty clays, clays), the igapds often
peaty. Together with the massapés and the lowlands of eastern Marajo, the floodplains
are therefore strikingly different in their sedimental composition from the Pleistocene
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uplands in eastern Amazonia. The latter contain coarse sandy, and in several places,
even stony elemenis.

The floodplains have the customary pattern of river basin lands (back swamps or
vdrzeas baixas) and levees (river ridges or vdrzeas altas). The latter are sometimes very
narrow and then often run parallel (point bars or restingas). Elevated floodplains that
are almost well-drained are rare. They have been found only along the upper Madeira
and along the lower Araguaia. This scarcity is related to the fact that at present the
load of the Amazon river system is small (¢f. LECoINTE, 1945), although with the
enormous water discharge the total amount is enormous (SOARES, 1956). Several
tributaries are practically without load, for instance the Rio Negro and the Tapajos.
These are rivers of humic acids containing black water (rio de dgua preta), or clear
greenish or bluish water (rio de dgua limpa}. In contrast, rivers such as the Amazon
proper and the Madeira which have a considerable load of sediments and are therefore
turbid, are often called rivers of white or yellowish brown water (rio de dgua branca);
S1o01 (1951, 1956).

1.4.5 Levels of Occurrence of Fossil Plinthite (Laterite). Tts Grouping and
Its Dating

Throughout Amazoenia, and especially in the eastern part, layers of reddish, iron-rich
stony material can be found. They occur at varying altitudes and heights above local
river levels, and are often accompanied by layers of highly reddish mottled, compact
and soft material. Both materials are known as Jaferite, and more recently as plinthite.
The origin of the Amazon plinthite will be discussed in 11.3. The material is considered
to be the result of the accumulation and segregation of Fe (and Al) largely in subsoil
horizons under influence of intermittently imperfect drainage. In the same chapter it
will be considered how to decide whether such plinthite is still in formation or is of
fossil character. Also, if the latter is the case, whether it originated in sifu or was carried
along, colluvially or alluvially, from cother places.

With this in mind, the study of fossit hard and fossil soft plinthite may help to form a
picture of former land surfaces and climatic conditions. This is dealt with in the present
sub chapter.

1.4.5.1 Fossil Plinthite in the Guamd-Imperatriz Area
The situation of Amazon fossil plinthite was studied in detail in the Guama-Impera-
triz survey area, namely on the BR-14 highway proper, which had many deep and
fresh road cuts and of which a complete cross-section was available (Appendix 4). In
this area, five main types of concretionary elements of hard plinthite were dis-
tinguished, each with a certain establishable area of occurrence!. The distinctions

1 not included are the very small plinthite concretions (*shot’) found in small quantities in

a few soil profiles just above a non-plinthitic B horizon (¢f. Profile 38, II[.2). They are
apparently of recent age.
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between the types were only made according to morphoelogical field characteristics,
since ne laboratory analyses are available on relative contents of clements as Fe, Al
Mn and Ti, and on the form in which these elements occur. The names employed are
taken from local settlements. The types are listed in Table 4 {(see also Photo 2):

Table 4 The five main types of concrerionary elements of hard plinthite in the Guamd-Imperarriz area

Name/nome

Size of elements
(diameter)
tamanho dos
elementos
{didmetro)

Form of
elements

Sorma dos
elementos

Grainage

granulacdo

Colour

cdr

Arrangement (if
not displaced)
arranjo (caso de

MAE DO RIO IPIXUNA

small to very medium
large (0.5-50 cm) (2-10 cm}

pequenc aré médic

muito grande (2-10 ¢cm)
{0.5-50 cm)

platy, angular  prismatic to
or subangular  reticulate
blocky, or

prismatic reti-

culate

faminar, em prismdtico

blocos angulares até reficular
ou subangulares,

ou retichlar-pris-

mdrico
fine to very fine, with
coarse (Ciron- scattered

medium sized
quartz grains

cemented quart-
zite")

fino até muifo
grosso {"quartzito dispersos de
cimentado de quartzo de

Serro’) tamanhoe médio
red, dusky red red and light
or black red

vermelho, vermelho
vermelho escure e vermelho

au preto claro

usually vertical
horizontal

usualmernte vertical

ndo ser deslocado ) horizantal

PARAGOMINAS

very small
{0.5-2 cm)
muito pequenc
(0.5-2 cm)}

subangular
blocky

em bldcos
subangulares

fine

fino com grdos fino

dusky red
vermielho
esCHro

not specific

ndo especi-

ficadoe

LIGAGAO

medium
(2-10 cm)
médio
(2-10 em)

irregular
blocky,
usually
subangular

em blécos

irregulares,
usualmente
subangular

medium

médio

black or very
dusky red
preto ou
vermelho muito
escuro

not specific

wdo especi-

ficada

CAMPINHO

rather small
(0.5-5 cm)
basiante
pequeno
(0.5-5 cm)}

irregular
subangular
blocky to
prismatic
em blicos
subangulares

aré prismdtico,
irregularmente

uspally fine

usualmente fino

dusky red
vermelho
escure

not specific

néo especi-
fieado

Tabela 4 Os cinco tipos principais de elementos concreciondrios de ‘plipthite’ duro da drea Guamd-

Imperatriz

For discussion, it is proposed to divide the studied section into the northern and
the southern half,
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Foro 2 Os principais tipos de elementos concreciondrios de “plinthite’ duro da drev Guamd-Imperaiviz

mae do rio ipixuna

ligacao paragominas campinho

Photo 2 The main types of concretionary elements of hard plinthite of the Guamd-fmperatriz area

NORTHERN HALF
In the northern half, km 0-km 195, three types of plinthite concretions are found,
namely the Mae do Rio, the Ipixuna and the Paragominas type.

Mde do Rio type concretions are present only north of km 78. The concretions form
almost everywhere a layer of about 1 m thickness, and have a horizontal arrangement
in the lower part of this layer. Below this, soft plinthite occurs, to which the transition
is gradual, and which has predominantly a laminar pattern (Photo 13). The concre-
tionary layer is commonly overlain by a layer of fairly sandy sediments without
concretions. In the latter layer no ‘pedologic’ A, horizon, immediately above the
concretionary zone, can be distinguished.

It may be concluded that the concretions were formed i situ. A former Ground
Water Laterite soil profile must be concerned which was truncated and afterwards
buried with sediments. The latter, in their turn, were stripped off in several parts. The
topographic dataiof the cross-section indicate that the upper level of the concretions is
at about 65-70 m altitude.

Ipixuna type concretions occur mainly between km 75 and km 150. They form a
layer of 0.5-1 m thickness, and have a vertical arrangement in the lower part. This
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layer is undertain by a thick layer {up to 10 m) of soft plinthite, to which the transition
is gradual. The soft plinthite has a coarse reticulate to prismatic-tubular pattern. The
concretions are often outcropping, but locally are overlain by a thin (less than 5 m)
layer of sediments without concretions, In most places of very heavy texture (re-
worked Belterra clay). In this sedimentary cover no ‘pedologic” A, horizon, immedi-
ately above the concretions, can be discerned (Photo 18). It may be concluded that
the concretions were formed in situ, and that a former Ground Water Laterite soil
profile is concerned. This profile was truncated and soon afterwards buried with
Belterra clay. The iatter, in its turn, was stripped off in many places. An exception has
to be made for a few stone-lines of the concretions, which are found in the sediments
of a relatively young terrace in the section concerned (Photo 3). These will be of
colluvial-alluvial origin. The stone-lings occur at varying depth and may therefore
be designated as ‘geologic stone-lines’.

Foto 3 Concregies do tipo Ipixuna que parcialmente cobrem ‘plinthire’ macio e parcialmente formanm lin-
has de pedra em terra fridvel e nido mosqueada. As concregies das linhas de pedra sdo depésitos aluvianos
oui coluvianos. As concregdes a esquerda, porém, origingram-se principalmente in situ de ‘plinthite’ macio
anterior acima do ‘plinthite’ macio atual (abaixo 4 esquerda). E provdvel que ocorren algum movimento
lateral destas concregdes, vista a delimitagcdo bastante pronunciada enfre as concregdes e o ‘plinthite
macio { BR-14, km 125)

AR
i iﬁfg ;g“j; i o Wi GE: g Lt e

Photo 3 Ipixuna-rype concretions, partly cupping soft plinthire, partly forming srone-fines in wumo!iled,
firiable earth. The concretrions of the stone-lines weve deposired alluvially or colfuvially. The concretions
at left, however, mainly originated in situ from former soft plinthite on top of the present saoft plinthite
(bottom left ). Some lateral movemeni of the larter concretions is likely to have raken place owing to the
Fuirlv sharp boimdary between the concretions and the saft plinifiite { BR-14, km [25)
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In a few places both Ipixuna type and Mae do Rio type concretions occur (km 78,
km 63, km 30}). There, the Ipixuna type always overlies the Mae do Rio type, and is
sometimes vertically separated from it by soft plinthite. This indicates that Ipixuna
type concretions originated in a less ancient time than the other type.

The upper level of Ipixuna type concretions is at about 75 m altitude at km 78,
gradually increasing to 190 m altitude at km [95.

Paragominas type concretions are found predominantly south of km 150, although
they have a scattered occurrence north of this (thin layers — less than 0.5 m thick -
above the Ipixuna type; usually not indicated in the cross-section). These concretions
form a layer of 0.5-1.0 m thickness. This layer is usually underlain by soft plinthite,
to which the transition is gradual in most places. The soft plinthite is present only in
thin layers — generally less than 5 m — and has a fine reticulate pattern. The Para-
gominas concretions are partly outcropping, partly overlain by Belterra clay. In the
latter case no ‘pedologic’ A, immediately above the concretionary zone, can be
discerned.

The Paragominas concretions may therefore be taken to have predominantly
originated in situ.

At places where the Paragominas and the Ipixuna type concretions occur together
(for instance at km 171, km 194), the former overlie the latter, indicating that the
Paragominas ones are of later date.

The Paragominas type concretions are believed to have originated mainly within the
Belterra clay. Their size and form is similar to the structural elements of the clay.
Recent reddish mottling (i.e. the pre-stage of concretions) in the Belterra clay is
related to these structural elements, by being fine spotty or fine reticulate. This
type of mottling is found in a few places above the layer of Ipixuna concretions, and
very distinctly in the B horizon of present Ground Water Laterite soil profiles in
Belterra clay (¢f. Profile 8 in 11.3.2.1). In fact, transitions between Belterra clay
motiling and the loose Paragominas concretions are found at several places.

The position and the form of the Ipixuna type concretions lead us to assume that
they did not originate in Belterra clay, but in the upper layers of the planalto base
material (medium to heavy textured sediments of the Barreiras or Alter do Chio beds).

The upper level of the Paragominas concretions is varying. Where they are not
underiain by Ipixuna type concretions, the level is between 110 and 170 m altitude,
30-30 m above local river level.

SOUTHERN HALF

In the southern half of the stretch, between km 195-km 467, Ipixuna, Ligagao,
Campinho and Paragomings concretions are found. In general, the amount of con-
cretions and soft plinthite is much iess than in the northern stretch.

Ipixuna type concretions are outcropping at the planalto scarps in the km 195-
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—km 230 section!. They occur immediately below the Belterra clay, atabout 10 m below
the level of the central sections of planalto. They are found in layers of 2-3 m thickness,
and are underlain by their soft plinthite {see under northern section). It may be
concluded that they were formed in situ.

South of km 250, Liga¢do type concretions are found at the scarps of planalto.!
also immediately below the Belterra clay, at about 20 m below the level of the flat
central sections. These concretions, forming a layer of 1-2 m thickness or less, are not
underlain by soft plinthite {except at a few spots around km 270 and km 405), but by
uniformly reddish coloured sediments of sandy clay loam to sandy clay texture.
Normally the boundary is sharp (Photo 4). The Ligacdo concretions are more or less
rounded, and have no pattern of arrangement. It is therefore concluded that the
Ligagio concretions are of alluvial {fluviatile) origin in most places.

The level of the Ipixuna or Ligagio type of concretions is increasing gradually from
north to south, together with the surface of the planalto terrace. At km 195 the
altitude? is 190 m, at km 412 it is 330 m,

Paragominas type concretions are found scattered. Sometimes they occur in thin
layers just above the Ipixuna or Ligagdo types at the planalto scarps, where they are
without soft plinthite. At lower Jevels Paragominas type concretions may form thicker
layers, and are then in some places underlain by their soft plinthite (see under northern
section). At these latter places, for instance at km 269, they were certainly formed
in situ.

Concretions of various types are found collectively on several stopes and terraia tops,
beiow the level of the planalto terrace (Ipixuna - Paragominas; Ligagio - Para-
gominas). At these places the concretions are very mixed. They may occur in a scaitered
pattern in the sedimentary layers, but more often they are concentrated in thin
layers (0.5 m) at the transition zong from the yellowish A horizon to the red B horizon
of the soil profiles (most probably they are concentrated there under influence of soil
biological activity, and may therefore be designated as ‘biotic stone-lines’). Soft
plinthite is lacking. There is every indication that colluvia-alluvia from the planalto
scarps are involved.

In the stretches km 195-km 220 and km 250-km 260 concretions of the Campinho
type are found. They are partly outcropping, partly covered by sediments that are
usually of sandy clay loam texture. These concretions form layers of about 0.5 m
thickness and, according to a limited number of observations, they are underlain by

1 The concretions and the soft plinthite are not confined only to the scarps. At several deep
road cuts it was established that both plinthite layers continue horizontally towards the
central sections of planalto. There are, however, indications that the layer of soft plinthite
has its greatest thickness near the scarps. It also seems that the Paragominas concretions,
when occurring on top of the Ipixuna or Ligacdo types, are concentrated at the scarps.

) Sce, however, note at page 31.

44



Foto 4 Concregées do tipo Ligacdo que cobren terra ndo mosqueada e fridvel. A auséncia de qualquer
plinthite’ macio, a delimitacdo inferior pronunciada e irregular da capa deplinthite’ duro, a forma sub-
ungular dos mesmos elementos concreciondrios e a auséncia de qualquer arranjo déstes elementos, em
conjunio indicam que a capa de ‘plinthite’ dure ndo foi formada in situ, mas ¢ de origem aluvial { BR-14,
km 370 m.ou m.)

i S £ i ol s & REE .

Photo 4 Ligagdio rype of concretions capping unmeitied. friuble earth. The absence of any sefi plinthiie,
the sharp and irregular fower boundury of the laver of hard plinthite, the subrounded form of the con-
cretionary elements themselves, und the absence of uny arvangement of these clements, fogether indicate
thar the laver of hard plinthite was nop formed in situ, but is of ailuvial origin ( BR-14, km 370 ca.)

soft plinthite of only 1-2 m thick. 1t may be assumed that the Campinho type was
formed in st and is the relic of a Ground Water Laterite soil on a land surface that
was at about 30 m above the present tocal river level.

South of km 413, concretions are sparse. They are of varying type (at several places
platy, similar to the Mae do Rio type of the northernmost stretch), and may grade
into some soft plinthite. The observations made in this section are however too
limited to warrant deductions as to the origin and level of the concretions.

An attempt will now be made to refate the different types of fossil plinthite with
times of Ground Water Laterite soil formation, i.e. with the former existence of
approximately flat land surfaces with intermittently imperfect drainage. The scarcity
of reliable data on the surface geology in this region of unconsolidated sediments, is
a serious drawback. There are, however, a few geological notes on outcropping older
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deposits at the extreme north and south sides of the part of the BR-14 studied’.
Personal observations on the characteristics of the substratum were made at deep
road cuts, and there are the conclusions about the age of terrace deposits (¢f. 1.4.3.2),
These together enable a sketch to be made of the geologic-geomorphologic genesis of
the region. This is done in Appendix 5, from which the age of the fossil plinthite may
be established as follows:

After deposition during the Miocene of quartz sands and kaolinitic clays of the
Barreiras or Alter do Chio beds, a time of stability existed, when neither sedi-
mentation nor erosion took place. During this time, an approximately flat land
surface, which would be nowadays at 65 to 70 m altitude, permitted Ground Water
Laterite soil formation in the northernmost part of the area (km 0-km 70} because of
imperfect drainage of the surface. This was followed by a time of erosion during
which these profiles were truncated. The Mie do Rio type concretions originated by
hardening of the soft plinthite at the surface: Late Miocene (7). There are indications,
for instance at km 30, that the Mie do Rio concretions are the relics of at least two,
superimposed, Ground Water Laterite soil profiles. This would indicate the existence
of more than one time with imperfect drainage of former land surfaces before, or
at the beginning of, the Pliocene. Such a situation would also account for the variability
in the characteristics of the Mie do Rio congcretions,

After this truncation a new deposition of sediments took place, similar to those
described above, during a transgression time: Pliocene (7).

Subsequently, there was another time of neither sedimentation nor erosion, but
soil formation. Imperfect drainage of an approximately flat land surface (which
would be nowadays at varying altitude; generaily increasing from north to south:
70 m altitude at km 80, 120 m at km 145, 145 m at km 195, 320 m at km 405)
resulted in formation of Ground Water Laterite soil profiles in the part km 70-km 300,
and possibly around km 400. This was followed by an erosive time (probably short,
because of the flatness of the concretionary layer), during which truncation of these
profiles and formation of Ipixuna and Ligacdo concretions took place. At the same
time, the land surface in the section between km 300 and km 400 was covered with
alluvial Ligagio concretions: Late Plioeene (7).

This was followed by a regression time, during which in several parts all the
concretionary land surface was stripped off, especially in the km 150-km 195 section
(Alto Guamd): Late Pliocene or Earliest Pleistocene: Biberian (7;.

A new transgression time, with lacustrine — marine conditions, caused the de-
position all over the area of very heavy textured sediments (Belterra clay) in a thin
layer (20 m thick at km 400, 10 m thick at km 200); Plio-Pleistocene (Calabrian); cf.
14.2.

Subsequently, a regression time caused strong erosion, resulting in a landscape of
table lands (the present day sections of planalto terrace). This erasion was most

1) For details ¢f. SOMBROEK (1962a).
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pronounced in the central and southern parts of the area. The sharp edges are due to
the presence of the erosion resistant layer of concretions. The same erosion gave
gentle undulating terrains in the stretch km 150-km 195 (Alto Guamd) where this
resistant layer was largely absent: Early Pleistocene: Danubeian (?),

Renewed raising of the general erosion base resulted in flattening of the Belterra clay
covered land surface until it became a terrace of about 100 m altitude (re-worked
Belterra clay): Sicifian ievel of Early Pleistocene; cf. 1.4.3.2, Table 2).

Resumed erosion during a regression time hereafter resulted in sharpening of the
table land feature of the general landscape: glacial age of Pleistocene: Nebrascan (?).

Alternating transgression and regression times during various interglacials and
glacials of the Pleistocene followed. During the transgressions, sedimentation took
place at various levels (¢f. 1.4.3.2).

In one of these ages, possibly the Yarmouth interglacial, a short time of stability
existed during which a land surface with imperfect drainage in the stretch km 200-
km 260, which would be nowadays at about 30 m above the local drainage system,
gave Ground Water Laterite soil formation. These profiles, after truncation by a
subsequent erosion, resulted in Campinho type concretions.! At the same time, or
shortly before, the main part of the Ground Water Laterite soil profiles that gave
Paragominas concretions, developed, predominantly in the stretch km 150-km 195, at
a level 30-50 m above the present day local river level. The age of the latter type is,
however, difficult to assess as a whole, because it is found in some places also im-
mediately above the Ipixuna or Ligagio concretions at the scarp of unattacked
sections of planalto. For these, Plio-Pleistocene age seems plausible. On the other
hand, the Paragominas concretions appear to be formed in present times too, as
pointed out before.

Summarising, it may be said that a large proportion of the fossil plinthite in the
Guamd-Imperatriz area was formed in situ, during and after at least two epochs of
the Late Tertiary (Miocene and Pliocene) with approximately flat land surfaces of
imperfect drainage. During a part of the Pleistocene plinthite of limited expanse was
produced.

1.4.5.2 Fossil Plinthite throughout Amazonia
The classification and dating of the fossil hard plinthite elsewhere in the region
requires further research. For full comparison with the situation in the Guamd-
Imperatriz area, it would also be necessary to use laboratory data on fossil plinthite as
a means of identification. Provisionally the following may be said:

1 Their formation during a time of the Farly Tertiary or even of the Late Cretaceous
might be considered. This old age is however more likely to be true for thie blocks of
‘iron cemented quartzite’ that are encountered on a few places in the stretch km 195 km -
220, but not along the highway itself. Should this be the case, comparable fossil plinthite
would occur deep down (about 100 m) under the sections of planalto terrace. This could
not be checked.
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1. The fossil plinthite situation in the region southeast of Santarém was studied to
some extent. For Curud-una centre, the data of the road from the river to the planalto
are given in Fig, 11, Congretionary elements are outcropping at the scarp of planalto.
This hard plinthite is found immediately below a 15 m thick cover of Belterra clay.
The layer is about 1 m thick, and has in many places a gradual transition to underlying
soft plinthite, 1-2 m thick. The concretions are of a type very similar to the Ipixuna
type of the Guamda-Imperatriz area. Their arrangement is vertical in the Jower part,
sometimes strikingly disturbed in the upper part of the layer. Immediately above the
Ipixuna-like concretions, namely in the lowest part of the layer of Belterra clay, a
thin layer (about 0.5 m) of concretions resembling the Paragominas type are found.
On the lower slope of the planalto escarpment, Ipixuna-like concretions are also
present, but in thin, irregular, superficial layers. These are without soft plinthite, being
underlain by homogeneous reddish, unconsolidated sandy sediments (planaito base
material, Barretras or Alter do Chio beds).

Throughout the length of the road before the planalto escarpment, plinthite is
completely absent in any of its forms, Only in ¢lose proximity of km 0 a degree of
plinthitic material is found. At an upper level of about 16 m above the river level, a
superficial layer of hard plinthite of about 1 m thickness is present. The concretionary
elements are resembling more or less the Campinho type concretions of the Guama-
Imperatriz area. The concretionary layer has a gradual transition to a layer of under-
lying soft plinthite, which is 1.5 m or more thick and has a fine reticulate pattern of
mottling. Nearby, but at a lower level, namely 9 m above local river level, also
concretions are found at the surface, however of quite another type. They resemble
portions of the Mie do Rio type of the Guamd-Imperatriz area. No arrangement was
observed, Whether they are underlain by soft plinthite or not, was not established.

It may be concluded that the Ipixuna-like concretions at the upper planalto scarp
were formed in situ, and are probably of Late Pliocene age, Those at the lower slope
are colluvial. The Campinho-like concretions near the river were formed also in situ,
possibly during some time of the Pleistocene. Their formation at this spot may be
due to an impervious substratum of older concretions, that possibly were formed — or
deposited — there at some time of the Tertiary, before the Pliocene.

Similarity in type as defined in the foregoing does not necessarily imply an identic
time of formation of fossil hard plinthite. The similarity between the whole fossil
plinthite situation at Curud-una and that in the Guamd-Imperatriz area, in particular
the stretch around km 200, does however suggest that with morphometric studies
correlations can be made over large areas within Amazonia. The conditions as they
exist on the planalto scarps in the Guamd-Imperatriz area and at Curud-una cenire,
were found also at Belterra Estate along the lower river Tapajos, and behind Tucurui
on the river Tocantins. One is forced to believe that all of the original planalto terrace
in eastern Amazonia has, below its blanket of Belterra clay, a layer of fossil plinthite
with Ipixuna (or Ligagdo)-like concretions,

The conditions may be different for the remnants of planalto in the western part of
Amazonia. Two examples will be given. In the Manaus-Ttacoatiara area, the lower
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Fig. Il Mapa de topografia e solos da drea ao redor do centro de Curiid-una e corte transversal AB
da estrada para o planalto
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boundary of the Belterra clay is only locally marked by concretionary elements, there
as thin (1-3 dm) stone-lines, often without any soft plinthite. The concretions have
similarity to the Paragominas type. The absence of Ipixuna-like concretions may be
related to local re-working of the Belterra clay during the Early Pleistocene (¢f. [.4.2).
East of Porto Velho, at cascalheiras along the highway BR-29, thick (3-5 m) layers of
hard plinthite were observed. The concretionary elements thereof resemble the
Ipixuna type, and often have a (sub)vertical arrangement. Soft plinthite is seldom
found. The hard plinthite is present at a slightly higher level than the planalio at the
spot (¢f. 1.4.2), thus forming hilly outcrops (¢f. GUERRA, 1933).

2. In the Bragantina area, located directly north of the Guama-Imperatriz area, fossil
plinthite is very frequent. The concretionary elements here often have the aspect of
quartzitic sand stone with abundant ferrugenous cementing (“iron cemented quartzite’;
grés do Pard or pedra-Pard of several geologists) and seem to be predominantly
similar to the Mie do Rio type of the Guamd-Imperatriz area. Asin the latter area, the
present day land surface is undulating to rolling where this type of fossil plinthite
occurs at a shallow depth. This in contrast to the almest flat surface in the stretch of
the Ipixuna or Ligagéo types. It is therefore likely that in the Bragantina area a large
proportion of the fossil plinthite is of Miocene and/or older age. Here also, the com-
plexity of the characteristics of the concretionary elements indicate more than one
epochs of Ground Water Laterite soil formation in those epochs. On one location,
namely Pirelli Estate, about 20 km east of Belém, even a complete and undisturbed
buried Ground Water Laterite soil (A|; A,; B, of-soft-plinthite) was found, at 4-5 m
depth. On top of this M#e do Rio-like concretions were found, grading downward
into soft plinthite.

3. In the area of the upland savannahs of Amapd Territory, plinthite both hard and
soft, is also very frequent. CARNEIRO (1955) produced photographs of laterita vesicular,
laterita pisolitica, arenito lateritica (grés do Pard) and argila lareritica, all from this
area. Also GUERRA (1954} studied the crusts and sub-surface horizons of plinthite in
this Territory, calling them canga cavernasa, pigarra or arenito-Pard. From a limited
number of personal observations in the area it is concluded that, although existing
Ground Water Laterite soils occur, most of the plinthite is fossil. Part of the fossil
hard plinthite was formed in sitn because it is underlain by related fossil soft plinthite.
After truncation, it was partly buried by Pleistocene sediments. However, fossil hard
plinthite of alluvial-colluvial character also occurs. The fossil plinthite in Amapd
Territory is probably of various ages in the Tertiary and the Pleistocene. A small
proportion of the hard concretionary elements there is apparently not fossil but
recent : the vesicular blocks at the falésias of Macapad fortress and some other locations
are the laterally exposed and therefore hardened parts of plinthite which is still in
formation. The same seems to be the case with much of the pedra-preta on other
beaches and banks in the Estuary region (¢f. 11.3.2.1; plinthite-in-formation below the
solum). GUERRA (1959, p. 34-37) gives data on the occurrence of several horizons of
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fossil plinthite, below the present day ground water level, in SESP drillings at Soure
(Marajé isiand). From his limited descriptions of the horizons encountered, it is
deduced that the fossil plinthite involved partly constitutes truncated Ground Water
Laterite soil profiles and partly alluvial deposits.

4. Fossil plinthite seems to be frequent on the strip of uplands in the Lower 4mazon
region directly north of the river. The age is probably diverse, in view of the varia-
bility in type. This may however be only related to the outcropping of Paleozoic
deposits of varying character in this region.

5. Other areas of frequent occurrence of fossil plinthite are indicated to be the
Early Tertiary and Cretaceous peneplanation surfaces {(¢f. 1.4.1) in the watershed
regions of Amazonia. The fossil plinthite would conservate the table land feature of
these terrains. On the presumably Cretaceous plateaux on the watersheds of Pard,
Rhondénia and Mato Grosso, fossil plinthile seems to form a sub-superficial crust,
outcropping at the edges (¢f. notes of GUERRA, 1953, about the Serra de Parecis in
Rhond6nia Territory). Further data on these plinthites is not yet available.

I.5 The Vegetation

The vegetative cover of Amazonia in its entirety is often called hilein after von
HumMeoLDT. DUCKE and BLACK (1954) mention many families, genera and species that,
to a greater or lesser extent, are characteristic for the hileia. AUBREVILLE (1958)
specifies some of the differences in structure and composition of the hileta in com-
parison with tropical forests in Africa. DuUcke and BLack found the limit of dispersion
of the genus Hevegq, its most famous trees, to constitute a well-fitting boundary of the
hileia (Fig. 13). The hilgia is present not only in northern Brazil, but covers also the
main part of the Guianas, the northern part of Bolivia, the eastern parts of Pert and
Colombia, and a part of Venezuela. Within Brazilian territory the hileia comprises
about 3.500.000 km?. The latest determination of its southern and eastern boundaries
was carried out by SoARES (1953), from aerial photograph analysis.

Contrary to many popular descriptions of Amazonia, the hileia is largely far from
impenetrable. On the uplands in the axial part of the region, the forests predominantly
consist of high trees. Below the tree layers, the vegetation is relatively open. Shrubs,
vines and palms are generally sparse. Consequently, it is not difficuit to traverse the
forest. The atmosphere below the canopy is fairly pleasant because of its coolness.

Although Amazonia contains the world’s largest expanse of primeval tropical
forest, there are within the region several parts with savannah or savannah-forest.
Near the population centres there are terrains under cultivation or covered with
secondary shrub and/or-forest. This is the case notably in the Bragantina area (east of
Belém), along the lower Tocantins river (Cametd), around Manaus, Santarém and
Amapd (Fig. 12).
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Fig. 12 Mapa provisional da vegetaglio da Amazénia brasileira
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Fig. 12 Provisional vegelation map of Brazilian Amazonia

Apart from the collected information on the phytogeography of Amazonia by
DuckEs and BLACK (1954), the FAQ/SPVEA Forest [nventory Program has provided
lately for many systematic data (¢f. HEINSDUK and MIRaNDA BasTos, 1963). Con-
tinuously from 1934 to 1962, exploratory surveys were carried out over the vast area of
200.000 kmZ. The areas constitute together an almost uninterrupted, longitudinal
strip, 1700 km long, at the south side of the Amazon tiver, from the tributary Madeiras
in Amazonas State to the river Maracassumé in Maranhdo State. A latitudinal strip
was surveyed along the forested, upper part of the newly opened BR-14 highway. As

52



well as this, two special surveys were performed. They were to determine the dis-
persion and the timber volume of two valuable species. One took place on the lowlands
along the lower Tocantins river for the species Ucuuba branca {Virola surinamensis),
and the other along the lower Araguaia river for the species mahogany or Mogno
( Swietenia macrophylia).

A provisional vegetation map is given in Fig. 12.

1.5.1 The Forest Vegetation

The coverage of primeval forest is far from homogeneous. The most conspicuous
differentiating factor is the drainage condition. The following formations may be
distinguished:

1.5.1.1 Lowland Forests
The forests of the terrains with poor drainage may be divided into three main
formations:

1. Mangue: mangrove forest. The forest of the lowlands that are under influence of
sea or brackish water (vdrzea do mar, ¢f. 1.4.4). The formation is present along the
Ocean coast and in narrow bands along the Baia de Marajé and the Rio Para. Its
composition is a part of the general flora of the coasts of tropical America { Rhizophora
mangle, Avicennia sp.) and does not have relation to the composition of the hileia.

2. Mata de vdrzea: fresh water marsh forest!. The forest on the lowlands that are
intermittently water logged with fresh water (vdrzea do rio, vdrzea da chuva, virzea do
maré; cf. 1.4.4). It has fewer species than the dryland forest, and the timbers are often
lighter (more floaters). Salient species are for instance the Sumauma (Ceiba pentandra)
and the Adndiroba {Carapd guianensis), and in some areas Ucuuba (Virola sp.).
Several subformations may be distinguished. They are determined by the length and
frequency of flooding and the quality of the flooding water. Upstream, and on the
highest parts, the levees and point bars, of the floodpiains in the lower courses of
rivers, where flooding occurs only during the peak of the high water time, the quantity
of species is largest. The formations concerned are nearing the dryland forest as
regards their composition. In the region with tidal influence the quantity of species is
low, especially on the floodplain parts that are flooded daily. The forest on the latter
have a rather close resemblance to the formation 3. There is also a difference in com-
position and timber volume of the forests on the vdrzeas along rivers with transparent
water (dgua preta or dgua limpa; ¢f. 1.4.4) and those on the vdrzeas along rivers with

1) The applied distinction between swamp and marsh corresponds with the distinction
between vdrzea and igapd. It is in agreement with the classification of Bearp ((255), with
the exception that lowlands flocded only during high tides ( vdrzea do maré) are included
with the marshes in the present publication.
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turbid water (dgua branca). The former generally have species of harder and better
distinguishable kernwood (DuckEe and BLACK, 1954).

3. Mata de igapd. fresh water swamp forest: The forest on the lowlands that are
permanently water logged with fresh water (igapo; ¢f. 1.4.4). This forest formation has
few tree species; palms are often frequent, sometimes constituting the entire vegetation,
Characteristic species are for instance the Ucuuba (Virola sp.) and the Anani { Simpho-
nia globulifera) and the palms A¢ai { Euterpe oleracea) and Paxiuba ( Iriartia exorrhiza).
The boles and crowns of the trees are usually laden with epiphytes.

1.5.1.2 Upland Forests {matas de terra firme)

These are the forests of the freely draining terrains of low altitude, in general all the
Iand older than Holocene. These dryland or upland forests are characterised by an
enormous variation of tree species, mainly of heavy timber. Palms are generally
sparse, although many species of them are known (AUBREVILLE, 1958).

The forests are not quite uniform. There are differences in mean gross timber volume,
and several species have a distinct optimum in some part of the immense region or are
even restricted to specific areas, Ducke and Brack (1954), although admitting ‘we
cannot establish phytogeographical subregions in the hileia, because the flora of the
high land between the navigable rivers is still almost completely unknown’, made a
tentative and schematic division of the hileia into subregions (Fig. 13). Each of their
subregions has specific distinguishing species. Their sub-region ‘Norte® is richest in
species, but the trees are generally less high and the leaves smaller and darker than in
the other regions. The subregion ‘Norteste’ contains several stretches of relatively dry
and low forest.

The FAQ/SPVEA Forest Inventory Program, already mentioned, has provided
much quantitative data on the ‘Sul’ and ‘Sudeste’ regions. Several units, with geogra-
phical nomenclature, have been separated and mapped (¢f. HENSDUK and MIRANDA
BasTos, 1963, and Fig. 22). An inventory unit was defined by:

1. the presence or absence of one or more tree species, in contrast to the situation in
surrounding units.

2. the difference in mean gross timber volume, and

3. the degree of anthropogenic influence.

The characteristics for each unit were obtained by grouping of one hectare sampling
units, which were laid out scattered {unbiased), as much as was possible at the mode
of penetration. For the exact tracing of the geographic boundaries of a unit, the
topography and the soils of the area with the most representative sample units were
also taken as critera to some extent (for more details on the inventory system used
of. TV, Introduction).

It may be seen that the inventory units 1-15 do not vary greatly in mean gross timber
volume. There isno clear change in the botanical composition of these fifteen units.
Hemspuk (1960), after noting the tendency to increase and decrease respectively in
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Fig. 13 A subdivisio provisional da hileia em regides fito-geogrdficas conforme a DUCKE and Brack
(1954) e os limites fixados por estes autores da disperséio do género Hevea

CORGETOWN
PARAMARIAO

o

16° e o A
s

e 7

SUBOESTE {}* <A ‘%{’
; A A VA AVA

™t YN A g

=1

10

7 LA PAZ L\0 200 400 500 KM

Ha 1 !
T ]
50°

Hevea unditterentiated T .
H P : Hevea brasilionsis Heveu besthamioua
evea ndo diferencieda

Fig. 13 The provisional subdivision of the hileia into phytogeographical regions according ro DUcke and
BLACK (1954), and these authors’ boundaries of the dispersion of the genus Hevea

frequency of several botanical families from east to west, states ‘a regular change
in representation of the families in the forest types sampled, in one direction can,
except for the questionable examples given, be regarded as non-existent’. In fact,
these units form together one forest type, called ‘Pouteria association’ by HEINSDUK,
after its most stable constituent. The various inventory units are facies of this one type
(for their naming ¢f. HEINSDUK, 1960). Nearing the south-eastern boundary of the
hileia (units 16-24), there are more differences, not only in mean gross timber volume
but also in the botanical composition. The latter units for a part form other types than
that established for the centre of the valley. For the units 16, 17 and 18, for instance,
the name ‘Eschweilera Pouteria association’ is proposed.

In the transition area which is located along the lower Araguaia river, unit 26, with
soils different from those of the other inventory units, the composition of the forests is
strikingly different from those near the Amazon river {¢f. GLERUM and Smit, 1962b).
The number of tree species is considerably smaller. Parts of the area bear an almost
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pure stand of mahogany (Swietenia macrophylla), which tree is reported to occur also
in other parts of the southern and southwestern transition zone of the hileia (¢f.
Ducke and BLACK, 1954).

1.5.1.3 Special Upland Forest Types
1. Cipoal {(creeper forest). This is a kind of upland foresi that is very difficult to
traverse, contrary to the predominant situation. It consists of a dense clew of many
thick creepers and climbers, with only few, big, emerging trees, often in small groups
and laden with climbers (‘climber-towers™). The transition of this type to the high forest
is called cipoalic forest (cf. Photo 22).

Cipoal proper is present in patches on the central sections of the planalto south-east
of Santarém (within units Planalto I and Planalto II), in rather extensive areas on the
central sections of the planalto in the Guamd-Imperatriz area (units Ligagio,
Agailindia), and in very extensive areas between the rivers Jaragn and Xingu (units
Planalto II baixo, and especially Planalto I baixo cipoal; ¢f. HEINSDIK, 1957 and the
Figs. 22 and 24). The inventory unit Upper Guamd consists mainly of cipoalic forest.
A vegetation somewhat comparable to the cipoal is found in the western part of the
Araguaia Mahogany area. There however creepers and climbers are generally thin,
the field layer is dense and palms abound. There are indications that other parts of
southern Pard and parts of northern Mato Grosso have also cipoal-like forest. The
cipoal may be taken to represent the real ‘jungle’.

2. Tabocal (bamboo forest). This is a fype of upland forest which consists predomi-
nantly of Bambii and/or Taboca, both Guadua species. They form an almost impene-
trable cover of 3-10 m high. Emerging trees are practically absent, except for small
patches. The tabocal vegetation is present, in broad strips, along the headwaters
of the river Gurupi. (¢f. GLERUM and SMITH, 1962a; cf. Fig. 23). Bamboo species
are lacking elsewhere in area of the hileia, except for the extreme southwestern part
(Guadua superba of Acre State; ¢f. DUCkE and BLack, 1954),

3. Cocal (palm forest). In part of the transition zone between the hileia and the
savannahs of North-Eastern Brazil, palms are very frequent. Often these palm forests
are predominantly of Babagii (Orbygnia speciosa). This upland forest type is known as
cocal, its area as zona dos cocais.

I.5.2 The Savannah and Savannah-Forest Vegetation

In this publication, ‘savannah’ is considered to be the vegetation type which consists
of grasses with or without scattered small trees or clumps of trees (‘open savannah’,
as well as the vegetation type which consists mainly of shrubs, of variable density
{(‘shrub savannah’). ‘Savannah-forest’ is considered to be that vegetation type which
consists of trees that reach maximally about 20 m height and have thin boles (less
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than 0.25 m diameter at breast height). [t scems actually to be more equivalent to
savannah-wood” than to ‘savannah-forest’ as these vegetation types have been re-
defined recently. LinpEMAN and MoLENAAR(1959), for instance, describe the savannah-
forest as having two storeys of which the upper one reaches about 25-30 m height, and
the savannah-wood as having one storey, 8-15 or 20 m high, the trees having all thin
boles.

The vegetation type here considered as ‘savannah-forest’ is discussed together with
the savannahs, in view of its edaphic relationship with the latter (¢f. Chapter TV).

The savannahs and savannah-forests of considerable expanse are mapped in Fig. 12.
Only the boundaries of the ones near the main rivers are traced with a degree of
accuracy, because only of these parts reliable maps exist, from interpretation of aerial
photographs (AAF, 1942).

The boundaries of the savannahs of Marajé island, Amap4d Territory and the Lower
Amazon region are taken from AAF topographic maps, personal observation (cf.
SUTMOLLER ef al., 1963), and local information. The savannahs and savannah-forests
of the lower Gurupi and those of the Rio Pard and the lower Tocantins (App. 7) are
copied from forest inventory maps (HeinsDUK, 1958a; 1958b; GLERUM, 1960). The
savannahs and savannah-forests between the medium courses of the Puris and the
Madeira are copied from Braun and Ramos (1959). The savannah areas in the sur-
roundings of Manicoré along the lower Madeira (Fig. 26) and those south of the Rio
Negro, upstream of the confluence of the Ric Branco (Barcelos), are not reported in
any publication known, but sketched in from indications on AAF maps. The savannahs
of Rio Branco Territory are copied from GUERRA (1959). The savannah arcas between
the Lower and Middle Amazon regions and the Guianas are copied from the map of
LeCoOINTE (1907), who bases his mappings on many observations of his own and those
made earlier. Those of the medium course of the Xingu are taken from BOUILLENE
(1926). The boundaries of the latter and, for that matter, even their existence, are
however far from sure, The savannahs along the middle course of the Tapajds are
reported by BOUILLENE (1926) as well as by LECoINTE (1922) which latter called them
Campos de Cururd and Campos de Mucajazal. Also Ducke and BLACK (1954)
mention the existence of savannahs in this region, namely near Cachoeira de Manga-
bal. The whoele scuthern and southeastern boundary of the hileia is copied from
SOARES (1953).

The savannahs and savannah-forests within Amazonia are far from homogeneous.
A well defined classification with full reference to similar vegetation types in other
countries is however lacking. DUCKE and Brack {1954} give a preliminary classifica-
tion with local nomenclature. Of part of the Amazon savannahs and savannah-
forests, the FAQ/SPVEA Forest Inventory Program has provided for the geographic
coverage. Although such areas were by-passed during the forest inventories, and
any kind of ‘key’ to their identification is lacking, a preliminary classification of them
is given, based on aerial photograph analysis. SUTMOLLER ef al. (1963) give many
data on the habitat and the floristic composition of several savannah areas, in parti-
cular lowland savannahs.
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For the following short and provisional subdivision of the Amazon savannahs and
savannah-forests, the classification of DUCKE and BLACK is faken as a basis, and the
units of the forest inventories are tentatively fitted therein,

1.5.2.Y Lowland Savannahs and Savannah-Forests
Under this heading is grouped the grassy, shrubby, or low forest vegetation on
lowlands with intermittent or permanent waterlogging. Implied are the campos de
varzea of DUCKE and Brack and the campo alagado, campo com arbusto alagado,
arbusto alagado, floresta com arbusto alagado or ‘grassland on waterlogged soils’ of
forest inventories. Three main subformations exist, namely:

1. Campo de vdrzea do rio. This is the grassy vegetation on river floodplains that are
half-yearly covered with turbid river water (dgua branca; cf. 1.4.4).

A very characteristic grass is the floating Cangrana (Echinochioa polystachya, a.0.)
Shrubs and trees, especially on the highest parts (levees or point bars), are rather
frequent. This type of vegetation is present in the Lower Amazon region.

2. Campo de vdrzea da chuva. This is the grassy vegetation on lowland that is half-
yearly submerged with rain water.

On such lowland, trees and shrubs are usually absent (campo limpo). This type of
vegetation occupies for instance a large part of eastern Marajé island.

3. Campo de vdrzea do mar. This is the grassy vegetation on lowland that is regularly
flooded with sea or brackish water. The vegetation type is associated with mangrove
forest.

A special savannah-like lowland vegetation is still formed by the mondongos, which
are lowlands in a part of eastern Marajo island that are permanently submerged, and
therefore constitute a special type of igapd. Tall aquatic plants, like Aninga (Mont-
richardia arborescens), abound here.

On the coastal lowlands of Amapd Territory all mentioned subformations are
apparently present.

1.5.2.2 Upland Savannahs and Savannah-Forests
Under this heading is grouped the grassy or shrubby vegetation of non-flooded
uplands of low altitude, in general all the Amazon and older than Holocene. Various
subformations may be distinguished :

I. Campo. This is savannah that covers often extensive areas, but is encircled by
forest. It 1s commonly located in watershed regions. Immplied are the main parts of the
campe and campo com arbusta or ‘grass covered terra firme’ of forest inventories,
The greater part of the mapping unit ‘upland savannahs and savannah-forests’ of
Fig. 12 are of this type.

38



The principal plants are Graminege. Shrubs and small trees may be frequent { campo
coberto}, scattered (campo favrado or campo sujo), or absent (campo limpo), The
trees and shrubs are stunted, have rough, thick rinds and xeromorphic leaves.
Characteristic woody plants are for instance Lixeira or Cajueire do campo ( Curatelia
americana), and Murici { Byrsomina crassifolia). \n part of the campos the Mangabeira
{ Hancornia speciosa) is frequent. Fires frequently sweep the terrains. In spite of the
encircling by forest, the vegetation of the Amazon campos is not related to that of the
hileia, but resembles the vegetation of the campo cerrado of Central Brazil, according
to DuckE and BLack (1954).

The often used name campo firme is not quite adequate, because part of these
savannahs are submerged by a shallow layer of rain water during the wet season
(cf. 1V_1.2). Really low parts {hottom lands) within campo areas are often forested. A
characteristic species in the latter parts is the palm-tree Buriti (Mauritia sp.).

The extensive campos of Rio Branco Territory and the adjoining part of British
Guiana are, in fact, outside the hileia region. Their floristic composition is different
from the campos within the hileia (DuckE and BLACK, 1954). No further mention will
be made.

2. Campina. This name applies to small savannah patches in the middle of forest,
frequently with some swampy parts that are submerged by a shallow layer of rain
water during the wel season. Patches and windings of white sand alternate with
shrubs or small trees. Implied are some of the campo, and campo com arbusto or
‘grass covered terra firme® of forest inventories. According to Ducke and BrLack
(1954), the floristic composition of the campinas is different from that of the campos.
Graminege are less numerous than Cypergcege, and the species of the former are
different from those of the campos, The campinas have also a large diversity of wooden
plants; these belong to the flora of the hileia and are related to that of the caatinga
amazdnica (see under 3).

The campinas are usually too small to be indicated on Fig. 12. The most numerous
and typical campinas are located in the area between the lower courses of the Rio
Negro and the Trombetas, where LECOINTE (1907) mapped them. They are especially
frequent east of the Lake of Faro (which is the widened mouth of the river Nhamun-
ddj: Campos do Tigre, Campos de Maracanid. Near Manaus several campinas were
observed, occurring as irregular strips along rivulets. Examples for the Estuary region
are Vigia, Colares, Gurupa and Porto de Moz. For the lower Tocantins area, DUCKE
and Brack (1954) mention the campina of Breu Branco and that of Arumateua near
Tucurvi, Also for the lower Madeira region campinas are reported: Campo Grande
of Borba. The strip-like savannahs along the Marmeles and Manicoré rivers (Fig. 26)
are probably also campinas.

The nomenclature is not quite satisfactory, because sometimes the word ‘campina’
is used for indicating a campo of small extent. On the other hand, areas with real
campina vegetation are locally called ‘campo’ or even‘Campo Grande’ (¢f. examples
cited above). The situation is still more complicated by the fact that campo vegetation
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and campina vegetation occur sometimes beside each other, for instance in the sa-
vannah area of Cupijé, west of Cametd, the savannah area of Mariapixi, west of the
mouth of the Trombetas, and that of Ariramba (DuUCKE and BLACK, 1954).

3. Caatinga amazonica. This is a type of savannah-forest, which consists of low
trees and shrubs with interspersed high trees, or shrubs and very low trees of approxi-
mately uniform height. The woody plants are practically all evergreen.

Its flora definitely belongs to that of the hileia. According to Duckk and BLACK
(1954), the caatinga amazdnica is the richest in species of any vegetative formation of
Amazonia. This savannah-forest occurs in strips, and is found in the catchment area of
the upper and middle Rio Negro (tributaries Curicuriari, Igana and especially
Uaupés) in its most typical form. Another region with strips of caatinga amazdénica is
the Upper Amazon region near Sio Paulo de Olivenga.,

4. Campina-rana. This is a type of savannah-forest which is isolated amidst the high
forest, or occupies transitional areas between campo or campina and high forest
{(cf. Appendix 7). Most of the savannah-forests of Amazonia fall into this grouping.
Implied are the arbuste, as well as the floresta com arbusto or ‘caatinga forest’ c.q.
‘savannah-forest’ of forest inventories.

AUBREVILLE (1958) refers to _foréts basses et fourrés amazoniens sur sables blancs. Both
the caatinga amazonica and the campina-rana are apparently grouped under this latter
heading.

1.6 Paleo Climate and Paleo Vegetation

Very little is known of the paleo climate and the paleo vegetation of Amazonia as yet,
contrary to those of Africa (¢f. D"HOORE, 1939). It is often accepted that the climate
was constant since the Early Mesozoic, with only mild coolings during the Pleistocene,
and that also the type of vegetative cover remained almost unchanged. Great age of
the forest coverage has been deduced for instance from the great floristic richness of
the hileja.

Recently however, doubts have arisen as to such constantness, In 1.4.1 the supposi-
tion of BARBOSA (1959) is already mentioned, namely that the sedimentation of the
Tertiary Barreiras beds took place in a semi-arid climate of great extent.

WILHELMY (1952) assumes that in the Late Tertiary a dry climate existed, during
which extensive laterite crusts were formed form the Caribbean coast to 30°S, and
open vegetation forms determined the landscape, including large parts of the area
of the present day Amazon hileia. AB’SABER (1959) states that the presence of
varjous terrace levels, conserved by hard laterite crusts, and the existence of island-
like campo in otherwise forest covered zones, presupposes that immediately before
present times Amazonia had drier and inferior climates. They would be more com-
parable to the Senegalese than to the Congolese climates of today.
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It can be seen in 1V.].2 that the island-like savannahs involved are edaphic pre-
destined, and in 11.3 that the formation of laterite or plinthite is not necessarily related
to relatively dry climates. But it is true that truncation and burying of such plinthite
took place in times when no protecting vegetative cover existed, therefore during
relatively dry climates. In agreement with the tentative dating of the Amazon fossil
plinthite {(¢/. 1.4.5) this must have been during at least two epochs of the Late Tertiary
{Miocene and Pliocene), and on a restricted scale during a part of the Pleistocene.

The whole construction of the Amazon valley proper in well distinguishable terraces
of different levels and sedimentary materials, as described in 1.4.3, points also to
distinct changes in climate and vegetation. Present-day deposition comprises only
non-kaolinitic, mainly heavy textured sediments (¢f. 1.4.4). This is quite reasonable
considering the present day climatic conditions where almost all of the surrounding
upland is covered with protecting tropical forest. Because of this coverage, erosion is
very limited. Only bank falls (ferras caidas) and a few sandy areas where the vegetative
cover has been artificially destroyed are involved. By far the main part of the load of
the large rivers comes from far upstream, outside the forest belt. For the Amazon and
the Madeira the main cource of sedimentary material is the Andean mountain range
{cf. SioL1, 1951).

In contrast, the sediments of the Pleistocene fluviatile terraces are kaolinitic, often
light textured, and sometimes even contain stony material (quartz pebbles, or plinthite
concretions as geclogic stone-lines; cf. 1.4.5). In view of the small grade of the rivers,
the source of these sediments was certainly local. Principally involved was the basis
material of the Amazon planalto: kaolinitic clays and quartz sands of the Barreiras
beds, with one or more layers of fossil plinthite. The pronounced erosion of the
Amazon planalto and the accompanying formation, with the erosion products, of
well-defined floodplains (nowadays terraces) at lower levels seem plausible only when
the vegetative cover at that time was much sparser than the protecting cover of
nowadays. The climatic conditions in the valley proper, during the deposition of the
Pleistocene terrace materials, were therefore probably of similar interpluvial character
as that thought necessary for the building-up of the ‘climatic’ fluviatile Pleistocene
terrace of the Araguaia Mahogany area (cf. 1.4.3). Those former climates must have
had a long and pronounced dry season which limited the growth of vegetation, and
a short but intense rainy season with a large erosional force. Tn view of the conclusion
in 1.4.3, namely that the fluviatile terrace deposits of the valley proper were laid down
during interglacial times, the foregoing also supports the view that interglacials and
interpluvials coincided in Amazonia.

The tentative conclusion regarding the sedimentation of the Belterra clay in a huge
inland sea during the Plio-Pleistocene (Calabrian) implies that all of the axial part of
Amazonia was devoid of any vegetation at that time.

In summarising, it is concluded that during parts of the Tertiary and the Pleistocene
the forest coverage was absent or restricted to relatively small areas. For instance, it

must have been restricted to the higher parts of the Guiana and the Brazilian shields
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during the Plio-Pleistocene at the time of the Belterra clay sedimentation. During
the interglacials — interpluvials of the Pleistocene, real forest vegetation was probably
confined to the western part of Amazonia, near the Andes (all-year orographic rains).
This picture confirms the statements made by WILHELMY (1952), namely that the
hileia only developed during the Pleistocene, from pockets of forest of Early Tertiary
age'. Also very interesting i this respect are the conclusions of VAN DER HAMMEN
{1957), that are based on analysis of fossit pollen of the Colombian Andes area. This
author arrives at a distinct periodicity in vegetational and therefore also climatic
changes during the Late Cretaceous and the Tertiary, for the N.W. part of South
America. He also notes that the centre of the Guiana shield (the boundary area of the
(Guinanas and Brazil) constitutes a centre of distribution of plant species, amongst
which several genera of the palm family Mauritiaceae.

1) Quote: ‘Der Urwaid, der heute das Amazonasbecken erfiillt, hat sich erst im Pleistocin
aus kleinen alitertidren Restbestiinde entwickelr, nachdem noch im jiingeren Tertidr offene
Vegetationsformarionen im wesentlichen das Landschafisbild Amazoniens bestimmiten. Aus
seinem dquatorialen Riickzugsgebiet hevaus ist der Wald seit Beginn der Pluvialzeit allmihlis
nach § vorgestoszen, ein Prozesz, der jedoch auf den laterisierten Bdden der Tertidven Land-
oberfliiche bei den im Posipluvial wieder abnehmenden Niederschldgen nur sehr langsahm und
unvollkommen vonsratien ging’ (WILHELMY, 1952, p. 125).
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II. The Main Amazon Latesols and Plinthitic Soils

II.1 Evolution of the Concepts of ‘Latosol” and ‘Laterite’ or
‘Plinthite’

The term ‘laterite’ was first used by BucHANAN (1807), as descriptive of a highly
ferruginous deposit, observed in Malabar (India). It hardens upon exposure and is
therefore used as building material. Afterwards, apart from indicating building
qualities, the word laterite became associated with red colour of soil material, either
soft or hard. Almost every reddish coloured material on the earth’s surface in the
tropics and elsewhere was termed ‘laterite’. The meaning of the term became more
narrow after the work of BAUer (1898) on the chemical character of hardened
material. The presence of free aluminum oxihydrates (Tonerde hydrat, gibbsite) was
taken as the criterion. Generally speaking, such aluminum oxides were assumed
to be present if the ratio Si0,:Al,0, {value Ki} of the quartz-free soil material was
lower than 2. Later authors assumed it to be general characteristic of weathering in the
tropics that the ultimate products are iron and aluminum oxides, and that therefore
even Si-Al products as kaolinite are not stable, HArrisoN (1933) concluded from
studies in British Guiana that on basic rock primarily gibbsite is formed (‘primary
laterite”), which can afterwards be resilificated into kaolinite, and that on acid rock
kaolinite is formed directly. HARRASSOWITZ (1926, 1930), also adopted the criterion
that ‘allitic’ constituents should be present to call a soil material lateritic. He could
therefore speak of lateritischer (allitischer) Rotlehm, but was obliged to exclude iron
oxide crusts that apparently had no free aluminum, for instance those formed in
‘superficial’ horizons of tropical savannah soil ( Savanneneisensteine). HARRASSOWITZ
took it as proven that lateritic crusts develop by evaporation of sesquioxide rich soil
water and he made a scheme for the various ‘laterite profiles’ (¢f. I1.3.1),

The HarrassowITZ concept was attacked by MarsuT (1932), who based his con-
clusions on findings in Cuba and in the Amazon valley. The Cuba data concern the
lateritischer Rotlehm, which HarrassowiTZ had difficulty in placing in his scheme.
The Cuba soil, called ‘Nipe series,” had developed on serpentine rock. It was considered
to be a true laterite in the sense that Ki values are below 2 (0.2-0.3 actualiy). It lacks
however a sesquioxide crust, as well as a mottled layer and a grey zone, all of which
HarrassowITZ considered to be essential constituents of the ‘laterite profile’. In-
dications for the wandering of sesquioxides to the surface were not found. The
intensity of the red colour in the upper part of the profile would be due merely to a
greater degree of dehydration of the iron oxides than in lower horizons. MARBUT
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concluded that normal laterites develop under conditions of good drainage, free from
the influence of high ground water. Concentration of iron and aluminum oxides is
mainly, if not entirely, mere residual (no active upward movement), brought about by
the removal of silica, the alkalis and the alkaline earths. Sesquioxide segregation may
or may not take place in the form of concretions.

MARBUT found that all laterite profiles in the area of the unconsolidated sediments
of the Amazon valley have the HARRASSOWITZ horizons, but, befow soil material. Ac-
cording to his observations the sequence only originates under the influence of fluctu-
ating ground water level at shallow depth, resulting in a specific, imperfectly drained
soil. Sesquioxide crusts on dissected plateaux are fossil, and the relics of such a soii
after erosion of the surface layer (for details ¢f. 11.3). MARBUT therefore distinguished:
1. ‘laterite’, as the lateritic red loam from Cuba;

2. ‘ground water laterite’, as the leached soils with mottled, and in part concretionary,
subsoil of the Amazon valley.

Gradually, MARBUT’s concept as to the origin of lateritic soils and lateritic crusts was
accepted. It was fully adopted by the U.S. Soil Survey Staff. In ‘Soils and Men’
(BaLopwiN, KELLOGG and THoRP, 1938), a clear distinction is made between the
intrazonal Great Soil Group of the ‘Ground Water Laterite’ and the zonal ‘Yellowish
Brown Lateritic’, ‘Reddish Brown Lateritic” and ‘Laterite’ Great Soil Groups. For
the latter three Great Soil Groups, afterwards the term ‘latosol’ was preferred
(Yellowish Brown Latosol, Reddish Brown Latosol and Red Latosol respectively,
and some additional groups; KELLOGG, 1949). The Latosols therefore should comprise
‘all the zonal soils having their dominant characteristics associated with low silica/
sesquioxide ratios of the clay fractions: low base-exchange capacities, low activities of
the clay, low content of most primary materials, low content of soluble constituents, a
high degree of aggregate stability, and (perhaps) some red colour. KELLOGG proposed
to confing the word ‘laterite’ to such ferruginous materials as harden on exposure, and
to the relics of such materials. This includes:

1. soft mottled clays that change irreversibly to hardpans or crusts when exposed;
2. cellular and mottled hardpans and crusts;

3. concretions;

4. consolidated concretions.

Such materials, especially, but not exclusively, in fossil form, may be found in
several of the zonal soils, but their presence may be regarded as accidental at the
categorical level of the Great Soil Groups.

Only in the Ground Water Laterite soil, laterite is an essential feature. KELLOGG
(1949) describes the soil as having a ‘Gray or grayish-brown surface layer over leached
yellowish gray A, over thick reticulately mottled cemented hardpan? at a depth of one

1) But a cemented hardpan and concretions are apparently not essential. KeLLogG and
Davor (1949) give Ground Water Laterite soil profiles of Central Africa, in which no
mention is made of a hardpan character of the B horizon, and of which they state ‘may have
concretions’.
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foot or more. Hardpan up to several feet thick. Laterite parent material. Concretions
throughout’.

Recently, namely in the VIIth Approximation for a comprehensive system of soil
classification, the U.S. SoIL SURVEY STAFF (1960) has introduced the terms ‘Oxisol’
and ‘Plinthite’. Oxisol includes ‘the soils that have been called Latosols, and many, if
not most of those that have been called Ground Water Laterite soils’.! The diagnostic
characteristic of an Oxisol is that it has an ‘oxic’ subsurface (B} horizon (¢f. 11.2).
The term ‘plinthite’ replaces ‘laterite’.

The clear distinction between lateritic soils or Latosols, and the material laterite or
plinthite, as made by the U.8. Soil Survey Staff, is nowadays also adopted in other
countries. PRESCOTT and PENDLETON (1952) relate that in Australia the word ‘laterite’
is not used as a criterion in high-level soil classification, but retains its original
geological meaning as a complex parent material. Also MOHR and vaN BAREN (1954),
basing their conclusions on a large number of observations, mainly in Indonesia,
agree with the distinctions as originally made by MarBUT, although they object to the
term ‘Latosol’. Recent French and Portuguese literature on classification of tropical
soils also takes a clear distinction between plinthite formation and Latosol formation.
AURERT (1954), for example, distinguishes cuirassement versus ferralitisation.

I1.2 Latosols
I1.2.1 The Definition and Subdivision of Latosols as Applied in Brazil

The soil classification applied in Brazil by the national Soils Commission of the
C.N.E.P.A .2 is based upon the U.5.A, system. The classification of red and yellow
tropical soils in the U.S.A. system is not yet fully elaborated. The definition and
subdivision of the ‘Latosols’ or *Oxisols’ order is still greatly debated, in part because
of their rarity inside U.S. territory. Detailed soil surveys of the U.S. Soil Conservation
Service in regions with tropical soils are those of Puerto Rico (ROBERTS et al., 1942;
re-classification by BonnET, 1950) and of Hawaii (CLINE ef al., published in 1955).
For some other regions exploratory studies were made, for instance of Congo
(KELLOGG and DavoL, 1949).

Soils with latosolic appearance are frequent in the vast land mass that constitutes the
Federal Republic of Brazil. In recent years, many systematic fields studies have been
carried out, particularly in the eastern and southern part of the country (¢f. BARROS,
DrumonD, CAMARGO et al., 1958; LEMOS, BENNEMA, SANTOS et al., 1960). A detailed
definition and classification of Latosols is being established in co-operation with,
amongst others, the FAO Soil Survey and Fertility Branch. The latest trend in the
U.S. system, as published in the VIIth Approximation (Soii, SURVEY STAFF, 1960)

1) According to the concept of Ground Water Laterite soil as used in this thesis (¢/f.
I1.3.2.1), most of them belong to the “Ultisols’ of the VIIth Approximation.
2) Centro Nacional de Ensino e Pesquisas Agronémicas.
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has been considered, and the new definitions of diagnostic horizons (argillic horizon,
albic epipedon etc.} and other distinctive characteristics are discussed and applied to
some extent. But the new system is not taken as a basis by the Brazilian Soils Com-
mission, one of the reasons being the above mentioned provisional character of the
definition of Oxisols.

11.2.1.1 The Modal Latosol

The first extensive description of the characteristics of the Brazilian Latosols as
recognized by the Soils Commission, is given by BENNEMA, LEMOS and VETTORI {1959).
The elaborated concept, as presented at the ISSS Congress at Madison U.S.A. by
BENNEMA (1963), is fully discussed in the following:

The fundamental characteristics of the Latosols lie in the nature and constitution
of the mineral soil mass, indicating a thoroughly weathered soil. It consists of ses-
quioxides, silicate clay-minerals having a 1:1 lattice, quartz and other minerals that are
highly resistant to weathering. Primary silicate minerals with less resistance to
weathering are either absent or are present in only a small amount. The same applies
to clay minerals having a 2:1 lattice, and those amorphous gels of Si and Al that have
high base exchange capacities. Free aluminum oxides are often present, but not
always. Concretions of iron, manganese, aluminum or titanium oxides may be
present. The silt content of the samples in the solum is generally low,

To this constitution can be ascribed a large number of the characteristics and pro-
perties of the Latosols. The most salient of them are the following:

1. Indistinct horizon differentiation, with often diffuse or gradual transition between
the horizons (except when an Ap is present).

2. Absence, or scarcity, of distinct silicate clay skins on peds or distinct silicate clay
linings in the channels.

3. Low cation exchange capacities of the clays.

4. Red, yellow or brown colours of the subsoil® {B) horizon or part of the subsoil
horizon,

5. Absence, or near absence, of electro-negative ‘natural clay’? in parts of the subsoil
horizon that have a low percentage of Carbon (C/clay ratio less than 0.015).
Additionally, the typical Latosols have:

6. Absence of well-developed blocky or prismatic structure. The structural elements
are often very fine granules, which may be more or less coherent, forming together
a porous, friable, massive soil mass.

7. Deep solum (A + B horizon).

Very friable or friable consistency when moist.

9. High porosity and high permeability.

>

1) Subseil considered in the sense as described in the supplement to the U.S. Agricultural
Handbook No. 18, entitled ‘Identification and Nomenclature of Soil Horizons’ (1962).

2 Natural elay = the clay obtained by shaking with distilled water, being a measure of
aggregate stability.
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Fote 5 O principal Latosolo amazdnico. O perfil de
wm Latosolo Amarelo Caolinitico (,0rt0), de textura
média, com a sua fransicdo carateristicamente difusa
entre os horizontes A e B, e a macro-estrittiora pouco
pro#inciada na secgdo sob-superficial

Photo 5 The main Amazon Latosel. The profile of
a Kaolinitic Yellow Latosel (,Ovtho), of medium
texture, with its characteristic diffuse transition
between the A and the B horizons, and the little
pronounced macro-siructure in the sub-superficial
section

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

11. Relatively high anion exchange capacity and high phosphorus fixing power.

12. Relatively low amounts of exchangeable aluminum, or low active cation exchange
capacity.

13. High resistance 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 (¢f. IL.1).

11.2.1.2 The Distinction of the Latosols from other Soils; Latosolic-B versus
Textural-B

Besides the Latosols, the other main well drained red and yellow seils of tropics and

subtropics are the Red Yellow Podzolic soils (including Rubrizems), the Andosols,

the Red Yellow Mediterranean seils, and the Reddish Prairie soils. Of them, especially

the Red Yellow Podzolic soils are sometimes hard to separate in the ficld from
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Latosols (for the definition of the modal Red Yellow Podzolic soils ¢f. 111.2). Latosols
and Red Yellow Podzolic soils often occur in close proximity in Brazil, Transitional
soils between the modal types of both are frequent. Both morphological and analytical
studies are then required to decide whether the soil concerned is a Latosol, inter-
grading to Red Yellow Podzolic soil, or a Red Yellow Podzolic soil, intergrading to
Latosol. The Brazilian Soils Commission has paid much attention to finding generally
valid quantitative boundaries between predominant latosolic and predominant
podzolic character. This is described in the following:

1. Textural differentiation. In the light textured soils {frequent throughout Brazil) the
presence of silicate clay skins and linings cannot always be used as a differentiating
characteristic. Peds are often absent, and consequently also the clay skins even when
the illuviation process is well advanced. Linings in channels also are not easily
formed, due to the small amounts of clay present and the relatively short life of the
channels. Also, many morphometrical characteristics of typical latosolic soils lose
their diagnostic importance because they are also characteristics of many sandy
podzolic soils. In this case the horizon differentiation is often the only reliable field
characteristic for the separation. The changes in texture within the profile are of
special importance. The subsoil horizon of many podzolic soils is clearly distinguished
from the topsoil due to a rapid or rather rapid change in texture. A number of the
Latosols, namely those with relatively small percentages of sesquioxides, have also
a change in texture in the profile (see below), especially the sandy ones, but in this
case the change is gradual. If no other differentiating characteristics occur, for
instance the presence of small amounts of 2:1 lattice silicate clay minerals, it has been
proposed (BENNEMA, 1963} that the maximum fextural gradient' for sandy Latosols
should be as follows: an increase of 709, over 20 cm of the initial clay content which
should be at least 59%,. However, few data about clay gradients exists as yet because
the available soil data refer predominantly to the mean of each different horizon, and
not to a change over a certain distance. Therefore an approximative value is used,
namely the fextural ratio® B/A. The value should not exceed 1.8 for the sandy
Latosols. This ratio has to be based on analytical data. In the field, therefore, ex-
perience in feeling textural differences has to be relied upon.

In the very heavy textured soils, an illuviation process does not lead so easily to a
distinct horizon differentiation as expressable in a textural ratio B/A (¢f. BENNE-
Ma, 1963). Heavy clay soils, however, when subject to an illuvation process, show
distinct clay skins. Therefore, absence of clay skins is the most important morphome-
trical field characteristic for separation of the heavy textured Latoscls from the
heavy textured Podzolic soils.

V) Textural gradient = the difference in texture, especially in clay content, over a certain
distance.

2} Textural ratio B/{A ~ the arithmetic mean of the clay content of the subdivisions of
the B horizon except the B,, divided by the arithmetic mean of the clay content of the
subdivisions of the A horizon.
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For the very sandy red and yellow soils, a classification as Latosol or Red Yellow
Podzolic seil is thought to be inadequate. In this case, the latosolic or podzolic
character is very difficult to assess, and has moreover little sense. The presence of
inactive quartz sand becomes by far the predominant characteristic, instead of the
constitution of the colloidal part. The structure, if present at all, is often weak, the soil
mass consisting of bridges of sand grains only. Also those soils of which the very small
colloidal part is ‘latosolic’ may therefore be quite susceptible to (gully) erosion,
resistance to which is one of the practical properties of Latosols. In Brazil, for such
very sandy acid soils the name Acid Red Yellow ( Quartz} Sand is preferred, instead of
Latosol or Red Yellow Podzolic soil. For the upper textural limit of these Acid Red
Yellow Sands 159 clay sized particles in the subsoil' horizon is taken; light sandy
loam and lighter textures (¢f. LEMOS, BENNEMA, SANTOS et gl., 1960). When soils with
less than 159% clay still clearly exhibit important ‘latosolic’ or ‘podzolic’ characteris-
tics, they may be classified, within the described concept, as Latosolic Sand (ot Latosolic
Regosol), and Podzolic Sand respectively. The former name is applied for a part of the
Amazon soils (see below),

2. Mineralogic composition of the clay fraction. The absence, or near absence, of
2:1 lattice silicate clay minerals can be checked by X-ray and DTA analysis, preferably
combined. This, however, is elaborate and expensive. Data on the chemical composition
of the clay fraction are therefore often used as an index of the presence or absence of
2:1 lattice silicate clay minerals. The molecular ratio of the chemically determined
silicium and aluminum oxides (Si0,:AL,Q, = Ki}is often used for this purpose. The
criterion for latosolic character is then a ratio below 2. Objections to this are made, for
instance, that a value above 2 does not necessarily mean the presence of 2:1 silicate
clay minerals, but may be due to presence of uncombined, colloidal, silica (¢f. MOHR
and vaN BAREN, 1954). But many soil scientists working in tropical regions have
found the ratio to be a reliable characterisation tool.

3. Cation exchange capacity. An additional, and often more convenient, gauge for
determining the composition of the mineral soil mass are the cation exchange capaci-
ties of this mass, especially in view of the possible presence of amorphous gels of Si
and Al A part of the latter, and 2:1 lattice silicate clay minerals, have higher cation
exchange capacities than those characteristic for the latosolic soils. In using the cation
exchange capacities as a scale, a correction has to be made for the organic matter
present which often accounts for the bulk of the determined cation exchange
capacities. Also, it has to be clearly kept in mind which of the cation exchange capa-
cities is being determined. The typical Latosols so far found in Brazil have a cation
exchange capacity according to the NH, OAc method (pH=7) varying from 0 to 8
m.e./100 g clay. while the ones that are intergrading to other seils have values up to
10-12 m.e./100 g clay (cf. BENNEMA, 1963).

1) See note at page 66.
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Table 5 Principal characteristics of latosolic and textural B horizons {after BennEMA, LEMOs and
VETTORI, 1959 and LEMOS, BENNEMA, SANTOS g7 ql., 1960)

TEXTURAL-B/B-rextural

Normally very distinct contrast with the other
horizons. The transitions are cither abrupt, clear
or gradual
O contfrasto com o5 outros horizontes normalmente
& muito distinto. As fransigdes sdo abrupta, clara
ou gradual

At least 159% clay-sized mineral particles, and
more clayey than the A horizon

Ao menos 15% de fracdo argila, ¢ mais argilosa
gue o horizonie A

When the horizon is heavy textured (clay, sandy
clay, clay loam), then the structure is strongly or
moderately subangular and angular blocky, or
prismatic, with well or moderately well developed,
often continuous clay skins, and relatively low
porosity

Se o horizonte € de textura pesada (clay, sandy
clay, clay loam), a estrutura ¢ em biGcos sub-
angulares e angulares, ou prismdltica, fortemente a
maderadamente desenvolvida. A cerosidade & forte
ou moderada, muitas vezes continua. A porosidade
€ relativamente baixa

When the horizon is medium textured (sandy
clay loam, loam, heavy sandy loam), then the
strycture is weakly or moderately subangular
and angular blocky, with rather well developed
clay skins. Sometimes the structure is weak fine
granular associated with single grains, forming a
homogeneous porous soil mass with little
coherence. The textural ratio B/A is above 1.6
Se o horizonte € de textura média (sandy clay
loam, loam, heavy sandy loam), a estrutnra é em
bldcos subangulares e angulares, fracamente a mo-
deradamente desenvolvida, sendo a cerosidade fraca
a moderada. As vezes, a estrutura & granular pe-
quena, fracamente desenvolvida e associada com
grdos simples, formando uma massa porosa homo-
génea com pequena coeréncia. A relagcdo rextnral
Bl A ¢ superior a 1.6
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LATOSCLIC- Bf B-latosdlico

Weak contrast with the other horizons, The
transitions are normally diffuse or gradual

O contrasto com 05 outros horizontes ¢ fraco. As
transicdes sdo normalmente difusas ou graduais

At least 157 clay-sized minerai particles

Ao menos 15%, de fracdo argila

When the horizon is heavy textured (clay, sandy
clay), then the structure is generally of fine or
very fine granules, forming a porous homo-
geneous 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-continuous
and of weak development. The porosity is
generally high

Se o horizonte é de textura pesada (clay, sandy
clay), a estrutura ¢, geralmente, em granulos
pequenos ou  muito pequenos, formando uma
massa porosa homogénea com coeréncia muito
fraca. A estrutura apresenta-se rambém em blocos
angulares e subangulares, fracamente a moderada-
mente desenvolvida, sendo os blécos composios de
granulos finos. Cerosidade, se ¢ presente, é fraca e
ndo continua. A porosidade é geralmente elevada

When the horizon is medium textured (sandy
clay loam, heavy sandy loam), then the structure
is fine or very fine granular associated with
single grains, forming a porous mass with very
weak coherence. The textural ratio B/A is lower
than 1.8

Se o horizonte ¢ de textura média (sandy clay
loam, heavy sandy loam), a estrutura € muito
pequena granular associada com grdos simples,
Sormando uma masssa porosa homogénea com
coeréncia muito fraca. A relagdo textural B/A é
em baixo de 1.8



Table 5 continued | Tabela 5 continuada

TEXTURAL-B/B-textural
The consistence when moist is firm or friable

A consisténcia, quando umide, é firme ou fridvel

The ‘natiral clay’ content can be relatively high.

O conteudo de ‘argila naivral’ muitas vezes ¢
relativamente alto

The Ki value (Si0,/Al0; molecular ratio) is
normally above 1.8, less commonly between 1.8
and 1.6
O valor Ki (relagdo molecular Si0,/ALO;) ¢
normalmente superior a 1.8, raramente entre
18el6.

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

A capacidade de permuta de cations é muitas
vezes maior que no B-latosolico

Easily weatherable primary minerals may be
present

Podem estar presentes minerais primdrios pouco
resistentes ao intemperismo

The silt content is often higher than in the
latosolic-B

O conteudo de silte é muitas vezes mais elevado
gue no B-latesdlico

LATOSOLIC-B/ B-latosdlico

The consistence when moist is friable or very
friable

A consisténcla, quande amido, € fridvel ou miiito
Sridvel

The ‘natural clay’ content js normaliy low. It is
less than 1% in the B, except when the Ki value
is very low and the pH-KCIl is higher than the
pH-H,O, or the carbon-clay ratio is relatively
high (C/clay > 0.015)

O conteddo de ‘argila natural’ é normalmente
baixe. No sublorizonte B, é menor de 1%, com .
excessdo quando o Ki é muito baixo ¢ o pH-KCI ¢
mais alto que o pH-H,0, ou a relagdo carbono-
argila é relativamenre alta (Clargila > 0.015}

The Ki value (Si0Q,/AlO; molecilar ratio) is
normally below 1.8, less commonly between 1.8
and 2.0.

O valor Ki {relagdo molecular Si0,{ALO;)} ¢
normalmente mals baixo que 1.8, raramente entre
1.8¢20.

The cation exchange capacity is small. It is
below 12 m.¢./100 g of clay (NH,;OAc method)
A capacidade de permuta de cations é pequena. E
mais baixo que 12 m.e 100 g de argila [método
de NH,OAc)

Weatherable primary minerals are practically
absent. They comprise less than 49 of the sand
fraction

Minerais primdrios sujeitos ao intemperismo
sdo prdticamente ausente. Compreendem em con-
Junto menos de 4%, da fragido de areia

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

O conteudo de silte é geralmente baixo. A relagio
de silrelargila é normalmente mais baixo que 0.25

Tabela 5 Carareristicas principais de horizontes B-latosolico e B-textural (segundo BENNEMA, LEMOS
and VeTTORY, 1959 ¢ LEMOS, BENNEMA, SANTOS et al., 1960)
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4, Weatherable minerals. Tt is suggested (BENNEMA, 1963) that the amount of
minerals less resistant to weathering account for up to 4% of the sand fractions. The
amount of minerals with small resistance to weathering should, however, remain
considerably below this limit.

5. Silt content. As stated by vaN WaMBEKE (1962), the silt content of tropical soils
appears to be closely related to the actual amount of weatherable minerals. Silt/clay
ratios therefore are a helpful guide in distinguishing Latosols from less weathered
tropical soils. In Brazil, a ratio of maximally 0.25 for typical Latosols is proposed, in
agreement with n"Hoore (1960). BENNEMA (1963) however mentions that in some
Latosols, for instance the Terra Roxa Legitima (see below), secondary minerals such
as kaolinite and iron oxides form part of the silt fraction, as tiny concretions. In such
soils the ratio may be higher than 0.25. In handling this ratio as a distinguishing device
it should also be remembered that inaccuracies in determination of the mechanical
composition are frequent because of difficult soil dispersion. This is especially so in
early publications. Often a large portion of that which was determined as silt is actually
non-dispersed clay {(¢f. SOIL SURVEY STAFF, 1960, p. 53-54).

The set of characteristics inherent to a latosolic-B (as the diagnostic horizon for
Latosols), in comparison with that of a textural-B {as the diagnostic horizon of Red
Yellow Podzolic soil and others), is summarised in Table 5.

The described concepts on latosolic-B and textural-B are not quite identical with the
‘oxic horizon’ and the ‘argillic horizon® respectively of the VIIth Approximation
{SoiL SURVEY STAFF, 1960). Latosolic-B and textural-B are mutually exclusive, which is
not necessarily the case with the oxic and the argillic horizons: an oxic horizon can
conceivably include an argillic horizon. With the applied maximum value for the
latosolic-B of the textural ratio B/A, a part of the group of latosolic-B horizons
falls under the argillic horizon, The lower textural limit {more than 15% clay) of
latosolic-B and textural-B is the same as for the oxic horizon, but the argillic horizon
can be lighter textured. An important difference between latosolic-B and oxic horizon
is that the latter should have 12%; or more free sesquioxides in percentage of the 1:1
lattice silicate clay minerals. Acceptance of the latter criterion would imply that some
Latosols, for instance most of the Amazon ones (see below), fall outside the Oxisol
Order. Also, the maximum percentage of weatherable primary minerals is smaller in
the oxic horizon than in the latosolic-B, namely 19%.

11.2.1.3 The Subdivision of the Latosols
INTRODUCTION
In ‘Soils and Men’ only three types of Latosol were distinguished (BALDWIN,
KELLOGG and THorp, 1938): Yellowish Brown Latosols, Reddish Brown Latosols,
and Red Latosol. After the reconnaissance of the Congo by KELLOGG and DavoL
(1949), this was expanded to: Red Latosol, Earthy Red Latosol, Reddisi Brown
Latosol, Black Red Latosol, Red Yellow Latosol, and Yellow Latosol. The distinc-
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tions were principally made on the basis of colour, structure and consistence. BONNET
(1950) subdivided the Latosols of Puerto Rico as follows: Coastal Plain Latosol,
Upland Latosol, Ferruginous Latosol, and Rain Forest Latosol. CLINE (i955)
discerned for Hawai Low Humic Latosol, Humic Latosol, Ferruginous Humic
Latosol, and Hydrol Humic Latosol. In that publication also the composition of
the clay fraction was taken into account in differentiating. BRAMA0 and DuUDAL (1938)
mentioned Red Yellow Latosol, Dark Red and Dark Reddish Brown Latosol, Brown
Latosol, and Low Humic Latosol (or Terra Roxa). In presenting the first draft of the
‘Secil map of South America’, BRaMA0o and LEMos (1960) mention, besides the above
mentioned, also Rego-latosols, Pale Yellow Latosols, Concretionary Latosols, and
Areno-Latosols. LEMOs, BENNEMA, SANTOS ef af. (1960) report for Sio Paulo the
following Latosols: Terra Roxa Legitima, Dark Red Latosol (ortho, and sandy
phase), Red Yellow Latosol (ortho, sandy, terrace, shallow phase), Humic Red Yellow
Latosol, and ‘Solos de Campos de Jordao’. The differentiating characteristics, also
qua composition of the clay fraction, are described in extenso, and a comparison is
made with earlier discerned units (see above).

All this is a still rather confused picture of the variation within the Great Soil Group
of the Latosols. The whole of the rapidly growing mass of field and laboratory data on
latosolic soils is being sorted out, in order to arrive at clearly defined, mappable units
for all tropical regions. It forms part of the FAO “Soil map of the World Program’.

Division according to colour alone is apparently not very valid, because this depends
often more upon the stage of dehydration of the iron oxides than upon the total
amount of Fe. Also, many morphometrical field characteristics vary little; all Latosols
are deep, friable, porous soils with indistinct horizon differentiation. For subdivision,
analytical data on the composition of the clay fraction have to be taken into
account. This composition, in relative amounts of silicate clay minerals (kaolinite),
Fe clay minerals (goethite), and Al clay minerals (gibbsite), is of much importance.
It determines the stability of the structure, the natural fertility, and the effect of
fertilizing. Tn Brazil, where a relatively simple and reliable method for characterising
this composition is included in the standard analysis of all soil samples, a useful
subdivision of Latosols mainly on the composition of the clay fraction has been
developed.

After a preliminary subdivision as mentioned by BENNEMA (1963), it was elaborated
at the Third Technical Meeting of the Brazilian Soils Commission (Rio de Janeiro,
Dec. 1961) and presented by CAMARGO and BENNEMA (1962). For the tentative scheme
see Table 6.

DESCRIPTION OF THE SUBDIVISION OF TABLE 6

Ad I. To this group, the Acrox of the VIIth Approximation, and representing the
most advanced ‘laterisation’, belong for instance the Nipe series of Cuba (¢f. II.1), and
many of the soils around Brasilia (¢f. BENNEMA, CAMARGO and WRIGHT, 1962), The
soils ar¢ usually found on old land surfaces with flat or gently undulating relief. In
that case the parent material is varying. The colour also varies. The morphology of the
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Table 6 Tentative subdivision of the Latosols {after

Camarco and BENNEMA, 1962)

Groups and subgroups of the Latosols
grupos e subgrupos dos Latesolos

{I) LATOSOLS WITH LOW PERCENTAGES OF SILICATE
CLAY MINERALS (Acrox)
Latosolos com baixas percentagens de minerais-de-
argila de silicato ( Acrox)
(Still to be subdivided, on AlLQ,/Fe, O, ratio
and other characteristics/a ser subdividido, na
relagdo Al O/ Fe,0; e outras carateristicas)

(II) LATOSOLS WITH INTERMEDIATE PERCENTAGES
OF SILICATE CLAY MINERALS (Normal Latosols)

Latosolos com percentagens intermedidrias de
minerais-de-argila de silicato { Latosolos Normais)

{ Ila) with reiatively high percentages of Fe clay
minerais and relatively high percentages of Mn
and Ti (Latosol Roxo)

com percentagens velativamente altas de mine-
rais-de-argila de Fe, e percentagens relativa-
mente altas de Mn e Ti ( Latosolo Roxo)

(Ifb} with intermediate percentages of Fe clay
minerals {Dark Red Latosol)

com percentagens intermedidrias de minerais-
de-argila de Fe (Latosolo Vermelho Escuro)

(He) with relatively low percentages of Fe clay
minerals {Red Yellow Latosol)

com percentagens relativamente baixas de
minerais-de-argila de Fe (Latosolo Vermelho
Amarelo)

(III) LATOSOLS WITH HIGH DPERCENTAGES OF
SILICATE CLAY MINERaLS (Kaolinitic Latosols)
Latasolos com alias percentagens de minerais-de-
argila de silicato ( Latosolos Caoliniticos)

(ifia} with relatively high percentages of Fe
clay minerals, and relatively high percentages
of Ti

com percemagens relativamente altas de mine-
rais-de-argila de Fe, e percentagens relativa-
mente altas de Ti

{ ¥Ih) with intermediate percentages of Fe clay
minerals

com percentagens intermedidrias de minerais-de-
argila de Fe

{ Iic )} with relatively low percentages of Fe clay
minerals

com percentagens relarivamente baixas de
minerais-de-argila de Fe

Molecular ratios of the clay fraction
relacies moleculares da fracdo argila

SIOJALO,  AkOyFe0, Other
s0il texture oxides
rextura do solo ‘{Hff”os
medium heavy dxidos
média pesada
< 1,0
1.0-16
< 1.7 MnQ,
=>0.10%
TiO.
4-8%;
2.(N-2.6 2045 MnOQ,
< 0.02%
2.9-5.5 4.6-8.0
1.6-2.0 ca.
2.0 ca. 3.0 ca. TiO.
349
4.0 ca.
>4.6

Tabela 6 Subdivisdo tentativa dos Latosolos (segundo CaMARGO and BENNEMA, 1962)
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profile of these soils is about the same as that of other Latosols. They have however a
very ‘earthy’ feeling (i.e. the aggregates feel raw). A reliable differentiating characteris-
tic is the fact that the pH-KCI is higher than the pH-H,O if the organic matter
content is low, i.e. in the subsoil (B) horizons. Unlike other Latosols, the typical ones
of this group also have ‘natural clay’ in the B horizon (excess of electro-positive
charges). The soils have an extremely low cation exchange capacity and effective
fertilization is difficult.

Ad Ha. To this subgroup belong the Terra Roxa Legitima (also called Latosol Roxo)
of Sdo Paulo (Lemos, BENNEMA, SANTOS ef al., 1960), and probably part of the
Ferruginous Humic Latosols of CLINE {1955). They develop on basalt and diabase,
The crushed dry soil sample is magnetic. The texture is clayey. The usual colours of
the B horizon are reddish with low values and low chromas (<4}, for instance dark
reddish brown (2.5 YR 3/4) or dusky red (10R 3/4). The structure is fine granular
(po de café) and the solum deep. The soils have often relatively high natural fertility
{coffee soils), but fertilization presents problems.

Ad ITb. To this subgroup belong many of the Dark Red Latosols and Dark Reddish
Brown Latosols'. The soils are found on igneous rocks and consolidated sediments
with considerable quantities of ferro-magnesium minerals. The crushed dry soil
sample is only slightly magnetic. The texture is varying. The common colour of the B
horizon is reddish, with low values (<3.5) but high chromas (5-7), for instance dark
red (10 R 3/6, 2.3 YR 3/6). The natural fertility is often somewhat higher than those of
IIe.

Ad Ilc. To this subgroup belong many of the Red Yellow Latosols (BARROS, DRUMOND,
CAMARGO et al., 1958; LEMOS, BENNEMA, SANTOS ef al., 1960}, They develop on
igneous rock and consolidated sediments with only fair amounts of ferro-magnesium
minerals. The texture varies, and there may be a slight difference in texture between
the A and the B horizons. The common colour of the B horizon is reddish or yellowish,
with high value (>>3.5) and high chroma (6-8), for instance red (2.5 YR 5/8), yello-
wish red (5 YR 5/8) or strong brown (7.5 YR 5/8).

Ad Hic. To this subgroup belong the so-called Rego-Latosols; several Yellow
Latosols; many of the Regosolic Yellow Latosolic Podzolic soils which are also called
‘Rego-latosol Amarelo, fase Tabuleiro” or ‘“Tabuleiro’ (BARROS, DRUMOND, CAMARGO
et al., 1958); the Red Yellow Latosol, terrace phase (LEMOS, BENNEMA, SANTOS et al.,
196(). These Latosols are found on relatively young land surfaces with unconsolidated
sediments. Gibbsite is absent or practically absent, and Fe,O, comprises often less
than 10%, weight of the clay fraction. The texture varies and the B horizon is often

1y The concept of these soils as used in Brazil is more narrow than the current concepts of
Reddish Brown Lateritic soils, and the Dark Red and Dark Reddish Brown Latosols of
Bramaio and Dupacr (1957).
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distinctly heavier than the A horizon. The common colour is yellowish, with high
chroma and high value. The colour is often paler in regions without a dry season
(10 YR or 7.5 YR 6/6, 6/7, 7/6) than in regions with a distinct dry period (7.5 YR &/6
or 10 YR 5/6). The structure is often weakly subangular blocky, the porosity is lower
than in most other Latosols. When dry then the profile is hard or slightly hard in the
transition zone between the A and the B horizon (A,, B,). Plinthite is fairly common.
The natural fertility is normally low, except in transition areas to arid regions. The
response to fertilization is often favourable.

A further subdivision will be made both according to the thickness of the A horizon
(weak, intermediate, pronounced'; the latter known to exist for units /6 and i/,
Ifla and Hlc), and the base saturation (low, medium, high; the latter known to
exist for units [la, 7116 and 11Ic). To augment the practical application of soil surveys,
also “phases’ are used which are based often on variations of mesologic environmental
factors (geomorphology, vegetative cover).

In addition to these groups, there are Latosols, at relatively high altitudes, of brow-
nish colour and relatively thin (<Z1m} solum, commonly called Brown Latosol (cf.
BraMao and DuUDAL, 1958). These have not yet been properly studied in Brazil, but it
is thought that at least part of them intergrade to Andosols or Acid Brown Forest soils.

11.2.2 The Main Amazon Latosol

The most prominent geomorphologic units of Amazonia are the uplands, arranged
as terraces, of the Late Tertiary and the Pleistocene which together are termed the
Amazon Planicie (¢f. 1.4.2 and 1.4.3). These uplands are composed of unconsolidated
acid sediments of varying texture. They consist very predominantly of kaolinitic clays
and quartz sands, and locally of fossil plinthite. The well-drained soils developed on
these sediments are for the main part very similar, considering the high categorical
level of classification as is used in this publication. This similarity applies to both the
morphometrical field characteristics and the analytical data. General occurring
morphometrical field characteristics are the following (for individual profile descrip-
tions ¢f. Chapter 11I; ¢f. also Photos 6, 7 and 8).

1. A deep, permeable solum.

2. Little horizon differentiation, with diffuse or gradual transitions between the
horizons, :

3. The texture is varying, from light to very heavy textured. The silt content is very
low, especially in the subsoil?2 (B) horizon.

4, The structure is usually weak very fine granular, composing a slightly coherent
porous massive soil mass, which easily falls apart into weak or moderate fine or

1} Percentage of Carbon at 20 em depth larger than 0.3 + 0.057 X moisture equivalent.
#) See note on page 66.
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Foto 6 O principal Latosolo amazénico. Uma vista de perto da esirutura da secedo sob-superficial do
perfil do Latosolo Amarelo Caolinitico {,0rto), de texiura melo-pesada. Os elementos estdveis mitito
finos da micro-estrutira constituen nma massa de solo poroso pouco coerente, massa que se desagrega
em blocos sub-angulares fracos a moderados ( para a escala veja o palito; forografia Dr. J. Bennema)

Photo 6 The main Amazon Laresel, A near view of the siructure of the subsuperficial section of the
profife of a Kaolinitic Yeilow Larosel ( ,Ortho), of rather heavy texture. The very fine, stable elements of
the micvo-structuve form o weakly coherent porous soil mass that falls apart into weak to moderate
subangwlar blocks (cf. the upright mateh for the scale; Photo by Dr. J, Bennema)

medium sized subangular blocky elements {¢f. Photo 6). No silicate clay skins or clay
linings are present, except for a few faint ones in the very heavy textured soils, Except
for the very light textured ones, the soils are little subject to gully erosion.

5. The consistence when moist is usually friable to very friable (loose in the lightest
textured soils); when dry it is often slightly hard, to hard, especially in the upper part
of the B horizon. In a number cof the soils, the subsoil horizon is difficult to penetrate
with a soil hammer.

6. The porosity is generally high, but apparently not quite as high as in most Latosols
of Southern Brazil. In 2 number of the soils the subsoil horizon is compact or rather
compact.

7. The soils show practically always some degree of illuviation (/essivage or ‘podzoli-
sation’). The subsoil horizon is namely slightly heavier in texture than the surface and
subsurface horizons: the textural ratios B/A are between 1.2 and 2.1 for relatively
light textured profiles, and between 1.1 and 1.6 for relatively heavy textured profiles,
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Foto 7 O principal  Latoselo amazdnico. A parte
superior (50 em m. on m.) do perfil de um Latosolo
Amarelo Cuolinitico {,0rto), de texiura muiro pesadu.
E notdvel o herizonte A, muite deigado (3 cm m.
ou m.}

Photo 7 The main Amazon Latosol. The upper parr
(50 c¢m ca.) of the profile of a Kaolinitic Yellow
Latesol (,Ortho), of very heavy texture. Noie-
worthy is the very thin A, korizon (3 cm ca.)

8. The colour of the subsoil horizon is mostly yellowish, less commonly reddish, but
has always high value and high chroma. The reddish colour may be found when fossil
hard plinthite is present, or in transition zones to arid regions.

9. Plinthite, hard or soft, is rather commonly present.

The following are the analytical data:

10. The content of ‘natural clay’ is low; in the subsoil horizon it is very often com-
pletely absent: for the A horizons the indices of structure are between 40 and 80,
and for the B horizons they are normally 100.

11. The soils are extremely or very strongly acid, with the pH-H,O between 4 and 5.
The pH-KC1 is lower than the pH-H,0, but normally less than one unit.

12. The base saturation of the soils under natural vegetative cover is very low (ca.
159). Only in transitional areas to arid regions it may be low to medium.

13. Easily weatherable primary minerals are practically absent. The great majority of
the non-clay sized particles consists of quartz grains. The other ones are vegetal
detritus elements, some reddish coloured micro-concretions of plinthite, and cream

78



Foro § O perfil de um Areia Latosdlica Caoli-
nitica, E notdvel o horizonte A, relativamenie
espesso e a funda penetracio das raizes

Photo 8 The profile of a Kaolinitic Latosolic
Sand. Noteworthy is the rvelatively thick A,
horizon and the deep rooting

coloured pseudo micro-concretions of clay. Turmaline, staurolite, ilmenite and
weathering biotite and felspar, when present, form together only a trace.l

14. The potential cation exchange capacity of the soils (NH,OAc method at pH7)
varies from near zero to about 20 m.e./100 g soil in forest profiles. However, the cation
exchange capacity of the organic matter-free soill material is always very low. Cal-
culated on the basis of the clay sized particles it only amounts to 1.5-5 m.e./100 g clay
(data obtained by extrapolation of relevant analytical data of individual profiles given
in Chapter 1I1; see also Table 7 {(other method of analysis) and V.3.1.1). The active
cation exchange capacity, or the exchangeable (Al}*, of the subsurface and subsoil
horizons is on the average only about 20-25% of the potential cation exchange
capacity.

15. The mineralogical composition of the clay fraction is very uniform, The molecular
ratios between $i0,, Al,O, and Fe,0;, are very constant. For about fourty analysed

1 Only in the separate 2-16 ¢ felspar may be present in higher quantities {(¢f. samples
233-3, 300-4 and 210-4 of Fig. 14 a—e and Table 8).

79



profiles scattered over the Planicic, the SiO,: ALO,; values (Ki) are, with rare ex-
ceptions, between 1.7 and 2.1, throughout the profiles. 8i0,: (Al,O, 4+ Fe,0,) values
(Kr) are only slightly lower — usually 0.2 unit -, and AL O;: Fe,0, values correspond-
ingly high, namely about 9.0. Fe,O; comprises 5-11 percent of the clay fraction.
It is only in concretionary soils and very light textured soils that this percentage may
become as high as 20,

From the fact that Ki values are not above 2, it may be deduced that the silicate clay
minerals are of 1:l lattice structure. In view of the generally low cation exchange
capacity of the clay (¢f. under 14), it is likely that kaolinite is involved, not halloysite.
From the fact that Ki values are only slightly below 2 the absence, or presence only
in a small percentage, of free aluminum oxides (gibbsite = hydrargillite) may be
deduced. It is likely that by far the majority of the determined Al,O, is derived from
the silicate clay minerals. The low values for Fe, O, indicate the presence of only small
amounts of free iron oxides {goethite — limonite; hematite). In view of the low cation
exchange capacities one might assume that parts of the determined SiO, and Al,O; are
not from kaolinite, but from inactive gels of free SiQ, and free AL Q, respectively.
However, full confirmation of the above deductions was given by several X-ray
diffractions, Differential Thermal Analyses (DTA), and an electron micrograph.
Subsurface (A4 horizon} and subsoil (B horizon) samples of four profiles of the soils
under discussion were analysed with X-ray at the Netherlands Soil Survey Institute
of Wageningen, Holland, together with samples of some other Amazon soils. The
results (¢f. samples 233-3, 303--2, 303-4, 300-2, 300-4 and 2104 of the Tables 7 and
8 and the Figs. 14 a-¢) show that indeed kaolinite is the very predominant constituent
(RB0-859%,) of the clay fraction?. iron oxides account for up to 12% and aluminum
oxides up to 3% of the clay fraction, whilst clay sized quartz accounts up to 6%. An
electron micrograph was also made of the clay fraction of one of the samples (¢f.
Photo 9). The pureness of the kaolinitic clay is remarkable; practically all of the
sample consists of strikingly clean and pronouncedly hexagonal, relatively large
kaolinite crystals. Comparison of the data for specific surfaces of the above mentioned
samples with their cation exchange capacities (Na-acetate at pH = 8.2) shows that a
specific surface of 100 m? gives only about 8.0 m.e. cation exchange capacity, which
applies to both the total soil mass and to the clay fraction {¢f. Table 7).

1) The presence of kaolinite in the coarser fractions is due to incomplete dispersion, and
enclosing by cementing sesquioxides.

Fig. 14a—e X ray spectra of separates > 80w (14a}, 16-80 w (14b}, 2-16 p (14c), < 2w (14d), < 2 -
treated (I4e} of the main Amazon Latosols (samples 233-3, 303-2, 3034, 300-2, 3004, 2104} and
plinthitic soils (samples 96-2, 96-3, 3024, 178-4) in comparison with the composition of some other
Amazon soils (cf. the Tables 7 and 8 and the electron micro-photographs 9, 10, 11 and 12)

Fig. I4a—¢ Curvas de Roentgengramas de separados > 80 {14a), 16-80p (14b), 2-16 . (14c),
< 2w (14d), < 2u-tratados (I4e) dos principais Latosolos amazdnicos (amostras 233-3, 303-2,
3034, 300-2, 3004, 210-4) e solos de *plinthite’ (amostras 96-2, 96-3, 302-4, 178-4) em comparagdo
de alguns ourros solos amazonicos (cf. Tabelas 7 ¢ 8 e micrografias eletronicas: forografias 9, 10,
Hell)
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Fote 9 Micrografia eletronica da fracéo de argilu (- 2u) de Latesolo Amarelo Caolinitico ( ,Orin} de

fextura muite pesada (amosira 303-4: Curud-una)*®

i ;.a 4 §
Photo 9 Eleciren micrograph of the clay separate {
heavy textured {sample 303-4; Curad-una)*

Foto 10 Micrografia eletronica da fragdo de argita (- 2 1) de Solo Larerita Hidromdrfica {amostra

96-5; Caeté-Maracassume) *

o _. *‘”Q é& g}g" { .

: i . 3
(< 2uw)ofa Ground Water Laterite soil { sumple

L o e
Photo 16 Election mierograph of the clay separate
96-5 - Caeré-Maracassume) *



Foto 11 Micrografia elefronica du fracio de argila (< 2w} de Solo Glei Himico (amostra 188-2;
Virzea do Baixe Amazonas*®

Photo 11 Electron micragraph of the ciay separaf
Amazon floodplain )*

&

e{ <21} of a Humic Gley soil (sample (88-2; Lower

Foto 12 Micrografia eletrénica da fracio de argila( <2 2 w) de Solonetz, fase Costeira {amosira 154-2;
Leste da ilha de Maraj3)*

=

Phoro 12 Electron micrograph of the clay separate (<7 2] of a Soloneiz, Coastal phase (sample
154-2; Eastern Marajo island )*

* By courtesy of Dr. H. Beutelspacher, Braunschweiz, W-Germany.
Par vbséquio do Dr. H. Beutelspacher, Braunschweig, Alemanka.



Table 7 Classification, location and general analytical data of samples with special analysis

Classification
classificacdo

Humic Gley soil
Solo Glei Himico

Low Humic Gley soil, Carbonate subsoil
phase

Solo Glei Pouco Himico, fase subsolo com
Carbonate

Solonetz, Coastal phase
Solonelz, fase Costeira

Solonetz, Coastal phase
Selonetz, fase Costeira

Solonetzic Humic Gley soil, intergrade to
Ground Water Laterite soil

Solo Glei Himico solonétzico, ‘intergrade’
para solo Laterita Hidromorfica

Hydromorphic Grey Podzolic soil, high
base saturation, Ortho

Solo ‘Hydromorphic Grey Podzolic’, satu-
racdo de bases alta, Orto

Red Yellow Podzolic soil, low base sat.
Solo Podzdlico Vermelho-Amarelo, saturagdo
de bases baixa

Ground Water Laterite soil
Solo Laterita Hidromorfica

Red Yellow Podzolic soil, int. to Kaolinitic
Yellow Latosol, Concretionary phase

Solo Podzdlico Verm.-Am., int, para Latosolo
Amarele Caol., fase Concreciondria

Kaol. Yellow Latosol, medium textured
Latosolo Amarelo Caol., textura média

Kaol. Yellow Latosol, very heavy textured
Latosolo Am. Caol., textura muito pesada

Kaol. Yellow Latosol, medium textured
Larosolo Amarelp Caol., fexrura média

Kaol. Yellow Latosol, very heavy textured
Latosolo Am. Caol., texrura muito pesada

HG

LHG, ¢

Sol,

Sol, ¢

HPup, 0

RPu

GL

RP-KYL, cr

KYLy;,

KYLvh

KYLx,

KY L‘f}k

Location
localizacdo

Lower Amazon floodplain
Virzea do Baixo Amazonas

Lower Amazon floodplain
Vdrzea do Baixe Amazonas

Eastern Marajo island
Leste da itha de Marajé

Eastern Marajo island
Leste da ilha de Marajo

Southern Marajo island
Sul da itha de Marajd

Araguaia Mahogany area
Area Aragnaiana de Mogno

Rio Branco do Acre
Rio Branco do Acre

Caeté-Maracassumé area
Area Caeré-Maracassumeé

Guamdé-Imperatriz area
Area Guamd-Imperatriz

Guama-Imperatriz area
Area Guamd-Imperatriz

Curuid-una centre
Centro Curucd-una

Belém
Belém

Guama-Imperatriz area
Area Guamd-Imperatriz

Sample!
amostrat

188-2%**

190-2*

154-2%**

175-3%

178-4*

290-2%*
2904

320-2
320-4>*

96-2
96-5%%*

3024

2333

303-2
303-4xr

300-2
3004+

2104%*

Deptt

profun
didad,
(cm)

20-7(

15-5¢

20-T

55-1t

7-2
5214

3-2

15-7
150-1

500-6

T0-1

226
95-1

327
150-2

t) Number of field description and of horizon/mimero da descricdo de campo e do horizonte do perfil

tr, = traces/tracos (< 0.1 m.e./100 g)
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bela 7 Classificacdo, localizagdo e dados analiticos gerais de amostras com andlise especial

Cation exchange
i Granulometric capacity
tori- separate C }P}% capacidade total
on fracdo granuio- org. 2 Exchangeable cations de troca Specific surface
or:- métrica cations trocdveis {Na-acet, pH = 8.2) superficie especifica
e — .
< 16y 1680y > 80 Cat+ Mgt K+ Nat <2000 < 2p <2000y < 24
) 0D Ca D {m.e./100 g) {m.e./100 g) (m*/g)
he 826 16.5 0.9 0.62 5.7 9.3 7.8 0.3 05 20.7 40.3 111 185
g 639 350 1.1 0.80 5.2 8.4 6.3 05 1.7 20.5 40.3 93 178
g 81.7 16.5 1.8 0.70 6.8 4.0 16.5 04 3.3 26.7 43.6 126 175
boag  79.2 19.5 1.3 0.26 1.7 14 11.2 0.6 96 26.6 438 109 188
bg 717 27.2 1.1 0.52 43 0.3 tr. 03 03 19.0 343 100 168
\y 10.2 524 374 203 50 6.1 38
by 0,27 5.0 4.9 1.5 0.2 02 11.3 72
\ 122 45 8.9 51
3, 69.6 217 84 065 4.5 15.0 78
\s 20.5 169 626 0.75 4.6 2.6 26
3eg 658 53 289 0.23 4.5 0.3 tr. 0.1 01 59 45 90
z 59.1 167 242 0.05 4.7 3.0 4.6 35 39
EN 25.3 24 723 032 46 1.8 6.5 22 73
\y 2.04 4.7 6.7 65
30 71.5 18.2 43 1.06 4.7 tr. tr. 02 fr 53 4.8 50 54
\g 0.39 5.0 1.6 22
35 18.6 55 759 0.13 1.2 18
3 70.6 26.5 29 076 47 2.9 4.8 48 81

* Mineralogical analysis anly {(c¢f. Table B}/somente andlise mineralogica (cf. Tabela 8)
** also X-ray curves (cf. Fig. 14a—e)/também curvas de Roenigengramas (cf. Fig. I4a—e)
**% 3]0 Electron micrographs (cf. Photos 9-12)/rambém micrografias eletrénicas (cf. Fotos 9-12)
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Table 8§ Mineralogical composition of the various granulametric separates

Depth  Hoeri-

Sample! Symbol progfun- zon .~ __7 L
amostrat  simbolo didade  hori- 0 K L Ht M Ch Q¢ K L Ht Hd F
{cm)  ronte

188 2 HG 070 Cy, 7310 12 5 47 10 16
190-2 LHG, ¢ 15-50 C,; 64 7 F=10 16 3 60 10 12
154-2 Sol, ¢ 2070 By, 60 10 12 15 3 67 7 10
1753 Sol, ¢ 40-140 By, 71 10 8 8 3 64 8 10
178-4 55-100 B,y 20 4 76 88 4 4
290-2 HPyp, 0 7-25 A, 95 5 94 6
3204 RP. 60-§5 B, 90 10 92 8

96-3 GL 150170 B, 89 3 8 62 15 15

02-4  RP-KYL,cr 500-600 C 30 35 15 18 43 10

233-3 KYLn 70-140 B, 88 4 8 8% 3 6 3
3034 KYLu 95150 B,y 65 23 7 Hd=5 10 77 5 8
3004 KYLw 150-250 B, 97 3 100

210-4 KYLu, G0-150 B, 75 18 7 17 69 6 8

Amorphous maiter and heavy minerals (maximum 1 %) were neglected in the calculation of the minerals
(mentioned in %)/ Material amorfo e minerais pesados (mdximo 1%) foram desprezados no cdlculo dos
minerais, cujo resultado é dado em %,

Y ¢of, Table Tcf. Tabela 7

Separate(fiacdo > 80w Separateffragdo 16-80 .

M Ch

15
10
8
10
4

—_—

o0 =0 00 pa

>

Reference is made to the publication of CATE (1960). He studied, with both X-ray
and DTA, samples of all horizons of a very heavy textured and a very light textured
specimen of the soils under discussion, collected at Curud-una centre. This author also
arrived at about 80-85% kaolinite in the subsurface and subsoil horizons, when
calculated on the clay fraction.

This description shows that the majority of the well-drained soils of the Amazon
Planicie have a subsoil horizon which constitutes a latosolic-B as described in IL1.2.1.
The main Amazon Latosols fall into group fIlc of the tentative scheme of Table 6
elaborated by the national Brazilian Soils Commission. This, because of the relatively
rather weak macro-structure of the soils, the slightly hard, to hard consistence
in part of the profile when dry, the textural differentiation within the profile, and
especially the composition of the clay fraction as expressed in the §i0,: Al,O04:Fe, O,
molecular ratios.

The name ‘Rego-latosol’ might be applied for this subgroup of Latosols. This name
is however misleading, because it implies relatively young age, without development of
definite genetic horizons. The soils under consideration, however, have a distinctly
zonal character. They are mature soils, because they are deeply and strongly weathered
and show definite profile development, although the transitions between the horizons
are diffuse or gradual (¢f. DAy, 1961). In discussions within the Soils Commission, it
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bela 8 Composicdo mineralogica das vdrias fracdes granulomdtricas

Separate/fracde 2-16 1« Separate/fragdo < 2

Q K L H HI F M Ch Q K L Ht Hd F M Tt Sw Ch
35 15 15 20 15* 20 22 3 30 10 8§ 7
35 1S 15 23 12¢ 20 26 3 020 16 § 7
35 15 15 20 15* 20 25 3 20 10 15 7
37 14 17 17 15% 20 25 3015 6 24 7
59 13 2 2 i 18 3 25 35 6 3 2 1016 3
92 35 30 30 15 25

62 12 8 8 7 3 24 4 4 &8 7 33

15 56 12 It=5 0 2 2 92 6

g8 55 30 7 3 8 4 8

73 20 7 3 84 5 5 3

15 7 4 10 2 8 3 5 5

68 14 303 12 6 8 5 5

20 63 12 5 3 8 7 5 5

= quartz/qrarizo; K = kaolinite/cgolinita; L = limonite (goethite)/limonita ( goethita) ; Ht = hematite/
natita; Hd = hydrargillite/hidrargilita; F = felspar/feldspato; M = mica {illite}/mica (ilita); It =
ermediate (between kaolinite and illite)/intermedidrio (entre caolinita e ilita); Sw = swelling illite
a expansivel; Ch = chlorite/clorita

Some swelling illite included/incluse alguma tlita expansivel

has already been agreed npon that such a term should be rejected. ‘Rego-latosol’ will
not therefore be used, and a new term is proposed in view of the extent of these
Latosols.

For full characterisation it is considered the best plan to use the term Kaolinitic
Yellow Latoso! (KYL), since apparently the most common colour of the subsoil
horizon is of a yellow hue.

As mentioned, in transition areas to arid regions the colour tends to be of reddish
hue, and the base saturation may be medium. For the time being, the term Kaolinitic
Red Latosol (KRL) is applied in this case. Another name might however fit better.

The light and very light textured profiles must fall outside the Latosols, and belong
to the Acid Sands. Such profiles, as far as they occur on the Amazon Planicie, are
otherwise very similar to the Kaolinitic Yellow Latosols. Therefore, the term
Kaolinitic Latosolic Sand (KLS) is applied for those profiles that have less than 159
clay in the B horizon.

Besides the typical Kaolinitic Latosols, there are in the Amazon Planfcie comparable
soils, in which however several of the characteristics of a textural-B horizon (¢f.
I1.2.1) are present. In this instance the names to be applied will be either: Kaolinitic
Yellow Latosol, intergrade to Red Yellow Podzolic soil, or: Red Yellow Podzolic soil,
intergrade 1o Kaolinitic Yellow Latosol, depending upon the degree of presence of
these characteristics (for details ¢f. 111.2).

91



I1.2.3. Comparison with other Classification Systems

Important other systems for classification of red and yellow soils of tropical and
subtropical uplands have been developed for Africa.
A. The classification for French speaking African countries (AUBERT and DUCHAU-
FOUR, 1956).
B. The classification for Angola, developed by Portuguese soil scientists (BOTELHO DA
COSTA et al., 1959).
(. The classification for Congo, developed by Belgian soil scientists (Sys ef al., 1961).
D. The classification for the soil map of Africa south of the Sahara ("Hooreg, 1959).

No attempt will be made to give a full comparison between the classification system
as developed in the U.S.A. and in Brazil, and those mentioned above. Qver-all
correlations are in execution, for instance by FAQ for its ‘Soil map of the World’
program. Reference is made to the many comparative notes given by LEMOS, BENNEMA,
SANTOS et al. {1960) on the classification applied for Sio Paulo State.

In this publication, an attempt is only made to establish the place of the Brazilian
‘Latosols’, and more in particular of the Kaolinitic Yellow Latosol and the Kaolinitic
Latosolic Sand, in the African systems:

A. AUuBerT and DuUCHAUFOUR (1956) distinguish Sols rouges méditerranés, Sols
Jferrugineux tropicaux (ou fersiallitiques) and Sols ferralitiques. The latter are charac-
terised by a ‘ferralitic’ B horizon, with individualisation of iron and aluminum, and are
about identical with the Brazilian concept of ‘Latosols’. Within the Sols ferralitiques
the following subgroups are distinguished:

1. Sols faiblement ferralitiques: Ki' 1.7-2.0
2. Sols ferralitigues typiques: Ki<(1.7
3. Sols ferralitiques humigues (ou humiféres}): more than 5%, organic maiter in the
A horizon
4. Sols ferralitiques & cuirasse en place: with hardpan of hard plinthite, formed in
flat terrain
5. Sols ferralitiques & cuirasse de bas de pente: with hardpan of hard plinthite, formed
at the foot of slopes

The sols faiblement ferralitiques are comparable with the Kaolinitic Yellow Latosol,
and perhaps also parts of groups 4 and 5. No special classification is given for the
sandy ferralitic soils.

B. The classification of BOTELHO DA COSTA et al. (1939) is comparable with the French
one. Distinguished are Solos tropicais semi-gridos, Solos fersialiticos tropicais and
Solos ferraliticos. The latter are approximately identical with the Brazilian concept
on “Latosols’. An exception to this is formed by a subgroup of the Solos ferraliticos

1) 8i0,: AlO, ratio - see before.
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which contains weatherable primary minerals, and is also called Sofos pdra-sialiticos.
The subdivision of the Solos ferraliticas proper is as follows:
1. Solo psamo-ferralitico: sandy
2. Solo fortemente ferralitico or levi-ferralitico: not sandy, Ki </1.33
3. Solo mediamenie ferralitico: not sandy, Ki << 1.7
4. Solo fracamente ferralitico: not sandy, Ki 1.7-2.0

Presence or absence of hard plinthite, and possible humic character, appears only in
the lower categories of the classification.

It is apparent that the Kaolinitic Yellow Latosol is comparable with the Solo
Jracamente ferralitico, and the Kaolinitic Latosolic Sand with part of the Seolo psamo-
Jerralitico,

C. The classification of SYs et al. (1961) is rather different from the two mentioned
above. For his classification he discerns B textural, B structural and B de consistence,
which are defined as follows:

B textural.: horizon of clay illuviation, which is at least one fifth heavier in texture than
the A and the C horizons, and has clay skins.

B structural: horizon which has no clay illuviation but nevertheless clay skins on an
appreciable part of the structure elements, and which has a firmer consistence than
the A and the C horizons.

B de consistence: horizon without clay illuviation or clay skins, but only with a firmer
consistence than the A and C horizons. It has a granular or weak to moderate sub-
angular blocky structure, and contains often round pseudo-concretions of clay.

This B de consistence is not identical with the ‘latosolic-B’ as described in I1.2.1; the
Latosols proper of the Congo are for a part described as A-C profiles. The B de
consistence seems to be identical with the transitional zone between the A and the
B horizon (A;, B,), with stronger consistence, of some of the Brazilian Latosols (¢f.
ad ITIc of Table 6 of I1.2.1, and 11.2.2).

Recently, Sys (1962) defined also a B ferralitique for the Congo. This one is almost, if
not quite identical with the latosolic-B of Brazil. In the same publication it is stated
that the B de consistence forms the upper part of some ferralitic-B horizons, and that
the Congolese ‘C’ horizon may form the lower part of this ferralitic-B horizon. The
B de consistence poudreux applied to the soil survey of Rwanda-Burundi (FRANKART,
HerBILLON and VERHOEVEN, [962) is believed to be identical with the latosolic-B.

The Congo soils fall into two large groups, namely (/) soils from recent materials,
and (2) soils from non-consolidated kaolinitic materials. The second group, called
Sols climatiques, is divided into Kaolisols and Kaolisols lessivés. The former have a
B structural or B de consistence, the latter a B textural. The well-drained Kaolisols are
subdivided in Aygro-, Avgro-xero-, and xero-kaolisols. The Aygro-kaolisols are found
under tropical forest, in regions with less than two dry months. The Aygro-xero-
kaolisols are found under tropical savannah, in regions with more than two dry
months, Both groups are ferralitiques (largely kaolinite and sesquioxides in the clay
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fraction), and have a base saturation that is below 40-50%/; in part, they are humic
(humiféres)'. The xero-kaolisols occur in dryer regions. They are fersialitiques
(besides kaolinite also appreciable amounts of silicate clay minerals of 2:1 lattice
occur), have a B structural, and a base saturation that is above 40-307%,.

The subdivision of the Aygro- and hygro-xero-kaolisols is according to the degree of
weathering of the kaolinitic material, and the texture. The subsoil horizon can be
ferrisolique or ferralsolique. Contrary to the ferralsolique horizon, the former has
either:

1. anappreciable amount of clay skins (more than 25 %) on the horizontal and vertical
aggregate units, i.e. a B structural or

2. a silt/clay ratio larger than 0.2 or 0.15 (for sedimentary rocks and alluvia, re-
spectively igneous and metamorphic rock}, or

3. more than 109, weatherable minerals in the fraction 50-250 micron.

Three main groups within the sygro- and hygro-xero kaolisels emerge, namely;

. Ferrisols, These are ferrisoligue; gibbsite may be present in small amounts;
amorphic gels of silica and aluminum are present in appreciable amounts.
2. Ferralsols. These are ferralsoligue, and have more than 209/ clay in one of the
horizons above 1 m depth. Gibbsite is often present; small amounts of amorphic
gels of silica and aluminum only in a few cases.
3. Arenoferrais. These are ferralsolique and have less than 209 clay in the horizons
above 1 m depth.

It is evident that of the hygro- and hygro-xero-kaolisols the ones that are ferrisolique
fall outside the concept of soils with a ‘latosolic-B’ horizon (¢f. 11.2.1). The Ferralsols
are however comparable with the Brazilian Latosols, and the greater part of the
Arenoferrals is comparable with the Latosolic Sands. The Ferralsols and Arenoferrals
are not subdivided systematically according to the composition of the clay fraction
(no data on the Si0;: AlLOy: Fe,0, molecular ratios). Among the various Ferralsols
(e.g. JONGEN and JAMAGNE, 1959; Sys, 1960; in the Jatter publication all the Ferralsols
described have a B de consistence, and the Arenaferrals A-C profiles), the Kaolinitic
Yellow Latosol is most similar to the Ferralsols des plateaux du type Yangambi and
the Ferralsols des bas-plateaux de la Cuvette Congolaise. The Kaolinitic Latosolic Sand
is similar to the Arenoferrals des plateaux du type Salonga.

The similarity in morphometric field characteristics between the Amazon Kaolinitic
Yellow Latosol and the Ferralsols of Congo, more in particular those of Yangambi,
was already noted by D’HOORE and TAVERNIER on recent visits to Amazonia. The
Fe,0,/clay ratios of the Yangambi soils are approximately identical with those of the

1) Recently, the kaolisols humiféres, ocourring in mountain areas, have been set apart
from, and placed at the same level as the hygro-kacelisols, the hygro-xero-kaolisols and the:
xero-kaolisols (Sys, 1962).
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Kaolinitic Yellow Latosol and the Kaolinitic Latosolic Sand, but their cation exchange
capacity seems to be considerably higher (10-15 m.e./100 g clay; ¢/. DE LEENHEER,
D’Hoore and Sys, 1952, p. 37-41, and Sys, 1960, p. 74).

D. Recently, several drafts have been prepared for a general scil map of Africa, by
the Inter-African Pedological Service of the Commission for Technical Co-operation
in Africa south of the Sahara (C.C.T.A.). D’HOORE (1960), in explaining the legend of
the third draft of this map, distinguishes: ‘ferruginous tropical soils” {or fersialitic
soils), ‘ferrisols” and “ferralitic soils.’ The classifications mentioned above are therefore
combined to a degree.

His ferralitic soils, which closely resemble the sols ferralitigues of AUBERT and
DUCHAUFOUR, the solos ferraliticos of BOTELHO DA cosTA, and the Ferralsols +
Arenoferrals of 8Ys, are comparable with the Brazilian Latosols. ’HOORE’s criteria for
subdivision of the ferralitic soils are not specifically the composition of the clay
fraction, but more the colour of the soil and the parent material,

The Kaolinitic Yellow Latosol is believed to compare most closely with his mapping
unit Kb: ‘ferralitic soils with yellow-yellowish brown as dominant colour, and de-
veloped on unconsolidated, more or less clayey sediments’. The Kaolinitic Latosolic
Sand is the most like the mapping unit Ka: ‘ferralitic soils, with yellow-yellowish
brown as dominant colour, and developed on unconsolidated sandy sediments’.

I1.3 Plinthitic Soils

I1.3.1 Origin of Plinthite

For the benefit of the following discussion plinthite will be subvivided into two
groups, namely:

Soft plinthite (mottled clay, Fleckenzone, argile tacheté, horizon bariolé):

A layer of soft (i.e. cuttable with knife), dense, usually clayey, humus-poor mineral
material with many, coarse, prominent mottles. The mottles are red or purple!, often
with admixture of some yellow, and occur in a white or light grey matrix. In case of
predominance of the reddish, the situation may be described as the occurrence of white
and some yellow mottles in a red or purple matrix. The pattern of mottling is varying.
It may be reticulate (polygonal), prismatic (vesicular) or platy (laminar). The centres
of the red or purple parts are often indurated to some extent,

Hard plinthite (iron concretions, Eisenkruste, laterite, cuirasse, ferruginous quartzite,
canga, picarra): A slag-like (i.e. only breakable with hammer), humus-poor mineral

1) Actually usually weak red in the Munsell notation.
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material, apparently largely consisting of indurated iron oxides; as well as the earth
between this material, if present. The indurated elements vary in colour (red to black),
size (from fine gravel to enormous boulders and crusts), shape (pisolithic, platy,
prismatic, massive, vesicular), grainage (fine to very coarse elements, usually of
quartz, around which the sesquioxides are cemented), and arrangement (vertical,
horizontal, irregular).

These two names will also be placed, between square brackets, after relevant terms
in the literature referred to below.

According to HARRASSOWITZ (1926, 1930), a fully developed ‘laterite profile’ should
consist of the following sequence:
1. Eisenkruste (Zellenlaterit): ironstone crust, i.e. indurated, slag-like, porous
sesquioxide [hard plinthite]
2. Anreicherungszone { Fleckenzone): enrichment zone, mottled zone [soft plinthite]
3. Zersatzzone { Bleichzone) : dissolution zone, grey zone
4, Frisches Gestein. parent material

As already mentioned in II.1, HARRASSOWITZ took it as proven that the concentration
of iron and aluminum occurs at the soil surface, due to evaporation after transport of
sesquioxide-rich soil water by capillary rise from the grey zone. He therefore assumed
that laterite [plinthite] formation does not, at least not fully, take place under tropical
rain climate or even monsoon climate, but requires a savannah climate. The laterite
[plinthite] would not even be able to support tropical forest, due to the crust for-
mation (Weldfeindlichkeit).

MarBuT (1932), however, observed in the Amazon valley that the HARRASSOWITZ
sequence, if occurring, is found below soil material. He noted the following succes-
sion:
nr. 1: soil, nr. 2: iron oxide layer, porous and slag-like [hard plinthite], nr. 3: mottled
layer [soft plinthite], nr. 4: grey layer, nr. 5: unconsolidated clay and sand.

The second? Iayer is often lacking. The soil above the zone of iron concentration is al-
ways ‘podzolized’, in the sense that it has a relatively light coloured and light textured
surface layer (A horizon), rich in Si0,. MARBUT concluded from extensive field
observations throughout the valley that the HaArRrRASSOWITZ profile is due to a process
of segregation which takes place at shallow depth below the surface, under the influen-
ce of ground water, and may be followed by the erosion of the overlying soil material.
The layers of sesquioxide accumulation and induration: mottled zone [soft plinthite]
and crust [hard plinthite], constitute essentially one horizon which develops at the
surface of the ground water. The thickness of the horizon depends largely on the
width of the zone over which the ground water surface fluctuates during the year.

1} Tn the publication concerned actually is written fourth. From its context it becomes,
however, apparent that MARBUT must have meant the second layer. Writing or printing
errors are common in that paper. They may have contributed considerably to the confusion
which subsequently arose on the subject.
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According to MAREUT, if the zone of fluctuation is deep no sesquioxide accumulation
takes place, because of a restriction in the access of atmospheric oxygen. The crust
[hard plinthite] develops in the top of the horizon where the mottled material [soft
plinthite] outcrops owing to erosion of the surface layer or at escarpments, or where
the material occurs below a shallow layer of sandy soil material. Crusts [hard plinthite]
on dissected plateaux which nowadays have no shallow ground water level, are con-
sidered to be fossil, and the relics of a mottled zone [soft plinthite] which developed
before relative raising of the terrain.

With his observations made in regions with a tropical rain climate, and in agreement
with this concept of the development of the crust, MARBUT found no reason to believe
that a climate with alternate wet and dry seasons was a requisite. Moreover, he argued,
with the help of field observations, that formation of such a crust through capillary
rise and evaporation at the surface in any case is highly improbable, That such a pro-
cess is also difficult to assume for purely physical reasons, was afterwards discussed by
Mour and van BAren (1954, p. 371). MARBUT concedes that ‘the horizon of iron
oxide accumulation and induration may develop at the surface, but only in the evident-
ly rare case when the ground water surface lies at the earth’s surface’.

Since MARBUT's observations, many field and laboratory studies have been published
on the subject. Many of them are in agreement with MARBUT’s conclusions. THORP
and BaLpwiInN (1940), for instance, adducing evidence from China and Thailand, are
convinced that the BUCHANANS laterite [soft plinthite] develops in the Jower part of a
soil called ‘Ground Water Laterite’. This soil evoluates under intermittently shallow
ground water level, by transport of iron compounds from superficial horizons (A ho-
rizon) downward to the subsoil (B horizon) where they form reddish mottles that har-
den on exposure. They give a picture of how bleaching of the superficial horizon
occurs in such soils (‘podzolisation’, ‘lixiviation’). They also state that ‘erosion and
exposure of the laterite [soft plinthite] horizon is the true explanation of the origin of
the much discussed laterite crusts [hard plinthite]’.

PrEscOTT and PENDLETON (1952), basing their conclusions mainly upon Australian
occurrences, state: ‘the evidence, therefore, is that laterite [hard plinthite] is essential-
ly the exposed illuvial horizon of an ancient soil’, They consider it likely that the con-
centration of iron in the zone of fluctuating ground water is due to both downward
movement from ¢luvial surface horizons, and the carrying upwards with a rising water
table from the grey zone (for which latter they prefer the term ‘palilid’ zone). Practically
all laterite crusts [hard plinthite] in Australia are considered to be fossil and of Late
Tertiary age. They are believed to have been formed when climatic and geomorpholog-
ic conditions were different from the present day ones.

Asregards Africa, a very extensive study of plinthitic materials (zones de accumulation
de sesquioxides), their different mode of formation, and their classification in a genetic
system, is given by D’HooRE (1954). According to him, the accumulation of sesqui-
oxides followed by hardening can be relative or absofue. The former is a carrying off
(leaching) of other constituents, principally of Si, from the horizon concerned, whilst
the latter is an addition of sesquioxides into the horizon. The addition of sesquioxides
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at the absolute accumulation is believed to take place predominantly downward, by
soil solutions that pass vertically (in the profile) or laterally (along slopes), while some-
times Fe is added by flooding water. The first movement gives the cuirasse de Phorizon
B et lhorizon gleyifié, the second the cuirasse de basse penie or cuirasse de nappe. The
flooding gives the cuirasse de galerie.

A similar classification is applied by MaIGNEN (1958). He supposes that Al accumul-
ation horizons (bauxite horizons) generally belong to the relative ones, since Al is con-
sidered to be principally a residual material, and that Fe (and Mn) accumulation hori-
zons are usually absolute, For West Africa, plinthite formation is thought to be great-
est in the transition zone between tropical rain forest and desert, where it is practically
independent of the parent rock. MAIGNIEN states also ‘les cuirasses [hard plinthite]
s’édifient normalement a Uinterieur des profils. La mise a I affleurement se fait par érosion
hydrique qui décape les horizons meubles de surface. Une cuirasse affleurante est la partie
supérieure d'un profil tronqué. Elle représente un stade senil d’évolution.’

The most recent publication on plinthite is the review by SIVARAJASINGHAM, ALEXAN-
DER, CaDY and CLINE (1962). They give also a picture on the chemistry and the minera-
logy of sesquioxide concentration and hardening.

11.3.2, Plinthite in Amazonia

Since the observations of MARBUT, a few geographers’ descriptions have been publish-
ed, in Portuguese, on lateritic crusts [hard plinthite] in Northern and Central Brazil
(for instance GUERRA, 1953, 1954). But there has been no large-scale checking or ela-
boration of MarBUT's findings. A detailed report on the widespread occurrence of
plinthitic materials in Amazonia, and a discussion in relation to soil classification, is
therefore thought to be useful, also in view of the fact that around the world still
relatively few complete data about ‘Ground Water Laterite’ soil are reported.

The formation of plinthite in Amazonia takes place predominantly on flat lJand sur-
faces with a cover of unconsolidated sediments of Tertiary or Quaternary age. There
are also a number of areas with Paleozoic-Mesozoic outcrops or peneplained Pre-
Cambrian crystalline basement which show formation of the material. As will be
demonstrated in the following, the Amazon plinthite formation is, with few exceptions,
of the type called accumulation absolue by D"HOORE (1954}, more especially the forma-
tion of cuirasses de I'horizon B et Phorizon gleyifié. A fluctuating ground water level, or
pseudo ground water level, is indeed essential for the formation of by far the majority
of the plinthitic materials of Amazonia.

Only a few instances were encountered in which a fluctuating ground water level may
not be an essential factor in plinthite formation. This concerns consolidated sediments
{cf. Profile descriptions 35 and 41, and the notes on Non Calcic Brown-like soil,
Gravelly phase and Acid Brown Forest-like soil, Gravelly phase in II1.2.). The plin-
thite formation in these instances, which will not be further discussed, probably falls
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under D'HOORE's accumulation relative. It may be a feature of a general weathering
process in the tropics under conditions of geod drainage.

The possibility of aceretion, without a fluctuating ground water table proper, of fossil
plinthite layers in areas of unconsolidated sediments was suggested in one instance

(cf- page 115).

11.3.2.1 Plinthite-in-formation

The presence of a relatively shallow and fluctuating ground water level, or pseudo
ground water level or saturation zone, is frequent in Amazonia because of various
factors. There is a large expanse of flat land surfaces, which are moreover low lying
with regard to the local drainage levels: areas belonging to the Early Tertiary (?)
peneplanation surface, sections of the Plio-Pleistocene planalto, portions of the Late
Pleistocene terraces, and the Early Holocene terrains. There are, in many places, tem-
porary difficulties in the discharge of the rain water, due to seasonally high water level
of many of the rivers and yearly peaks in rainfall distribution in a large part of the
region. It may be noted that fluctuations of the ground water level are not necessarily
linked to the occurrence of wet and dry seasons. Such fluctuations are aiso governed
by differences in lateral drainage possibilities that are linked with seasonal differences
in water discharge of the river system in the area. In many parts of Amazonia, this
discharge is determined more by the amount of water drained from the Andes and
Central Brazil, which has a large seasonal variation, than by the rain falling in the
region itself. Another factor which favours the occurrence of shallow ground water
levels is the presence, at 2 number of places, of shallow-lying impervious layers, for
instance hard sand stone or fossil hard plinthite (¢/f. 1.4.5).

The absence of any enrichment of the above mentioned flat land surfaces through the
deposition of sediments of flooding, of volcanic ashes or of other windborne materiaf
is noteworthy (cf. SAkaMoTO, 1960). This absence is another condition favouring the
formation of plinthite, which is essentially a highly weathered material.

FORMATION OF PLINTHITE BELOW OR IN THE LOWEST PART OF THE SOLUM

At several places, notably where light textured, loose sediments form the cover of the
land, it was observed that plinthite is formed in a zone of fluctuating ground water
level which is relatively deep below the surface (arbitrarily deeper than two metres). In
these instances, the solum proper of the soil profile is normaily not affected by this for-
mation. The soil is well or moderately well drained, and constitutes for instance a
Kaolinitic Yellow Latosol. The zone of fluctuating ground water level is, apparently,
too deep to hamper full activity of roots and soil fauna, which should help to form and
maintain the latosolic profile as it is.

Such a situation was observed in several parts of the relatively low uplands that may
be found in the Estuary region (predominantly Epi- and Late Monastirian terrace
levels, ¢f. 1.4.3). The fluctuations in the ground water level in these parts are largely
determined by tidal movements, which take place at 2 to 5 m below the surface. On
cliff faces, the soft plinthite formed in the fluctuation zone becomes exposed at low
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tide. The hardening relics, which in Joce usually have a vesicular-reticulate form, are
often found on the beaches, They have a hlack surface due to the action of the estuary
water (pedra preta of Soure, Mosqueiro and other places; Amapa town; ¢f. the notes
of MareuT and MANIFOLD, 1926, p. 434). The following short profile description
illustrates such a situation:

Profile 1. {KaoLmNiTic YELLOW LATOSOL, medium textured — over plinthite-in-formation)

Field description 185A (Sombroek)

Marajé-island, Soure, river cliff

Terrace 2-3 m above high water level (fluctuations in water level are 2-3 m, largely due to tides).

Ay 0-25 em: Dark brown (10YR 3/3) light sandy loam. Many roots, many pores. Transition
gradual.

As 25-70 em: Yellowish brown (10YR. 5/6) sandy loam. Many roots, many pores. Transition
gradual to diffuse.

B.,  70-150 cm; Brownish yellow (10YR 5/8) light sandy clay loam. Common roots, many pores.
Transition diffuse.

By,  /50-210 ¢m: Reddish vellow {7.5YR 7/8) sandy clay loam. Common roots, many pores.
Transition gradual.

C,y  210-260 cm: Pale yellow (2.5Y 8/4) light sandy clay loam, with common medium sized
distinet mottles of white (2.5Y 8/2) and red (2.5YR 5/8), especially in the lower part. Transition
gradual.

Coy  260-350 -+ cm: White (10YR 8/1) light sandy clay, with many coarse prominent mottles of
red (10R 4/6) and some yellow (10YR 7/8) and pink (5YR 7/4), the latter especially in the
lower part; mottling is in a vesicular to ¢oarse prismatic pattern. On the cliff face itself the red
parts are hard (hard plinthite), but in from the bank the whole horizon is soft except for some
tiny centres in the red (soft plinthite).

In this case, the plinthite formation is more a geological than pedolgiocal process.
Most probably, there is no transport of sesquioxides and/or clay sized particles from
the upper 200 cm. to the horizon of plinthite formation.

Similar horizons of soft plinthite are reported to occur sometimes in the By and C
horizons of a few soils of Rio de Janeiro and Sdo Paulo States which are comparable to
the Kaolinitic Yellow Latosol (¢f. BARROS, DRUMOND, CAMARGO e¢f al., 1958, p.
289; LEMOS, BENNEMA, SANTOS ¢t al., 1960, p. 389).

FORMATION OF PLINTHITE WITHIN THE SOLUM: GROUND WATER LATERITE $OILS

The formation of plinthite nearer the surface was observed in many places. These are
terrains with an imperfect drainage, on which the zone of fluctuating ground water
level is shallow (arbitrarily at less than two metres depth). In these instances this zone
is shaliow enough to restrict the activity of roots and soil fauna. No full homogenisa-
tion, which usually would result in Latosol formation, is therefore possible. Clay-sized
particles and sesquioxides are carried downward to the horizon of plinthite formation.
The latter, in effect, now forms the B horizon of a pedological profile. The Ground
Water Laterite soil profile proper, as defined by MARBUT and successors, develops.

The first large expanse of these soils was observed by Day (1959)in the Caeté-Mara-
cassumé area. Afterwards, Ground Water Laterite soils were found to occur also in
many parts of the Lower Amazon region and on the Island of Marajé (Day, 1961;
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SOMBROEK, 1962b). Scattered observations elsewhere led to the conclusion that the soil
is very common throughout Amazonia, often associated with areas of natural savan-
nah or savannah-forest {¢f. [V¥.1.2.2). Several phases of the soil, and intergrades of it to
other soils, have been distinguished to date. A picture about the variability in the pro-
file characteristics may be obtained from the following short descriptions, partly based
on profile pits and partly on augerings. Most of these profiles were analysed. The ana-
lytical data that are thought to be of importance for the classification of the soils are
given in Appendix 9.

Above each profile description the provisional classification, as used in the survey re-
ports, is printed between brackets. In this publication, no attempt will be made to give
an elaborate scheme for classification of the various Ground Water Laterite soils, Tt is
evident, however, that the described profiles all come outside the Latosol or the Oxisol
Order, because the plinthitic horizon has many of the characteristics of the ‘textural-
B’, e.q. the ‘argillic horizon’. The soils seem to constitute, in fact, a kind of imperfectly
drained phase of the Red Yellow Podzolic soils. Many of them probably come under

Foto 13 O perfil de um solo Laterita Hidro-
morfica. Claremente visiveis sGo o horizonte-A;
coloride de humo, o horizonte A, arenoso branco
e o horizonte B densa e de textura pesada de
‘plinthite’ macio, com seus numeroses mosquea-
dos grossos e prominenfes de matiz vermelha
numa mairiz de cinzento claro. Neste perfil os
mosqueados tém padrio reticular. Por causa do
cardter muite alvefado de hovizonte A, o perfil
classifica-se entre o chamado solo Larerita Hidro-
marfica, fase Baixa { forografia Mr. Th. H, Day)

Photo 13 The profile of a ground Water Laterite
soil. Clearly visible are rhe humus siained A,
horizon, the white sandv As horizon, and the
dense, heavy textured B horizon of soff plinthite,
with its many coarse and prominent motiles of
ved hue in a light grey matrix. The mottles have
a reticulate pattern in this profile. Because of
the strongly bleached character of the A,horizon,
the profile falls under the so-called Ground
Warer Laferite soil, Low phase { Photo by Mr.
Th. H, Day)
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the ‘Ultisols™ of the VIIth Approximation, more especially the Ochraguultic Plinta-
quults (SOIL SURVEY STAFF, 1960, p. 226-227). The Ground Water Laterite soil, Low
phase seems to be identical to the ‘Gray Ferruginous soil” as defined in the Multilin-
gual Vocabulary of Soil Science (JAcks, TAVERNIER and BoALCH, 1960).

Profile 2 (GrouND WATER LATERITE s0il, medium textured phase)

Field description 124 (Day, Sombroek)

Lower Amazon region, 20 km NNW of Prainha (Lat. 1°.48°S; Long. 53°.40'W)

Flat; remnant of terrace ca. 50 m above local rivulet. Imperfectly drained because of impervious layer
of fossil plinthite at shallow depth (outcropping at sides); upper phreatic level — ? m, lowest phreatic
level below —-1.1 m. Early Pleistocene sediments. Grasses and scattered shrubs; yearly burned.
Surface strewn with platy slabs of hard plinthite, stratified coarse and fine grained.

Ay 0-10 em: Yellowish brown (10YR 5/4) light fine sandy loam.

Ag 10-30 em: Brownish vellow (10YR 6/6) fine sandy loam.

B, 30-60 cm: Reddish yellow (3YR 6/8) fine sandy clay loam, with few to common medium sized
prominent mottles of weak red (7.5R 4/4); also some white spots. About 159 small (2-3 cm)
coarse grained plinthite concretions,

Byy  60-110 4+ cm: Light reddish brown (5YR 6/4) clay, with many coarse prominent mottles of
dusky red (7.5R 3/4), strong brown (7.5YR 5/8) and light grey (N7/0).

Profile 3 {GROUND WATER LATERITE soil, medium textured phase)

Field description 136 (Day, Sombroek)

Lower Amazon region, 5 km E of Terra Santa (Lat. 2°.07'S; Long. 56°, 27'W)

Extensive flat terrain, 1-2 m above local river high water level. Imperfectly drained; upper phreatic
level — ? m, lowest phreatic level below —2.3 m. Early Holocene sediments. Grasses and patches of
Tow trees; yearly burned.

A, 0-10 ¢m: Dark grey brown (10YR 4/2) very friable fine sandy loam, with a few fine faint
mottles of strong brown (7.5YR 5/8). Transition clear.

A, 10-40 em: Brownish yellow (10YR 6/8) friable fine sandy clay loam, with a few fine distinct
mottles of grey {(10YR 5/1). Transition clear.

Byy 40-150 cm: Reddish yellow (SYR 6/8) firm fine sandy clay, with many coarse prominent mottles
of red (2.5YR 5/8). Within the red some dusky red hardening centres. Transition diffuse.

By, 1350-225 + cm: Light red (2.5YR 6/8) firm fine sandy clay, with many coarse prominent
mottles of light grey (N 7/0). Within the light red several dusky red, hardening centres.

Profile 4 {GROUND WATER LATERITE soil, Low phase)

Field description 269 (Sampaio)

Lower Tocantins, 2 km E of Curugambaba (Lat. 2°.9'S; Long. 49°.17'W)

Extensively flat; terrace, 8 m ca. above local river level. Imperfectly drained; upper phreatic level
4+0.2 m ca. (rain water), lowest phreatic level below —3.3 m. Late Pleistocene sediments. Grasses
and scattered low trees and palms; vearly burned.

Ay 0-40 em: Yery dark grey (N 3/0) very friable light sandy loam. Transition gradual.

A, 40-100 cm: White (10YR 8/1) friable sandy loam. Transition clear.

AB, 100-130 em: White (10YR 8/1) friable light sandy clay loam, with few to common medium
sized distinct mottles of strong brown (7.5YR. 5/8). Transition gradual.

Bsg  150-220 cm: White (10YR 8/1) firm clay loam, with many fine distinct mottles of yellowish
red (5YR 4/8) and reddish yellow (7.5YR 6/8). Within the red very small hardened nodules.
Transition gradual.

Bay  220-330 4 cm: Red (2.5YR 4/8) firm light clay loam, with many medium sized prominent
mottles of white {10YR 8/1) and reddish yellow (7.5YR 7/8). Within the red small hardened
nodules.
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Profile 5 (GroUND WATER LATERITE s0il)

Field description 96 (Day)

Cacté-Maracassumé area, Piria river {(Lat. 1°.32’S; Long. 46°.27'W)

Flat terrace, some metres above local river level. Imperfectly drained; upper phreatic level - ? m,
lowest phreatic level below —3.0 m. Pleistocene sediments. Young secondary forest.

Ay 0-15 em: Very dark brown (10YR 2/2) very friable loamy sand. Structureless, or weak medium
sized granular, Transition gradual and smooth.

A, 15-70 ¢m: Dark greyish brown (10YR 4/2) friable sandy loam, with a few fine faint mottles of
brown (10YR. 6/8). Weak coarse angular blocky. Transition gradual and smooth.

A, 70-110 ¢m: Yellowish brown (10YR 5/6) friable sandy loam, with common medium sized faint
mottles of light yellowish brown (2.5Y 6/4) and reddish yellow (7.5YR 7/8). Very weak coarse
angular blocky.

AB  110-120 em: Heavy sandy loam. Transition zone.

By  120-140 cm: Yellow (2.5Y 7/6) firm light sandy clay loam, with many medium sized distinct
mottles of red (2.5YR 5/8). Weak very coarse subangular blocky. Transition abrupt and
smooth.

Bowy 140-150 em: Gravelly light sandy clay loam, with same colours as Byyg. 50-75% quartz
pebbles (1-3 cm diam.). Transition abrupt and smooth.

11 Byoy 130170 + em: White (10YR 8/1) firm heavy sandy clay loam, with many coarse prominent
mottles of red (I0R 4/6). In the red some dusky red hardening nodules.

Profile 6 (GrounND Water LaTerITE soil, intergrade to Grey HYDROMORPHIC $0il)

Field description 83 {Day)

Caeté-Maracassumé area, Maracassumé river (Lat. 1°.40°S; Long. 45°.52'W)

Flat; terrace, some metres above local river level. Imperfectly drained ; upper phreatic level probably
+ .2 m ca., (rain water), lowest phreatic level probably —2.0 m. Shallow Pleistocene sediments
over Pre-Cambrian granitic rock. Grasses.

A, 0-5 cm: Pale brown (10YR 6/3) loose sand. Single grains. Transition abrupt and wavy.

Ay 5-15 em: White (10YR 8/2) loose sand. Single grains, Transition clear and wavy.

Asy  15-30 em: Yellow (10YR 8/6) very friable to loose sand, with common fine distinct mottles of
reddish yellow (7.5YR 6/8). Weak coarse angular blocky. Transition clear and wavy.

(ID)B,y 3040 cm: Pale yellow (2,5Y 8/4) firm sandy loam, with many coarse distinct mottles of
reddish yellow (7.5YR 6/8). Weak to moderate coarse subangular blocky. About 5% small
(1-2 cm diam) plinthite concretions. Transition clear and irregular.

(I)B,g 40-100 em; White (N 8/0) firm heavy sandy clay loam, with common coarse prominent
mottles of red (2.5YR 4/8). Moderate to strong medium sized columnar.

(IDByy 100-140 + cm: White (N 8/0) firm light loam, with many coarse prominent mottles of reddish
vellow (7.5YR 7/8). Throughout the B horizon a few medium sized (3-5 c¢cm diam.) angular
stones of quartz and grano-dicrite ().

Profile 7 (GROUND WATER LATERITE s0il)
Field description 162/173 (Day, Sombroek)
Cf. T11.2, Profile 43.

Profile 8. (GROUND WATER LATERITE soif)

Field description 199 (Day, Sombroek)

Guama-Imperatriz area, km 129 E (Lat. 2°.45°S, Long. 47°.25'W)

Slightly dipping part of extensive terrace, 50 m ca. above local tivulet level. Micro-reliel of kauwfoe-
toes'. Imperfecily drained; upper phreatic level +0.5 m ca. (rain water), lowest phreatic level below

1y Also called ‘pocket” micro-relief (DAy, 1961), or canalefes (SOMBROEK and SaMPAIO,
1962).
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-—1.5 m. Plio-Pleistocene lacustrine sediments (Belterra clay), reworked during Early Pleistocene.
Shrubby low forest,

Ay (-3 em: Light grey (10YR 6/1) friable clay. Moderate fine subangular blocky. Transition clear.

Agg  3-20 em: White (10YR 8/2) friable to firm heavy clay, with many fine faint mottles of brownish
vellow (10YR 6/8). Moderate to weak medium sized subangular blocky. Transition gradual.

Boiy 20-i60 em: White (10Y R 8/1) firrn heavy clay, with many medium sized prominent mottles of
red {(2.5YR 4/8) and some vellow (10YR 7/8). Moderate to weak medium sized subangular and
some angular blocky; tendency to platy. A few faint clay skins. Transition gradual.

Bysy  700-130 4 cm: Red (2.5YR 6/8) very firm heavy clay, with many medium sized prominent
mottles of white (10YR 8/1} and some yellow (10YR 7/8).

Profile 9 (GrounD WATER LATERITE 50il)

Field description 214 (Sombroek, Sampaio)

Guama-Imperatriz area, km 252 (Lat. 3.42'S; Long. 47°.29'W)}

Slightly dipping part in almost flat terrain; terrace 5 m ca. above local river level. Imperfectly drained;
upper phreatic level -7 m, lowest phreatic level below —1.5 m. Late Pleistocene sediments. High
forest, of low timber volume.

A, 0-5 cm: Brown (10YR 5/3) very friable fine sandy loam. Weak medium to fine subangular
blocky. Transition clear.

A, 3-40 em: Very pale brown (10YR 7/4) firm fine sandy clay loam, with common — in lower part
many - fine distinct mottles of strong brown (7.5YR 5/8). Moderate medium sized subangular
blocky. Transition clear.

B,y  40-80 cm: White (10YR 8/2) very firm clay, with many fine to medium sized distinct mottles of
strong brown (7.5YR 5/8) and light red (2.5YR 6/8). Weak to moderate coarse angular blocky.,
Common faint clay skins. About 10%; rather soft, only partly loose plinthite concretions,
small (0.5-2 cm diam.). rather fine grained and dark reddish brown (2.5YR 3/4) or red (2.5YR
4/8). Transition gradual.

By 80-150 4+ ¢m: White (2,5YR. 8/2) very firm clay, with many coarse distinct to prominent
mottles of light red (2.5YR 6/8} and some yellow {10YR 7/8). Massive, to weak coarse angular
blocky.

Profile 10 (GROUND WATER LATERITE soil, light textured phase —intergrade to KAOLINITIC LATOSOLIC
SAND); {SANDY GROUND WATER LATERITE s0il}

Field description 151 (Sombroek)

Marajo island, 40 km N of Muana (Lat. 1°.09'S, Long. 49°.11'W)

Ridge-like terrain (fese/, 1-2 m above submergeable lowland. Imperfectly to moderately well-drained;
upper phreatic level 1.7 m ca., lowest phreatic level —2.5 m ca. Late Pleistocene sediments. Grasses
and scattered low trees and palms; yearly burned; fertilized.

Ay 0-20 em: Grey (10YR 6/1) loose fine sand, Single grains. Transition gradual.

Ay 20-70 em: Dark grey brown (I0YR 4/2) very friable fine sand. Structurcless, to weak fine
crumbly. Transition gradual.

A, 70-140 cm: Pale yellow (2.5Y 7/4) loose loamy fine sand. Transition gradual.

B,y  140-170 cm: Brownish yellow (10YR 6/8) loose loamy fine sand, with common medium sized
distinct mottles of red (10R 5/8). A few small hard plinthite concretions. Transition gradual.

Boyy  I70-200 cm: Red (2.5YR 4/8) loose loamy fine sand, with many coarse distinct mottles of
brownish yellow (10YR. 6/8). Transition gradual.

Baygy  200-230 cm: White (N 8/Q) [oose loamy fine sand, with many medium sized distinct mottles of
light red (2.5YR 6/8) and yellow (10YR 7/8). Transition gradual,

Cy 230-325 4+ em: White (N 8/0) loose fine sand.
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Profile 11 (GROUND WATER LATERITE s0il, heavy textured phase); (GROUND WATER LATERITE soil,
Humic phase}

Field description 157 (Sombroek)

Marajé island, 40 km N of Muand (Lat. 1°.09°S; Long. 49°.11'W}

Flat terrain. Imperfectly to poorly drained; upper phreatic leve! --0.5 m (rain water), lowest phreatic
level --3.0 m ca. Early Holocene {?) sediments. Grasses, scattered low trees and palms.

Ay 0-30 em: Black (N 2/0), very friable humic clay loam. Strong fine granular. Transition gradual .

A, 30-60 em: Light grey {(10YR 7/1) firm clay, with a few fine distinct mottles of reddish yellow
(7.5YR 6/8). Transition gradual.

Byy  60-270 cn: White (N 8/0) very firm clay, with many coarse prominent mottles of dark red
(7.5R 3/6) and some yellow {10YR 7/8). Throughout the horizon in the dark red many small,
dusky red and half hard nodules.

Note: Asimilar profile in the neighbourhood showed in the B, the following structure: Weak 1o moderate
coarse prismatic, breaking into strong coarse subangular blocky. Presence of clay skins.

Profile 12 (Grounp WATER LATERITE s0il, intergrade to KaoLiNnimic YeLLow LaTosoL, or reverse)
Field description 317 (Sombroek, Falesi)

Porto Velho, km 72 of BR-29.

Extensive flat terrace, 10 m above local rivulet Ievel, Imperfectly to moderately well-drained; upper
phreatic level 1.0 m ea., lowest phreatic level below —2.0 m. Plio-Pleistocene lacusirine sediments
(Belterra clay). Low forest with many creepers.

A 0-10 em: Greyish brown (10YR 5/2) friable light clay. Moderate fine to medium sized subangu-
lar blocky, Transition clear.

A, 10-60 cm: Light olive brown (2.5Y 5/4) friable clay. Moderate medium sized subangular
blocky. Transition diffuse.

B, 60G-100 em: Light yellowish brown (10YR 6/4) friable to firm clay, Weak to moderate medium
sized subangular blocky. Transition gradual.

By, 100-i50 em: Light yellowish brown (10YR 6/4) firm clay, Weak to moderate medium sized
subangular and angular blocky. Commen faint clay skins. Scattered (297) small (1 cm diam.)
fine grained dark reddish brown (2.5YR 3/4) rather soft plinthite concretions. Transition
gradual.

Bsoy  150-200 + cm: Pale yellow (2.5Y 7/4) firm clay, with many medium sized prominent mottles
of dusky red (10R 3/4) and some dark reddish brown (2.5YR 3/4), vellowish brown (10YR 5/8)
and white (N 8/0), Moderate medium sized to coarse angular and subanguiar blocky, with
tendency to prismatic. Common faint ¢lay skins.

Profile 13 (GrRoOUND WATER LATERITE soil, intergrade to Low Humic GLEy seil)

Field description 146 (Sombroek)

Lower Amazon region, 20 km $ of Prainha (Lat, 2°.02'S; Long. 53°.30'W)

Patch of low upland (teso}, 0.5 m above high water level, within floodplain. ITmperfectly drained;
upper phreatic level 0.0 m ca., lowest phreatic level about —3.0 m ea. Early Holocene (?) sediments.
Grasses, scattered high trees.

Ay 0--10 cm: Dark grey {10YR 4/1) loamy fine sand. Transition clear.

A, 10-25 em: Light grey (10YR 6/1} loamy fine sand, with few fine faint mottles of reddish yellow
{7.5 YR 6/8). Transition clear.

ABy 25-60 cm: Light grey (10YR 6/1) fine sandy loam, with many medium sized distinct to pro-
minent mottles of yellowish red {(5YR 5/8). Transition gradual.

By  60-225 + cm: White (N 8/0) firm fine sandy clay loam, with many coarse prominent mottles
of red (2.5YR 4/8), partly bounded with yellow (10YR 7/6). From 120-150 cm also some weak
red (10R 4/3) mottles with hardening centres.
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Profile 14 (GROUND WATER LATERITE soil, intergrade to HyproMoRPHIC GREY PopzoLic soil, Deep
phase)

Field description 289 (Sombrock, Sampaio)

Araguaia Mahogany area, Bloco Piranha {Lat. 6°.01°S; Long. 48°.10'W)

Almost flat terrain, 1 m ca. above level of local intermittent rivulet. Micro-relief of kauwfoeioes.
Imperfectly drained ; upper phreatic level +0.3 m ca. (rain water), lowest phreatic level below —4.0 m.,
Triassic fine sand-stone (?). Low forest with many creepers.

A, 0-50 cmi: Very dark grey (10YR 3/1) loose light sandy loam. Single grains. Transition gradual.

Ay,  50-140 cm: White (10YR 8/1) loose light sandy loam. Transition clear.

AB, 140-175 em: White (10YR 8/1) friable sandy loam, with common medium sized faint mottles
of brownish yeliow (10YR 6/8). Transition clear.

By  175-250 em: White {(5Y 8/1) firm light clay loam, with many coarse prominent mottles of dark
red (7.5R 3/8) and reddish vellow (7.5YR 6/8). Central parts of dark red half hardened.
Transition graduat,

By,  250-420 cm: (Sampled 250-320 ¢m). White (5Y 8/1) firm heavy loam, with many very coarse
prominent mottles of dark red (7.5R 3/8), reddish yellow (7.5YR 6/8) and some pale red
([OR 6{4). Central parts of dark red somewhat hardened.

Profile 15 (Grounp WaTER LATERITE soil, intergrade to HypromorrHIC GREY Pobzouic soil, Clay
stone substratum phase — partly truncated?)

Ficld description 287 (Sombroek, Sampaio)

Araguaia Mahogany area, near Bloco Piranha (Lat. 6°.02'S; Long. 48°.11'W)

Almost flat terrain, about 2 m above level of local intermittent rivulet. Imperfectly drained; upper
phreatic level 4+0.1 m (rain water), lowest phreatic level below —1.2 m. Jurassic-Triassic silty clay-
stones. Low forest with many creepers.

A,y -5 cm: Pale brown {(10YR 6/3) very friable light Joam, with many fine faint mottles of yellow-
ish brown (10YR 5/8). Weak to moderate fine subangular blocky. Transition gradual.

Agy  5-30 em: Light grey (10YR 7/2) very friable loam, with many fine distinct mottles of yellowish
brown {10YR 5/8), Weak medium to fine subangular blocky. About 80 %/ small (<1 cm diam.)
hard, fine grained dark red (7.5R 3/8) plinthite concretions. Transition clear.

B,y  30-50 em: Light grey (10YR 7/1) friable clay loam, with many medium sized faint mottles of
vellowish red (5YR 4-5/6). Moderate fine subangular blocky. A few faint clay skins. Transition
gradual.

By,  50-80 cm: Very pale brown (10YR 7/4) friable to firm silty clay loam, with many medium sized
prominent mottles of red (10R 4/6) and white (10YR 8/2). Moderate fine angular to subangular
blocky, compsing weak medium prismatic. Common faint clay skins. The centres of the red
parts somewhat hardened. Transition gradual.

By, 80-100 cm: White (10YR 8/1) friable to firm silty clay [oam with many medium sized prominent
mottles of red (7.5R 4/8) and yellow (10YR 7/6). Moderate fine to medium sized angular to
subangular blocky, composing weak medium prismatic. Common distinct clay skins. Transi-
tion gradual.

Cy 100-120 + cm; White (N 8/0) friable silty clay loam, with many medium to coarse prominent
mottles of dark red (7.5R 3/8) and vellow (1¢YR 7/6). Weak medium angular to subangular
blocky structure. A few faint clay skins.

Profile 16 (GrOUND WATER LATERITE soil, intergrade to HypromorrrIiC GREY PopzoLic soil,
Micaceous phase)

Ficld description 274 (Sombroek, Sampaio)

Araguaia Mahogany area, opposite Xambioa (Lat.6°.29'S; Long. 40°14'W)

Narrow strip of lowland along intermittent rivulet. Imperfectly to poorly drained; upper phreatic
level +0.5 m cq. (rivulet water), lowest phreatic level below —1.5 m. Collyvium-alluvium from sur-
rounding Pre-Cambrian micaceous schists. High forest.
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Ay O-4 em. Dark grey (10YR 4/1) very [riable sandy loam. Fine crumbly, composing very weak
fine subangular blocky. Some tiny flakes of mica. Transition clear.

Agy  4-20 em: Light grey (10YR 6/1) friable heavy sandy loam, with common fine distinct mottles
of brownish yellow {10YR 6/8). Weak medium subangular blocky. Transition gradual.

By,  20-90 cme Light grey (N 7/0) firm clay, with many fine to medium sized distinct mottles of red
{2.5YR 5/8) and yellowish red {5YR 5/8). Moderate medium subangular to angular blocky.
Common very faint clay skins. Transition gradual.

By  $0-I30 + cm: Light grey (N 7/0) firm light clay, with many fine to medium sized distinct
mottles of yellowish brown (10-7.5YR 3/8).

Profile 17 (GROUND WATER LATERITE so0il, intergrade to LITHOSOL — partly truncated?)

Field description 145 (Sombroek)

Lower Amazon region, Monte Alegre, centre of Dome (Lat, 1°.57°S, Long. 54°.10'W)

Low part of gentle undulating terrain. Imperfectly drained; upper phreatic level 0.0 m ca., [owest
phreatic level —1.0 m ¢q. Devonian fine sand-stone. Grasses and many shrubs, locally cacti.

A=A, 0-15 em: Grey brown (10YR 5/2) friable fine sandy loam, with common fine faint mottles of
vellow (10YR. 7/6). Transition abrupt.

B, 13-30 cm: Reddish yellow (7.5YR 6/8) friable clay loam. About 80% loose and hard small
(0.5-2 ¢m diam.) fine grained very dusky red plinthite concretions. Transition abrupt.

B-C; 30-80 cemn: White (N 8/0) very firm clay loam, with many medium sized prominent mottles of
dusky red (7.5R 3/4) and some vellow (10YR 8/6). Transition abrupt.

R 80 + cm.: Stratified hard sand-stone; upper part broken and ferrnginous.

Profile 18 (Solonetzic Humic GLEY soil, intergrade t0 GROUND WATER LATERITE $0il); (GROUND
WATER LATERITE soil, Humic phase)

Field description 178 (Day, Sombroek)

Marajo island, 8 ken NW of Arariuna (Lat. 0°,59'S; Long. 49°.60'W)

Flat lowland. Imperfectly to poorly drained; upper phreatic level +1.0 m ca. (river water, almost
without load), lowest phreatic level —4.0 m ca, Early Holocene marine-deltaic (?) sediments. Grasses
and occasional shrubs.

A, 0-15 em: Very dark grey brown (10YR 3/2) firm clay with some strong brown (7.5YR 5/8).
Moderate medium sized prismatic, breaking into moderate coarse subangular blocky. Transi-
tion abrupt and smooth,

Asg  15-20 em: Grey brown (10YR 5/2) friable clay loam, with common fine distinct mottles of
yellowish red (5YR 5/8). Moderate medium sized subangular blocky. Transition abrupt and
smooth.

Byy-C 20-55 cm: Dark grey (10YR 4/1) firm clay, with many fine distinct mottles of red (2.5YR 4/6).
Weak fine prismatic, breaking into strong fine subangular blocky. Transition clear and smooth.

Byy-C 55-100 em: Light grey (10YR 6/1) very firm clay, with many fine distinct mottles of red
{2.5YR 5/6) and reddish yellow (7.5YR 6/8). Strong very coarse prismatic. Clay skins promi-
nent on horizontal ped surfaces, faint to distinct on vertical ped surfaces. Transition diffuse and
smooth.

Byyg-C 100~180 + em: Light grey (N 6/0) firm clay, with many coarse prominent mottles of dark red
(10R. 5/6) and reddish yellow (7.5YR 6/8). Weak to moderate coarse prismatic, composed of
strong coarse angular blocky. Clay skins prominent on both horizontal and vertical ped
surfaces,
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The main factors that cause the variations, as illustrated in the profile descriptions,
are the following:
1. the character of the fluctuation of the ground water level (or pseudo ground water
level, or saturation zone), which fluctuation may vary in depth and frequency.
2. the texture of the parent material.
3. the degree of pre-weathering of the parent material.

Ad 1. The plinthite formation may take place at relatively shallow depth (the Profiles
6, 8, 15), or relatively deep (Profiles 4, 10, 12, 14). In the latter case, little influence of
the ground water fluctuation may be felt in the upper horizons; the A, of the Ground
Water Laterite profile might then be takenas for instance the A4 or the B, horizon of a
shallow Kaolinitic Yellow Latosol ¢.q. Kaolinitic Latosolic Sand (Profiles 10, 12).

The thickness of the layer of soft plinthite {the B horizon) depends on the thickness of
the zone of fluctuation. The lower boundary was established only in a few instances
(Profile 10}; in the other cases no ‘pallid zone’ proper was reached during the field
studies. It is evident however, that the upper boundary does not coincide with the
upper level of the ground water. At places where this level reaches the surface tempo-

Foto 14 Solo Larerita Hidromdrfica, desenvolvi-
do em sedimentos arenosos. Néste perfil, os mos-
gueados vermelthos do horizonte B de ‘plinthite’
macio, ocorrem como faixas verticalmente arran-
jadas. O horizonte A arenoso lixiviado tem cor
relativamente escura em sua secgdo ceniral,
devida a alguma cumulagdo de humo naquéle
fugar (fase inicial de formagdo de Podzol
Hidvomdrfico dentro do horizonte A de solo
Laterita Hidromorfica)

Photo 14 A Ground Water Laterite soil, devel-
oped on sandy sediments, In this profile, the red
mottles of the soft plinthitic B horizon occur as
vertically arranged stripes, The leached sandy
A korizon is relatively dark coloured especially
in its central section, due to some humiis aceumu-
lation there (initial stage of Ground Water
Podzol formation within the A horizon of a
Ground Water Laterite soil }
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rarily, or the terrain is even shallowly covered with vain water for a part of the year
(Profiles 2, 4, 6, 8, 11, 14, 16, 18), the soft plinthite layer nevertheless only starts from
some depth on (0.5-1.5 m}. One may expect the thickest layers of soft plinthite up-
stream of the main rivers, where seasonal differences in river level are greatest (Soli-
mbes, Madeira, Araguaia). Also, since near rivers the fluctuation of the phreatic level
is generally larger than on watershed parts, one might find thicker layers at the former
locations. Apparently however Ground Water Laterite soils predominate in watershed
regions (¢f. 1V.1.2.2), Near the rivers the zone of fluctuation is probably usually too
deep to cause plinthite formation {good drainage), or the sesquioxides are carried off
to the river.

Ad 2. Understandably, the texturai differentiation between the A and the plinthitic
B horizon, as expressed in the textural ratio B/A, depends on the texture of the
parent material. If this texture was light throughout, then the plinthitic B horizon of
the genetically ultimate profile would be rather light textured (Profile 10). If the parent
material was a clay, then also the ultimate A horizon would be at least rather heavy
textured! (Profile 8). It seems that the upper boundary of the plinthite layer, with the
same drainage condition (for instance the ground water level temporarily at the sur-
face, or standing rain water), depends on the texture of the parent material. If this is
sandy, then the plinthite develops relatively deep (Profiles 4 and 14 versus 8). The
pattern of mottling seems to depend on both texture and structure of the soil material
insitu (¢f.11.3.2.2).

Ad 3. Per definition, the *‘modal’ Ground Water Laterite soil is a strongly weathered
soil and its clay minerals are ‘lateritic’, by consisting only of silicate clay minerals with
1:1 lattice structure (kaolinite), and sesquioxides (gibbsite, goethite, hematite). Such a
‘lateritic’ character of the clay fraction shows up in the Si0,:AlO, ratios (Ki values),
which should be about or below 2.

The parent material can be strongly pre-weathered (‘rego-genetic’ material), the only
mineral constituents being quartz, kaolinite and sesquioxides. Tn this instance, the
‘modal’ Ground Water Laterite soil can be established relatively rapidly, since only
the concentration of the kaolinite and the sesquioxides in the B horizon 1s involved.
This is likely to be the case with all the Ground Water Laterite soils of the Planicie.
They have a Ki value of about or below 2, a low silt/clay ratio in the B horizon and a
low cation exchange capacity (Profiles 2, 4, 7, 8,9, 10, 12).

Profile 5 can also be called a ‘modal’ Ground Water Laterite soil, X-ray diffraction
was applied to the lower part of the B horizon of this profile (¢f. sample 96-5 of Tables
7 and 8, and Fig. 14 a—e). The clay fraction of this sample is practically completely
kaolinitic (92%), with only 6% hematite and 29, quartz present. The percentage of
sesquioxides is understandably larger in the coarser fractions. They consist however
only of iron oxides (hematite 8-159%,), not aluminum oxides. That in the fractions 2-16

1) The texture of the plinthitic B horizon is often estimated too heavy in the field, due to
the denseness of the horizon.
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micron and 16-80 micron also some other minerals, notably mica, are present is pro-
bably related with the fact that, in the area of the profile, the crystalline basement (mica
schists) is often almost outcropping. The composition of the clay fraction of the sample
is comparable, to a large extent, with that of the B horizons of the Kaolinitic Yellow
Latosol profiles (samples 233-3, 303-4, 300-4 and 210-4 of Table 8). An electron
micrograph (Photo 10) however shows that the kaolinite crystals are less well
developed than in these latter. The difference in crystallisation also shows up in the
different values for specific surface of the clay fraction of samples 96-5 and 303-4 res-
pectively (Table 7).

When the parent material is relatively rich, easily weatherable primary minerals and
siticate clay minerals of 2:1 lattice structure forming part of it, then the formation of
the ‘modal’ Ground Water Laterite profile requires both a weathering to kaolinite and
sesquioxides, and a regrouping in the profile. This is likely to take more time. Apparen-
ly, the modal type is not therefore reached on the Holocene sediments nor on some
Paleozoic-Mesozoic deposits. Lowlands which are still being enriched (flooding by
river water with a load of sediments, dgua branca, cf. 1.4.4) usually have Low Humic
Gley or Humic Gley soils. On the following sites, however, the formation of plinthite
was invariably observed:

1. The lowlands intermittently covered with only rain water (except for those in eas-
tern-central Marajé island which are alkaline).

2. The lowlands flooded with river water without load of sediments (dgua preta, dgua
limpa, cf. 1.4.4).

3. The terrains, along rivers, only slightly above high water level (massapés, cf. 1.4.4).

Examples are the Profiles 3, 11, 13 and 18. The weathering in these profiles is often
not yet very strong, Ki values are still above 2.0, which indicates that also non-kaolin-
itic silicate clay minerals are present. This is substantiated by a sample of Profile 18, to
which X-ray diffraction was applied (sample 178-4 of the Tables 7 and 8). In addition
10 kaolinite (35 %) and sesquioxides (11 %), the clay fraction contains also mica (illite,
10%,), intermediate (16 %) and some chlorite (3%,}. In the coarser fractions moreover
some felspar is present. The specific surface of the sample is still high (Table 7).

That the weathering in the profiles under discussion is still not very strong is also
shown by the fact that often no pronounced textural difference between the A and the
B horizons has developed as yet (Profiles 3, 11), and that textural differences within the
parent material, due to stratification, are often not yet quite erased {Profile 18).

The Ground Water Laterite soils on relatively rich deposits of Paleozoic-Mesozoic
age, and on peneplained Pre-Cambrian basement have a large textural difference
between A and B horizons. Ki values are, however, still considerably above 2 (Pro-
files 6, 14, 15, 16, 17). Also the silt/clay ratios are usually still high (Profiles 14, 15).

Whatever the parent material, the ultimate stage of Ground Water Laterite soil for-
mation is believed to be represented by the following profiles (¢f. GL in Fig. 15): A
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thick, bleached and very sandy A horizon, grading sharply into a thick, relatively
heavy textured, dense, slowly permeable B horizon of soft plinthite. At the transition
zone of the two horizons, some plinthitic material occurs that has already hardened.
Such profiles, in this publication called Ground Water Laterite, Low phase, generally
have a poor vegetative cover (¢f. IV.1.2). Any lowering of the drainage base and chan-
ge 1n climate will result in erosion of the A horizon, followed by hardening of the
truncated soft plinthite of the B horizon.

11.3.2.2 Fossil Plinthite

INTRODUCTION

In Amazonia, it is common to encounter layers of hard or soft plinthite on well
drained sites, where the phreatic level occurs at many metres depth, and a shallow
pseudo ground water level does not exist. In view of the above described present day
formation of plinthite in Amazonia, and in agreement with the majority of the recent
literature on the subject, such plinthite is considered to be fossil. It was formed in
times when there existed, iz siti or in the surroundings, a land surface with a fluctu-
ating ground water level at shallow depth.

Fossil hard plinthite may occur underlain by fossil soft plinthite, or as an unconfor-
mable layer on top, or between non-concretionary sediments without any mottling.
Fossil soft plinthite without a distinct capping of fossil hard plinthite was rarely found.

Layers of fossil hard plinthite occurring alone, as crusts on top of, or as stone-lines of
varying thickness within, non-concretionary sediments without any mottling, were not
formed in situ, but carried along, alluvially or colluvially, from other places. Absence
of a regularity in the arrangement of the concretionary elements, and a more or less
rounded form of the elements, are complementary in establishing their alluvial-collu-
vial origin.

However, the apparently most frequent situation is that a layer of fossil hard plinthite
is underlain by a layer of fossil soft plinthite. In these instances, it is likely that both
plinthitic layers constitute the relics of a Ground Water Laterite soil — or of its geologic
relative, if the formation had taken place below the solum. After the conditions of
imperfect drainage ceased to exist the profile was eroded geologically to the point that
all the light textured and loose A horizon, and possibly part of the heavy textured
plinthitic B horizon, was stripped off. Whilst the lower part of the plinthitic B (and the
C) horizon has remained soft, the upper part has become hard plinthite. The red mottles
changed and became stony elements (pisolithic pieces, vesicular blocks or massive
plates, depending upon the original pattern of mottling), by dessication through alter-
nate wetting and drying at the surface. The white and yellow parts of the dense mate-
rial changed, under influence of roots and soil fauna, to become friable homogeneous
yellowish or reddish earth. It is normally only a lack of contact with the atmosphere
which prevenis the hardening of that section of the plinthitic layer which is below the
present day crust. This was verified at many deep cuts excavated for the BR-14 high-
way, which were examined during the construction of the road, as well as at intervals
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Fote 15 O processe de endurecimento de ‘plinthire’.
Apds ser exposte por menos de dois anes, o sub-solo
original de ‘plinthite’ macio do corie de estrada tem
endurecido considercvelmente. Fol levado pela dgua o
material caolinitico da matriz de cér branca, enquanio
os mosqueados vermelhos endurecentes — aqui em padrio
laminar — ressaltam do corte. Na parte superior do corte
pode ver-se v ‘plinthite’ dure como era antes da ex-
cavagdic. Partes deste ‘plinthite’ dure ainda mantém
um arranjo laminar { Tipo de concrecoes Mae do Rio;
BR-i4, km 40 m. oum.)

Photo 15 The hardening process of plinthite. After
being exposed for less than rwo years, the oviginal soft
plinthitic subsoil of this road embankment has hardened
to a considerable extent, The kaolinitic material of the
white coloured matrix has been washed away, while the
hardening red mottles — here in a platy pattern — pro-
rrude from the face of the embankment. At the upper-
most part of the embankment, the havd plinthite can be
seen as it existed before excavation. Parts of this hard
plinthite still have a platy arvangement ( Mde do Rio
fype of concretions, BR-14, km 40 ca. )

during the 2-3 years afterwards. While the plinthite was soft during the excavating, the
wands of the cuts became gradually hard as stone! (¢f. Photo 15).

The sequence: fossil hard plinthite — fossil soft plinthite, normally indicates that the
material was formed in situ. But it is of course possible that the hard plinthite, or part
of it, was carried along and deposited on top of the plinthite which was formed in siru.
Certainty is obtained about the in sitis origination of layers of fossil hard plinthite over-
lying soft plinthite if the sequence has the following features:

1. The character of the concretionary elements (size, form, grainage} is related to the
character of the red parts of the sofi plinthite

2. The arrangement of these elements in the lower part of the hard plinthite layer is
similar to the pattern of mottling in the soft plinthite

3. The transition between hard plinthite and soft plinthite is gradual.

A frequently occurring situation is that fossil soft plinthite is capped by related fossil
hard plinthite which in its turn is overlain by non-concretionary sediments of varying
thickness. Such a situation might be confused with present-day Ground Water Late-
rite formation, especially if the hard plinthite forms a layer near to and parallel with

1) 1t is likely however, that the types of soft plinthite which have relatively high Ki values,
for instance those constituting the Zersatzzone of consolidated sediments and rocks, need
considerably more than a few years time for hardening, if they harden at all,

112



the surface. But, as stated above, layers of hard plinthite are infrequent in present-day
Amazon Ground Water Laterite soils and are then always thin. One can establish the
fossil character of the plinthite from the absence, directly above the hard plinthite, of a
relatively light textured layer with colours of little chroma and high value, and/or
mottling (pedologically an A, horizon).

Suchanarrangement of : sediments — fossil hard plinthite — fossil soft plinthite, can be
explained by assuming that after truncation and hardening of a former Ground Water
Laterite soil profile, the stony surface was buried with sediments, A disturbance of an
original arrangement of the concretionary clements in the upper section of the hard
plinthite layer is also a sign of truncation and subsequent burying.

Tt may still be noted that, with the sequence : sediments — hard plinthite — soft plinthite,
there is a good possibility for new Ground Water Laterite soil formation in the covering
sediments. This is the case when the layers of fossil plinthite are impervious, thereby
causing a pseudo ground water level, This new soil, in its turn, may become truncated,
resulting in another sequence of fossil plinthite above the earlier one (¢f. 1.4.5). If the
zone of fluctnating ground water level is located within the layer of fossil hard plin-
thite, then the conditions for the formation of plinthitic conglomerates are present.

The above considerations on the origin of the sequence sediments — hard plinthite —
soft plinthite holds for Amazon conditions. It is quite conceivable that in semi-arid
regions, for instance in North-Eastern Brazil, the sequence may constitute the whole
of a non-eroded fossil Ground Water Laterite profile, because there the soil may fre-
quently dry out to a great depth, and the original A, may lose its aspect of lixiviation.
Amazon fossil plinthite not truncated at some time in the past, and consequently not
hardened over more than a few decimetres, is apparently uncommon. In the central
part of the Guamd-Imperatriz area however, a well-drained soil was found which may
be a fossil full Ground Water Laterite soil profile. The soil, classified under Red
Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol (cf. for instance Profile 39},
is found on terraces that are 30-10 m above the level of local rivulets. The soil has a
yellowish (hue 10%YR) and friable A horizon and a reddish (hue 5 YR or 2.5YR),
rather firm and heavier textured B horizon. Between these, a transitional horizon (AB)
occurs, 20-30 ¢cm thick, of which the upper part has rather often small (1-2 cm diam.},
hard, round plinthite concretions which comprise about 5-209%; of the soil mass. The
lower part of the transitional horizon has, within a matrix of yellowish hue, common,
medium sized and distinct mottles of yellowish red or red (5YR, 2.5YR). The indica-
tions are that the parent material of the A, AB and B is identical. The features described
therefore make it likely that an originally plinthitic horizon has hardened in its upper
part, while in the lower part the mottling has been diminished by oxidation. Genetical-
ly speaking, the profile is likely to constitute a ‘raised’, but not truncated Ground
Water Laterite soil profile, in which the formation of plinthite was limited.

In the foregoing discussion it was assumed that the soft plinthite! below a capping of

1) The chromas and values of the matrix of soft plinthite well above the ground water level
are usually less low and less high respectively than those of the matrix of soft plinthite in
the B horizon of present-day Ground Water Laterite soils.
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fossil hard plinthite is all of fossil character. However, the layer of soft plinthite is
sometimes of ten and more metres thickness. The lowest section of such thick layers
kas enly a concentration of sesquioxides into mottles (the form of which is often
directly related to the stratification of the parent material; ¢f. Photo 16), not a concen-
tration of silicate clay miinerals. This lowest part, after exposure, maintains also a
rather soft consistence. It is improbable that at the time of Ground Water Laterite soil
formation the fluctuation of the ground water level was so great that all of the layer

Foto 10 A seqiiéncia de ‘plinthite’ duro féssil e ‘plinthite’ macio fossil que constitui o solo Podzélico
Vermelho-Amarelo, ‘intergrade’ para Latosolo Amarelo Caolinitico, fase Concreciondria. A camada de
‘plinthite’ duro gue forma a parte superior do perfil se compée de elementos concreciondrios diseretos
em terra fridvel ndo mosqueada. A camada de ‘plinthite’ macio que constitui a parte inferior do perfil,
se compde de material argiloso firme e denso comi mosqueados prominenies e grossos de matiz vermelho
numa matriz branca ou cinzento claro. Neste perfil os mosqueados 1ém um padvdo vesicular-prismdtico
e 03 elemenios concreciondrios sdo do tipo Ipixuna. As separacdes ovais dentro do horizonte de ‘plinthite’
macio sdo compostas de ferra nde mosqueada fridvel sem concrecdes. Provavelmente resultam de
homogenizagio local do “plinthite’ macio por cupins ( BR-14, km 115 m. ou m.)

Photo 16 The sequence of fossil hard plintliite and fossil soft plinthite thar constitures a Red Yellow
Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase. The layer of hard pliniite
which makes up the upper part of the profile, consists of diserete concretionary elements in wnmoitied
friable earth. The luyer of soft plinthite which makes up the lower part of the prafile, consists of dense and
Sfirm clavey muierial with a prominent coarse mottling of red hue in a white or light grey marrix, In this
profile, the metiling has a vesicular-prismatic patfern and the concretionary elements are of the Ipixuna
type. The pockets and pipes that are visible in the layer of saft plinthite consist of unmotiled, friable earth
without concretions. They are probably the result of local homogenisarion of the soft plinthite by termites
(BR-14,km 115 ca. )
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was then formed. The thickness of the soft plinthite layer may be due to a very gradual
lowering of the ground water level, related to a very gradual lowering of the drainage
base. In view of the fact that the layer seems to be thickest at the rims of crust-capped
plateau land (¢f- 1.4.5, note on page 44), it is however more probable that, once a
sequence of hard and soft plinthite is present in a well drained position, the soft plin-
thite may enlarge itself in a downward direction under influence of obliquely down-
ward moving ground water. For such present-day accretion of fossil plinthite a fluctua-
ting phreatic level proper would therefore not be necessary.

From the descriptions in [.4.5, it can be concluded that the fossil hard plinthite of
Amazonia rarely constitutes massive, impenetrable and thick slabs (hardpans, cara-
paces), as reported for many areas in Africa, for instance N. Nigeria. Usually there are
onty concretionary elements hetween loose earth. This general weakness of the devel-
opment of the Amazon plinthitic crusts is believed to be related, in part, to a general low
Fe content of the main Amazon sediments, which also accounts for the low iron oxide
content of the main Amazon Latosol (¢f. 11.2.2). The variation in the characteristics
of the concretionary elements of fossil hard plinthite, as shown in 1.4.5, is related to a
variation of patterns of motthng of the original soft plinthite. The latter is believed to
have depended upon differences in texture and in stratification of the sediments, or
upon differences in structure of the superficial layers (i.e. the soil) before, or during, the
time when conditions of imperfect drainage caused the plinthite formation. Tt was
discussed in 1.4.5 that the Paragominas type of concretions is very likely connected
with the structural constitution of the Belterra clay. The reticulate-prismatic pattern
of the Ipixuna type may be due to a blocky to prismatic structure of the B horizon of
the original soil, before or at the time when conditions of imperfect drainage occurred,
or to action of roots and soil fauna in this layer during the plinthite formation. For the
Maie do Rio type, an origin in non-homogenized stratified sediments is plausible, espe-
cially for those elements that are platy and alternating coarse and fine grained, or
coarse grained throughout. The more massive aspect, compared with other types, may
indicate a formation below the solum, lateral enrichment with sesquioxides, or both,

Fossit, PLINTHITE BELOW THE SOLUM

Fossil plinthite occurring only deep below the surface, arbitrarily below 1.50 m, is not
diagnostic for classification of the soil at the spot, unless at a very low categorical level.
At several places such a situation was observed. At the town of Belém fossil hard
plinthite is found from about 5 m depth on, under sandy sediments that constitute a
Pleistocene terrace. Near [tacoatiara, thin bands (30 cm) of fossil hard plinthite, in part
underlain with fossil soft plinthite (150 cm), are found at a local depth of 8 m below
the surface (ETA-34 seringal, near river Urubii). On the planalto terrace in the region
south and southeast of Santarém, fossil hard plinthite is found at about 15 m below
the leve! of the flat central sections. Also in the Guamd-Imperatriz area such situations
are common,

In these instances the solum is usually a Kaelinitic Yellow Latose! (KYL), which
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Fig. 15 Esboco de alguns solos amazénices com ‘plinthite’ (para os simbolos, veja Tabela 9)
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Fig. 15 Sketch of some Amazon plinthitic soils (see for symbols Table 9)

developed on the overlying sediments. Imperfectly drained seils may however occur,
also where the land surface is well above the level of the local rivers, due to the fact that
the fossil plinthite can form an almost impervious substratum. In that case the profile
constitutes normally a recent Ground Water Laterite soil {¢f. Profile 8 of 11.3.2.1).

FOSSIL PLINTHITE WITHIN THE SOLUM
Fossil plinthite at the surface or at a shallow depth (less than 1.50 m arbitrarily) is, of
course, an important characteristic of the soil in situ. In fact, the plinthite now acts as
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parent material for a soil. The characteristics of the soil depend on the degree of
weathering of the original soft plinthite. As discussed before, the final product of this
weathering is the hard plinthite, which in Amazonia consists, with few exceptions, of a
mixture of hard, concretionary elements, and loose, friable earth. The concretionary
elements are inactive, whilst the earth is, in fact, similar to that of latosolic profiles on
non-concretionary sediments in the surrounding area (kaolinitic character of the clay
fraction; Si0,:Al,0; molecular ratios = Ki values around, or slightly below 2).

This weathering may be only relatively shallow, i.e. the dense layer of soft plinthite is
still present near to the surface (arbitrarily less than 1 m). In that case the actual selum
consises of a friable, concretionary topsoil (A horizon) with subangular blocky or
granular structure, and a dense, firm subsoil (B horizon) with predominantly angular
blocky structure and presence of a few clay skins. Because of the morphometric field
characteristics of the B horizon the soil cannot be called a Latosol, although Ki values
are around or slightly below 2. Such soils are classified as Red Yellow Podzolic soil,
intergrade to Kaolinitic Yellow Latosol, Concretionary phase (RP-KYL, cr).

If the weathering of the soft plinthite has progressed to a greater depth from the sur-
face (arbitrarily to more than 1 m), then practically the whole solum, both the A and
the B horizons, consists of friable, concretionary earth, Therefore, the soil can be clas-
sified as a Latosol: Kaolinitic Yellow Latosol, Concretionary phase (KYL, cRr). This
classification has to be given, of course, also to those concretionary and friable soils, in
which soft plinthite is completely lacking and the concretions were not formed in situ,
but are of colluvial-alluvial origin (stone-lines). A thickness of the stone-line of mini-
mally 30 cm above | m depth is taken as a criterion for a Concretionary phase.

Profile 19 (Rep YELLOW PobzoLic soil, intergrade fo KaoLmntic YeLLow LaTtosor, Concretionary
phase — type of concretions: Ipixuna)

Field description 202 (Sombroek)

Guama-Imperatriz area, km 109.6 (Lat. 2°.35°S; Long. 47°.28'W)

Approx. flat terrain; terrace, 55 m above level of local rivulet. Slightly imperfect drainage. Pliocene
sediments, probably formerly covered with Belterra clay. High forest, with rather high timber volume,

A, 0—10 cm: Brown (10YR 5/3) friable clay. Moderate fine subangular blocky. About 25 % foose
hard plinthite concretions, medium to small sized (10-0.5 cm diam.), prismatic, predominantly
fine grained, dusky red (10R 3/4) and locally light red (10R 6/6). Transition clear to gradual.

A, 10-70 em: Brownish vellow (10YR 6/6-8) friable heavy clay. Moderate fine subangular blocky
and locally angular blocky. A few faint clay skins, largely at the surfaces of the concretions.
About 759 loose hard plinthite concretions, similar to those in A;. Transition gradual.

B, 70-120 ¢m: Reddish yellow (7.5YR 7/6) firm heavy clay, with many medium sized to fine
distinct mottles of red (2.5YR. 5/6) and yellow {(10YR 7/8) in a reticulate pattern; the red parts
are rather hard. Weak medium prismatic, composed of moderate medium to fine subangular
blocky. Commen faint clay skins. About 25% half loose, vertically arranged, hard or rather
hard plinthite concretions, similar to those in A,. Transition gradual and irregular.

By-B, 120-350 em: Reddish yellow (SYR 7/8) very firm heavy clay, with many coarse prominent
mofttles of dusky red (7.3R 3/4), white (N 8/0) and yellow {(10YR 7/8); the dark red occurs
predominantly as vertical pipes, about 5-20 cm long, which are rather hard, Weak medium to
coarse prismatic, falling apart into moderate fine subangular and angular blocky. A few faint
clay skins, Transition gradual.

C 350-550 + cm: Reddish yellow (7.5YR 8/6) firm to very firm heavy clay, with many coarse
prominent mottles of pale red (7.5YR 6/6), white (N 8/0) and vellow (10 YR 8/8).
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Profile 20 (REp YeLLOw PopzoLic soil, intergrade to KaoLmimic YELLow LatosoL, Concretionary
phase - type of concretions: Méie do Rio)

Field description 238 (Sombroek, Sampaio)

Cf. 1112, Profile 40.

Profile 21 (REp YELLOW PobpzoLiC soil, intergrade to KaoLINITIC YELLOW LaTosor, Concretionary
phase - type of congcretions: Paragominas)

Field description 205 {Sombroek, Sampaio)

Guamd-Imperatriz area, km 175.6 (Lat. 3°.06'S; Long. 47°.183'W)

Side of low hill in very gently undulating terrain. Slightly imperfect drainage. Plio-Pleistocene
lacustrine (Belterra clay) and older sediments; upper part of profile probably colluvial. High forest,
of low timber volume.

Ay 0-5 cm: Brownish yellow (10YR 4/2) very friable heavy sandy loam. Weak fine subangular
blocky. About 609, loose, hard plinthite concretions, very small sized (0.5-1.0 cm diam.),
subangular blocky, fine grained, dusky red (7.5R 3/4). Transition clear.

A, 5-80 cm: Brownish yellow (10YR 6/6) friable heavy fine sandy clay. Weak medium to fine
subangular blocky. About 809 loose, hard plinthite concretions, similar to those in A, but
somewhat larger (0.5-2,0 cm diam.). Transition gradual.

B, 80-120 ¢m: Reddish yellow (7.5YR 6/8) friable to firm clay with common medium sized
distinct mottles of red (2.5YR 5/8), predominantly in a fine polygonal pattern. Moderate
medium sized subangular and angular blocky. Common faint clay skins, largely at the surface
of the concretions. About 80 % loose, hard concretions similar to those of A, but somewhat
farger (0.5-2.5 ¢m diam.).

B, 120-220 em; Light red (2.5YR. 6/8) firm clay, with common to many medium sized faint
mottles of light red (7.5YR 6/6) in a fine polygonal pattern, and half hard. Weak medium sized
subangular and angular blocky. About 50 % half loose, hard or half hard plinthite concretions,
similar to those in the A,, but somewhat larger (0.5-2.5 cm diam.). Transition clear.

B; 220-280 -+ cm: Light red (2.5YR 6/8) friable to firm clay, with common coarse distinct
mottles of pale red (7.5R 6/4), and white (N 8/0). Massive, to weak medium sized subangular
and angular blocky.

Profile 22 (KaoLiNITIC YELLOW LaTOsoL, Concretionary phase)
Field description 114 (Day)
Cf. TI1.2, Profile 28.

Profile 23 (KaoLINITIC YELLOW LaTosoL, medium textured — over bank of fossil plinthite)

Field description 337 {Commissdo de Solos)

Amapa Territory, along road Macapa-Fazendinha (Lat. 0°.0"; Long. 51°.08'W)

Flat terrain, about 4 m above local river level. Well-drained. Pleistocene sediments. Grasses and
scattered shrubs; yearly burned.

A 0-15 em; Very dark greyish brown (2,5Y 3/2) friable sandy clay loam. Weak very fine to coarse
granular. Transition clear and smooth.

Ay 15-30 cm. Olive brown (2.5Y 4/4) friable heavy sandy clay loam, with many fine faint mottles
of very dark grey brown (2.5Y 3/2). Weak very fine subangular blocky. Transition diffuse and
smooth.

B, 30-30 c¢m: Yellowish brown (10YR 6/5) friable sandy clay. Little coherent massive, easily
falling apart into fine earth. Transition diffuse and smooth.

B,,  30-75 cm: Olive vellow (7.5Y 6/5) friable light clay. Structure as in B,. Transition diffuse and
smooth.

By  75-110 em: Brownish yellow (10YR 6/6) friable tight clay. Structure as in B;. Transition
abrupt and irregular.

By, 110-19G cm: Same material as B,, but with about 80% loose, large (up to 20 cm diam.),
somewhat rounded, vesicular plinthite concretions, fine and medium grained and variegated
reddish coloured.
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The foregoing profile descriptions, and their analytical data (Appendix 9), illustrate
the variation in the characteristics of well or moderately well-drained soils with fossil
plinthite.

Another profile of Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Lato-
sal, Concretionary phase (RP-KYL, cr), located at km 30 of the Guamd-Imperatriz
area, was also studied. A sample of the soft plinthite of the deep subsoil, beneath two
separate layers of fossil hard plinthite, was analysed by X-ray diffraction (cf. sample
302-4 of Tables 7 and 8, and the Figs. 14 a-e). The clay fraction was found to be pre-
dominantly kaolinite (859%,), iron oxides comprising only 129/ and c¢lay sized quartz
397, In the coarser fractions more sesquioxides are present (30-35 %), but they are only
hematite. This mineral apparently kept enclosed much kaolinite (35-55%). In the
2-16 micron and 16-80 micron fractions moreover some mica (7 %) occurs. The speci-
fic surface of both the whole soil and the clay fraction is very low. The clay fraction is
in fact quite comparable, also in its chemical activity, to that of B horizons of Kaoli-
nitic Yellow Latosol profiles (samples 233-3, 303-4, 300-4, and 210-4 of Table 7).

In the Guamd-Imperatriz area practically all concretionary soils contain soft plin-
thite at shallow depth. They therefore have been grouped as RP-KYL, ¢r. The impres-
sion is that the same situation exists in the majority of the concretionary soils else-
where in Amazonia. However, those near Belém (Bragantina area) and Amapd
(Savannah area) are, for a part, deeply friable: KYL, cr. It is often difficult, during
surveys, to establish the upper level of the soft plinthite, because of the stoniness of the
surface. It can only be easely done where recent deep road cuts are present, as was the
case in the Guamd-Imperatriz area. Besides, for actual land use the degree of stoniness
may be more important than the morphometric-genetic characteristics of the subsoil
which determine the classification.

The genetic relationship between the Ground Water Laterite soils and the above
described concretionary soils of Amazonia was the reason why the latter were provisio-
nally termed *Ground Water Laterite soil, Truncated phase’ (¢f. DAy, 1961 : SOMBROEK,
1962h). Such a term however refers to the genesis of the parenf material of the soils,
not that of the present-day soils. Moreover, it suggests a drainage condition inherent
into the Ground Water Laterite soil profile, i.e. intermittently imperfect drainage. The
soils concerned are however well or moderately well-drained. Also, the differences in
thickness of the layer with friable carth cannot be indicated as decisive as is secured by
the distinction between Latosol and Red Yellow Podzolic soil.

The concretionary soils are, in fact, intergrading to Lithosols. When practically no
earth occurs between the mass of concretionary elements, or the fossil plinthite forms
a slab-like hardpan, a classification of the soil as ‘Concretionary Lithosol’ may be
the most appropriate (¢f. CaAMARGO and BENNEMA, 1962). Such senile soils are, how-
ever, rare in Amazonia.

A general scheme for the different soils that can be distinguished with the formation,
respectively the truncation and the burying of Amazon plinthite is given in Fig. 15.
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I11. The Soils Classified, and their Geographic Occurrence

IT1.1 The Methods of Study

I11.1.1 Field Studies

The soil data compiled in this publication were obtained from field studies by FAO
soil scientists during the years 1937-1962, partly in cooperation with members of the
Soils Section of the Instituto Agrondmico do Norte (IAN) at Belém. During this
time, several reconnaissance soil surveys were executed, largely in the eastern half of
the region. Also many observations scattered throughout the region were made (cf.
Fig. 16}. Together with the data of the surveys, they enabled a picture to be obtained of
the soils of Amazonia, and their relative importance. A total of about 350 full profile
descriptions was assembied.

The reconnaissance soil surveys of the Caeté-Maracassumé area, the Guama-Impe-
ratriz area and the Araguaia Mahogany area (2, 3 and 4 of Fig. 16) were executed in
cooperation with an FAO/SPVEA Forest Inventory Team, which made forest inven-
tories of the same areas at the same time. Aerial photographs were used for these sur-
veys. They were only partly verticals with full coverage of the terrain (Araguaia Maho-
gany area). The majority were trimetrogon photographs of poor quality. Moreover,
they left gaps in the coverage. For the one area mentioned, aerial photograph inter-
pretation was very helpful for soil mapping. For the other areas however, where vege-
tational differences were hardly noticeable, the photographs could only be used to
produce little more than topographic-planimetric maps, as prepared by the Forest
Inventory Team. It was therefore necessary to make comparatively many field obser-
vations. This was economically and technically possible because of the cooperation
with the Forest Inventory Team, which cut, for its measurements, a network of ten-
kilometres transects all over the area concerned. Details on the location of these tran-
sects may be found on the maps of GLErRUM (1960) and GLERUM and SmiT (1962a,
1962b).

The field studies were partly done on profile pits and partly on borings with a Dutch
soil auger, the Edeiman auger. The profile descriptions were made according to the
standards established in the SoiL SUrRvEY MANUAL (1951). The pH of the soil in the
field was estimated with adapted fluids (Soil-tex pH kit, La Motte-Morgan pH kit, or
Hellige pH kit). The Munsell Soil Color Charts were used to establish soil colours.
Unless stated otherwise, the colour noted are those of the soil in a moist condition.

120



Fig. 16 Os estudos de campo utilizados para base desta publicacdo
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1. Bragantina (FILHO ef al., 1963); 2. Caeté-Maracassumé (Day, 1959); 3. Guama-Imperatriz (SoM-
BROEK, 1962a); 4. Araguaia Mahogany (SOMBROEK and SAMPAIO, 1962); 5. Manaus-Itacoatiara
(SawTos et al., in executionfem execucdo)

Fig. 16 The field studies of Amazon soils which were used as a basis for this publication

111.1.2 Laboratory studies

Samples of about 100 of the studied soil profiles were analysed in the laboratory. The
analysis of most samples was carried out at the Instituto de Quimica Agricola (IQA)in
Rio de Janeiro, Brasil, under the supervision of the chemist Dr. Leandro Vettori. The
methods employed (IQA, 1949) are the same as those used for the laboratory analysis
of the studies of the national Brazilian Soils Commission (¢f. BARROS, DRUMOND,
CAMARGO ef al., 1958; LEMOS, BENNEMA, SANTOS ef af., 1960), and are as follows:

PHYSICAL ANALYSIS

1. Apparent bulk density: Weighing of 100 ml e¢arth, compacted in a metal cylinder of
the same capacity.

2. Real bulk density: A known weight of fine earth (<2 2.0 mm), dried at 105°C, is put
in a receiver of 50 ml, which is then filled up with absolute ethyl alcohol.
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3. Mechanical analysis: Sedimentation in a Koettgen cylinder, using NaOH as the
dispersion agent. In the samples with more than 19 C, the organic material is first
destroyed by H,03,.

For a portion of the samples, the separation is made in four fractions according to the
classification of the U.S. Department of Agriculture {fractions 2.0-0.2 mm, 0.2-0.05
mm, 0.05-0.002 mm and <7 0.002 mm) and for the other samples according to the In-
ternational Classification (2.0-0.2 mm, 0.2-0.02 mm, 0.02-0.002 mm and <7 0.002 mm).
The textural class names generally used in the field are based on the subdivision of the
U.S. system. In case the data are provided according the International Classification,
the percentages of the 0.02-0.05 mm fraction are therefore estimated, by graphical
interpolation on a summation curve,

4. Textural relation B{A: The mean of the clay percentages of the subhorizons of the
B (exclusive B;), divided by the mean of the clay percentages of the subhorizons of
the A.

5. ‘Natural’ clay: The percentage of clay obtained by shaking with distilled water.

6. Index of structure: Obtained by comparing ‘natural’ clay content with clay content
after dispersion with NaOH., Index of structure = 100 x (1-natural clay/total clay)

1. Moisture equivalent, M E.: Determination according to the process of BRIGGS and
Mac-LANE, centrifuging the moistened earth at 1000 g during 40 minutes.

CHEMICAL ANALYSIS
8. Organic carbon, C: Oxidation of the organic material with potassium bichromate
0.4 N (method of TIURIN),

9. Total nitrogen, N: Digestion with sulphuric acid, catalized with copper and potas-
sium sulphate. After transformation of all N into ammeonia salt, this is decomposed by
NaOH and the distilled ammonia collected in a solution of boric acid 4% which is
titrated with H,SO,, 0.02 N,

10. Ratio C/N: Dividing organic carbon by total nitrogen.

1t. pH-H,0 gnd pH-KCI: Determination with potentiometer in a soil paste with ratio
of soil to water approximately 1:1, using glass electrode.

12. Available phosphorus, P,0,: Extraction according to the TRuog method, (H,SO,,
0.01 —0.001 N + (NH,), SO,, 0.05 M) using the ‘Unicam’ colorimeter, or according
to the BrRay method (HCI, 0.1 N 4- NH,F, 0.5 M).

13. Arttack by H,SO, (d = 1.47}: Under a reflux cooler, 2 g of fine earth are boiled for

an hour with 50 ml H,S0,, d = 1.47. After boiling, the material is cooled, diluted and

filtered into a receiver of 250 ml capacity.

a. Si0Q,y: The residue of the sulphuric acid attack is boiled for half an hour with 200 ml
Na,CO;, 5%. The mixture is filtered, and in a measured part of the filirate, the dis-
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solved silica is precipitated by excess of concentrated H,30, and heating in a sand-
bath untit smoking. This silica is determined gravimetrically,

b. AlOy, total aluminum: In 50 ml of the filtrate of the sulphuric acid attack, the other
heavy metals are separated with an excess of NaOH, 309%,. A measured part of the
new filtrate is gradually neutralized with HCl and the aluminum determined volu-
metrically with EDTA.

c. Fey0y, total iron: Determination on 50 ml of the filtrate of the sulphuric acid attack
by the bichromate method, using diphenilaming as the indicator and tinchloride as
the reducer.

d. Ti0Q,: Determination in the filtrate of the sulphuric acid attack by the colorimetric
method of H,O,, after elimination of the organic material by heating with some
drops of concentrated KMnO,.

e. P,0,, iotal phosphorus: Colorimetric determination on the filtrate of the sulphuric
acid attack, using ascorbic acid as the reducer, in the presence of ammonium molyb-
date, sulphuric acid, and bismuth salt.

14. Vahies Ki (Si0y: AL O, ratio) and Kr (Si0,:( AL,Q; + Fe,0,) ratio): Calculation
on molecular basis from the data obtained under 13. It is assumed that Al and Fe are
determined totally with the sulphuric acid attack as described under 13, The data for
these two constituents therefore represent the sums of the portions of Fe and Al occur-
ring in exchangeable form, the portions occurring as free sesquioxides — including con-
cretions — and the portions that are constituents of the silicate clay minerals. The de-
termined Si comprises ail that of the silicate clay minerals and also that which is present
in free colloidal form, Quartz and other primary minerals are not, however, attacked,
even when of clay-size.

The IQA has found that the determination of the Ki and the Kr on the fine earth frac-
tion generally gives the same results as the internationally used determination on the
clay fraction (VETTORI, 1959). The Kr may be slightly different if concretions are pre-
sent,

15. Exchangeable metallic cations:

a. The sum of exchangeable metallic cations, S: Determination by percolation of 12.5
g fine earth with 250 ml normal ammonium acetate at pH 7. 100 grams of the per-
colate are evaporated,’ ealcinated, the residue dissolved in a measured excess of
HCl, 0.1 N, and the excess determined with NaOH, 0.1 N, The value S represents also
the sum of the separately determined Ca*t, Mgt+, K+ and Na*,

b. Exchangeable calcium, Ca't, and magnesium, Mgtt: A measured part of the
solution prepared for direct determination of S (¢f. 15 a) is used for determination
of Ca™ + Mg by EDTA, applying Eriochrome as the indicator. In another
measured part of the solution, Ca*™ is likewise determined by application of the
indicator Murexide. With this analysis method, the Ca of possibly present free
carbonates is included in the value for Ca™.

¢. Exchangeable potassium, K, and sodivmm, Nat: Direct determination in the perco-
late of ammonium acetate with a flame photometer (see, however, 16).
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16. Soluble salts: If the amount of Na*, determined under 135¢, is rather high, then the
presence of free salts in the soil solution is suspected. In that case, the quantity of free
anions, referred to as ‘soluble salts’ or ‘Cl’, is determined by measuring the conductivity
of the saturation extract.

In the presence of soluble salts, the sum of the metallic cations as determined under
154 represents the exchangeable metallic cations together with the soluble metallic
cations. It is assumed that the latter are normally Nat for a large proportion. In this
case therefore, the Nat in the saturation extract is determined separately. This
amount of Nat is subtracted from the amount determined under 15¢, to obtain the
real amount of exchangeable Na* on the adsorption complex. The value S, as deter-
mined under 154, is also diminished with the amount of Nat in the saturation extract,
to obtain the approximately correct sum of exchangeable metallic cations on the ad-
sorption complex.

17. Exchangeable aluminum, (Al)*: Determination by shaking 10 g fine earth with 200
ml KCl, 1 N, followed by decantation, and titration with NaOH, 0.1 N, in the pre-
sence of brome-thymol blue.

In fact, this determination gives the ‘active acidity’. Experience at IQA has however
shown that the data for exchangeable (Aly*", determined colorimetrically with alumi-
non after extraction with KCL 1 N, are practically always cqual to the data for active
acidity.

18, Potential acidity, HT 4+ (Al)7: Determination by extraction with normal calcium
acetate at pH 7.

This value represents the ‘potential acidity’. Its includes the ‘active acidity’, or the
exchangeable (A)* (see 17). H' alone represents the pH-dependent acidity.

19. Potential cation exchange capacity, T: Not determined separately but obtained by
the addition of S (see 15 a) and Ht + (AI)* (see 18). As such, it is equivalent to the
potential cation exchange capacity according the NH,OAc method at pH 7.

20. Base saturation, V: Obtained by comparing S with T. V. = 100 §/T.
The value represents the base saturation percentage of the potential cation exchange
capacity,

MINERALOGICAL ANALYSIS

Mineralogic analysis by IQA involves only a few selected sampies, of which only the
coarse sand fraction is studied. After separation of the minerals in groups with the
Brogger funnel, using bromoform and a mixture of bromoform and chloroform as a
separation fluid, the material is analysed under the binocular loupe and the polarizing
microscope. Amounts less than 0.5 % weight are indicated as ‘traces’.

Samples of a few selected profiles were analysed in laboratories clsewhere, namely
that of UNSF British Guiana Soil Survey at Georgetown, British Guiana, that of the
Royal Tropical Institute at Amsterdam, Holland, and that of the Netherlands Soil
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Survey Institute (STIBOK A} at Wageningen, Holland. For a description of their ana-
Iysis methods ¢f. PLAISANCE and VAN DER MAREL (1960}; DAY er af. (1964).

1.2 The Soils Classified

The soils described in this publication are classified according to an international
system, so as to permit comparison of the Amazon soils with those of other tropical
regions. The classification system followed is that applied until recently in the USA, as
described first by BALDwIN, KELLOGG and THORP (1938), and revised by TaorP and
SwiTH (1949). The details of the classification of the zonal tropical soils agree with the
adaptations and elaborations made on the USA system by the national Brazilian
Soils Commission (¢f. I1.2). The ‘Guide to the classification of the Late Tertiary and
Quaternary soils of the Lower Amazon valley’ (DAY, 1961) is followed as closely as
possible, the said guide also being based on the USA system. However, DAY’s classi-
fymg had to be done practically only on morphometrical field studies. Laboratory
data afterwards becoming available, expansion of the field studies, and more definite
correlation with the findings in other regions of Brazil, made it necessary to elaborate,
and in part deviate from, this Guide.

The levels of classification are those of the ‘Great Soil Group’, its subgroups, and
phases of these. For practical soil mapping, the soil texture is often included in the
nomenclature.

In the following, the soil units found to date in Amazonia are described systematic-
ally. A full description of the concept and the range in characteristics of a unit is given
only for those ones of which frequent occurrence was established, for instance those
mapped in survey areas. Further details are given in direct survey reports (Day, 1959;
SoMBROEK, 1962a; SOMBROEK, 1962b; SoMBROEK and Sampalo, 1962). The listing of
the soils discussed is given in Table 9. For analytical data on most individual profiles,
¢f. Appendix 10.

(I) KaoLmiuric LatosoLs AND KaoLiwiTic LaTosoLic SAnNDS (KL and KLS)
A general discussion of the characteristics of this most important group of Amazon
soils is given in 11.2.2, Their qualities are dealt with in V.3,

(Ia) Kaolinitic Yellow Latosol (KYL)

General concept: This unit comprises deeply and strongly weathered soils, well-drain-
ed and permeable, predominantly with colour of yellowish hue, and of varying texture,
but with at least 15% clay in the B horizon. The soils are very strongly or extremely
acid, having a base saturation below 40 %,

The profiles are well developed, having ABC sequence of horizons; the boundaries
between these horizons are gradual or diffuse. The soils have a latosolic-B horizon (¢f.
11.2.1); the clay-sized particles consist very predominantly of silicate clay minerals of
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Tuble 9 Listing of the described Amazon soils

n

(I
(1D

(TV)

v)
(VD)

Soil name Symbol
nome de solo simbolo

KaoLNiTic LAaTos0Ls AND K AaoLivITIC LATOSOLIC

SANDS
Latosolos Caoliniricos e Areias Latosélicas Caoliniticas KL + KLS
(Ia) Kaolinitic Yeliow Latosol KYL
Latosolo Amarelo Caolinitico
(Ia.1) Kaolinitic Yellow Latosol (,Githo) KYL

Latosolo Amarelo Caolinitico (,Orto}
(Ia.2) Kaolinitic Yellow Larosol, Compact phase KYL, ¢
Latasole Amarelo Caolinirico, fuse Compacta
(Ia.3) Kaolinitic Yellow Latosol, Concretionary  KYL, cr
phase
Latosolo Amarvelo Caolinitico, fase Con-
creciondria
(Ia.4) Kaolinitic Yeliow Latosol, intergrade to XYL-RP
Yellow Podzolic soii
Larosolo Amarelo Caclinitico, “intergrade
para solp Podzdlico Vermelho-Amarelo
(1a.5) Kaoliniric Yellow Latosol, tntergrade to KYL-DHL
Dark Horizon Latosol
Larosoio Amarelo Caolinitico, ‘intergrade’
para Latosolo de Horizonte Escurg
(Ia.6) Kaolinitic Yellow Latosol, intergrade to KYL-GL
Ground Water Laterite soil
Latosolo Amarelo Caolinltico, ‘intergrade’
para solo Laterita Hidromorfica

)

(It} Kaolinitic Red Latosol KRL
Larosolo Vermelho Caolinitico

(Ic) Kaolinitic Latosolic Sand KLS
Areia Latosdlica Caolinitica

RED YELLOW LATOSOLS RL

Larosolos Vermelho- Amarelp

DArRK RED LATOSOLS DL

Latosolos Vermelho Escuro

RED YELLOW PODZOLIC SOILS RP

Solos Podzolicos Vermeltho-Amarelo

(IV.1) Red Yeliow Podzolic soil {,Ovtho) RP

Solo Podzdlico Vermelho-Amarelo (,0Orro)
(IV.2) Red Yellow Podzolic soil, intergrade to Kaolinitic RP-KYL
Yellow Latosol
Solo Podzdlico Vermelho-Amarelo, ‘intergrade’
para Latosolo Amarelo Caolinitico
(IV.3) Red Yellow Podzolic soil, intergrade to Kaolinitic RP-KYL, crR
Yellow Larosol, Concretionary phase
Solo Podzélico Vermelho-Amarelo, ‘intergrade’
para Latosolo Amarelo Caolinitico, fase Con-

creciondria
RED YELLOW MEDITERRANEAN SOILS RM
Solos Mediterrdnicos Vermelho-Amarelo
LiTHOSOLS L
Litosolos
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Profile no. and
detailed symbol
numere do perfil ¢
simbolo detalhado

24 KYLuyy
25 KYL,
26 XYL, con
27 XYL, Ci
28 KYL, cr

29 KYL-RP:

30 KYL-DHL)

31 KRLx»
32 KLS, ¢
33 KLS, s
34 RL?

35 DL, s

35 RPy
37 RPys
38 RP-KYLu
39 RP-KYL;»

40 RP-KYL, cr

41 RM

42 L



Table 9 continwed | Tabela 9 continuado

Profile no. and

Soil name Symbol detailed symbol
nome de solo simbolo niimere do perfil e
simbolo derathado
(VII) GrounND WATER LATERITE S0ILS GL 43 GL
Solos Laterita Hidroméifica
(VII) HyprOMORPHIC GREY PoDZOLIC SOILS HP 44 HPpp, 0
Solos ‘Hydromorphic Grey Podzolic’ 45 HPyp, D
46 HPjyp, 8
(IX) Grouno WATER PoDzoLs AND WHITE SAND ReGosoLs  GP 47 GP
Podzols Hidromorficos e Regosolos de Areia Branca WSR 48 WSR
{X) Low Huwmic GLEY AND HumMiC GLEY SOILS LHG 49 THG
Solos Glei Humico e Glei Pouco Himico HG 50 HG
51 HG, v
(XI) SALINE AND ALKALI SOILS 32 Sol, ¢
Solos Salinos e Alcalinos
(XI1) °‘TERRA PRETA’ SOIL TP 33 TR

Terra Preta

(X1II) ‘TERrRA ROXA LEGITIMA® AND ‘TERRA ROXA ESTRUTURADA’; GRUMOSOL; NoN CALcIC BROWN-
LIXE SOIL, GRAVELLY PHASE (NB, G); Acib BRowN FOREST-LIKE sOIL, {FRAVELLY PHASE {(AF,
G); ALLUVIAL 50IL; ‘PARA’ PopzoL; GREY HyYDROMORPHIC SOIL; HALF BOG SoIL AND BOG SOIL
Terra Roxa Legitima e Terra Roxa Estruturada; Grumosolo; Selo parecide com ‘Non Calcic
Brown’, fase Cascalhenta; Solo parecido com ‘Acid Brown Forest’, fuse Cascalhenta; Solo
Aluyvial; Podzol de Pard; Solo ‘Grey Hydromorphic®; Selos Orgdnicos

Applied soil textural classes Applied base saturation classes
aplicadas classes texturais de solo classes de safura¢do de bases
clay (%) class symbol V(%) class symbol
argila (%) classe simbolo classe simbolo
< 5% very light textured vi <50 low b
textura muito leve baixa
15-15%, light textured { 50-70 rather high rhb
textura leve meio-aita
15-35% medium textured m 70-100 high hb
lextura média dita
35-509; rather heavy textured rh
textura meio pesada
50-70% heavy textured h
textura pesada
=>70%, very heavy textured vh

fextura muito pesada

If the textural class is applied for the soil as a whole, the texture of the B; horizon is taken as the
criterion
8e a classe textural ¢ aplicada ao solo como um todo, enido a textura do horizonte B; € a que prevalece

In generalisations, the first three classes are grouped together as ‘relatively light textured’, and the
latter three as ‘relatively heavy textured’. The terms ‘sandy’ and ‘clayey’ for these two groups are
normally avoided

Ao se fazerem generalizagies, as trés primeiras classes sGo agrupadas como ‘textura relativamente leve’
e as altimas trés como ‘textura relativamente pesada’. Os térmos ‘arenoso’ e “argilosa’, para éstes dois
grupus, sto geralmente evitados

Tabela 9 Os solos amazénicos descritos
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the 1:1 lattice structure, being kaolinite. The soils have a rather weak macro-structure,
at least in the subsurface horizon. When dry they are slightly hard, or hard. The B hori-
zon is generally somewhat heavier than the A horizon, a fact which is also noticeable in
the field, except where very heavy textured profiles are met.

Within the Kaolinitic Yellow Latosol group, various subgroups are distinguished.
For practical mapping purposes, these subgroups are, for the most part, further sub-
divided according to the texture of the B horizon (¢f. Table 9).

(Ia.1) Kaolinitic Yellow Latosol { ,Ortho) (KYL)

The profiles of the Ortho type are characterized by the following features:
1. The transitions, both as regards colour and texture, between the horizons are diffu-
se, or gradual, except the transition from the A, to the A,. From top to bottom of the
profile, the colour gradually obtains more value, more chroma, and a redder hue;
mottles are absent,
2. The B horizon is neither compact nor firm.
3. The soils are deeply porous and deeply rooted, to the C horizon.
4. Hard plinthitic gravel is absent or nearly absent. If occurring scattered in the pro-
file, it comprises maximally 5%, of the soil mass; if concentrated in a layer, then this
layer is less than 30 cm thick above 1 m depth.

The range in characteristics of the very heavy textured profiles is given below:

The profiles have heavy clay texture in all horizons. The A horizon, consisting of an A, and an Ay, is
between 20 and 45 cm thick; the B horizon, consisting of a B, and often a B, is 80 to 150 cm thick;
the C horizon is of varying and often difficult to determine, thickness.

The A, subhorizon varies considerably in thickness (from 2 to 30 cm). The colour is predominantly
dark yellowish brown (10 YR 4/4) or dark brown to brown (10 YR 4/3 or 5/3). The structure is usuatly
moderate, medium to fine subangular blocky, with often weak to moderate, very fine granules present,
The superficial part may be crusted and clodded (¢f. IV.1.1.2).

The A, subhorizon is 15-40 em thick. The colour is predominantly yellowish brown (1¢ YR 5/6 or
5/4) or light vellowish brown (10 YR 6/4). It has usually a weak to moderate fine subangular blocky
and moderate to weak, very fine granular structure. On a considerable part of the insect and root
channels, coatings may be present.

The subhorizons of the B horizon are normally strong brown (7.5 YR 5/6), less frequently yellowish
brown (10 YR 5/6) or reddish yellow (7.5 YR 6/6 or 6/8). The structure is weak to moderate, mostly
medium subangular blocky, with weak, very fine granular elements present in varying frequency. A
portion of the channels may have coatings.

The C-horizon is reddish vellow (7.5 YR 6/6 or 6/8, 5 YR 6/8), or yellowish red (5 YR 5/8), and
massive or with a weak, medium subangular blocky structure.

The characteristics of the Aeavy, rather heavy, and medium textured profiles have the
following range:

The profiles have heavy sandy loam, sandy clay loam, sandy clay, or clay texture in the B horizon. The
A horizon, consisting of an A, and A, is 35 to 75 cm thick. The B horizon, consisting of a B, and B,,
and often a B,, is 100 to 250 ¢m thick, The C horizon is of varying and not easily determined thickness.

The A, subhorizon ranges from 5 to 30 ¢m in thickness. The texture varies from sand to sandy clay.
The colour has vaiues of 3 to 5,a chroma of 3 or 4, and a hue of 10 YR, less frequently 7.5 YR or 5 YR ;
most common are brown (10 YR 4/3 or 5/3) and dark yellowish brown (10 YR 4/4). In the lightest
textures the horizon may be structureless (single grains), but more often there is a structure of weak to
maoderate, fine subangular blocky and very fine granules, Both under a cover of primeval forest, and
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under cultivation, the upper section of the A, often consists of a layer of loose, bleached sand (pepper
and salt colour), ranging in thickness from 0.1 to 5 cm (micro-podzol’).

The A, subhorizon is normally between 20 and 50 cm thick. The texture varies from sandy loam to
light clay. The colour value is usually 5 or 6, the chroma varies from 4 to 8, and the hue is generally
18 YR ; most common are yellowish brown (10 YR 5/6) and light yellowish brown (10 YR 6/4). The
structure is mostly weak to moderate, medium to fing subangular blocky, with very fine granules
present in varving frequency.

The B, subhorizon, when present, is 30 to &0 cm thick. The texture is usually heavy sandy loam or
light sandy clay leam. The colour is brownish vellow (10 YR 6/6) or vellow (10 YR 7/6), less frequent-
ly reddish vellow (7.5 YR 6/6 or 7/6). The structure is normally the same as that of the A,

The B, subhorizon, 70 to 150 ¢cm thick, varies in texture from heavy sandy loam to clay; the texture is
always noticeably heavier than that of the A horizon. The colour is normally reddish veliow (7.5 YR
6/6 or 6/8) or brownish yellow (10 YR 6/6 or 6/8). The structure is normally a slightly coherent porous
soil mass, falling apart into weak, medium to fine subangular biocky elements and some very fine
granules.

The B, horizon is commoniy slightly lighter textured than the B,, with the other characteristics
approximately identical.

The C horizon, in texture varying from sandy loam to sandy clay, is usually reddish yellow (5 YR
6/8} or vellowish red (5 YR. 5/8). The horizon is massive, but has mostly a large number of fine pores.

Profile 24, KAoLINITIC YELLOW LATOSOL (,ORTHO), very heavy textured (KYLyz).

Field description 210 {Sombroek)

Location: Along highway BR-14, km 247, 8 of Sdo Miguel do Guam4.

Relief and drainage: Totally flat top of rather small section of high terrace (planalto). Alt, 200 m. Well-
drained.

Parent material: Plio-Pleistocene lacustrine sediments (Belterra clay).

Vegerative cover: Primeval tropical forest. Rather low timber volume (100 m®/ha cq.); rather few, but
thick trees; dense undergrowth, of thick creepers and climbers,

O, &-5 em: Undecomposed plant residues,
Q. 5-0 em: Partly decomposed plant residues with many fine roots.

Ay 0-2 em: Dark vellowish brown (10 YR 4/4) heavy clay. Moderate, medium to fine subangular
blocky and weak, very fine granular structure. Moist, friable. Sticky and plastic when wet,
Locally the horizon is crusty, due to intense activity of insects, especially termites. Many pores.
Very many, mostly fine, roots. Transition clear.

A, 2-20 cm: Yellowish brown (10 YR 5/6) heavy clay. Moderate, fine subangular blocky and
weak, very fine granular structure. Moist, friable. Sticky and plastic when wet. Soft when dry.
Many pores. Very many roots. Transition gradual.

B, 20-60 cm: Strong brown (7.5 YR 5/6) heavy clay. Weak to moderate, medium to fine subangu-
lar blocky and weak, very fine granular structure. A few, faint clay skins. Moist, friable.
Sticky and plastic when wet. Slightly hard when dry. Many pores, Many roots. Transition
diffuse.

B, 60-150 em: Strong brown (7.5 YR 5/6) heavy clay, Weak, medium sized subangular blocky
and weak, very fine granular structure. A few, very faint clay skins. Moist, friable to firm.
Sticky and plastic whent wet. Slightly hard when dry. Common pores. Many roots. Transition
diffuse.

C 150-250 em: Yellowish red (5 YR 5/8) heavy clay. Massive to weak, medium sized subangular
blocky structure. Moist, firm. Sticky and plastic when wet, Few pores. Yery few roots.

For full mineralogical analysis and specific surface data of the A; and B, horizons of
a comparable profile: see sample 303-2 and 303-4 of the Tables 7 and 8, Fig. 14a-e and
Photo 9. For pF-curves of the B, of comparable profiles: see samples 219-3 and 303-3 of
Fig. 37.
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Profile 25. KaoLINITIC YELLOW LaTosoL (,OrTHO), medium textured (KYL ).

Field description 233 (Sombroek-Sampaio)

Location: Along highway BR-14, km 12.7 § of Sdo Miguel do Guam4.

Relief and drainage: Flat top of terrace, about 55 cm above nearby river, Well-drained. Alt. 65 m.

Parent material: Pleistocene fluviatile (?) sediments.

Vegetative cover.: Tropical forest with medium timber voiume (150 m?/ha ca.). At the spot probably

onge or twice attacked by fire.

O, 6-I em: Undecomposed plant residues.

0, 10 cm: Partly decomposed plant residues, with very fine roots.

A -2 eni - Loose bleached sand.

Ays 2-20 cm: Brown (10 YR 4/3) coarse sand. Single grains and a few, weak, fine crumbs. Moist,
loose. Not sticky and not plastic when wet. Soft when dry. Very many, mainly fine roots.
Transition gradual.

As 20-70 cm. Yellowish brown (10 YR 5/4) light coarse sandy loam. Little coherent massive, to
weak, medium to fine subangular blocky structure, Moist, very friable. Not sticky and not
plastic when wet, Slightly hard when dry. Slightly more resistant to penetration than other
horizons. Common pores. Many roots. Some pieces of charcoal. Transition diffuse.

B, 70-140 em: Brownish yellow (10 YR 6/6) coarse sandy loam, Weak, medium to fine subangu-
lar blocky structure. Moist, very friable. Not sticky and not plastic when wet. Slightly hard, to
hard when dry. Commeon pores. Many roots. Transition diffuse.

B., 140-220 em: Reddish yellow (7.5 YR 6/6) heavy coarse sandy loam. Little coherent massive,
to weak, medium to fine subangular blocky structure. Moist, very friable. Not sticky and
slightly plastic when wet. Slightly hard, to hard when dry, Common, to few poers. Few roots.
Transition diffuse.

B,, 220-320 em: Reddish vellow (7.5 YR 6/6) light coarse sandy clay loam. Little coherent massi-
ve. Moist, very friable. Not sticky and slightly plastic when wet, Hard when dry. Few pores.
Very few roots.

For full mineralogical analysis and specific surface data of the A; and B, horizons of
a comparable profile: see sample 300-2 and 300-4 of Table 7 and 8. For the pF-curve of
the B, of a comparable profile: see sample 231 of Fig. 37.

(1a.2y Kaolinitic Yellow Latosol, Compact phase (KYL, C)

The profiles of the Compact phase differ from those of the Ortho type in being com-
pact and rather firm, especially in the B horizon. This B horizon is relatively slightly
porous; the root development in this horizon is limited. The hue of the profiles is yel-
lower (often 2.5 Y). In the very heavy textured profiles, the A, horizon is extremely thin.
In the lighter textured profiles the textural difference between the A and the B horizons
is fairly great. Some mottling may also be present in the B horizon of the latter profiles.

The very heavy textured and the rather heavy textured profiles were frequently en-
countered. A range in characteristics can therefore be given.

The range for the very heavy textured profiles is as follows:

The A horizon, consisting of an A, and an A,, is 30-30 cm thick. The B horizon, consisting of a B,
and a B,, is between 100 and 150 cm thick. The C horizon is of varying thickness.

The A, subhorizon rarely comprises more than 2-3 em. The ¢colour value is 5 or 6, the chroma 3 or 4,
the hue 10 YR or 2.5 Y. Light yellowish brown {10 YR 6/4) is the most common. The structure is
usually moderate, fine subangular blocky, composing weak, medium subangular blocky. Due to the
thinness of the A,, and the thinness or absence of an O, and O,, the yellowish clay of the A; can often
be observed bare at the surface. The A, subhorizon, varying from 30 to 50 cm in thickness, has colour
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values of 6 or 7, chromas of 4 or 6, hues of 2.5 Y or 10 YR. Most common are very pale brown (10
YR 7/4} and pale yellow (2.5 Y 7/4). Thestructure is a moderate, fine subangular blocky and weak very
fine granular. The B, horizon, varying in thickness from 50 to 100 ¢cm, has colour values of 6 or 7,
chromas of 6 or 8, hues of 10 YR or 7.5 YR. Most common is yellow (10 YR 6/7). Mottling does not
occur. The structure is commonly weak to moderate, fine subangular blocky and locally weak, very
fing granular. The B, subhorizon is about 7¢ ¢m thick. The colour is generally reddish yellow (7.5 YR
6/8). The structure is usually weak, medium subangular biocky but sometimes a weak, medium sized
platy structure occurs. The C-horizon is generally reddish yellow (5 YR 7/6). The horizon is normally
massive.

For the rather heavy rexrured profiles the range in characteristics is as follows:

The A horizon, consisting of an A, and an A, varies between 20 and 60 ¢m in thickness. The B hori-
zon, consisting of a B; and a By, is between 100 and 120 ¢m thick. The C horizon is of varying thick-
ness. The A horizon is often capped with a rather thick (up to 3 cm) layer of loose bleached sand
(’micro-podzol’}.

The A, subhorizon varies between 5 and 20 cm in thickness. The texture is predominantly sandy loam.
The colour is grey brown (10 YR 5/2), brown (10 YR 3/3) or pale brown (10 YR 6/3), The horizon is
structureless, or has a weak, fine subangular blocky structure. The A; subhorizon is between 20 and
40 ¢m thick. The texture is mostly sandy clay loam, sometimes sandy loam or sandy clay. The celour is
predominantly very pale brown or pale yellow {10 YR, resp. 2.5 Y 7/4}, sometimes pale brown (10 YR
6/3). The structure is usually weak, medium subangular blocky. The B, subhorizon is between 20 and
70 em thick. The texture is predominantly sandy clay, sometimes sandy clay loam, or clay. The colour
is commonly brownish vellow (10 YR 6/6), but also colours of less chroma occur (10 YR resp. 2.5 ¥R
6/3-6/4). The latter is mostly the case if the horizon is of clay texture; then also common and distinct
mottles of yellowish red (5 YR 5/8), may be present. The structure is normally weak, medium subangu-
ar blocky but sometimes a stronger structure (weak to moderate, medium angular blocky) is present,
accompanied by a few faint clay skins, The B, subhorizon is between 50 and 100 cm thick. The texture
is predominantly a light sandy clay. The colour is commonly reddish yellow (7.5 YR 6/6-6/8), but
yellow (10 YR resp. 2.5 Y 7/6) may occur. The horizon is massive, or has a weak, medium sized sub-
angular blocky structure.

The C horizon has normally sandy clay or sandy clay loam textures. Its colour is predominantly
reddish yellow (7.5 resp. 5 YR 6/8-7/8).

Profile 26. KaoLINITIC YELLOW LATOs0L, Compact phase, very heavy textured (KYL, c,;)

Field description 230 (Sombroek)

Location: Highway BR-14, km 6% of Sio Miguel do Guama, 6 km E.

Relief and drainage: Totally flat terrace. Well-drained. Alt. 70 m.

Parent material: Plio-Pleistocene lacustrine sediments, re-worked in early Pleistocene.

Vegetative cover: Primeval tropical forest, with medium (140 m*/ha ca.) timber volume. Scattered thick
trees, often in small groups; dense undergrowth, largely consisting of thick creepers and climbers.

Oy 4—7 em: Undecomposed plant residues.

O, I-0 e Partly decomposed plant residues with many very fine roots. Surface rough and
rather hard, locally bare and then with green cover (Algae).

A, 0-3 em: Grey brown (2.5 Y-10 YR 5/2) heavy clay. Structure of moderate, fine subangular
blocks, composing weak, medium sized subangular blocks. Moist, friable to firm. Sticky and
plastic when wet, Hard when dry. Many pores, many large insect channels. Yery many, main—
iy fine roots. Transition clear.

A, 3-40 cm:; Light yellowish brown (2.5 Y 6/4) heavy clay. Moderate, fine subangular blocky and
weak, very fine granular structure. Moist, friable. Sticky and plastic when wet. Slightly hard
when dry. Rather compact. Many pores, Many roots. Transition gradual.

B, 4G-90 cm: Brownish yellow (10 YR 6/6) heavy clay. Structure of weak to moderate, very fine
subangular blocks, composing weak, medium sized subangular blocks. Tendency to platy. A
few, faint clay skins. Moist, friable to firm. Sticky and plastic when wet. Slightly hard, to-
hard when dry. Compact. Very resistant to penctration with hammer. Few pores. Few roots..
Transition diffuse.
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With Dutch auger:

B, 90-130 cem: Brownish yeliow (10 YR ~7.5 YR 6/8) heavy clay. Moist, firm. Sticky and plastic
when wet. Very difficult to penetrate with soil auger, Transition diffuse.

C 130-180 ¢m: Reddish yellow (7.5 YR 7/8) heavy clay. Moist, firm. Sticky and plastic when
wet. Very difficult to penetrate with soil auger.

Profile 27. Kaouinitic YeLLow LaTtosoL, Compact phase, rather heavy textured (KYL, cyz)

Field description 194 (Sombroek)

Location: Highway BR-14, km 63 S of Sdo Miguel do Guama, 7 km E.

Relief and drainage: Extensive, completely flat terrace, about 60 m above river level, Somewhat imper-
fect internal drainage. Alt. 60 m.

Parenr marerial: Early Pleistocene fluviatile (?) sediments.

Vegerative cover: Primeval tropical forest of low timber volume {75 m®%ha ca.). Dense undergrowth,
predominantly of thin creepers and climbers.

O, 92 em: Undecomposed plant residues.

0, 2-(cm: Partly decomposed plant residues with many fine roots.

Ay -1 em: Loose bleached sand,

Ass 1-30 ¢m: Pale brown (10 YR 6/3) sandy loam. Weak, fine subangular blocky structure. Moist,
friable. Not sticky and not plastic when wet. Slightly hard when dry. Stightly compact. Com-
mon to few pores. Common roots, Transition diffuse.

A, 30-60: Light yellowish brown (2.5 Y 6/4) heavy sandy clay loam. Weak, medium subangular
blocky structure. Moist, firm. Slightly sticky and slightly plastic when wet. Hard when dry.
Compact. Very resistant to penetration with hammer. Very few pores. Few roots. Transition
diffuse.

B, 60—120 em: Yellow (2.5Y 7/6) light sandy clay. Weak to moderate, coarse subangular blocky
structure Moist, firm, Skightly sticky and slightly plastic when wet. Hard when dry. Compact.
Yery resistant to penetration with hammer. Common pores. Few roots, Transition diffuse.

B, 120-170 cem: Yellow (2.5 Y 7/6) sandy clay loam, with few, medium sized, faint mottles of
yellow (10 YR 7/6). Massive to weak, medium sized subangular blocky structure. Moist,
friable to firm. Slightly sticky and slightly plastic when wet. Hard when dry. Slightly compact.
Less resistant to penetration with hammer than B,. Common pores. No roots.

(I1a.3) Kaolinitic Yellow Latosol, Concretionary phase (KYL, Cr)

The profiles of the Concretionary phase differ from those of the Ortho type owing to
the presence of plinthitic gravel. This includes more than 5%, of the soil mass when it
occurs scattered in the profile, or constitutes a layer in excess of 30 cm in thickness
above a depth of 1 m. Soft plinthite is absent above a depht of 1 m. The colour is
often, but not always, somewhat redder than that of the Ortho type, For a general dis-
cussion on the genetics of this soil, please refer to 11.3.2.2.

Profile 28. KaoLmiTic YELLOW LaTosoL, Concretionary phase (KYL, Cr)

Field description 114 (Day)

Location: Near Belém, 3 km S of IAN Headquarters {(Lat. 1°.27° S; Long 48°.26" W),
Relief and drainage: Undulating terrain (slope 2-59%), Alt. less than 50 m. Well-drained.
Parent material: Mio-Pliocene fluviatile (?) sediments.

Vegetative cover: Cleared from brush. Formerly forest.

Ap 0-25 cm: Dark reddish brown (5 YR 3/2) gravelly sandy clay loam. Weak, coarse subangular
blocky structure, breaking into moderate, medium to fine subangular biocky, Moist, friabie,
Gravels are coarse grained iron-quartz plinthite fragments, of diameter 0.5-3 cm, occupying
about 75 %, of the soil mass. pH (Soiltex) 4 or below. Transition clear and smooth.

Ag 25-30 em: Gravelly clay. Transitional horizon between Ay and Bg,. Transition gradual and
Wavy.
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B, 50-100 cm. Yellowish red (5 YR 5/6) gravelly clay. Weak, coarse subangular blocky structure,
Maist, friable. Gravels are plinthite fragments, containing some medium or coarse grained
quartz. They are of diameter 1-5 ¢cm and occupy about 759 of the soil mass. pH (Soiltex} 4 or
below. Transition diffuse and wavy.

B,. 100-170 cmi: Red (2.5 YR 5/8) gravelly clay. Weak, very coarse angular blocky structure,
breaking into moderate, fine angular blocky. Moist, friable. Gravels are plinthite fragments,
fine, and eccupying about 75 % of the scil mass. pH {(Soiltex) 4 or below. Transition diffuse and

WAavY.

With Dutch auger:

C, 176-230 em: Red (2.5 YR 5/8) clay, with common to many, medium sized, prominent mottles
of vellow (10 YR 8/8) and dark red (10 R 3/6). Stil] a few plinthite concretions, fine grained,
rather soft.

C, 230-290% em: Light reddish brown (2.5 YR 6/4) ¢lay, with many, coarse, prominent mottles of

pinkish white (7.5 YR 8/2) and dusky red (10 R 3/4).

(la.d) Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil (KYL-RP)

The profiles of this group differ from those of the Ortho type in having a distinct
colour change from the A to the B horizon. Also, the textural difference be-
tween the A and the B horizons is slightly larger than that of profiles of the Ortho type
with the same general texture. The change in texture is, however, diffuse to gradual, as
in the Ortho type,

Many examples were studied of the rather heavy textured profiles. Therefore, a range
in characteristics for this textural class can be given:

The A horizon, consisting of an A, and an A;, is between 35 and 60 cm thick. The B-horizon, consist-
ing of a B, and a B,, is 150 to 180 cm thick, The C horizon is of varying thickness, The A horizon is
generally capped with only a thin layer (<X 1 mm) of loose sand (‘micro-podzol’).

The A, subhorizon is between 5 and 10 cm thick. The texture is predominantly sandy clay loam,
sometimes sandy [oam, or sandy clay. The colour is grayish brown or brown (10 YR 5/2 resp. 10 YR
5/3). The structure is weak or moderate, fine subangular blocky. The transition to the A, is characteris-
tically clear, The A, subhorizon varies between 20 and 50 ¢m in thickness. The texture is normally
sandy clay loam or sandy clay. The colour value is 6 or 7, the chroma 4 or 6, the hue 10 YR, sometimes
2.5Y. Most frequent is very pale brown {10 YR 7/4). The structure is weak to moderate, medium to
fine subangular blocky. The transition to the B horizon is characteristically gradual, not diffuse. Some-
times a transition zone (A + B) occurs, with colours both of A, and B,. The B, subhorizon is 60 to 80
cm thick, The texture is commonly a light clay, but sandy clays are also rather frequent. The colour is
reddish yellow (7.5 YR 7/6, sometimes 7.5 YR 7/8 or 6/6). The structure is a weak, medium subangular
blocky. A few, faint clay skins may occur. The transition to the B, is diffuse. The B, subhorizon varies
between 50 and 100 ¢m in thickness. The texture is a sandy clay or, less frequently, a light clay. The
colour is reddish vellow (5 YR 6/8, 5 YR 7/8). The horizon has a weak, medium subangular blocky
structure, if any. The C-horizon has commonly a sandy clay texture. Sandy clay loam or light clay
textures also occur. The colour is reddish yellow (5 YR 6/8) or light red (2.5 YR 6/8), often with some
mottling of yellow (10 YR 8/6). Sometimes colours of rather yellow hue and little chroma (e.g. pink,
7.5 YR 7/4) predominate.

Profile 29. KacLmaTic YELLow LaTtosoL, intergrade to RED YELLow PobzoLic soil, rather heavy
textured (KYL-RP,;); the actual profile would come under the heavy texture class

Field description 197 (Sombroek)

Location: Along highway BR-14, km 136 S of Sdo Miguel do Guamad,

Relief and drainage: Edge of flat terrace, 10 m above level of nearby rivulet, Well-drained. Alt. 80 m.
Parent material: Pleistocene fluviatile sediments.

Vegetative cover; Primeval tropical forest of rather high timber volume (200-250 m®/ha). Erect, open
undergrowth, nearly devoid of creepers and climbers.
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0, 4-0.5 e Undecomposed plant residues.

0, 0.5-0 em: Partly decomposed plant residues with very fine roots. Surface somewhat irregular
and hard, due to intense termite activity. Loose bleached sand grains form a very thin discon-
tinuous cover.

Ay 0-5 cm: Dark brown (7.5 YR 3/2) heavy sandy clay loam. Moderate, very fine subangular
blocky structure. Many very fine granuiar insect outcasts. Moist, friable. Sticky and slightly
plastic when wet. Slightly hard when dry. Very many pores and large insect channels. Very
many, mainly fine, roots. Transition abrupt.

A 5-20 em: Dark grey brown (10 YR 4/2) sandy clay, with many, fine, faint mottles of pale
brown {10 YR 6/3). Weak to moderate, fine subangular blocky and weak, very fine granular
structure. Moist, friable. Sticky and plastic when wet. Soft when dry. Many pores. Many roots,
Transition clear.

A, 135-50 em: Very pale brown (10 YR 7/4) clay. Weak to moderate, medium subangular blocky
and weak, very fine granular structure. Moist, friable. Sticky and plastic when wet. Slightly
hard when dry. Many pores. Many roots, Transition gradual,

A 4 B 50-70 cm: Reddish yellow (5 YR 7/8) clay, with many, fine, faint mottles of very pale brown
(10 YR 7/4), A transition zone between A, and B,,

B, 70-140 cm. Reddish yellow (5 YR 7/8) clay. Structure weak, coarse subangular blocky, fall-
ing apart into weak, fine subangular blocky. A few, very faint clay skins. Moist, friable.
Sticky and plastic when wet. Hard when dry. Many pores. Common roots. Transition gra-
dual.

B, 140-190 em: Reddish yellow (5 YR 7/8) clay, with many fine, faint mottles of pink (7.5 YR 7/4).
Massive, to weak, coarse subangular blocky or medium prismatic structure. Moist, friable.
Sticky and plastic when wet. Slightly hard when dry. Commen pores. Common roots. Transi-
tion gradual.

C 190-250 em: Pink (7.5 YR 8/4) heavy clay, with many, medium sized, faint to distinct mottles
of white (10 YR 8/1). Massive, to weak, medium prismatic structure. Moist, friable. Sticky
and plastic when wet. Slightly hard when dry. Few, to common pores. Few roots.

(Ia.5) Kaolinitic Yellow Latosol, intergrade to Dark Horizon Latosol (KYL-DHL)

The profiles of this group differ from those of the Ortho type by having in the B hori-
zon a layer of slightly darker colour (lower value) than the earth immediately above
and below. The classification is very provisional, awaiting more field studies, and ana-
Iytical data {for Dark Horizon Latosol ¢f. RUHE and CaDY, 1954; SoOIL SURVEY STAFF,
1960, p. 241).

Profile 30. KAOLINITIC YELLOW LATOSOL, intergrade to Darx Horizon LaTOsoL, heavy textured
(KYL-DHLy)

Field description 319 (Sombroek, Falesi)

Location: 8 km E of Porto Velho; Experimental Station of IAN, 2 km S of Headquarters.

Relief and drainage: Approximately flat terrain, 30 m ca. above larger rivulets. Well-drained. Alt.
100m eq.

Parent material: Pleistocene sediments.

Vegetative cover: High secondary forest.

O, 7—4 em: Undecomposed plant residues.

Q, 40 cm: Partly decomposed plant residues, and very many very fine roots.

A 0-5 em: Dark yellowish brown (10 YR 4/4) fine sandy clay. Moderate, fine subangular blocky
structure. Moist, friable. Slightly sticky and slightly plastic, to p]astic,iwhen wet, Many coarse
and few fine pores. Very many roots. A few pieces of charcoal. Transition clear.

Ay 5—45 cm: Yellowish brown (10 YR 5/4) fine sandy clay. Weak, fine subangular blocky and
weak to moderate, very fine granular structure. Moist, friable. Slightly sticky and slightly
plastic, to plastic, when wet, Few coarse and common fine pores, Many roots. A few pieces of
charcoal. Transition gradual.
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Bir 45-85 em: Dark yellowish brown (10 YR 3/4) fine sandy clay. Weak, fine to medium subangu-
lar and weak, very fine granular structure. Moist, very friable. Slightly sticky and slightly
plastic, to plastic, when wet. Little resistance to penetration with hammer. Common to many
fine pores. Many roots. Transition gradual.

B, 85-130 em: Strong brown (7.5 YR 5/6} clay. Porous massive, to weak, medium subangular
blocky and weak, very fine granular structure. Moist, very friable. Plastic and slightly sticky
when wet, Little resistance to penetration with hammer. Many medium sized pores. Many
roots. Transition diffuse.

B, 130-180+ cm: Reddish vellow (7.5 YR 6/8) clay. Porous massive, to weak, medium subangu-
lar blocky structure. Moist, very friable, Plastic and slightly sticky when wet. Little resistance
to penetration with hammer. Common fine pores. Common roots.

{Ia.6) Kaolinitic Yellow Latosol, intergrade to Ground Water Laterite soil (KYL-GL)

The profiles of this group differ from those of the Ortho type in having in the lower
part of the profile some soft plinthite-in-formation: The B and C horizens have a fair
quantity of reddish mottles in a matrix of less chroma than the Ortho type. The B hori-
zon has certain characteristics of a textural-B (¢f. 11.2), viz. relatively large textural
difference B/A, subangular to angular blocky structure, a few clay skins, and limited
porosity. The A, subhorizon is often slightly paler (e.g. hue 2.5Y, chroma 4 to 6) than
that of the profiles of the other types.

The Kaolinitic Yellow Latosol, intergrade to Ground Water Laterite soil seems to
be identical with what is called ‘Planosolic Latosol’ by the U.S. Soil Conservation Ser-
vice. This name refers to soils assumed to occupy about 409, of the area in western
Amazonia and described by STRIKER as: ‘very highly acid, with greyish and yellowish
brown silty to silty clay surface horizons over yellow and reddish yellow, mottied,
moderately plastic or compacted, slowly drained clay subsoils’ (KFLLOGG, personal
communication). See also Profile 12 (I1.3.2.1).

(Ib) Kaolinitic Red Latosol (KRL)

General concept: This unit includes deeply and strongly weathered soils, well-drained
and permeable, predominantly of reddish hue and of varying texture but with at least
159 clay in the B horizon. The soils are very strongly to slightly acid, and have a base
saturation above 409%;.

The profiles are well developed, having an ABC sequence of horizons; the boundaries
between these horizons are gradual or diffuse. The soils have a latosolic-B horizon (cf.
11.2.1); the clay-sized particles consist very predominantly of silicate clay minerals of
the 1:1 lattice structure, being kaolinite. The soils have a rather weak macro-structure,
at least in the sub-surface horizon. When dry they are slightly hard, to hard. The B ho-
rizon is generally slightly heavier than the A horizon.

The only frequently encountered profiles of this unit are of medium texture. The
range in characleristics within this textural class is given below:

The A horizon, consisting of an A, and A;. is about 70 cm thick. The B horizon, consisting of a B,
and a By, is about 200 cm. The C horizon is of varying thickness. The A horizon is normally capped
with a thin (<. 1 ¢cm) layer of loose bieached sand ("micro-podzol”).
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The A, subhorizon is 5-20 cm thick. The texture varies between loamy sand and light sandy clay
loam. The colour value is 4 to 5, the chroma 4 to 6, the hue 7.5 YR or 5 YR. Brown (7.5 YR 4/4 or
5/4) 1s most frequent. The horizon is structureless (single grains) or has a weak, fine subangular blocky
structure. The A; subhorizon is 40-60 cm thick. The texture is usually sandy loam or sandy clay loam.
The colour is predominantly vellowish red (5 YR 4/6 or 4/8). Weak, fine subangular blocky is the pre-
dominant structure. The B; subhorizon is 50-100 cm thick. The texture is commonly sandy clay loam,
sometimes sandy loam, or sandy clay, The predominant celours are yellowish red (5 YR 4/6 or 4/8)
and red (2.5 YR 4/6 or 4/8). The structure is a weak, medium to fine subangular blocky. The B, subho-
rizon is about 100 cm thick. The texture is light sandy clay loam or sandy loam. The colour is the same
as in the B; horizon. The horizon is structureless {little coherent porous massive), or has a weak, me-
dium subangular blocky structure. The C horizon is predominently of sandy loam texture. The colour
is generally red (2.5 YR 4/8). The horizon is massive. Rounded quartz pebbles or rounded plinthite
concretions commonly occur, in small percentages.

Profile 31. KaoLiniTic RED LAaTosoL, medium textured (KRL,); the actual profile is transitive to the
light texture class

Field description 226 (Sombroegk, Sampaio)
Location: Along highway BR-14, km 429 S of S&o Miguel do Guama.

Religf and drainage. Side of one several small hills in generally flat terrain. Somewhat excessively
drained. Alt. [40 m.

Parent material: In Pleistocene reworked sediments of Cretaceous/Tertiary age.

Vegetative cover: Tropical forest, with low timber volume {75 m®/ha ca.). Low, thin trees; many palms
of various species. Rather dense undergrowth, in which thin creepers and vines are common.

O, 41 em: Undecompased plant residues.

O, 1-0 cm: Partly decomposed plant residues.

AL 0-0.5 cm: Loose bleached sand with many fine roots.

Al 0.5-20 em. Dark brown {7.5 YR 4/4) loamy sand, Single grains. Moist, loose. Not sticky and
ntot plastic when wet. Many roots. Transition clear to gradual.

Ay 20-70 em: Yellowish red (5 YR 4/8) fine sandy loam. Weak, fine subangular blocky structure.
Moist, very friable. Not sticky and not plastic when wet. Soft when dry. Many pores. Many
roots. Transition diffuse.

B, 70—180 em: Red (2,5 YR 5/8) fine sandy loam. Weak, medium to fine subangular blocky struc-
ture. Moist, very friable. Not sticky and not plastic when wet. Slightly hard when dry. Many
pores. Many roots. Transition diffuse.

B, 180300 cm: Red (2.5 YR 5/8) fine sandy [oam. Massive to weak, medium subangular blocky
structure. Moist, very friable. Not sticky and not plastic when wet. Slightly hard when dry.
Many pores. Many roots.

In A; and B, some quartz pebbles and rounded, black, medium textured plinthite concretions,
both partially as stone-lings.

(Ic) Kaolinitic Latosolic Sand (KLS)

General concept: This unit comprises highly and very deeply weathered soils, well or
somewhat excessively drained, with colours of yellowish or, less commonly, of reddish
hue. The soils are light textured, the percentage of clay-sized particles in the B horizon
being less than 15 %,. They are very highly or extremely acid and have a base saturation
of less than 409,

The profiles are well developed, having an ABC sequence of horizons; the boundaries
between these horizons are gradual or diffuse. The solum is generally very thick (2 m
or more). The few clay sized mineral particles consist very predominantly of silicate
clay minerals of the 1:1 lattice structure, being kaolinite. The soils are structureless
(single grains}, or have a very weak structure. The B horizon is slightly less sandy than
the A horizen, which is often also noticeable in the field.
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Apart from texture and associated characteristics, the soils are comparable to the
Kaolinitic Yellow Latosol (,Ortho),

Two main phases are distinguished, namely a Forest phase and a Savannah phase.
Many profiles of the Forest phase (F) were studied. Therefore, a range in characteristics
can be given.

The A horizon, consisting of an A, and an A,, is about 70 cm thick, The B horizon is between 150 and
200 cm thick, and consists normally of a B, and a B,. The C horizon is of varying thickness.

The A, subhorizon is 10-40 ¢m thick. [ts texture varies from sand to sandy loam. The colour value is
4 or 3, the chroma 2 or 3, the hue 10 or 7.5 YR ; dark brown to brown (10 YR 4/3) is predominant.
The structure is usually weak fine subangular blocky, The subhorizon is generally capped with a thin
laver of loose bleached sand. The A, subhorizon is between 30 and 60 cm thick. Its texture varies from
sand to sandy loam. The colour value is 4 to 6, the chroma 3 to 6, the hue is 10 or 7.5 YR, less com-
monly 5 or 2.5 YR; brown (7.5 YR 5/4) is most common. The structure is weak medium to fine sub-
angular blocky, or little coherent porous massive. The B, subhorizon is 70-150 cm thick. Its texture is
a loamy sand or light sandy loam. The colour hue is 10 or 7.5 YR, less commonly (for instance in
relatively dry regions) 5 or 2.5 YR ; value and chroma are 6/6 or 6/8 (brownish vellow, reddish yellow,
sometimes light red). The structure is normally little coherent porous massive, to0 weak medium sub-
angular blocky. The B, subhorizon, 50 to 100 ¢cm thick, varies between sand and sandy loam in
texture. The colours are predominantly the same as in the B,, sometimes of slightly redder hue. The
structure is usually porous massive, The C horizon is generally somewhat lighter textured than the B,.
It has the same colour or is of slightly redder hue; some mottling, for instance light grey in a reddish
yellow matrix, may occur. The horizon is massive. Plinthite concretions or rounded quartz pebbles
may occur at varying depth in this horizon.

Only a few profiles were studied of the Sagvannah phase (s). Except for the develop-
ment of the A; horizon and a slightly larger difference in texture between A and B hori-
zons, the phase scems to be largely comparable to the Forest phase.

Profile 32, K aoLintTic LAaTosoLic SAND, Forest phase (KLS, F)

Field description 296 (Sombroek)

Location: Araguaia Mahogany area, Rio Antonino, transect 6, stake 23 (Lat. 6° 21’ S; Long. 48° 16° W)
Relief and drainage: Extensive flat terrace, about 10 m above level of nearby rivulet. Somewhat excess-
ively drained. Alt. 200 m. ca.

Parent material: Pleistocene sediments.

Vegetative cover: Primeval forest with low timber volume, Closed canopy of rather thin trees, and
palms. Open undergrowth, with a few thin climbers. Open field layer of seedlings and scattered clumps
of grass.

O, 12-2 em; Undecomposed plant residues.

0, 2-0 ¢m: Partly decomposed plant residues, and fine roots. Surface smooth, with scattered out-
casts of parasol ants.

Ay (-0.2 cm: Loose bleached sand.

A, 0.2-10 ¢m: Dark brown (10 YR 4/3) light loamy fine sand. Single grains, to weak, fine sub-
angular blocky structure. Moist, very friable. Not sticky and not plastic when wet. Soft when
dry. Many, mainly fine roots. Many large, and common fine pores, Transition clear.

Ay 10-70 em: Yellowish brown (10 YR 5/4) loamy fine sand. Little coherent porous massive, (o
weak, medium to fine subangular blocky structure. Moist, very friable. Not sticky and not
plastic when wet. Slightly hard, to hard and somewhat brittle when dry. Many roots. Many
large and fine pores. Transition gradual.

B, 70-140 cm: Reddish yellow (7.5 YR 6/6) loamy fine sand. Little coherent porous massive, to
weak medium subangular blocky structure. Moist, very friable, Not sticky and not plastic
when wet. Common roots. Common fine pores. Some krotovinas of A,. Transition diffuse.
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With Dutch auger.

Bi: 140-220 cmn: Reddish yellow (7.5-3 YR 5/8) loamy fine sand. Moist, very friable. Not sticky
and not plastic when wet, Few roots, Transition diffuse,

B: 220-290 cm: Reddish veliow (5 YR 6/8) heavy loamy fine sand. Dry. Not sticky and not plas-
tic when wet. A few fine roots. Transition ¢lear.

By(,)  290-3204-cm: Reddish vellow (7.5 YR 6/8) light fine sandy loam, with commeon, medium sized,
distinct mottles of very pale brown (L0 YR 7/4). Moist, very friable. Not sticky and not plastic
when wet.

Profile 33, Kaoumitic LatosoLic SAND, Savannah phase (KLS, s); the actual profile is transitive to
the medium texture class of the KAoLINITIC YELLOW LATOSOL

Field description 298 (Sombroek)

Loecation: Araguaia Mahogany area, Araguatins, 1.5 km E of town (Lat. 5°38’ §; Long. 48° 06" W)
Relief and drainage: Approximately flat upland, about [5 m above level of rivulets. Excessively drain-
ed. Alt, 150 m ca.

Parenr marerial: Reworked sand-stones of Sambaiba member of Pastos Bons beds (Jura-Triassic).
Vegetative cover: Savannah. Shrubs and rare low trees. Open field layer: scattered palmlets, some
grasses under the shrubs. Formerly frequently {?) burned.

O, 2-0 em: Locally. Undecomposed plant residues.

0, Absent: Most of surface is bare and white sandy.

A, 0-3 em: Loose bleached sand.

Aqs 5-30 cm: Dark grey brown (10 YR 4/2) coarsesand. Little coherent porous massive, to weak
medium subangular blocky. Some white sand around the structure elements. Moist, very
friable to loose. Not sticky and not plastic when wet, Hard when dry; the horizon stands out
as a bank in long exposed pits. Common roots. Few large, and common to few, fine pores.
Transition gradual.

Ag 3065 em: Ligit yellowish brown {10 YR 6/4) coarse sand, with krotovinas of brown (10 YR
4/3). Very little coherent porous massive, to weak, medium to fine subangular blocky structure,
Moist, very friable to loose. Not sticky and not plastic when wet. Slightly hard when dry.
Common roots. Commen large and fine pores, Transition gradual.

B, 65130 cm: Reddish yellow (7.5 YR 6/6) loamy coarse sand. Little coherent porous massive.
Consistence as in A,, Very few large, and common fine pores. Few roots, Scattered pieces of
charcoal. Transition diffuse.

With Dutch anger:

By 130-220 em: Reddish vellow (7.5 YR 6/6 -8) light coarse sandy loam. Consistence as in A,.
Common fine roots, Scattered pieces of charcoal. Transition diffuse.

B,y 220-320 em: Reddish vellow (7.5 YR 6/6 — 8) light coarse sandy loam. Consistence as in A,
A few fine roots.

(Il) ReD YELLOW LATOSOLS (RL)

General cancept (cf. group Ilc of Table 6): This group includes deeply and strongly
weathered soils, well-drained and permeable, with below the surface layer a colour that
is commonly of reddish or yellowish hue, high value and high chroma. The soils are of
varying texture, but with at least 15% clay in the B horizon. The profiles are well
developed, having an ABC sequence of horizons. The boundaries between these hori-
zons are gradual or diffuse. The B horizon is a latosolic-B horizon (¢f. 11.2.1), The clay
fraction is composed of intermediate percentage of silicate clay minerals of 1:1 lattice
structure, i.e. kaolinite, and relatively low percentages of Fe clay minerals. The soils
have a moderately strong macro-structure. There may be some difference in texture
between the A and the B horizon.

Only a few profiles of this group were encountered. A range of characteristics
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of the Amazon Red Yellow Latosols cannot therefore be given. The description of
only one profile follows. This profile, moreover, does not seem to be a typical one, if
only because of its colour.

Profile 34. RED YELLOW LATOSOL () (RL?)

Field description 308 (Sombroek)

Locarion: Serra de Navio, Amapa Territory; top of ICOMI manganese nmine.

Relief and drainage. Slope (159%;) in hilly upland. Alt. 300 m. ca., well-drained.

Parent material: Undefined rock of crystalline basement.

Vegetative cover: Primeval forest, of rather high timber volume.

A, 040 em: Dark brown to brown (7.5 YR 4/4) light clay. Moderate to strong, very fine suban-
gular blocky, or granular, structure. Moist, very friable. Sticky and plastic when wet, Soft
when dry. Many pores. Many roots. Transition diffuse.

Ay 40-100 cm: Reddish brown (5 YR 4/4) clay. Moderate, very fine subangular blocky, or granu-
lar, structure. Consistence as in A,, Many pores. Many roots. Transition diffuse.

B, 100-2004- em: Reddish brown (5 YR 4/4) clay. Moderate, very fine subangular blocky, or
granular, structure. Consistence as in A,. Many pores. Many roots.

In all horizons small (diameter << 5 ¢my), hard, round, black concretions of Mn {?), In a quan-
tity of 5-10%,

{Ill) DARK RED LaTosoLs (DL)

General concept (cf. group [1b of Table 6): This group includes deeply and strongly
weathered soils, well-drained and permeable, with below the surface layer a colour that
is commonly of reddish hue, low value and high chroma. The soils are of varying
texture, but with at least 159 clay in the B horizon. The profiles are well developed,
having an ABC sequence of horizons. The boundaries between these horizons are
gradual or diffuse, The B horizon is a latosolic-B horizon (cf. I1.2.1). The clay fraction
is composed of intermediate percentage of silicate clay minerals of the 1:1 lattice
structure, being kaolinite, and intermediate percentages of Fe clay minerals, The soils
have a moderate to strong macro-structure. There is normally no textural difference
between the A and the B horizon.

Only a limited number of profiles with Dark Red Latosol characteristics were en-
countered, A description of only one profile is given. This profile is moreover not
typical for the group, because of its hsallowness, and the considerable percentages of
silt present.

Profile 35. DARK RED LATosoL, Shallow phase (DL, s)

Field description 279 (Sombroek, Sampaio}

Location: Araguaia Mahogany area, Rio Corda, transect 8, stake O (Lat. 6°23° S; Long. 48°20" W),
Relief and drainage: Edge of almost flat terrain, about 10-15 m above level of nearby river. Well
drained. Alt, 200 m ca.

Parent material; Dark shales of Pimenteiras beds (Devonian).

Vegetative cover: Primeval forest, Open canopy of a few thick trees, laden with climbers, and scattered
palms. Dense undergrowth, with many creepers and climbers. Dense field layer, consisting largely of a
fern species,

0, 4-2 em: Undecomposed plant residues.
0, 2-0 em: Partly decomposed plant residues, with many fine roots. At the surface some worm
outcasts,
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Ay 0-15 em: Dark reddish brown (2.5 YR 3/4) light clay loam. Structure of moderate, very fine
granules, composing weak, fine subangular blocks. Moist, very friable. Slightly sticky and
siightly plastic when wet. A few, small {diameter = 5 cm) plinthite concretions, sirnilar to
those in A;. Very many roots. Transition diffuse.

A, 15-40 e Dark reddish brown (2.5 YR 3/4)clay loam. Moderate, very fine granular structure.
Moist, very friable. Slightly sticky and slightly plastic when wet. About 20%; small (diam,
<. 5 ¢m), to a degree platy, hard, very fine grained, plinthite concretions, brownish yellow
(10 YR 6/8) in their outer parts, black (5 YR 2/1) in their centres, Many roots. Transition
gradual.

B, 40-80 ¢ Dark red (2.5 YR 3/6) clay loam. Structure of moderate to strong, very fine gran-
ules, composing weak, fine subangular blocks. A few, faint clay skins, for a large proportion
on the surface of the congcretions. Moist, very friable, Plastic and slightly sticky when wet,
About 709 plinthite concretions, similar to those in A,, but slightly larger (diam. =< 10 cm),
less hard, and with more brownish yellow. Many roots. Transition gradual, irreguiar,

C 80-120 +om: Darkred (2.5 YR 3/6) heavy clay loam. Structure and consistence as in B,, About
95 % large {(diam. 10-20 c¢m), platy, rather soft, fine grained, black and yellow concretions
{weathering dark shale?).

For the pF curve of the B, see Fig. 37.

(IV) RED YELLOW PoDZoLIC 501LS {RP)

General concept: According to BALDwIN, KELLOGG and Trorp (1938) and THORP
and SMITH (1949), the modal Red Yellow Podzolic soils are well-drained soils with a
thin organic top over a well developed light textured surface horizon (A horizon) and a
heavy textured, blocky or prismatic subsoil (B horizon), with silicate clay skins present.
This B horizon often has a red or yellow colour in the upper part and a redder colour in
the lower part, while at the transition zone with the C horizon a mottling is often
present,

According to the elaboration of this concept as applied in Brazil (¢f. LEMOS, BENNEMA,
SaNTOS et al., 1960) the clay-sized minerals should consist of silicate clay minerals
mainly of I:1 lattice structure, and iron oxides. The latter are generally present in smal-
ler quantity than in most Latosols, and there are few if any aluminum oxides. The
B horizon should have the characteristics of a textural-B as described in 11.2.1. In
Brazil, the Red Yellow Podzolic soils are subdivided in those of low base status, and
those of medium and high base status.

(I¥.1) Red Yellow Podzolic soil { ,Ortho} (RP)

Under this head are described those Red Yellow Podzolic soils of which the B horizon
has about all the characteristics of a textural-B.

Only a few profiles were encountered of those with Jow base saturation, Therefore
only a profile description is given.

Many profiles were encountered locally of those with rather high base saturation.
Therefore the following generalisation can be given:

The A horizon, consisting of an A, and an A,, is about 40 ¢m thick, The B horizon, consisting of a
B, and sometimes a B, is 40 to 80 ¢m thick. The C horizon is about 30 cm. Below this, unweathered
rock {mica schists} occurs. The A; subhorizon is 5-10 cm thick. Its texture is usually a loam. The
colour value is about 4, its chroma 2 or 3, its hue 10, 7.5 or 5 YR ; most commion is dark brown (7.5
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YR 4/2). The structure is a moderate, medium to fine subangular blocky and fine granular. The A; sub-
horizon i{s about 30 cm. [ts texture is predominantly clay loam. Its colour value is 4 to 6, its chroma
alsod to 6, its hue 7.5, 5 or 2.5 YR ; most common is reddish brown (5 YR 4/4}. The structure is usual-
ly a moderate, medium subangular blocky (in part composed of moderate, very fine subangular to
angular blocks). Clay skins are few and faint. The B, subhorizon is about 40 cm, Its texture is a clay,
less frequently a clay loam. The colour value is 4 or 5, the chroma usually 6, the hue S YR or 2.5 YR ;
most common is red (2,5 YR 4/6). The structure is normally moderate, medium angular, to subangular
blecky (in part composed of very fine angular blocks). Clay skins are common to continuous, and
distinct. The B; subhorizon, where existent, has usually a clay or clay loam texture. [ts colour is
approximately identical to that of the B,. The structure is somewhat weaker. Clay skins are mostly
comimon, and faint to distinct. The C horizon has & loam or ¢lay loam texture. Its colours are varie-
gated red, black and reddish yellow. The horizon is normally massive.
Fine shiny flakes of mica are found in all horizons. Angular quartz stones are often present.

Profile 36. REp YELLow PopzoLic sori (,Ortho), with low base saturation (RPz)

Field description 320 (Sombroek, Falesi)

Location: Rio Branco do Acre, km 0.5 W of town

Relief and drainage: Low top In gentle undulating terrain, Alt. less than 100 m. Well-drained.
Parent material; Tertiary (?) clay-stone.

Vegetative cover: Secondary shrub.,

A, 0-2 em: Dark brown to brown (10 YR 4/3) loam with common, fine, distinct mottles of strong
brown (7.5 YR 3/6), Moderate, medium subangular blocky structure, Moist, friable. Slightly
sticky and slightly plastic when wet, slightly hard when dry. Many large, and few fine pores.
Many roots. Activity of earth worms, Transition clear and smooth,

A, 3-26 em. Strong brown (7.5 YR 5/8) loam, Weak, medium subangular blocky structure. Moist,
friable. Slightly sticky and slightly plastic when wet, hard when dry. Few large and fine pores.
Few roots. Activity of earth worms. Transition clear and wavy.

B, 26-60 cm: Yellowish red (5 YR 5/8) clay loam, Moderate, medium subangular to angular
blocky structure. Clay skins continuous, faint. Moist, firm. Sticky and plastic when wet, hard
when dry, Commeon large and fine pores, Few roots. Transition diffuse and smooth.

B, 60-83 em: Yellowish red (5 YR 5/8) clay. Moderate to strong, medium and fine angular blocky
structure. Clay skins continuous, faint to moderate. Moist, firm. Sticky and plastic when wet,
hard when dry. Few large, and common fine pores. Few roots. About 29 small (diam. <
0.5 cm), round, hard, fine grained plinthite concretions. Fransition gradual and smooth.

By 85-130 cm: Light grey (2.5Y 7/2) heavy clay, with many, medium sized, distinct to prominent
mottles of dark red (10 R 3/6) and strong brown (7.5 YR 5/8). Weak to moderate, medium
subangular, to angular blocky structure. Clay skins common, very faint. Consistence as in B.,.
Few pores. No roots, Transition gradual.

Cy 130-300+ cm. White (2.5 Y 8/2) heavy clay, with many, coarse, prominent mottles of red
(2.5 YR 4/8) and yellowish brown (10 YR 5/8). Massive, Consistence as in B,. Material is used
for brick making.

No IQA analysis was executed on this profile, but the Soils Laboratory of the Royal
Tropical Institute in Amsterdam (Holland) kindly provided for analytical data.

Full mineralogical analysis was carried out on the B, horizon, by the Netherlands
Soil Survey Institute, Wageningen (Holland). The data on sample 320-4 in the Tables 7
and 8, and the Figs. 14a-e show that the mineralogical composition is indeed distinctly
different from that of latosolic profiles. In the clay fraction even 339% mica (illite)
occurs, more than kaolinite (24 %); iron oxides comprise 12%; and aluminum oxides
7%. The remainder is comprised of ¢lay-sized quartz (24 %,). In the fraction 2-16 mi-
cron some felspar (8%) and chlorite (3%} are present. The coarser fractions contain
only quartz (20 %) and hematite (10 %).
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For both the A, and the B, horizons alse the specific surface was determined (samp-
les 320-2 and 320-4 of Table 7). A specific surface of 100 m?, on whole soil basis, gives
about 18 m.e. cation exchange capacity, which is considerably more than in the Lato-
sol profiles (¢f. 11.2.2).

For both the A, and B, horizons a pF curve was determined on undisturbed samples.
The A, proved to have 13.5 vol. perc. available moisture (50.1 %, moisture at pF 0.4;
32.49% at pF 2.0; 18.95% at pF 4.2), the B, only 8.6 vol. perc. (30.4 % moisture at pF 0.4
36.9% atpF 2.0;28.3% at pF 4.2); ¢f. V.3.1.1.

Profile 37. Rep YeELLOw PopzoLIC soil (,Ortho), with rather high base saturation (RP yup}

Field description 282 (Sombroek, Sampaio)

Location: Araguaia Mahogany area, Santa Isabel, transect 10, stake 11 {Lat. 6°08’ S; Long. 48°22" W).
Relief and drainage : Gentle sloping side of hill in undulating terrain. Well-drained. Alt. 200 m ca.
Parent material: Micaceous schists with veins of gquartz, of Pre-Cambrian (Arquean) age.

Vegetative cover: Primeval forest of very low timber volume, Open canopy, of only a few trees, and
some palms. High undergrowth, consisting largely of a dense network of creepers and climbers. Very
dense field layer, consisting predominantly of a fern species.

O, 4-2 em: Undecomposed plant residues.

0, 2-0 em: Partly decomposed plant residues, with fine roots and fungi. About half of the surface
is covered with very dark grey worm outcasts.

A, 0~ cm: Dark reddish brown (5 YR 3/3) light loam. Structure of weak to moderate, fine gra-
nules, composing moderate, mediam to fine subangular blocks. Moist, very friable. Slightly
sticky and slightly plastic when wet. Very many large and fine roots, Many pores. Common
very fine shiny flakes (mica). Transition gradual, smooth,

A, 840 em: Reddish brown (2.5 YR 4/4) clay loam. Structure of weak to moderate, very fine
subangular to angular blocks, composing moderate, medium to fine subangular blocks. Com-
men, faint clay skins, Moist, friable, Sticky and plastic when wet. Many large and fine roots.
Common fine pores. Common very fine shiny flakes (mica). Transition gradual, smooth.

B. 40-80 c¢m: Red to dark red (2.5 YR 4-3/6) clay. Structure of moderate, very fine angular
blocks, composing weak to moderate, medium subangular to angular blocks. Continuous,.
distinet clay skins. Moist, friable te firm, Sticky and plastic when wet, Common roots. Com-
mon, fine pores. Common, very fine, shiny flakes (mica). Transition gradual, smooth. From
30 to 70 cm many (75 %, ca.), small to medium sized (2-20 cm), very hard, angular, milky white
stones of quartz, the surfaces of which are coated with clay skins,

B, 80-110 em: Red (2.5 YR 4/6) clay. Structure of moderate, very fine subangular to angular
blocks, composing weak to moderate, medium to coarse, subangular to angular blocks. Conti-
nuous, faint to distinet ¢lay skins. Moist, friable. Sticky and plastic when wet. Few roots.
Few fine pores. Many fine shiny flakes (mica). A few quartz stones similar to those in B,.
Transition gradual, irregular.

C 110140 cm: Weathering micaceous schist: Dark red (10 R 3/6) and black (N 3/0) soft rock of
heavy loam texture, horizontally very finely stratified. Angular milky quartz stones embedded
in a scattered way.

For the B, horizon a pF curve was determined on a undisturbed sample. The amount
of available moisture proved to be 9.0 vol. perc. (51.1% moisture at pF 0.4; 42.19, at
pF 2.0;33.1% at pF 4.2); ¢f. V.3.1.1.

(IV.2) Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol (RP-KYL)
Under this heading are described Red Yellow Podzolic soils which have a B horizon
whose characteristics mostly belong to those of the textural-B, while a minor part of
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them are characteristics of the B horizon of the Kaolinitic Yellow Latosol. Those
belonging to the textural-B are the following:

1. a gradual to clear boundary between the A and the B horizons,

2. a distinct change in colour from the A to the B horizon or the presence of a transi-
tional horizon that is mottled,

3. adistinct textural difference between the A and the B horizons,

4. compactness and rather firm, to firm consistence of the B horizon,

5. alimited porosity and rooting in the B horizon.

As to the characteristics of the B horizon that belong to those of the latosolic-B, there
is in particular an absence of a well developed angular blocky or prismatic structure.
Clay skins are weak and discontinuous, when present at all. The mineralogical compo-
sition of the clay fraction is largely comparable to that of the Kaolinitic Yellow Lato-
sol.

The base saturation of the soils is low throughout the profiles (<< 40 %). Plinthite con-
cretions are absent or occur only in minor quantities. The group of soils is subdivided,
for practical mapping purposes, according to the texture of the B horizon. The quali-
ties of the soils are dealt within V.3.

Many examples were encountered and studied of both very heavy textured and rather
heavy textured profiles. For both variants, therefore, a range in characteristics can be
given.

The very heavy fextured profiles have an A horizon of 40~50 cm thick, consisting of an A, and an A,
subhorizon. The B horizon, which consists generally of a B, a B,, varies between 100 and 150 cm in
thickness, The thickness of the C horizon is undetermined.

The A horizon lacks a capping with loose bleached sand. The A subhorizon is 2-5 cm thick. The
texture is predominantly light clay or heavy sandy clay. The colour is usually dark grey brown {10 YR
4/2). A moderate, fine subangular blocky is the common structure, The transition to the A, is gene-
rally clear. The A, subhorizon is about 46-50 em thick. The texture is a clay or heavy clay. The colour
hue is 10 YR, the value varies between 5 and 7, the chroma between 6 and 8. Most frequent is brown-
ish yellow (10 YR 6/6). The structure is usually moderate, fine subangular blocky and weak, very fine
granular. The transition to the B, is gradual or clear. Several times a thin (10-20 ¢m) transition zone
occurs, with colours both of the A, and the B;. The B; subhorizon is between 50 and 70 cm thick. The
texture is a heavy clay. The main colour has a hue of 7.5 YR, a chroma of § and a value between 5 and
7. Reddish vellow (7.5 YR 6/8) is most frequent. The profiles have normally common, fine, distinct
mottles of red (2.5 YR 5/8). The structure is normally moderate, medium to fine subangular blocky.
The presence of a few, faint clay skins is general. The transition to the B; is gradual to diffuse. The
B, subhorizon varies between 40 and 80 cm in thickness. The texture is a heavy clay. The main colour
is yellowish red {5 YR 5/8, 5 YR 6/8), Secondary colours are light red (2.5 YR 6/8) and yellow (10 YR
8/6), occurring as few to common, fine, distinct mottles. The structure is moderate, medium subangu-
lar to angular blocky. The structure elements are covered with common faint clay skins. The transition
to the C is diffuse or gradual. The C horizon has predominantly a clay texture, The colour is red or
light red {2.5 YR 5/6 or 5/8, resp. 2.5 YR 6/6 or 6/8). The structure is predominantly weak, medium
angular to subangular blocky. Clay skins, when present, are few and very faint.

Rather common is the presence, in small quantities (5 % ¢a.), of very small fine grained, red or dark
red plinthite concretions. They are hard in the A horizon, half hard in the B horizon, A few larger
concretions may occur,

The rather heavy textured profiles have an A horizon of 40 to 70 cm thickness which consists of an
A, and an A,. The B horizon, consisting of a B, and a By, is between 100 and 150 ¢m thick. Between
the A and the B horizon a transitional horizon AB, of 20-50 ¢m thickness, occurs. The C horizon is of
undetermined thickness.
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The A, subhorizon is mostly 5-10 ¢cm, sometimes 10-20 cm thick. The texture is predominandy light
sandy clay loam, but sandy loam and even loamy sand textures may be found. The colour hue is ¢
YR, the value 4 or 5, the chroma 3, 4 or 6. Yellowish brown (10 YR 5/4) is predominant. The struc-
ture is a weak to moderate, fine subangular blocky. The transition to the A, is clear. The A, subhori-
zon varies between 20 and 60 ¢m in thickness, The texture is predominantly a heavy loam clay or light
sandy clay, but also sandy loams do occur. The colour hue is 10 YR, the value 5 or 6, rarvely 7, the
chroma 4 or 6. Brownish yellow (10 YR 6/6) is the most common. The structure is weak to moderate,
medium to fine subangular blocky. The transition to the AB is clear. The AB horizon, 20 to 50 em
thick, has predominantly light sandy clay texture, but light clay or sandy clay loam textures also occur.
The main colour is normally identical to that of the A,, namely brownish yellow (10 YR 6/6). Secon-
dary colour is yellowish red (5 YR 4/8, 5/8) or red (2.5 YR 4/6 or 5/6, sometimes 2.5 YR 4/8 or 5/8),
occurring as commeon, medium, distinct mottles. In the upper section of the horizon very small, hard,
round plinthite concretions (5--20 % of the soil mass) occur rather often. The structure is usually a weak
to moderate, medium subangular blocky. The transition to the B,, is gradual to clear. The By, sub-
horizon varles between 40 and 80 cm in thickness. The texture is a sandy ¢lay or clay. The colour hue
is 5 YR, sometimes 2.5 YR o5 7.5 YR, the value is 5 or 6, the chroma 8. The colour is therefore predo-
minantly yellowish red or reddish yellow. The structure is weak to moderate, medium subangular to
angular blocky. Clay skins are few and faint, if present at all. The transition to the By, is diffuse. The
B,, subhorizon varies between 20 and 70 cm in thickness. The texture is a clay or sandy clay. The
colour is red (2.5 YR 4/8 or 5/8). The structure is a weak, medium subangular to angular blocky. Clay
skins are normally absent, The transition to the C is diffuse., The C horizon was examined at only a
few profiles. There it showed a sandy clay texture, and a massive structure, The colour was red (2.5
YR 5/8) with common, medium sized, distinct mottles of red (10 R 4/8) and yellow (10 YR 7/8).

Included in the unit are profiles with many, rather large plinthite concretions concentrated in the AB
horizon, but with otherwise similar characteristics as described above. The concretions are apparently
colluvial, in contrast to the rather few, very fine concretions which occur commonly in the AB and
which are believed to have been formed in situ (cf. I1.3.2.2).

Profile 38. RED YELLOW PopzoLIC SoIL, intergrade to KaoLmwimic YELLOW LATOSOL, very heavy text-
ured (RP-K YLy}

Field description 236 {Sombroek, Sampaio)

Location: Along highway BR-14, km 232 § of Sio Miguel do GuamaA.

Relief and drainage: Flat stretch of gentle undulating terrain, about 10 m above level of nearby inter-
mittent rivulet. Moderately well-drained. Alt. 140 m.

Parent material: In Pleistocene redeposited material from Plio-Pleistocene lacustrine origin (reworked
Belterra clay).

Vegerative cover: Primeval forest, with medium timber volume (15¢ m*/ha ca.). Open undergrowth,
nearly devoid of creepers and climbers.

0, 12-2 em: Undecomposed plant residues.

Q. 2-0 em: Partly decomposed plant residues, with many fine roots, Surface rather irregular and
hard, slightly crusted due to intense termite activity.

A -2 em: Dark grey brown {10 YR 4/2) clay. Moderate, fine subangular blocky structure. Moist,
friable to firm. Sticky and plastic when wet. Slightly hard when dry, Many pores, and large in-
sect channels. Very many, mainly fine, roots. A few, very small, fine grained, dark red plinthite
concretions. Transition abrupt.

A, 2-40 em: Yellowish brown (10 YR 5/6) heavy clay. Moderate, fine subangular blocky and
weak to moderate, very fine granular structure. Moist, friable. Sticky and plastic when wet.
Slightly hard when dry. Many pores, Many roots, A few plinthite concretions, similar to
those in A,. Transition gradual,

B, 40-100 cm: Strong brown (7.5 YR 5/8) heavy clay, with common, fine, distinct mottles of red
(2.5 YR 5/8), Weak to moderate, medium to fine subangular blocky and weak, fine granular
structure. A few, faint clay skins. Slightly compact, to compact. Moist, friable to firm, Sticky
and plastic when wet. Hard when dry. Common pores. Common roots. Transition gradual,

B, 100-180 em: Yellowish red (5 YR 5/8) heavy clay. Weak to moderate, coarse to medium, sub-
angular and angular blocky structure, Tendency to prismatic. Common, faint clay skins, Com-
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pact. Moist, firm. Sticky and plastic when wel. Hard when dry. Few pores. Few roots. Transi-
tion diffuse,

C 180-230-1 cm: Red (2.5 YR 5/8) heavy clay. Weak, medium sized subangular and angular blocky
structure. Slightly compact. Moist, friable to firm. Sticky and plastic when wet. Slightly hard
when dry. Common pores. Few roots,

Profile 39. REp YELLOw PopzoLic soiL, intergrade to KaoLNiTic YELLOW LatosoL, rather heavy
textured (RP-KYLyz)

Field description 237 {Sombroek, Sampaio}

Location: Along highway BR-14, km 205.8 § of Sdo Migue! do Guama,

Relief and drainage: Nearly flat remnant of terrace, about 30 m above level of nearby stream. Well-
drained. Alt, 101 m,

Parent material: Pleistocene fluviatile sediments.

Vegerative cover: Primeval forest, of medium timber volume (130 m*/ha). Rather dense undergrowth,
with several thin creepers and climbers.

0, 6-1 em: Undecomposed plant residucs.

O, I1-0 em: Partly decomposed plant residues with fine roots, and some loose bleached sand.

A, 0-10 cm: Dark brown (10 YR 3/3) sandy loam. Weak to moderate, fine subangular blocky
structure. Moist, very friable. Not plastic and slightly sticky when wet. Soft when dry. Many
pores. Yery many roots. Transition clear.

A, 10-60 cm: Brownish yellow (2.5 Y-10 YR 6/6) sandy clay loam, Weak to moderate, medium
to fine, subangular blocky structure, Moist, friable. Slightly sticky and slightly plastic when
wet. Slightly hard, to hard when dry. Scattered (2 %) very small, fine textured, dusky red plint-
hite concretions. Many pores. Many roots. Transition gradual.

AB 60-110 em: Yellow (10 YR 7/8) fine sandy clay. Weak to moderate, medium to fine subangular
blocky and weak, very fine granular structure. Moist, friable. Slightly sticky and slightly plas-
tic when wet, Slightly hard, to hard when dry. About 20%; plinthite concretions, similar to
those in A;. Many pores. Common roots. Transition clear.

B, 110-160 em: Reddish yellow (5 YR 6/8) fine sandy clay, with few to common, fine, distinct
mottles of yellow (10 YR 7/8). Weak to moderate, medium sized subangular and angular
blocky and locally weak, very fine granular structure. A few, faint clay skins. Moist, friable to
firm. Slightly sticky and slightly plastic when wet. Hard when dry. Common pores. Few roots.
Less than 1 9 plinthite concretions, similar to those in A,. Transition gradual,

B;, 160-220 +cm: Light red (2.5 YR 6/8) heavy fine sandy clay. Weak, medium sized subangular
and angular blocky structure, Moist, friable to firm. Slightly sticky and slightly plastic when
wet. Hard when dry. Few pores. No roots.

For the pF curve of the B, horizon of a similar prefile: see sample 213-3 of Fig. 37.

(AV.3) Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretio-
nary phase (RP-KYL, cR)

This soil is similar to that of unit (IV.2), except that the A horizon contains consider-
able amounts of gravelly hard plinthite concretions. Moreover, the B horizon is gene-
rally of heavy texture, and has abundant prominent mottling of red, yellow and white,
although the soil is well or moderately well-drained. The structural development of the
B horizon is normally slightly nearer to that of a textural-B horizon than that of the
(IV.2) unit. The soil has a low base saturation percentage (< 409%;). The plinthite
concretions are of varying size, form, colour, grainage and arrangement. The mottling
in the B horizon is of varying pattern. Included in the soil unit are profiles in which the
congretions start only at some depth below the surface (maximally 50 cm arbitrarely).

The genesis of the soil is discussed in I1.3.2.2, in which section additional profile des-
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criptions are given. Reference may be made also to 1.4.5. The qualities of the soil are
dealt with in V.3, Many profiles of the soil were encountered and studied, enabling the
following generalisations to be made:

The A horizon, consisting of an A, and an A,, comprises about 80 cm. The B horizon, consisting
normally of a B, a B, and a B;, varies in thickness between 200 and 250 cm, The C hoerizon is often
many meters thick.

The A, subhorizon, 5-10 em thick, has commeonly a sandy clay loam texture, but also sandy loam,
sandy clay or clay textures occur. The colour is predominantly brown (10 YR 5/2). The structure is
usually a weak to moderate, fine subangular blocky. Loose, hard plinthite concretions occur in per-
centages of 25-90 97 of the total soil mass. The transition to the A, is clear or gradual. The A, subhori-
zon, 50-70 cm thick, consists mostly of a sandy clay, sometimes of clay or heavy clay. The colour hue
is 10 YR or 7.5 YR, the value 5 or 6, the chroma 6 or 8. Brownish vellow (10 YR 6/8) is predomirant.
The structure is 2 moderate, fine subangular blocky and weak, very fine granular. Loose, hard plinthite
concretions comprise 50-809%; of the soil mass. The transition to the underlying horizon is gradual.
The B, subhorizon, if present, is about 50 c¢m thick. Its texture is generally a clay or heavy clay. The
main colour is predominantly reddish yellow (7.5 YR 6/8). Secondary colours, occurring as common,
medium sized, distinet mottles, are red (e.g. 2.5 YR 5/6) and yellow (e.g. 10 YR 7/8). The structure is
predominantly moderate, medium subangular to angular blocky. Faint clay skins are common, occur-
ring especially at the surfaces of the concretions. Half loose, hard plinthite concretions comprise
25-50% of the soil mass. The transition to the B, is gradual. The B, subhorizon varies in thickness
between 50 and 100 cm. The texture is & clay or heavy ¢lay, The main colour is normally yellowish red
(5 YR 5/8) or red (2.5 YR 5/8). Secondary colours, occurring as many, coarse, prominent mottles, are
red (10 R 5/8), dusky red (7.5 R 3/4), vellow {10 YR 7/8) and white {N 8/2). The structure is a moderate,
medium to fine subangular and angular blocky, the latter sometimes composing a weak, medium pris-
matic. Clay skins are usually few and faint. The transition to the B; is gradual. The By subhorizon
varies in thickness between 50 and 150 cm. The texture is mostly a clay, sometimes a sandy clay. The
colours are generally identical to those in the B,. The structure is usually a weak, medium subangular
to angular blocky. Clay skins are normally absent. The transition to the Cis gradual or diffuse. The
C-horizon has mostly a sandy clay, sometimes a sandy clay loam texture. The predominant colour
is dark red (e.g. 10 R 3/6}. Secondary colours are often present, as mottles of variable quantity, size
and contrast. The horizon is massive.

Profile 40. REp YELLoW PobDzoLIC soiL, intergrade to KaoLmNimic YELLow Latosor, Congcretionary
phase (RP-KYL, cr); type of concretions : Mie do Rio

Field description 238 (Sombroek, Sampaio)

Location: Along highway BR-14, km 43.8 § of Sio Miguel do Guama.

Relief and drainage: Side of low hill in gentle undulating terrain. External drainage good; internal
drainage slightly imperfect. Alt. 50 m.

Parent marerial: Fluviatile sediments of Late Miocene (7) age.

Vegerative cover: Primeval forest, of rather high timber volume (150-200 m*/ha). Rather dense under-
growth, consisting partly of creepers and climbers, both predominantly thin.

0, i 1-1 em: Undecermposed plant residues.

Q, I-0 em: Partly decomposed plant residues, with fungi and fine roots.

Ay 0-10 ¢m: Brown {10 YR 5/3) sandy clay loam. Weak, fine subangular blocky structure. Moist,
very friable. Slightly sticky and slightly plastic when wet. Soft when dry. About 70%; loose,
hard plinthite concretions of various forms, sizes and grainage!. Many pores. Very many roots,
Transition gradual.

A, 10-80 cm: Strong brown (7.5 YR 5/8) clay, Moderate, fine subanguiar blocky and weak, very
fine granular structure. Moist, friable. Plastic and sticky when wet. Soft when dry. About
75% loose hard plinthite concretions of various forms, sizes and grainages (in lower part pre-
dominantly fine blocky). The concretions are very mixed, without specific arrangement. Many
pores, Many roots. Transition clear to gradual.
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B, 80160 em: Yellowish red (5 YR 5/8) clay, with many, coarse, prominent mottles of dusky red

(7.5 R 3/2), red {10 R 5/8}, vellow (10 YR 7/8) and white (5 YR 7/1). Mottling partly in well
defined horizontal stripes, partly in poorly defined vertical pipes. Moderate, fine subangular
and angular blocky structure. Tendency to prismatic. A few, faint clay skins. Moist, very firm.,
Sticky and plastic when wet. Hard when dry, locally, nameiy the dusky red, very hard. Com-
pact. Much resistance to penetration with hammer. Very few pores. Few roots. Transition
diffuse.
Within this plinthitic soil mass a few sharp boundered pockets occur (diam. 20 em ca.) of
vellowish red (5 YR 5/8) clay with a moderate, fine subangular blocky and weak, very fine
granular structure. Moist, friable. Slightly hard when dry. Many pores. Many roots. Probably
the result of local activity of termites in the plinthite.

B, 160-250 4 ¢m: Reddish yellow (5 YR 6/8) clay, with many, coarse, prominent mottles of dusky
red (7.5 R 3/2), vellow (10 YR 7/8), white (5 YR 7/I) and red (10 R 5/8). Mottling poorly de-
fined laminar. Massive to weak, medium to fine, subangular and angular blocky structure,
Moist, very firm. Sticky and plastic when wet. Hard when dry. Compact. Moderate resistance
to penetration with hammer. No pores. Very few roots.

For mineralogical analysis of the lower part of the C horizon of a similar profile:
see sample 302-4 of the Tables 7 and 8, and Fig. 14a-e.

(V) RED YELLOW MEDITERRANEAN SOILS (RM)

General concept (reference be made to Barros, DRUMOND, CAMARGO ef af., 1958;
Lenos, BENNEMA, SANTOS ef /., 1960): The Red Yellow Mediterranean soils are rela-
tively shallow soils, well-drained and moderately weathered. The profile has an ABC
or ABR sequence of horizons, These horizons are distinctly contrasting and the trans-
ition between them is clear. The A horizon is thin, consisting of an A, and occasional-
ly also an Aj;. The horizon is dark coloured and has often a granular structure. The B
horizon is a textural-B (cf. 11.2.1), with well developed angular blocky or prismatic
structure. It is normally reddish coloured and clayey. Its base saturation is medium to
high. The lower part of the B horizon and the C horizon contain still appreciable
amounts of easily weatherable primary minerals. The silicate clay minerals of the soil
are of the 2:1 lattice structure for a good part.

Few of such profiles were encountered in Amazonia. None contained all the above
characteristics, The A horizon was often thick (more than 20 cm), consisting either of
a thick A, only, or having a subhorizon with the appearance of ant A,, in which plinthit-
ic gravel was a rather common feature. The texture of the B was more often loamy than

1Y Note page 146

The following concretions are present:

Large (20 cm diam.), irregularly shaped, massive blocks; dusky red (10 R 3/4); coarse
grained: iron cemented quartz grains.

Medium sized (ca. 20 cm diam.), angular, massive blocks; dusky red (7.5 R 3/2), light red
(10 R 6/8) and black (N 2/0); medium grained.

Medium sized (ca. 10 cm diam.), platy; alternately dark red (2.5 YR 3/6) very fine grained,,
and black (N 2/0) coarse grained.

Medium sized (ca. 20 cm diam.), vesicular; very dusky red (7.5 R 2/2) and red (10 R 4/8);
predominantly fine grained.

Rather small (ca. 5 cm diam.), prismatic; dusky red {7.5 YR 3/3); predommantly fine
grained.

Yery small (0.5-1 cm diam.), subangular blocky; dark red; predominantly fine grained.
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clayey, and the horizon sometimes showed considerable mottling. The amount of
easily weatherable primary minerals seemed often rather small.

A portion of the profiles encountered are likely to be, in fact, intergrading to either
Reddish Prairie soil or to Red Yellow Podzolic soil and Ground Water Laterite soil
respectively.

Profile 41. RED YELLOW MEDITERRANEAN-LIKE $0il (RM)

Field description 225 (Sombroek, Sampaio)

Location: Along highway BR-14, km 457.5 S of Sdo Miguel do Guama (km 9 N of Imperatriz),

Relief and drainage: Low hill top in irregular, undulating terrain. About 10 m above level of nearby
rivulets. Alt. 120 m. External drainage good. Internal drainage slightly imperfect.

Parent material: Intimately interbedded shales and silt-stones, belonging to the Codo beds (Middle
Cretaceous).

Vegetative cover: Original vegetation largely destroyed. At present low shrubs and a few scattered
palms.

0,-0, 35-0 em: Undecomposed and partly decomposed plant residues, and some loose fine sand.

A 0-15 em: Dark brown (7.5 YR 3/2), in dry condition light reddish brown (5 YR 6/3), heavy
very fine sandy loam. Weak to moderate, fine subangular blocky, to coarse granular structure.
Moist, friable. Not sticky and not plastic when wet, Soft when dry. Many pores. Very many
roots. Transition gradual.

Ay{A,) 15-30 cm. Reddish brown (5 YR 5/3-4) heavy very fine sandy loam. Weak to moderate, me-
dium to fine subangular blocky structure. Moist, friable. Not plastic and not sticky when wet.
Slightly hard when dry. Many pores. Many roots, From 20 to 45 cm depth common (20%(),
very small (0.5 cm diam.), rather fine grained, red plinthite concretions. Transition clear.

B, 50-100 em: Red (2.5 YR 5/8) heavy very fine sandy clay loam. Structure moderate to strong,
coarse angular and subangular blocky, composing weak, coarse prismatic. Common, faint
clay skins. Moist, firm. Sticky and plastic when wet, Hard, to very hard when dry. Few pores.
No roots. Transition gradual.

B, 100160 cm: Reddish yellow (7.5 YR 6/8) very fine sandy clay loam, with many, fine to me-
dium sized (in lower part medium sized to coarse), distinct motiles of white (2.5 Y &/2) and red
(2.5 YR 5/8). Structure moderate to strong, coarse angular blocky, composing moderate, very
coarse prismatic. A few, faint clay skins. Moist, firm. Slightly sticky and slightly plastic when
wet, Hard, to very hard when dry. No pores. No roots. Transition clear to abrupt, wavy.

Cig 160-230 em: Weathering shale: white (5 Y 8/1) heavy clay with many, coarse, prominent
mottles, in horizontal stripes, of dark red {10 R 3/6) and vellow (10 YR 7/8). Moderate, me-
dium sized to coarse, platy structure etements, falling apart into angular blocky. Moist, friable.
Upper part rather hard when dry, lower part soft when dry. Transition abrupt.

IiC.y  230-270 em: White (N 8/0) loam, with many, very coarse, prominent moitles, in vertical pipes,
of red (2.5 YR 4/8) and vellow {10 YR 7/8), Massive. Soft when dry.

(¥I) LitHosoLs (L)

General concept. Lithosols are shallow, often stony soils without horizon develop-
ment, over consolidated rock. Other characteristics and the properties vary consider-
ably depending on the nature of the rock. They are therefore commonly subdivided in-
to phases according to the geology of the substratum.

A Sand-stone substratum phase (L, 85), a Cherty substratum phase (1., CH), a Quartzite
substratum phase (L, Qu) and a Kaolinite-stone substratum phase (L, K or L) were
encountered. Of the latter, one profile will be given, which is actually less shallow
than normal.
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Profile 42. K aoLiNiTic LiTHosoL (L); or Lithosel, Kaolinite-stone substratum phase

Field description 241 (Sombroek)

Locaiion: Along highway BR-14, km 66.0 S of $3o Migue! do Guama.

Relief and drainage. Edge of terrace about 30 m above nearby rivulet. Surface drainage good, internal
drainage slightly imperfect. Altitude 60 m,

Parent material: Consolidated kaolinitic sediments of Miocene age (7).

Vegerarive cover; Recently cleared from primeval forest.

Ay 0-13 cm.: Grey brown (2.5 Y 5/2) sandy clay loam. Weak, fine subangular blocky structure.
Moist, very friable. Slightly sticky and slightly plastic when wet. Soft when dry. About 75%,
rather soft, somewhat rounded stones (diam. < 10 cm}, white (10 YR &/1), with very fine
veins of yellow (10 YR 7/8). Many pores. Very many roots. Transition gradual.

Ay 15-60 em. Pale ofive (5 Y 6/3) sandy clay. Weak to moderate, fine subangular blocky and
weak, very fine granular structure. Moist, friable. Slightly sticky and slightly plastic when wet.
Slightly hard when dry. 5% stones similar to those in Ay, but not rounded, and somewhat
larger (diam. 20 cm ca.). Many pores. Many roots. Transition gradual.

R,-B, 60-110 cm: Pale yeltow (2.5 Y 7/4) clay, with common, fine, distinct mottles of reddish yellow
(5 YR 6/8). Moderate, fine subangular blocky structure. Moist, friable. Sticky and plastic
when wet. Slightly hard when dry. About 909 of the horizon consists of hard, sharp edged
stones {diam. = 20 cm), white (5 YR 8/1) and with thin veins of pale red (10 R 6/4} in their
centres, reddish vellow (5 YR 6/8) and yellow (10 YR 6/8) at the break-lines. In the earth some
roots. Porous. Transition gradual.

R, 110-200 cm: Horizontally layered, broken, hard stone, with colours identical to that of the
stones of R,—B,. Some krotovinas of very pale brown (10 YR 7/4) earth, with structure and
texture of the earth of R;—B;, and with much insect activity. Transition gradual.

R, 2002704 em: White (5 YR. 8/1} clay-stone, with many, medium sized, distinct mottles of
pinkish white (7.5 YR 8/2), vellow (10 YR 8/8) and red (2.5 YR 5/8). Massive. Rather soft
when dry. No pores. No roots.

(VII} GrOUND WATER LATERITE s0ILS (GL)

General concept (cf. also I1.3.2.1). Ground Water Laterite soils are intermittently
imperfectly drained, highly weathered soils. They have a light coloured and usually
light textured A, subhorizon. The B horizon consists of largely soft plinthite; it is
made up of dense, more or less clayey material, with prominent, coarse and abundant
mottles of red, and often also some yellow, in a white or light grey matrix. The base
saturation is low and the silicate clay minerals consist of kaolinite. The genesis and the
variation in characteristics of the soils are discussed in detail in I1.3.2.1, which section
also includes many short profile descriptions. Only one full profile description follows.

Profile 43, GrounDp WATER LATERITE sOIL (GL)

Field description 162/173 (Day, Sombroek)

Lacation: South-castern part Marajé-istand ; About 25 km W of Soure (Lat, 0°.48"S; Long 48°.40° W),
Relief and drainage . Slightly dipped part of extensive, flat, low upland, about 2-3 m above high water
level. Imperfectly drained : ground water level at 2,5 m depth during the dry season, at 1 m depth dur-
ing the rainy season.

Parent marerial: Late Pleistocene, or Early Holocene, fluvio-marine (?) sediments.

Vegetative cover: Grasses; scattered low trees and shrubs. Vegetation is burned in most dry seasons.
Formerly probably forest covered.

The profile is located near a patch with traces of former Indian occupation { Terra Preta).

A 0--30 ¢m: Black (10 YR 2/1} sandy loam, with white points of bleached quartz grains. Single
grains. Moist, loose, Not sticky and not plastic when wet. Soft when dry. Many pores. Many
roots. Transition gradual.
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A, 30-90 em: White (10 YR 8/2) light sandy clay loam. Very little coherent porous massive
Moist, very friable. Not sticky and slightly plastic when wet. Slightly hard when dry. Many
pores. Common roots. Transition gradual.

B,y 90120 em: Yellow (10 YR 6/8) light sandy clay loam, with many, medium sized to coarse,
distinct to prominent mottles of red (2.5 YR 4/8) and white {10 YR 8/1}. Within the red a few
small plinthite concretions. Structure weak to moderate, medium sized prismatic, falling apart
into weak, medium sized subangular to angular blocks. Common, faint clay skins.

By 120-260 em: White (N 8/0) sandy clay loam, with many medium sized to coarse, prominent
moltles of red (10 R 4/6) and some brownish yellow {10 YR 6/8), in a reticulate-prismatic
pattern, Centres of the red half hardened. Structure moderate, medium sized angular blocky,
composing weak, medium sized prismatic. Commeon, faint to distinct clay skins. Moist, friable.
Slightly sticky and slightly plastic when wet. Hard when dry. Very few pores. No roots. Tran-
sition gradual.

With Duich auger:

1IBy;  260-300 cm: White (N 8/0) light sandy loam, with many, coarse, prominent mottles of pale
yvellow (2.5 Y 8/4) and light red (2.5 YR 6/6). Scattered, large, loose plinthite concretions.
(fossil), especially in the lower part.

(VII} HypromorpHIC GREY PopzoLiC soiLs (HP)

General concept: This name, which is not encountered in the literature, is tentatively
given to a locally frequently encountered group of imperfectly drained, moderately
weathered soils with the following characteristics:

The A horizon is grey or grey brown and rather light textured. The B horizon is a
textural-B (¢f. I1.2.1)}, with mottles of yellowish hue in a greyish matrix. This B horizon
is dense, heavy textured, has a well developed prismatic to columnar structure, and
prominent signs of clay illuviation (clay skins). The silicate clay minerals are non-kao-
linitic for a good part. The base saturation is medium in the upper part of the profile,
high to complete in the lower part. The pH of the lowest section of the profile (the
C horizon} is often relatively high, namely 6-8. The surfaces of the structure elements
in the B horizon are often comparatively dark coloured. Slickensides are distinct in the
lower part of the B horizon. The soils differ from the Grey Hydromorphic soils in the
high base saturation and the composition of the clay fraction. The soils have, in fact,
several characteristics of Grumosols, of which they may constitute a kind of imper-
fectly drained phase. Morphometrically the soils are also similar to the Solodized
Solonetz.

Because of the base saturation status, the soils are further classified as Hydromorphic
Grey Podzolic soil, with high base saturation (HPpp).

Three subtypes are distinguished, namely one that is (arbitrarily) called the Ortho
(HPap, 0), one called the Shallow phase (HPyg, ), and one the Dark phase (HPsp, D).

The Ortho sub-type has an A horizon of 40 to 80 cm thick, which consists of an A; and A,, and some-
times an A;, The B horizon is 80 to 150 cm thick and consists normally of a B, and a B;. The C hori-
zon is about 50 cm thick. The A, subhorizon, 10 to 30 cm thick, consists predominantly of light loam,
or loam. fts colour value is 2 or 3, its chroma 6 or 7, its hue 10 YR ; light brownish grey (10 YR 6/2) is
maost common. A few, fine, faint mottles, usually of yellowish brown (10 YR 5/8), are often present.
The structure is weak, fine subangular blocky. The transition to the A, is gradual. The A, subhorizon,
20 to 40 cm thick, is predominantly a loam or heavy loam. The main colour is light grey or light brown-
ish grey (10 YR 6/1 resp. 6/2), with few to common, fine, faint mottles of yellowish brown or brownish
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yellow (10 YR 5/8). The structure is massive or weak, fine to medium subangular blocky. The transi-
tion to the B, is clear or abrupt, and wavy. The B, subhorizon, 30 to 80 em thick, has predominantly,
¢lay loam textures. The main colour is light grey (18 YR 7/1, resp. 6/1). Mottles with value 5, 6 or 7,
chroma 8 and hue 10 YR or 7.5 YR {(predominantly reddish vellow: 7.5 YR 6/8) are common, me-
dium sized and distinet. Also mottles of yellowish red (SYR 5/8)or red (2.5 YR 5/8) are often present,
but less conspicuous. The structure is usually moderate, medium prismatic, or columnar. Clay skins
are common and distinct, The transition to the B, is gradual, wavy. The B, subhorizon, 40 to 80 ¢m
thick, consists of clay loam or clay. The principal colour is light grey (10 YR 6/1, 10 YR 7/1, N 7/0),
with many, medium, distinct to prominent mottles of yellowish hue, as in the B,. Mottles of red (2.5
YR 4/8) are few and fine, if present. The structure is a weak to moderate prismatic. Clay skins are
common, and distinct to faint. Slickensides are general on the subhorizontal surfaces. The C horizon
consists mostly of silty ¢lay loam. Its main ¢olour is predominantly light olive grey (5 Y 6/2). Mottles,
usually of brownish vellow (10 YR 6/8), are present in varying quantity, size and distinctness. Colour-
less crystals, of gypsum, are often found,

The Dark phase has an A horizon of only 20 to 40 em. The B horizon is 30 to 80 cm thick and is rela-
tively dark coloured, The C horizon is about 40 cm thick.

The A, subhorizon, about 10 cm thick, is loamy and grey or dark grey (10 YR 5/1, resp. 4/1). The
structure Is weak to moderate, fine subangular blocky. The transition to the A, is gradual and smooth,
The A, subhorizon, 10-30 cm thick, consists of a loam or light clay loam. Its colour is normally grey
{10 YR 5/1 or 6/1), often with some vellowish mottling. The structure is often weak, medium subangu-
lar blocky. The transition to the B is commeonly gradual and irregular. The B , subhorizon, 30 to 40 cm
thick, consists of a heavy ctay. The main colour is dark grey (10 YR 4/1), with many, fing to medium,
distingt mottles, usually of brownish yellow {10 YR 6/6). The structure is strong prismatic. Clay skins
are common to continuous, and distinct. Slickensides are faint. The B, subhorizon, 10 to 40 cm thick if
ex’stent, is of clay or heavy clay texture. Its main colour is grey (10 YR 5/1), with mottles of yellowish
hue. The structure is moderate prismatic, Clay skins are common and faint; slickensides distinct. The
C horizon consists of a clay loam, with colours normally similar to those of the B,. Colourless crystals,
of gypsum, are general.

The Shallow phase has an A horizon of only 20 to 40 cm, a B horizon, being usually only a B;, of 20
to 4¢ cm and a C horizon of 10 to 3¢ cm. Its total solum comprises 50 to 70 cm; below it, hard rock is
found.

The A, subhorizon, 5 to 15 cm thick, is of sandy loam texture. Its colour is dark grey brown or very
dark grey brown (10 YR 4/2 resp. 3/2), its structure weak to moderate, fine subangular btocky. The
transition is gradual, smooth. The A, subhorizon, 20 to 30 cm thick, has the same texture as the A,
Its main colour is predominantly light brownish grey {10 YR 5/2). Mottles of streng brown or reddish
vellow (7.5 YR 56 resp. 6/8) arc many, fine and faint. The structure is mostly weak, medinm subangu-
lar blocky. The transition is clear to abrupt, irregular. The B, subhorizon is of clay texture. The colour
of the matrix is grey (10 YR 5/1 or 6/1), with many, fine, distinct mottles of reddish yellow or yellowish
red. The structure is strong, coarse prismatic, partly columnar. Clay skins are common and distinct,
Slickensides are invariably present, and distinct. The C horizon is silty, with a variety of colours, in
which olive grey predominates. Crystals of gypsum were not found.

Profile 44, HyproMORPHIC GREY PODZOLIC soil, with high base saturation, Ortho (HPy, 0}

Field description 288 (Sombroek, Sampaio)

Location: Araguaia Mahogany area, Bloco Piranha, southern half, transect 7, stake 38 {Lat. 6°01” §;
Long. 48°10° W),

Relief and drainage: Flat terrain, less than 1 m above level of nearby, narrow, intermittent rivulets.
Yery distinct micro relief of caraletes (kauwfoetoes). Imperfectly drained: the canaletes are filled
with non-stagnant rain water during rainy season. Profile studied in dry season, when ground water
level was below 150 cm. Alt, 200 m ca.

Parent material: Gypsiferous and calcareous silty clay-stones of Motuca member of Pastos Bons beds
(Jura-Triassic).

Vegetative cover: Primeval semi-deciduous forest. Nearly closed, rather high canopy, consisting pre-
dominantly of rather big mahogany trees: also some palms. Rather open undergrowth, with a few thin
creepers and climbers. Open field layer of seedlings.
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0, 2-0 em: Undecomposed plant residues.

0, 2-6 ¢m: Partly decomposed plant residues, with fing roots. At the surface many outcasts of
WOrms.
A, 010 cni: Grey brown (10 YR 3/2) light loam. Weak to moderate, fine subangular blocky struc-

ture. Moist, very friable. Not sticky and not plastic when wet, Rather hard when dry, Many
roots. Many, large pores. Transition gradual, and smooth.

A, F0-30 em: Dark grey brown (10 YR 4/2) light loam, with many, fire, faint mottles of vellow-
ish red (5 YR 5/8). Porous massive to wezk, medium to coarse, subangular to angular biocky
structure. Moist, friable. Not sticky and not plastic when wet. Very hard when dry. Many
roots. Common large and fine roots. Transition abrupt, wavy.

B,y 50-80 cm: Light grey (N 7/0) clay loam, with many, medium sized, distinct mottles of reddish
yellow (7.5 YR 6/8) and some red (10 R 4/8). Structure weak, very fine prismatic, composing
moderate, very coarse columnar. Common, distinct clay skins, somewhat darker coloured
than rest of soil mass. Moist, very firm, Very sticky and very plastic when wet, Few roots. No
pores. Transition gradual, wavy.

By &0~120 cm: Light grey (N 7/0) clay loam, with common to many, medium to coarse, distinct
mottles of reddish yellow (7.5 YR, 6/8). Weak to moderate, medium to fine prismatic struc-
ture. Common, distinct clay skins, somewhat darker coloured than rest of soil mass. Distinct
slickensides on the (sub) horizontal surfaces. Moist, very firm. Very sticky and very plastic
when wet. No roots. No pores. Transition clear, irregular.

Cq 120-150—+ em: Olive grey (5 YR 5-6/2) silty clay loam, with many, medium to coarse, distinct
mottles of brownish yellow {10 YR 6/0) and some red (2.5 YR 5/6). Massive. Moist, very
firm. Slight sticky and slightly plastic when wet. Locally white (10 YR 8/1) spots, effervescing
with HCI: carbonates. Many, mainly very small (1 mm), colourless crystals: gypsum.

Full mineralogical analysis was carried out on the A, horizon of a comparable profile
(¢f- sample 290-2 of the Tables 7 and 8, and the Figs. 14a-e). Its clay fraction contains
15% mica (illite), 23 9, “intermediate’, 30 % kaolinite and 30'%, clay-sized quartz. In the
fraction 2-16 micron, mica (illite) comprises 3%, and chlorite 5%,; the rest is quartz.
The coarser fractions consist of quartz (95 %,) only, with some hematite.

Profile 45. HypromorpHIC GREY PonzoLic soil, with high base saturation, Dark phase (HPyg, D}
Field description 291 {Sombroek, Sampaio)

Location: Araguaia Mahogany area, Bloco Piranha, southern part, transect 7, stake 25 (Lat, 6°01’ §;
Long. 48°10" W).

Relief and drainage: Flat terrain, less than 1 m above level of nearby, narrow, intermittent rivulets.
Vague micro relief of canaletes (kauwfoetoes). Imperfectly drained: the canaletes are fitled with non-
stagnant rain water during rainy season. Profile studied in dry season, when ground water level was
below 150 cm.

Farent marerial: Gypsiferous and calcareous clay-stones of Motuca member of Pastos Bons beds
(Jura-Triassic).

Vegetative cover: Primeval deciduous forest. Open canopy, consisting mainly of low, thin, stunted
mahogany trees, in a dense pattern. Rather open undergrowth, largely consisting of thin creepers and
climbers. Rather open field layer, of some seedlings, clumps of Cyperaceae, and Selaginellae.

0, 3-i em: Undecomposed plant residues.
0, 1-0 em: Partly decomposed plant residues, with fine roots. At the surface a few outcasts of
WOTINS.

A 0-7 em: Grey (10 YR 5/1), light grey (10 YR 6/1) when dry, loam, Weak to moderate, medium
to fing, subangular blocky structure. Dry, slightly hard. Not sticky and not plastic when wet,
Friable when moist. Many roots. Many large, and few fine pores. Transition gradual and
smooth.

A, 7-30 em: Light brownish grey (10 YR 6/2), light grey (10 YR 7/1) when dry, loam, with many,
fing, faint motties of yellowish brown (10 YR 5/6). Weak to moderate, medium to coarse,
subangular to angular blocky structure. Dry, hard. Stightly sticky and slightly plastic when
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wet, Friable to firm when moist, Common roots. Few large, and common fine pores. Transi-
tion gradual, irregular.

B., 30-75 e Dark grey (10 YR 4-5/1) heavy clay, with common, medium sized, distinct mottles
of reddish brown (2.5 YR 4-5/4}. Structure moderate to strong, medium to coarse prismatic,
with tendency to columnar. Many, distinct clay skins. Faint slickenslides on the {sub) hori-
zontal surfaces. Moist, firm to very firm. Plastic and very sticky when wet. Very hard when dry.
Few roots. A few, large pores. Transition gradual, wavy.

By, 75-120 em: Grey (10 YR 5/0) clay, with common, medium sized, distinct mottles of vellowish
brown (10 YR 5/6) and red (2.5 YR 6/6). Moderate, coarse prismatic structure, Commeon,
faint clay skins, Distinct slickensides on the {sub)horizontal surfaces. Moist, firm, te very
firm. Very sticky and very plastic when wet.

Cy 120-140— cm: Light grey (N 6/0) clay loam, with many, coarse faint mottles of brownish
yellow (10 YR 6/6). Massive, Moist, firm. Very sticky and very plastic when wet. Scattered,
fine, white (N 8/0} points. Very many colourless crystals (gypsium),

Profile 46. HyproMoRPHIC GREY PopzoLIc soil, with high base saturation, Shallow phase (HPp, 8).
Field description 294 (Sombroek, Sampaio)

Locarion: Araguaia Mahogany area, Rio Antonine, transect 1a, stake 190{Lat. 6°09'S; Long. 48° 14" W).
Relief and drainage . Flat terrain, about 1 m above level of nearby, narrow, intermittent rivulet. Cons-
picuous micro relief of canaletes (kauwfoetoes). Imperfectly drained: the canaletes are filled with non-
stagnant rain water during the rainy season. Profile studied in dry season, when ground water level was
below 100 cm.

Parent material; Calcareous cherty silt-stones of Pedra de Fogo beds (Permean).

Vegetative cover: Deciduous hydromorphic shrub. A very few, thin, stunted, low trees emerge above a
dense layer of shrubs and thin creepers and climbers. Rather dense field layer (Gramineae, Cyperaceae,
Selaginellae, Araceae).

0, 5-0 em; Undecomposed plant residues.

0, Absent. Surface very irregular, due to abundance of outcasts of worms.

A 0-8 cm: Dark grey brown (10 YR 4/2) sandy loam, with few, fine, faint mottles of yellowish
brown (10 YR 5/4), Moderate, fine subangular blocky structure, Dry, hard, slightly crusted.
Slightly sticky and slightly plastic when wet, Friable when moist. Many roots. Common large
and fine pores, Transition gradual, smooth.

Ay 8-25 em: Grey brown {10 YR 5/2) sandy loam, with many, fine, faint mettles of strong brown
(7.5 YR 5/6). Weak to moderate, medium to fine, subangular blocky structure, Dry, slightly
hard, Not plastic and slightly sticky when wet. Friable when moist. Common roots. Many
large and fine pores. Transition gradual, wavy.

A, 25-37 em: Grey {10 YR 6/1) light loam, with many, fine, faint to distinct mottles of grey
brown (7.5 YR 4/4). Weak, coarse, subangular to angular blocky structure. Dry, hard. Not
plastic and slightly sticky when wet. Friable when moist. Few roots. Few large, and common
fine pores. About 25 % very small (diam. < 5 mm), fine grained plinthite concretions. Transi-
tion clear, irregular.

By 37-37 cm: Light grey (10 YR 6/1) clay, with many, fine, distinct mottles of reddish brown (5
YR 4/4). Structure strong, very coarse prismatic, with tendency to columnar. Common to
general, distinct clay skins. Distinet slickensides on the (subjhorizontal surfaces. Dry, hard.
Very sticky and very plastic when wet. Very firm when moist. Very few roots. No pores. Tran-
sition gradual, wavy,

Baey  37-77 cm: Grey (5Y 5/1) clay, with many, fine, faint mottles of yellowish brown (10 YR 5/6).
Strong, coarse prismatic structure. Common, faint clay skins. Strong slickensides on all
{sub)horizontal surfaces. Dry, hard, Very sticky and very plastic when wet. Very firm when
moist. Very few roots. No pores. Transition abrupt, irregular.

Cyy 77-87 c¢m; Brownish yellow (10 YR 6/8) silt loam, with many, distinct horizontal stripes of
white (10 YR 8/1) and grey (10 YR 5/1). Moderate, medium platy structure. Moist, friable to
firm. Sticky, very plastic when wet. A few, fine roots. No pores. Transition abrupt, irregular.

Cay 87-102 em: Bluish olive grey and purplish olive silty clay. Moderate, medium platy structure.
Moist, very firm. Very sticky and very plastic when wet. With white spots, which give effer-
vescence with HC1.

R 102+ em: Pale yellow calcareous silt-stone.
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(IX) GROUND WATER PODZOLS AND WHITE SAND REGOSOLS (GP and WSR)

General concept: Ground Water Podzols are imperfectly drained, highly weathered
soils. They are characterised by a light to very light texture throughout the profile, a
bleached A, horizon of varying thickness, and a dark coloured B horizon with a con-
centration of humic material. This B horizon is usually, for & part, cemented by
sesquioxides, thus forming a hardpan (Ortstein).

The thickness of the A, horizon in the Amazon Ground Water Podzols varies from
20 ¢m to 200 cm and more. The thickness and hardness of the Ortstein also vary consi-
derably. There are indications that the cementing sesquioxides are aluminum oxides,
not iron oxides. This further classifies the soil as Ground Warer Humus Podzol.

Under White Sand Regosol are classified those soils that consist of bleached sand to a
great depth. The soil occurs commonly in a well-drained position,

Profile 47. Grounp Water Humus Popzor (GP)

Field description 234 (Sombroek, Sampaio)

Location: Along highway BR-14, km 38.8 8 of Sdo Miguel do Guam4.

Relief and drainage : Approximately flat, narrow terrace, 3-4 m above level of nearby rivulet. Alt. 25 m
ca. Imperfectly drained.

Parent material: Pleistocene fluviatile sediments.

Vegerative cover: Secondary shrub.

A, 0-10 cm: Dark brown (7.5 YR 3/2) sand, spoity by presence of very many white sand grains.
Single grains. Moist, loose. Not sticky and not plastic when wet. Soft when dry. Many roots.
Many pores. Transition clear and spotty,

As 1045 em: Light grey (13 YR 6/1) sand. Single grains. Moist, loose. Not sticky and not plastic
when wet. Soft when dry. Many pores. Many roots. Transition gradual and smooth.

By 45-60 cm: Dark grey (10 YR 4/1) sand. Weak, medium to fine subangular blocky structure.
Moist, friable. Not sticky and not plastic when wet. Slightly hard when dry. Many pores. Many
roots, Transition abrupt and itregular. Krotovinas of B, penctrating into underlying horizon.

Boyum  60--80 cm: Ortstein: Brown to dark brown (7.5 YR 4/2) loamy sand. Massive, indurated.
Moist, extremely firm. Extremely hard when dry. Not sticky and not plastic when wet. No
pores. No roots. Transition abrupt and broken.

Boanm  80-110 cm; Ortstein: Brown to dark brown (7.5 YR 4/4) loamy sand. Massive, strongly ce-
mented. Moist, very firm. Very hard when dry. Not sticky and not plastic when wet. No pores.
No roots. Transition gradual and irregular.

B; 110-150 em: Light olive brown (2.5 Y 5/4) sand. Single grains to weak, medium to fine sub-
angutar blocky structure, Moist, very friable, Soft when dry. Not sticky and not plastic when
wet. No pores. No roots.

Profile 48, WHITE SAND REGOSOL (WSR}

Field description 131 (Day, Sombroek)

Loeation: Lower Amazon region, about 10 km N of Oroximind {Lat. 1°42’ S; Long. 55°49" W}
Relief and drainage : Extensively flat, to gently undulating terrain. Atl. 530 m ca. Excessively drained.
Parent material: Pleistocene fluviatile (?) sediments,

Vegerarive cover: Dense and low forest; burned in preceding dry season.

0. 3-0 cm: Reddish brown, partially decomposed organic material, with very many fine roots

Ay 0-20 cm: Grey (N 6/0) sand. Single grains. Many roots, Transition gradual.

Ay? 20480+ cm: White (N 8/0) sand. Single grains, In upper part a few roots, in lower part none,
Sand grains are angular to subangular, Little variation in grain size distribution with depth.
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(X} Low Humic GLey anp Humic Giey sois (LHG and HG)

General concept: These are poorly drained soils from recent nen-marine sediments,
with little profile development. They have an A, horizon of varying thickness and pro-
minence, overlying a mineral, gleyed sub-surface and subsoil. The A, horizon of the
Low Humic Gley soils is thin and/or little humic. The A, horizon of the Humic Gley
s0ils is prominent and dark, without being, however, an organic horizon proper. A
prominent A, in this respect is arbitrarily defined as being 20 or more cm thick and
having a percentage of Carbon which surpasses 1.5 4 0.015 x 9% clay.

The gleyed sub-surface and subsoil horizons of the profiles of both Low Humic Gley
and Humic Gley soils encountered in Amazonia have & main colour of grev or light
grey. Mottling is usually common, fine to medium sized and distinct, and its colours
are predominantly yellowish brown or strong brown (10 YR 5/6-5/8 and 7.5 YR 5/6-
5/8 respectively). Hues redder than 5 YR are rare. The soils are usually heavy textured
and often contain considerable percentages of silt. The structural development of the
subsoil is mostly weak. Signs of clay illuviation {(clay skins) are often little conspicuous,
if present at all. Because of stratification of the original sediments, sudden changes in
texture within a profile may occur. The presence of one or more humic or peaty layers
in the subsoil is not uncommeon. The soils vary considerably in consistence and degree
of subsoil compactness. The mineralogical composition of the soils varies from site to
site, and there are also considerable differences in the base saturation percentages.
Amongst the Low Humic Gley soils, a Carbonate subsoil phase (LHG, ¢) is separated.
This phase is characterised by being strongly alkaline in the subsoil, which also con-
tains carbonate councretions. A very compact and usually dark coloured horizon
(laklaag, ‘lacquer’) is invariably found just above this alkaline subsoil.

Amongst the Humic Gley soils, an Upland phase (HG, v) is distinguished. It is
characterised by being extremely acid, having low amounts of silt, and silicate clay
minerals of 1:1 lattice structure (kaolinite) only.

Profiles, intergrading to Ground Water Laterite soil, are not uncommon, concerning
both the Low Humic Gley and the Humic Gley soils (¢f. Profile 18).

A few profile descriptions are given. More details about the soils, many profile des-
criptions, and analytical data are reported by SOMBROEK (1962b).

Profile 49. Low Humic GLEY soil (LHG)

Field description 265 (Sombroek, Sampaio)

Location: Lower Tocantins floodplain, about 20 kmi WNW of Igarapé-mirim (Lat, 1°.58” §; Long.
49° 0% W).

Refief and drainage: Flat lowland; floodplain of fresh water tidal creeks. Poorly drained : daily flooded
by water with a considerable load of sediments. The difference between high tide and low tide level of
nearby creek is about 3 m.

Parent material: Recent, fresh water deltaic sediments on older deposits.

Vegetative cover: Swamyp forest with many palms.

A, 0-7 cm: Very dark grey (10 YR 3/1) heavy clay loam. Moderate, medium to fine subangular
blocky, to crumbly structure. Moist, very friable. Plastic and very sticky when wet, hard when
dry. Very many roots. Transition clear.
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With Duteh giger:

Cig 7-18car: Lightgrey (10 YR 6/1-7/ 1) silty clay loam, with a few, fine, distinct mottless of strong
brown (7.5 YR 5/8). Wet, very sticky and very plastic. Common rocts. Transition gradual.

Cag 18-50 em: Light grey to grey (N 6/0) heavy clay, with many, fine to medium sized, distinct
mottles of strong brown (7.5 YR 5/8). Wet, very sticky and very plastic. Common roofs.
Transition clear.

Cag 50-110 em: Dark reddish brown (5 YR 2/2) peaty sandy clay loam. Transition ¢lear.

Cyg 120-136 eamn: Grey (N 5/0; silt loam, Wet, very sticky and very plastic. No roots. Transition
gradual.

Csy 130-240 em: Light grey (N 7/0} silty clay, with few, coarse, distinct mottles of light olive
brown (2.5 Y 5/6). Wet, very sticky and very plastic. No reots. Transition gradual.

UCsy 240-380 cm. Light grey (N 7/0) clay, with many, medium to coarse, prominent mottles of
dusky red (10 R 3/4). Motiles slightly hardened in their centres. Wet, very sticky and very
plastic. Compact. No roots.

Profile 50, Humic GLEY soil (HG)

Field description 18% (Sombroek)

Location: Lower Amazon floodplain, about 20 km S of Prainha (Lat. 1°59” S; Long. 53°30° W).
Relief and drainage: Flat lowland ; backswamp of floodplain of river Amazon and rivulet Purus, Poor-
1y drained: during high water season flooded with about 1.5 m water which has a load of sediments.
Parent material: Recent flyviatile sediments.

Vegetative cover: Grasses, and other herbaceous plants.

A 0-25 em: Grey (10 YR 5/1) silty clay loam, with some strong brown (7.5 YR 5/8) along the
grass roots. Structure medium sized subangular blocky, of moderate strength. Surface hard
when dry, slightly cracked. Moist, friable. Sticky and plastic when wet. Transition clear.

With Durchk guger:

Cig 25-70 cm: Light grey (N 6/0) silty clay loam, with many, medium sized, distinct motties of
reddish vellow (7.5 R 6/8). Moist, friable to firm. Sticky and plastic when wet. Transition
abrupt.

Cogb  70-120 cm: Yery dark grey (10 YR 3/1) clay, with common, fine, faint mottles of dark yellow-
ish brown (10 YR 4/4). Moist, firm. Sticky and very plastic when wet. Compact. Transition
gradual.

Cyy 120-170 cm: Grey (N 4/0-5/0) clay with many, medium sized, distinct mottles of reddish yel-
low (7.5 YR 6/6). Moist, firm. Sticky and very plastic when wet. Transition abrupt.

Cap 170-190 cm: Yery dark grey (30 YR 3/1) clay. Moist, firm. Sticky and very plastic when wet.
Transition gradual.

Cop 190214 cem: Grey (N 5/1) clay with common, fine, distinct mottles of yellowish red (5 YR
5/8). Moist, firm. Sticky and very plastic when wet. Transition clear,

Cep 210-220+ cm: Black {10 YR 2/1) clay, with organic relics. Moist, firm. Sticky and very plastic
when wet.

A full mineralogical analysis was carried out on a sample of the second horizon. The
data concerning sample 188-2 of Tables 7 and 8 and Figs. 14a-e show that indeed the
mineralogical composition is favourable, for which the Ki and Kr data give already an
indication. In the clay fraction, only 229% kaolinite is present, while mica (illite)
occupies 30 %, ‘intermediate’ 109, swelling illite 8%, and chlorite 79;,. A considerable
amount of felspar (15 %) occurs in the 2-16 micron and 16-80 micron fractions. Photo
11 illustrates the composition of the clay fraction.

Sampie 190-2 has approximately the same mineralogical composition; it is of a Low
Humic Gley soil, Carbonate subsoil phase, of the same physiographic unit (the horizon
sampled occurs above the lacquer and the alkaline horizons of the profile).
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Profil: 51. Humic GLey soil, Upland phase (HG, u)

Field description 119 (Day, Sombroek)

Location: Amapa Territory, catchment area of [garapé do Lago (Lat. 0°27° N; Long. 51°38" W).
Relier” and drainage: Bottom land in undulating upland with savannah cover. Poorly drained. Alt,
below 30 m.

Parerr marerial; Colluvial deposits from heavy textured sediments of surrounding upland.
Vege:iaiive cover: Tall grasses.

Ay 040 cm: Black (5 YR 2/1) clay. Strong, very fine subangular blocky structure. Moist, friable.
Plastic and slightly sticky when wet, Apparently high in organic matter, Many roots.

With Duich auger: ’

Ay 40-60 cm: Olive brown (2.5 Y 4/2) clay, with common, medium sized, distinct mottles of dark
grey (N 4/0) and dark brown (7.5 YR 4/4). Wet, sticky and plastic.

Cyg 60-100 em: Yellowish brown (10 YR 5/4) clay, with many, medium sized, distinct to promi-
nent mottles of vellowish red (5 YR 4/6) and black (N 3/0). Wet, sticky and plastic, to very
plastic.

Cyg 100-120+ cm: Pale brown {10 YR 6/3) clay, with comumnon, medium sized, faint to distinct
mottles of yellowish red (5 YR 6/6).

(XI) SALINE AND ALKALI SOILS

General concept: The Saline and Alkali soils are characterised by either excessive con-
centrations of exchangeable Na* and Mg*+, or soluble salts, or both.

They are termed saline, if the conductivity of the saturation extract exceeds 4 mmhos/
cm at 25°C, corresponding to about 0.15% salts in the dry soil (SolIL SURVEY MANUAL,
1931, page 360). Assuming the soluble salts to be predominantly NaCl, this value cor-
responds to about 2.5 m.e. /100 g ‘soluble salts’, as this datum is provided by IQA.

The Solonetz is a soil with a cloddy B horizon and 4 prominent prismatic or columnar
structure. The exchangeable cations of this horizon are Na+* and/or Mgt for a good
part (Mgt + Na* = Ca*t 4+ H*; ¢f. So1L SURVEY STAFF, 1960, p. 45). It has recently
been suggested that Mg+t may have a similar detrimental effect on the structure as
Nat and this has been confirmed by laboratory trials, for instance those of SCHUYLEN-
BORGH and VEENENBOS (1951). Solonetzes are usually found in dry climates. They also
exist, however, along ocean coasts, independent of climatic conditions, where they
have developed on sediments with high percentages of Mgt and Na*t, due to deposi-
tion in marine-deltaic conditions. They are known as ‘coastal Solonetzes’ and are
described for instance by EDELMAN (1950) for Holland, where they have the local
names pik or knip clays.

The Amazon soils denoted as Solonerz, Coastal phase (Sol, C) have usually only a
moderate prismatic structnre. A number of them have a thick humic top with a crum-
bly structure and slickensides in the subsoil horizons. These soils are, in fact, inter-
grades to Grumosols. Others, with only a thin humic top and moderate to weak pris-
matic structure, are intergrades to Low Humic Gley soils. The soils may have a saline
subsoil.

In coastal Amazonia also there are saline soils that have no structure, or a weak, fine,
granular one. The water movement through the profile is rapid, contrary to the situa-
tion with the Solonetz, Coastal phase. These soils are classified as Saline soils. More
data about the Saline and Alkali soils of Amazonia are reported by SOMBROEK (1962b).
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Profile 52. SOLONETZ, COASTAL PHASE (Sol, €}

Field description 175 (Day, Sombroek}

Location: Eastern part of Marajo island, about 40 km N'W of Soure (Lat. 0°32° S; Long. 48°47" W).
Relief and drainage. Flat lowland. Poorly drained: during the rainy season submerged under about 1
m rain water.

Parenr materigl; Subrecent marine-deltaic sediments.

Vegetative cover: Grasses, and other herbaceous plants.

A, 0-20 cem: Dark grey (10 YR 4/1) with many, fine, distinct moftles of strong brown (7.5 YR
5/8), mainly along the grass roots. Trampled by cattle. Structure very coarse prismatic, of
meoderate strength; breaking into coarse angular blocks, generally of weak, but in lower part,
locally, of moderate strength, Dry, very hard; strongly cracked. Very sticky and very plastic
when wet. The upper 10 cm has many insect channels; the lower part is massive within the
structure elements. Transition clear and irregular.

By 2040 em: Very dark grey brown (10 YR 3/2) clay, with common, very fine, faint mottles of
strong brown (7.5 YR 5/8). Structure moderate, coarse prismatic, locally columnar. Faint,
locally distinct, clay skins on all vertical ped faces. Distingt slickensides on the sub-horizontal
surfaces. Dry, very hard. Very sticky and very plastic when wet. Scattered, small (2-5 cm diam),
round, half-hard, black concretions, effervescing with H,0,: concretions of manganese.
Transition clear and wavy,

Bag  40-140 em: Dark grey (5 Y 4/1) clay, with many, fine, faint mottles of light yellowish brown
(2.5 Y 6/4). In the upper part the structure is medium prismatic, of weak to moderate strength.
Commen, faint clay skins on vertical ped faces. Distinct slickensides on the sub-horizontal
surfaces. Moist; lower part wet. Very sticky and very plastic. Concretions of manganese as
above. No effervescence with HCI, Transition gradual.

With Dutch auger:

By 140-210 em: Light grey (5 YR 6/1) clay, with many, coarse, prominent mottles of yvellowish
red (5§ YR 5/8). In the yellowish red, half-hard plinthitic tubes. Wet, very sticky and very
plastic. No effervescence with HCI. Transition clear.

Cy 210-225+ cm: Grey (N 4/0) clay. Wet, very sticky and very plastic. No effervescence with
HCL

Note: Sampling of the A, at the beginning of the dry season, of the Bag, the Bysg and Bag at the end of

the dry season.

Full mineralogical analysis was carried out on a sample of the By horizon. The data
of sample 175-3 of Table 7and 8 show that in the clay fraction kaolinite comprises only
25%, while 2:1 lattice silicate clay minerals comprise together about 50 9. Of these,
‘swelling illite’ is particularly important (2497). Felspar is present in considerable
amounts (17 and 109 respectively) in the 2-16 and 16-80 micron fractions.

To some extent sample 154-2 has the same mineralogical composition (¢f. the Tables
7 and 8 and the Figs. 14a-¢), which is of the B,y horizon of another Solonetz, Coastal
phase profile (intergrade to Low Humic Gley soil). Photo 12 illustrates the composi-
tion of the clay fraction of the latter sample.

(XII) TeERRA PRETA SQIL (TP)

General concept: Terra Preta soil is a well-drained soil characterized by the presence
of a thick black, or dark grey, topsoil which contains pieces of artefacts.

As discussed in 1I1.3.4, the Terra Preta soil is a kind of kitchen-midden, developed at
the dwelling sites of Pre-Columbian Indians. A general discussion of its qualities is
given in V.3.1.2. Here, only cne full profile description is given.
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Profile 53. TERRA PRETA, light textured (TP;)

Fielcl description 39 (Day)

Locarion: Santarém, at Silviculture plots of Sawmill training centre.

Relicf and drainage - Gentle undulating terrain (slope 1-3%/). Well-drained. Alt. less than 30 m.
Parent mareriad: Pleistocene sediments.

Vegetarive cover: Low secondary forest.

Ap 0-35 em: Black (N 2/0) loamy sand. Moderate, medium crumb structure, Moist, friable. Many
roots. Scattered pieces of old ceramics. Transition gradual, smooth.

A, 35-70 em: Very dark greyish brown (10 YR 3/1) loamy sand. Moderate to weak, medium
crumb structure. Moist, friable, Many roots, Transition diffuse, smooth,

B,, 70-100 cm. Dark brown (10 YR 3/3) heavy loamy sand. Weak, coarse subangular blocky
structure, Moist, friable. Slightly more compact than B... Transition diffuse, smooth.

B, 100-160 -+ cm: Dark brown, to brown (10 YR 4/3) light sandy loam. Weak, coarse subangular
blocky structure. Moist, friable.

(XIII) OTHER SOILS

A number of other soils were encountered in Amazonia. Since they have not been
properly studied and/or are of limited occurrence, they will be described only in short.

One such a soil is a fertile, red, clayey soil, locally known as Terra Roxa. Whether it is
predominantly a Terra Roxa Legitima (a Latosol, ¢f. group Ila of Table 6), or a Terra
Roxa Estruturada (a soil with a textural-B), is not established.

One profile studied® {Alenquer) proved to be more like the latter than like the former: The A horizon
of this profile is of clay loam texture and the B horizon of light clay texture, giving a textural ratio
B/A of 1.43. The structure of the B horizon is moderate to weak, very fine to medium subangular,
with common and weak clay skins. Analysis revealed that the silt fraction (2-50 micron) is relatively
high (20-25 %;, while 45 %, clay is present). Ki data decrease from 2.0 in the topsoil to 1.5 in the central
part of the B horizon. The Al,0;:Fe,0; ratio increases in the same stretch from 1.6 t0 1.9. The T-value

decreases from 18 m.e./100 g in the topsoil to about 3 m.e. in the subsoil. The pH-H,O is between 6.0
and 6.5 throughout the profile down to 200 ¢m depth, and the base saturation is between 70 and 90 %7,

Another fertile scil encountered is a black, very sticky and very plastic clayey soil,

denoted Grumosol.

One profile studied® (Monte Alegre) consists to 40 cm depth (A horizon) of black clay loam, of weak
or moderate, medium to coarse, mainly subangular blocky structure, Below this, olive grey clay or
heavy clay is encountered, with white specks of carbonates and presence of slickensides. Analysis of
this profile gave Ki data of 4.5 to 5.0, high amounts of natural clay, high T-value {40 m.c./100 g and
more) and high to complete base saturation, with Ca®t as strongly predominant cation.

A well-drained, moderately weathered soil with the following characteristics has been
tentatively classified as a Non Calcic Brown-like soil, Gravelly phase (NB, G):
Reddish brown colour throughout the profile; presence of much gravel and stones of
laterized chert; loam to clay loam text'ure, without much textural difference between
the A and the B horizons, The structure in both horizons is moderate, medium to fine

subangular blocky.

An analysed example of such profiles (Araguaia Mahogany arca) shows a low base saturation in both
the A and the B horizons, together 50 cm thick, but high base saturation in the C horizon (50 ¢cm thick)
in which the Ca*tion is very predominant. In all three horizons the Ki value is about 2.9 and the
percentage Carbon 1-2 9.

) Excursion Eighth Brazilian Congress of Soil Science, 1961.
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A well-drained, moderately weathered, shallow soil with the following characteristics
has been tentatively classified as an Acid Brown Forest-like soil, Gravelly phase (AF, G):
Presence of many fine gravelly plinthite concretions (of laterized silt-stone) in the
lower part of the profile; yellowish brown to light yellowish brown colour below the
surface layer: silty clay loam texture. The A horizon does not secem to be much lighter
textured than the B horizon, and the structure is moderate subangular blocky and
weak subangular blocky respectively.

One analyzed profile(Araguaia Mahogany area) shows about 3594 clay in the A horizon {40 ¢m thick),
45% clay in the B horizon (40 cm thick), high percentages of silt (40-50%;), and much natural clay in
the B horizon. Ki and Kr data of the soclum decrease with depth from 2.4 to 2.2 and from 1.7 to 1.5

respectively. The cation exchange capacity (T-value) of the sclum decreases with depth from 12 m.e,/
100 g to 8 m.e., and the base saturation from 40 to 20%;, at pH-H,O values of 5.5-5.0.

Under Affuvial soil are classified well or moderately well-drained soils on recent sedi-
ments, with little profile development.

The profiles of this soil encountered (Araguaia Mahogany area) are generally light or
medium textured, usually with colours of yellowish hue, and with flakes of mica in the
sand fraction. In one analysed profile, the distinguishable soil layers up to 350 cm
depth, vary in their clay content between 10 and 20 % and in their silt content between
20 and 309, Natural clay comprises about half of the total clay. The structure is weak
subangular blocky in the upper part, massive in the lower part of the profile. Ki data
vary between 3.5 and 2.7 and Kr data between 2.8 and 2.1. The T-value varies between
3.7 and 5.0 m.e./100 g, and the base saturation decreases with depth from 60 to 20 %,.

The name Pard Podzo! has been given to a highly weathered, well-drained, very light
textured soil, with a thin bleached A, horizon and humus accumulation, without
cementation, it the B horizon. A profile description is given by Day (1961). No ana-
lytical data are available about this soil.

Under Grey Hydromorphic soil is classified a strongly weathered, imperfectly to poor-
ly drained soil, which has a light textured, bleached A, horizon, that grades sharply in-
to a relatively heavy textured, mottled, dense B horizon, which is not plinthitic. The
main colour of this horizon is grey or light grey, and mottles of reddish yellow or
strong brown are present in varying abundance and size. The silicate clay minerals are
supposedly of 1:1 lattice structure (kaclinite}, and the base saturation is thought to be
low, to very low.

Organic soils have also been encountered in Amazonia. They are waterlogged and
very acid. A peaty horizon of varying thickness overlies mineral soil material that is
commonly very light textured, and bieached. For these soils, the names Half Bog soil
or Bog soil are applied, if the organic layer is between 30 and 60 cm thick, and more
than 60 cm thick respectively.
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111.3 The Occurrence of the Soils in Relation to the Various
Geomorphologic Units

In this subchapter, a picture is given of the distribution of the soils as described and
classified in the preceding pages. The geomorphologic units described in 1.4 are taken
as the basis. The situation is illustrated, very diagrammatically, in Fig. 17. For the soils

Fig. 17 Mapa esbogado dos solos amazénicos principais na sua relacdo com as unidades geomorfologicas
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Fig. 17 Sketch map of the main Amazon soils in thelr relation to the geomorphologic units



of the Planicie, which have been comparatively thoroughly studied, the influence of
several soil forming factors is discussed in some detail. These factors are Time (degree
of profile development, depending upon terrace level), Man (Terra Preta), and Ground
Water (Ground Water Laterite soil versus Ground Water Podzol).

111.3.1 The Soils of the Undulating Terrains with Outcropping Crystalline
Basement

Only a few data are available as to the soils in the regions where the Pre-Cambrian
crystalline basement, of the Guiana and the Central Brazilian shields, cutcrops. In the
Araguia Mahogany area (¢f. Appendices 2 and 6), on the outskirts of Amazonia, the
crystalline, western section consists of mica schists and quartzites. The mica schists,
which occupy undulating to hilly terrain, have resulted in the formation of shallow red-
dish soils which have been classified as Red Yellow Podzolic soil, with rather high base
saturation (RP.pp; Profile 37). The quartzites are present in mountainous terrain
{Dome formations), and have resulted in Lithoseol, Quartzite substratum phase (L, Q).
On the crystalline rocks elsewhere in Amazonia (granites, gneisses, syenites, mica
schists), the deep, friable, reddish or yellowish Red Yeliow Latosols (RL) are probably
the most frequent. An example of such a soil is the profile from Serra de Navio in Ama-
pd Territory, which has probably developed on amphibole and mica schists (Profile
34). Examples of profiles on granites, gneisses and syenites are not available. The com-
paratively small areas with basic effusions {gabbro, diabase, dolerite) have probably
Terra Roxa (Legitima or Estruturada) soils for the most part.

II1.3.2 The Soils of the Undulating Terrains with Outcropping Paleozoic,
Mesozoic or Early Tertiary Deposits

The soils on these terrains, where consolidated and slightly metamorphosed sedi-
ments of a whole series of geological periods are found within short distances (cf.
Appendix 8 and the Figs. 5 and 6), are naturally very diverse. It has to be borne in
mind that a large portion of the areas indicated on the geological maps as having
these deposits, have in fact a thin cover of Late Tertiary or Quaternary sediments.
Areas with soils derived from Paleozoic, Mesozoic or Early Tertiary deposits are
therefore comparatively small. Lithosols, of hematized sand-stones and shales, are
apparently rather common among them.

No data are available on the soils of the Silurian and Pre-Silurian deposits of the
Amazon basin.

Alittle is known about the soils derived from the Devonian deposits of both the Ama-
zon and the MaranhZio basins. In the Araguaia Mahogany area (Appendices 2 and 6),
the principal soil on the Pimenteiras beds is a Dark Red Latosol, Shallow phase
(DL, s; Profile 35). SakamoTO (1960) mentions a soil on the Miacuri of bedsthe Amazon
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basin, in the area of the lower Trombetas and the Erepecur( rivers. He describes it
as ‘loose sands with a limited amount of ¢lay, light orange and brilliant reddish orange
coloured over more than 1 m’. It is possibly a Red Yellow Latosol. In describing
a red shale, occurring at the lower Jari river and supposedly of Devonian age, the
same author states that it weathers into yellow kaolinitic clay.

The Carboniferous deposits of the Amazon basin are very interesting economically
bezause of the presence of lime-stones, evaporites and diabase (the latter are Jurassic in
part). In the Monte Alegre-Alenquer area, a few studies of the soils derived from these
deposits have been made. The lime-stones have given a Grumosel, while a Terra Roxa
Estruturada has developed on the diabase (Excursion Eight of the National Brazilian
Soil Congress, 1961; ¢f. notes under (XIIT) of 111.2). The evaporites are likely to have
resulted in the formation of soils similar to those present upon the Pastos Bons-Motu-
ca beds of the Maranh&o basin (¢f. below). No consistent data are available on the
soils on the less rich deposits within the Carboniferous strata of the Amazon basin
{cf., however, Profile 17 of 11.3).

The Carboniferous strata in the Maranhdo basin are also very diversified. In the
Araguaia Mahogany area (Appendices 2 and 6), Acid Brown Forest-like soil, Gravelly
phase (AF, G) has been found to be the common soil on reddish brown silt-stones,
which are probably of the lower section of the Piaui beds. The presence of Lithosol,
Sand-stone substratum phase (L, s8) has been established on coarse grained sand-stones
which probably belong to the Potf beds. In the same area, Carboniferous lime-stones
occur, associated with very resistant chert {chalcedony) in the superficial layers
(Piaui beds, ¢.g. Pedra de Fogo beds and upper section of Piaui beds). The soil is
therefore only a Lithosol, Cherty substratum phase (L, cH), or a very gravelly Non
Calcic Brown-like soil (NB, G). On flat land surfaces, with the same substratum,
Hydromorphic Grey Podzolic soil, with high base saturation, Shallow phase (HPpy,
8; Profile 46) has developed.

Also a few data are available on the soils derived from the Lower Mesozoic deposits
of the Maranh&o basin. As to the Jurassic-Triassic deposits, it can be said that on
approximately flat terrains in the Araguaia Mahogany area, with a substratum of
silt-stones and clay-stones that are, in part, calcareous and gypsiferous (Pastos
Bons-Motuca beds; Piaui beds of other geological mapping), various hydromor-
phic soils have developed (mapping unit H of Appendices 2 and 6; ¢f. also Fig. 23).
Among them are Hydromorphic Grey Podzolic soil, with high base saturation, Ortho
and Dark phase (HPpy, 0 and HPpp, D; Profiles 44 and 45 respectively) and Ground
Water Laterite soil, intergrade to Hydromorphic Grey Podzolic soil { Deep phase and
Clay-stone substratum phase, GL-HP,p and GL-HP,c; c¢f. Profiles 14 and 15
respectively of I1.3). Undulating ground composed of coarse grained sand-stones(Pastos
Bons-Sambaiba beds) was found to have Kaolinitic Latosolic Sand profiles, Transition
phase and Savannah phase (KLS, T and KLS, s; ¢f. Profile 33 for the latter).

The survey of the Guamd-Imperatriz area (Appendices 1 and 5} provides for some
clues as to the soils derived from the Cretaceous deposits of the Maranhio basin. Red
Yellow Mediterranean-like soil (RM; Profile 41) is the common soil of the undulating
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country, at the southern end of the area, which. is composed of the relatively rich Codé
beds. In the same stretch, patches of Ground Water Podzol (GP) have been found, This
soll is likely to have developed on the sandy Corda beds which occur immediately
below the Codé beds.

SAKAMOTO (1960) states that the sediments of the Ttapecurd or Serra Negra beds
{Late Cretaceous, or Tertiary) contain a small percentage of volcanic elements, con-
trary to the sediments of the Late Terttary Barreiras beds. He thinks it likely that the
soils derived from the former sediments have a higher content of bases. In the meagre
amount of geological literature relevant to this area, it is assumed that the Itapecurd or
Serra Negra beds occurs in a stretch of the Guama-Imperatriz area north of the zone
of outcropping of the Codd beds. In studying Appendices 4 and 3 it 1s, however, evi-
dent that the land surface in this stretch was modelled during the Plio-Pleistocene
epoch (planalto with Belterra clay) and the Pleistocene epoch (terraces at lower level).
The charac.eristically rather high base saturation of the Kaolinitic Red Latosol occur-
ting on the terraces in the stretch {¢f. I11.3.4), may however be an indication that the
modelling was done exclusively with the above-mentioned, volcanic elements contain-
ing Early Tertiary sediments.

The Cretaceous and Early Tertiary sediments of the Amazon basin are apparently
nearly everywhere covered with a thin layer of Late Tertiary and/or Pleistocene mate-
rials (¢f. 111.3.4). In contrast, the Cretaceous and Tertiary deposits of the Acre basin
outcrop, according to indications, in the eastern part of Acre State over considerable
stretches. In this area, the presence of Red Yellow Podzolic soil, with low base saturation
{RP j; Profile 36) has been established. Also a dark red, friable, clayey soil, provision-
ally classified as Dark Red Latosol (DL) occurs. It was not possible to make a definite
correlation of these soils with known geological strata (¢f. Appendix §).

II1.3.3 The Soils of the Cretaceous and/or Early Tertiary Peneplanation
Surfaces

No field data exist on the soils of the presumably Cretaceous plateaux in the transi-
tion zone between Amaronia and Central Brazil. On the FAO Soil Map of South
America, second draft, they are indicated to have Arenro-Latosols or Rego-Latosols.
The supposedly Early Tertiary peneplanation surface, occurring about halfway be-
tween these plateaux and the Amazon river, are likely to have a predominance of
Hydromorphic soils and Lithosols. It is believed that the same soils predominate in the
savannah covered areas of the boundary region of Pard State and the Guianas (Cretac-
eous and/or Early Tertiary). According to indications, the terrains concerned are
extensively flat, with a number of crystalline ridges (¢f. discussions in IV.1.2).
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111.3.4 The Soils of the Planicie

As discussed in 1.4, the uplands in the broad axial part of Amazonia consist of uncon-

solidated kaolinitic sediments largely of the vaguely dated Alter do Chio or Barreiras
beds. They are shaped into a heavy clay covered Plio-Pleistocene plateau (the Amazon
planalte with Belterra clay), and more or less sandy Pleistocene terraces at a lower
level. These uplands are collectively called Planicie. The soil data on this Planicie are
relatively numerous. A general discussion of the soil qualities in relation to the
agricultural capabilities is given in Chapter V.,

111.3.4.1 The Soils of the Amazon Planalto

The soils of the Belterra clay covered Amazon planalto have an uniform profile
development over large areas. In the eastern part of the region, east of Manaus, the
soils are very predominantly Kaolinitic Yellow Latoso!l (,Ortho), very heavy textured
(KYL,s: Profile 24). Its presence has been established in a considerable part of the
Guamd-Imperatriz area (¢f. Appendix 1), near Tucurui on the Tocantins river, along
Curud-una river (¢f. Fig. 11), at Belterra Estate along the lower Tapajés river (¢f. Fig.
20) and in the central section of the Manaus-Itacoatiaia area. There is a gradation in
the compactness of the subsoil, which has apparently an influence upon the quality of
the forest cover (¢f. 1V.1.1.2). The thickness of the A; subhorizon also varies consider-
ably. Terra Preta soil (TP p5) only occurs very locally on the planalto (¢f. Fig. 20).

As discussed in1.4.2, the Belterra clay covered plateau is relatively low-lying in west-
ern Amazonia (west of Manaus), and the clay itself probably slightly less heavy. The
plateau has been studied near Porto Velho, along a 100 kin stretch of the Acre — Bra-
silia highway (BR-29). The soils in this stretch are, for a part, Kaolinitic Yellow Latosol
(,Ortha), heavy textured (KYLy) and Kaolinitic Yellow Latosol, intergrade to Dark
Horizon Larosol, heavy rextured (KYL-DHL). The central sections of planalto have,
however, heavy textured Kaofinitic Yellow Latosol, intergrade to Ground Water Laterite
soil (KYL-GLjp; Profile 12). It is likely that about the same soil situation exists for
plateau land in western Acre State. On the low piateau land between the lower Puris
and the Catua rivers, (very) heavy textured Kaolinitic Yellow Latosol, intergrade to
Ground Water Laterite soil (¢c.q. Planoselic Latosol; ¢f. 111.2) is probably predominant,
The notes of MaARBUT and MaNIFOLD (1925, 1926) concerning the dissected plateau
land in all the region west of the Catud river, point to good drainage. They suggest their
soil group 3: ‘clay loams and clays with red or reddish friable clay subsoils’, to be the
most common on these plateau parts (¢f. Fig. 18). Since this group comprises the soil
on the planalto south of Santarém, it may be assumed that the Kaolinitic Yellow Lato-
sol (,Ortho), (very) heavy textured (KYL,p or KYLy) is also predominant on the
planalto areas in this part of Amazonta. The only available soil data as to the planalto
stretches in the Peruvian-Columbian part of Amazonia are also those of MarRBUT and
ManiroLD. They indicate a similarity to the adjoining Brazilian parts. In Bolivia,
however, much of the plateau land is imperfectly drained (Madre de Dios area; cf.
ARENS, 1963).
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Fig. 18 Mapa de MArBUT and MANIFOLD (1926 dos grupos de solos da Bacia Amazénica Interior

Fig. 18 The soil groups of the Inner Amazon Basin according to MARBUT and MANIFOLD’s map (1926)

I11.3.4.2 The Soils of the Pleistocene Terraces
Both the uplands with sediments of undisputedly Pleistocene age (¢f. 1.3) and those
with supposedly Late Tertiary sediments that were however re-modelled into terraces
during the Pleistocene (cf. 1.4.3), have soils that are comparatively well known because
of their easy access.

MAIN SOILS

In the eastern part of Amazonia, all the area east of Manaus, the principal soils on all
Pleistocene terraces are yellowish and deeply friable, and of varying texture. They are
classified as Kaolinitic Yellow Latosol { ,Qrtho), medium, rather heavy or heavy textured
(e.g. Profile 25: KYL,,). They have been mapped for large stretches of the Guamd-Tm-
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‘Sandy loams with vellow friable subsoils usually consisting
of sandy clay’

‘Fine sandy loams with predominant yellow to reddish yeltow 1 g°
friable clay to sandy clay subsoils’
5

‘Clay loams and clays with red or reddish friable clay subsoils’

‘Clays and clay loams with heavy imperfectly oxidised clay
subsoils usually at a depth of two feet or less’

} “Yery fine sandy loams with reddish or reddish vellow friable -
5'00 HRHHH clay subsoils’
Ny “Alluvial soils’

peratriz area (Appendix 1). In the Caeté-Maracassumé area (¢f. Fig. 19) and the Bra-
gantina area they are the predominant soils (mapped as “Yellow Latosol’ by Day
(1959) and FiLBO ef al. (1963) respectively; medium textures predominate). The light
textured relatives to these soils, classified as Kaolinitic Latosolic Sund (KLS), are nor-
mally present near the rivers and are of frequent occurrence in the Lower Amazon
region. The uplands with Kaolinitic Yeilow Latosols or Kaolinitic Latosolic Sand are
largely under forest. A number of the savannah terrains, however, also have these
soils (¢f. TV.1.2.1). In that instance, ‘Savannah phase’ is applied.

PROFILE DEVELOPMENT IN DEPENDENCE OF TEXTURE AND TERRACE LEVEL
Many profiles of both the Kaolinitic Yellow Latosols and the Kaolinitic Latosolic
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Fig, 19 O levantamento expedito da drea Caeté-Maracassumé por Day (1959)
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Association Maracassumé (‘Yellow Latosol” + *Ground Water Laterite’ predominantly)
Associacdio de Maracassumé ( predominantemente ‘Latosolo Amarelo® + ‘Laterita Hidromor-
fiea')

Association Gurupl (*Ground Water Laterite, low phase’ predominantly)

Associagdo de Gurupi { predominantemenie ‘Laterita Hidromortica, fuse Baixa’)

Association Pitord (‘Ground Water Laterite’ + ‘podzolised Ground Water Laterite® —+
“Yellow Latosol’ predominantly)

Associacdo de Pitord {predominantemente ‘Laterita Hidromorfica® + ‘Laterita Hidromdrfica
podzolizada’ - ‘Latosolo Amarelo’)

‘Low Humic Gley soil”

‘Solo Glei Pouco Himico®

‘Saline soils’

‘Solos Salinos’

‘Ground Water Laterite, [ow phase’

‘Laterita Hidromdérfica, fase baixa’

‘Agricultural soils, undifferentiated’

‘Solos agricolas, nde diferenciados’

Fig. 19 The reconnaissance soil survey of the Caeté-Maracassumé area by Day (1959)
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Sands have been studied. There is a general and clear tendency for the profiles of
heavier texture to have shallower B, horizons, a smaller textural ratio B/A, thinner
A, subhorizons, and thinner superficial films of loose bleached sand (‘micro podzol’).
[t 1s inferred that there are also siight differences in the morphometry and in the physic-
al and chemical properties of the profiles, which are related with the terrace level on
which the profiles occur. Since higher terraces are of greater age, this may enable an
evaluation to be made of the influence of the scil forming factor Time on these profiles
This is especially possible, because other soil forming factors - Parent Material, Topo-
graphy, Vegetation and Soil Fauna, Ground Water, and Climate — are fairly equal
throughout the Planicie of eastern Amazonia. The profiles on higher level, i.e. older,
terraces show the following trends:

The superficial film of bleached loose sand is slightly thicker; the A; subhorizon 1s
slightly thicker; the depth of the horizon of maximum clay accumulation and mini-
mum silt content, i.e. the B, subhorizon, is larger; the difference in texture between the
A and the B horizons, as expressed in the textural ratio B/A, is slightly larger; the
silt/clay ratio is slightly smaller; the activity of the clay-sized particles is slightly small-
er; the C/N value of the organic matter is somewhat larger. The P-fixation and the per-
centage of exchangeable (Al)* may depend also on the terrace level.

These trends are separate from the above-mentioned much larger differences in mor-
phometry which are a consequence of a difference in the over-all texture of each indivi-
dual profile. For studying of the time factor therefore, profiles of similar general tex-
ture should be compared. A quantitative evaluation is not possible because not encugh
precise data are available on profiles with comparable texture from completely flat and
non-eroded parts of the terraces at different levels. Moreover, the differences due to the
time factor are so small that they cannot be measured with accuracy with the method
of horizon sampling used and the present day level of refinement of laboratory ana-
lysis. Minute differences in parent material, in the forest cover, the soil fauna or in the
climate may also obscure one or more trends. The mentioned aspects of profile ‘ageing’
are therefore only exemplified by two profiles of Kaolinitic Yellow Latosol (,Ortho),
medium textured (K'YL,,). They occur both on flat and non-eroded sections of terraces
in the northern part of the Guamd-Imperatriz area, and are both under primeval
forest cover (Table 10, the numbers 233 and 231).

The data of three profiles of Kaolinitic Latosolic Sand (KLS) are also given, although
the terrace levels of these latter profiles are not well established. Parent material and
climate of Profile 296 are morgover probably slightly different from those of the
numbers 45 and 169.

That under long existing and man-induced savannah growth (¢f. IV.1.2.1), the trends
are stronger, becomes apparent from the data on number 337. The much clearer in-
fluence of the over-all texture on the variations in morphometry can be judged from
the data of two profiles of Kaolinitic Yellow Latosol (,Ortho), very heavy textured
(K YL 1) of the non-eroded planalto, also under primeval forest cover.
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Table 10 Variations in a number of dara on soil profiles from terraces ar different levels, showing the influence of Time

Classifica-
No. tion Terrace
fieid classifica- level
descr. a0 nivel de
decsr. de  (cf. Table 9) Location Vegetative cover terraco Age
campo  {cf. Tabeln 9) localizacdo coberiura vegefal (m) idade
42/112 KYL,:. Curui-una, km 6.5 primeval forest 180  Calabrian
foresta primitiva Calabriano
210 KY¥YLy, BR-14, kin 247.0 primeval forest 200  Calabrian
floresta primitiva Calabriano
233 KYLy, BR-14, km 12.7 primeval forest 65  Milazzian
Horesta primiriva Milaziano
231 KYL,; BR-14, km 58.0 primeval forest 34  Epi-Monastirian
Horesta primitiva Epi-monastiriano
337 KYL;, Amapé-Fazendinha, anthropogenic savannah 34  Epi-Monastirian
km 8 savana antropogénica Epi-monastiriano
45 KLS Curua-una, km 5 ca. primeval forest 100 ca. Sicilian?
Foresta primitiva Siciliano?
169 KLS Curud-una, km 2.5 ca.  primeval forest 60 ca. Milazzian?
Foresta primitiva Milaziano?
296 KLS Araguaia, Rio Corda  primeval forest 10 ca. Late Monastirian
foresta primitiva Monastiriano superior
Constitution of B, horizon [ constituicdo do korizonte B,
Base Moist.
No. Si(,: Clay Cation exch. cap. saturation equiv.,
field Si0,: (AlLO, + argila capacid. de troca saturagGo equiv,
descr. Al,O, Fe, Op) (< 2u) Carb. {(NH,QAcpH =7 de bases de umidade
descr. de (%) (%) {m. e./100 g) %9 (g/100 g)
campo Ki Kr c. C T A% M.E.
42/112 1.90 1.71 83.0 0.83 4.81 10.8 35.8
210 1.77 1.48 88.5 0.69 4.56 14.0 34.0
233 1.85 1.63 20.4 0.16 1.69 230 2.8
231 1.82 1.63 23.9 0.22 2.14 8.7 13.2
337 1.83 1.63 53.8 0.30 2.07 17.9 25
45 1.60 1.23 10.0 0.22 1.06 kYN 4.7
169 1.50 1.24 14.9 0.08 - - 6.7
296 1.77 1.53 10.9 0.09 1.61 25.5 6.0

1) Silt-Int. fraction estimated, by graphical interpolation on summation curve, with known silt-U. 8., / Fracdo silte-Int. estimada,
por interpolacie grdafica em curva cumulativa, com silte-U.S. conhecide.
*) Depth of central part of B, | Profundidade da parte central do B,

% 20-2 p
 m VTS
) oy ¢ 100

4 a Estimated, by graphical comparison of horizons of the individual profile that have approximately identical percentage
of Carbon / Estimado, por comparacée grifica de horizontes do perfil individual que apresentam percentagem de Carbonc
aproximadamente idéniica
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wela 10 Varivgdes em dados de perfis de terrucos de diferenics niveis, mostrando a influéncia do faror Tempo

. P-fix
Thick- Bleached . in B.
ness sand cover Depth  Textural  Int-silt fis.de ~ (ADvin
espes- cobertura  profun- ratio clay P o B, B.
sura de areia didade relacdo . CIN of / d {¢tof T} Classif.
A alvejada B joxtural Silre . CINobido ( P-total} (4} *  (cf. Table9)
(cm) (cm) {cm) BiA argila® A, B, | P-Bray no By (¢f Tabela %)
30 0 65 1.12 4.9 13.7 13.8 - - KYLyn
2 ] 40 1.12 5.4 10.9 8.6 150 23 KYLen
20 2.0 230 1.82 34 14.7 7.7 225 39 KYLw
20 0.5 100 1.15 16.7 9.7 7.3 75 25 KYXLy
15 - = 90 1.60 7.4 15.4 15.0 130 16 KYL;
35 ? =120 1.85 2.0 17.2 220 - - KLS
20 ? 350 207 27 14.6 8.0 - - KLS
10 03 255 1.31 4.9 9.7 4.5 66 20 KLS
) Cation exchange cap. of clay in B,
Moisture equiv. of pure capacidade total de troca da argila do B,
clay in B, Spec. surf.
equivalente de umidade NHOAc-pH = 7 NaO Ac - of clay® in B,
da argila pura do B, pure clay / argila pura H = 8.2 superf. e.::pec. R
(m.e./100 8) (m.c./100 g) pH = a. da argila® Classif.
. it g clay f argifa® do B, (cf. Table 3)
al b ¢t d* {m.e./100 g) (m?/100 g) (cf. Tabela 9)
g 46.7 0.5 1.8 4.8 54 KYLya
43 41.0 1.3 2.1 4.8 81 KYLyn
45 43.8 1.5 5.2 6.5 73 KYLs,
57 49.6 3.7 5.4 - - KYLx
46 43.6 2.7 1.7 - - KYLp
33 433 29 2.0 - - KLS
35 439 8.6 - - - KLS
77 337 12.2 11.6 - - KLS

b Calculated, using the factor 1.7 for the activity of the organic matter (cf. V.3.1.1) 1 Caleulade, usando o faror 1.7 para a
atividade da maréria orgénica (cf. V.3.1.1)
¢ Estimated, by graphical comparison of horizons of the individual profile that have approximately identical percentage
of clay / Esiimado, por comparacde grifica de horizontes do perfil individual aue apresentam percentagem de argila aproxima-

damente idéntica

d Calculated, using the factor 3.9 for the activity of the organic matter (cf, V.3.1.1) | Calculado, usando o fator 3.9 para a
atividade da maréria orgdnica (cf. V.3.1.1)
Organic matter not destroyed [ AMatéria orgdnica ndo destruida
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OTHER WELL-DRAINED SOILS

Reworked Belterra clay is present on parts of the higher Pleistocene terraces (cf.
1.4.2). The main soil developed on this clay is more compact, and at the same time paler
than the seil developed on Belterra clay on the planalto proper. It is classified as Keofin-
itic Yellow Latosol, Compact phase, very heavy textured (KYL, Cpp; Profile 26). The
presence of this soil has been established for a part of the Guamd-lmperatriz area,
where peculiar hummocks, called jabotis, are an associated terrain feature (cf. Appen-
dix 1, km 130-km 190; Appendix 3 and Photo 20). In the headwater region of Igarapé
do Lago in Amapa Territory, the soil is found also, largely under savannah cover.
Also near both Manaus and Itacoatiara, where the reworked Belterra clay seems to
have a slight admixture with coarser sediments, the soil has a compact appearance.

Also relatively compact and pale profiles may be found which possess lighter textu-
res. They seem to be restricted to the older Pleistocene terraces, for mstance the one of
about 60 m* (Milazzian). An example is the Kaolinitic Yellow Latosol, Compact phase,
rather heavy textured (KYL, Cpp: Profile 27) of the terrains east of the stretch km 50~
km 90 of the Guamd-Imperatriz area.

In the southern stretch of the Guama-Imperatriz area, which has a pronounced dry
season although it has a forest cover, a soil much comparable to the Kaolinitic Yellow
Latosol (,0Ortho), mediwm textured has been found. It is, however, of redder hue and
has a higher base saturation. This soil is classified as Kaolinitic Red Latosol, medium
textured (KRL,; Profile 31).

Well-drained soils were also found to occur which have a reddish subsoil (B horizon)
below a yellowish topseil (A horizon). When these subsoils are friable, then such pro-
files are classified as Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil.
This a common soil in the stretch km 90-km 140 of the Guamd-Imperatriz area (Ap-
pendix 1 and 3), where the subsoil is largely rather heavy textured (KYL-RP,y; Profile
29). In part, these reddish subsoils are firm, and then also the textural ratio B/A is
rather farge. Such profiles, which are classified as Red Yellow Podzolic soil, intergrade
to Kaolinitic Yellow Latosol, were frequently found to occur in the central part of the
Guamad-Imperatriz area. The texture of the subsoil varies there from rather heavy to
very heavy (RP-KYL;; and RP-KYL,;; Profiles 39 and 38 respectively). Similar
soils have been described for the Caeté-Maracassumeé area, more especially the south-
western part of the area of the ‘Association Pitord’. At that time, the name ‘Red
Yellow Podzolic® was applied (Day, 1959; ¢f. Fig. 19).

Many parts of the Planicie in eastern Amazonia have fossil plinthite near the surface.
The well or moderately well drained seils which have a considerable quantity of such
fossil plinthite in the solum, are discussed extensively in I1.3.2.2. They are classified
either as Kaolinitic Yellow Larosol, Concretionary phase (KYL, CR; Profile 22, 28), or as
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase
(RP-KYL, cr; Profiles 19, 21, and 20, 40). The former soil is found in sizeable expanse
east of Belém (Latosol Concreciondrio of FILHO et al., 1963). The latter soil occurs
frequently in the northern part of Guamd-Imperatriz area.
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IMPERFECTLY OR EXCESSIVELY DRAINED SOILS

Imperfectly drained soils with plinthite-in-formation within the solum, i.e. Ground
Water Laterite sotls (GL), occur in a number of areas of eastern Amazonia. In water-
shed parts of extensive flat terrains, where savannah or savannah-forest forms the
vegetative cover, the profiles are often outstandingly hydromorphic, constituting the
so-called Ground Water Laterite soil, Low phase. Many descriptions of the occurrence
of these hydromorphic soils are given in 1V.1.2. Discussions on the variability in the
profile characteristics, depending on the character of the fluctuation of the ground
water level, the texture of the parent material, and the degree of pre-weathering of the
parent material, are given in I1.3.2.1. The Profiles 2, 4, 5, 7/43, 8, 9, and 10 are of
Ground Water Laterite soils on Pleistocene terrains in eastern Amazonia,

Imperfectly to poorly drained soils with a bieached surface horizon and an Ortsiein,
ie. Ground Water Podzols, have also been encountered, commonly in strip-like
patches. The few analytical data suggest that Ground Water Humus Podzols (GP,
Profile 47) are involved. It can be inferred from the detailed descriptions in IV.1.2, that
these soils often bear savannah or savannah-forest of a kind.

It may be mentioned that Ground Water Laterite soils and Ground Water Podzols
have a different position. The former predominate, as extensive units, on watershed
areas with flat relief, and the latter on narrow strips of low upland along the rivers and
on former river beds, when these terrains are sandy, This implies that on imperfectly
drained sites where lateral ground water movement does not take place, Ground Wa-
ter Laterite soils develop, while on imperfectly drained sites where the ground water
can move laterally, Ground Water Podzols develop. It may be concluded that on
imperfectly drained watershed terrains there is merely a concentration, partly by
downward movement (bleached top of GL, Low phase), of sesquioxides into mottles in
the zone of fluctuating phreatic level. On imperfectly drained sandy terrains aleng ri-
vers, on the other hand, only the Al component of dewnward moving sesquioxides
concentrates, together with humus, into a homogeneous layer, while the Fe component
is carried away to the river (the latter conclusion may be drawn only when all Ground
Water Podzol profiles prove to have indeed only aluminum concentrated in their
Oristeins).

An excessively drained soil which consists, to a great depth, of bleached sand and is
classified as White Sand Regosol (WSR.; Profile 48), seems to have a restricted, patch-
like occurrence, commonly on relatively high terraces with sandy parent material, This
soil usually supports savannah-forest {¢f. 1V.1.2), but it may be found under high forest.

Shallow Podzols on sandy terrains in good drainage position were found to occur
also, but very locally: Pard Podzol of Day (1961). This Pard Podzol occurs in close
association with, and often in a position between the Kaolinitic Latoselic Sand and the
White Sand Regosol. The soil is therefore probably an intermediate stage in a weather-
ing process that may transform Kaolinitic Latosoelic Sand into White Sand Regosol
{¢f. Day, 1961).

Because of the excessive thickness of the bleached sand layer of the White Sand
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Foio 17 Algumas das cerdmicas das tribos indias pre-colombianas que com fregiiéncia se acham nos
solos de Terra Preta. Véem-se um $4p0O, q frompa de wma auid, as cabecas de 1rés pdssaros ¢ de wmn
RACcACo e uiig estaineta de fertitidade

Pheto 17 Some of the cerantics of Pre-Columbian Indian iribes thar are commonty found in the Terra
Preta soil. Taere can be seen a road, the irunk of « fapir, the heads of three birds, a monkey and u fertifit ¥
svinhol

Regosol, it can normally not be established whether or not a humus accumulation
occurs below the layer. The above mentioned physicgraphic position of the soil,
however, implies that the White Sand Regosol is likely to be actually very deeply and
strongly wheatered in situ. Instead of Regosol, a very deep Podzol or Ground Water
Podzol would be concerned. Even in the case that a [ayer of bleached sand was
deposited as such, alluvially or colluvially, one may assume that the layer will have
increased in thickness because of podzolisation, which seems to be the only possible
soil forming process on such a site. In any case, therefore, a name as ‘Giant Podzol’
may be more appropriate for the seil than White Sand Regosol.

TERRA PRETA SOIL

Throughout the Planicie in eastern Amazonia there can be found patches of so-called
Terra Pretaor Terra preia do indio (TP; Profile 53). This is an upland soil with a thick,
black or dark grey top, contains pieces of artefacts, and is famed locally for its fertility.
Gourou (1949) mentions a number of places where the soil occurs.

The patches are invariably small, often not exceeding 1000 m2. They are usually
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located at sites where the upland is near the navigable waterways. They are especially
frequent at outer bends of the rivers, where no floodplains occurs between the water
and the upland, and where the waterway can be scanned freely. Many of the TP pat-
ches occur at, or near, present-day villages or towns. Their location implies that the
soi predominates on the Pleistocene terraces, not on the planalto. It is only where the
latter closely approaches the main rivers, being banded by only narrow strips of lower
terraces, that patches of TP may be found on its edges. The latter is the case in the
Sautarém-Belterra area, where the planalto edges provide for an excellent view over
the area of the confluence of the rivers Tapajos and Amazonas. The patches of TP on
Belterra Estate have been mapped (¢f. Fig. 201, On eastern Marajo island the TP soil is
found, likewise as small patches, on the ridgy elevations (tesos) within general low-
land and on the highest parts of continuous low upland.

Apparently, all TP profiles contain, in their dark toplayer and/or just below this,
picces of artefacts, in varying frequency. They can be identified with ceramics of pre-
Columbian Indian tribes {cf. HILBERT, 1955). The fantasy employed in producing these
ceramics is illustrated in Photo 17.

[t can be taken for certain that the patches were occupied by the former Indian popu-
lation of Amazonia. Those small groups of wild Indians still in existence today, have
been driven far away from the means of communication and the population centres.

Fig. 20 Mapade solos do Estabelecimento de Belterra no baixo rie Tapajds (executado por JOSE BENITO
Sampalo, 1962}

54755 W KLS = Kaolinitic Lato-

//: solic Sand/Areia Latoso-
%

lica Caolinitica

1 KYL, = Kaolinitic
Yellow Latosol, medium
textured/Latosolo  Ama-
relo Caolinitico, de tex-
furg média

K¥Ly, = Kaolinitic
Yellow Latosol, very
heavy textured/Larosolo
Amarelo Caolinitico, de
fextura miito pesada

TP = Terra Preta
TM = Terra Mulatta

MISSAO - FAO/SPVEA 1 2 KM
SECCAD DE PEDOLOGIA ———

TP

Fig. 20 Soil map aof Belterra Estate on the lower Tapajos river (execuied by J. B. SaMmpalo, 1962)

1y The mapping unit Terra Mulatta {TM), which is characterised by a slightly less dark
topsoil than the TP (Terra Preta}and the absence of artefacts, occursin a broad band around
several of the TP patches. It seems likely that this soil has obtained its specific properties
from long-lasting cultivation. The gardens around the former Indian villages were pro-
bably situated here. No analytical data are however available concerning these TM soils,
which have not been observed outside the Santarém — Belterra planalto.
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At the time of the first European penetration, however, the then populous Indian
tribes used to dwell in well developed communities en dry terrains along the water
ways, which were the best sites for fishing, hunting and warfare strategy (¢f. MILLER,
1954)1.

There have been many discussions on the subject of the origin of the TP fertility (¢f.
Gourou, 1949). The following two hypotheses predominate:
1. The Indians chose these settlements because of higher natural fertility of the soil.
2. The present day fertility is solely due to prolonged Indian occupation. Previously,

the soils were no better than the surrounding ones.

Only the second hypothesis can be the right one, for the following reasons:
a. The texture of the TP profiles is varying, but always comparable to that of immedi-
ately surrounding soils (usually more or less sandy; sometimes concretionary, or very
clayey as on Belterra Estate).
b. The composition of the clay fraction of the TP profiles is identical to that of the
surrounding soils. It consists very predominantly of kaolinite {Ki values between
1.7-2.0; Kr values above 1,5).2
¢. The deeper subsoil (C horizon) and the substratum of the TP profiles are the same
as those of the surrounding soils.

Apparently, the TP soil is a kind of ‘kitchen-midden’, which has acquired its specific
fertility, notably much Calcium and Phosphorus, from dung, household garbage, and
the refuse (bones) of hunting and fishing. For detailed discussion of the TP fertility
please refer V.3.1.2.

THE PLEISTOCENE TERRACES OF WESTERN AMAZONIA

Only a limited number of actual data is available on the soils of the terrains with
Pleistocene influence in the western part of Amazonia, the area west of Manaus. Indi-
cations are that the principial soils are similar to those of eastern Amazonia. However,
the textures seem to be, on the whole, heavier and the sand fraction finer, at least in the
area between the rivers Solimdes and Madeira (¢f. the textural data of MARBUT and
MawnIFOLD, 1926, and Fig. 18 for the area concerned). Only in the area along the Rio
Negro the textures are believed to be relatively light,

Kuaolinitic Yellow Latosol (,Ortho), rather heavy or heavy textured (KYLyp, KYLy)
probably predominate. Rather heavy or heavy textured Kaolinitic Yellow Latosol,
intergrade to Red Yellow Podzolic soil (KYL-RP) and Kaolinitic Yellow Latosol, inter-
grade to Ground Water Laterite soil (KYL-GL, or Planosolic Latosol; ¢f. 111.2) - seem

1) For southern Brasil such patches are not known. This may be because of nomadic
living conditions of the former tribes in that region. The Amazon tribes, in contrast, are
supposed to have been of a more sedentary predisposition or to have returned repeatedly to
old dwelling sites.

%y Other Ki and Kr data are to be expected for patches of TP in the non-Planicie part of
Amazonia.
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Fotc 18 ©) terrago superior da unidade de terra Candivii. A superficie de ‘plinihite’ fossil é parcialmenie
entesrada sob nma camada de argila de Belterra remodelada, de wma espessura de 1 o 2 metios. E notdvel
o arvanjo vertical dos elemenros concreciondrios (tipe Ipixuna) na parte superior da camada de ‘plin-
thite’ fossil, a altura do martelo. Também & carateristico o fim abrupto da camada de argila de Belterra.
A diveita extrema vé-se a escarpa do tervago ( BR-14, km 140 m. oum.)

L i

Photo 8 The upper tervace of the land-unit Candirii. The surface of fossil plinthite is for a part huried
nadzr a one 1o iwo metres thick laver of reworked Beltevra clay. Notewerthy is the veirtical arrangement
of the concretionary elements { Ipixuna ivpe) in the uppermost part of the fossil plinihite layer, which is
at the fieight of the hammer. Also characteristic is the sudden end of the layver of Belterra clay. The
scarp of the terrace can be seen at the far vight (BR-i4, knt 140 ca.)

to e alserather frequent, the latter for instance at Tefé. [t is supposed that soil group 5
of MARBUT and MANIFOLD (1926} which consists of “very fine sandy loams with reddish
or reddish yellow friable clay subsoils’ (¢f. Fig. 18), largely applies to the three ment-
jored soils. Also well developed Ground Water Laterite soil (GL) is apparently rather
frequent, especially between the rivers Madeira and Purts, It is, for instance, the main
soil of the exiensive savannahs of Humaitd - Lébrea, as described by BrRaun and
RamMos (1959), There can be little doubt that sotl group 4 of MARBUT and MANIFOLD,
which consists of ‘clays and clay loams with heavy, imperfectly oxidised clay soils
usually at a depth of two feet or less™ refers largely to Ground Water Laterite soils,

Ground Water { Humus) Podzol (GP) is also present. It is, for instance, the soil of the
caatinga amazdnica of the upper Rio Negro (VIEIRA and FiLHo 1961 ¢f. TV.1.2.2).

Concretionary soils seem to have a restricted occurrence, in contrast to the situation
in eastern Amazonia (¢f. MARBUT and MaNIFOLD, 1926; p. 434).
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1IL.3.5 The Soils of the Holocene terrains

As to the soils of the Holocene terrains in eastern Amazonia, many data are assem-
bled in the study of SUTMOLLER et /. (1964), and in the related report of SOMBROEK
(1962b). Summarising the following can be said:

On the varzeas, intermittendly poorly drained and non-peaty soils, classified as Low
Humic Gley soil (LHG; Profile 49) or Humic Gley soil (HG; Profile 50} predominate.
Also Ground Water Laterite-like soil is found. Well or moderately well-drained soil
from recent alluvium, A/luvial soil, seems to be restricted to small areas far upstream of
the main rivers (cf. a portion of mapping unit F of Appendix 2).

The soils of the igapos are permanently poorly drained, often peaty and normally very
acid. They are Bog soil, Half Bog soil and Humic Gley soil, intergrade to Ground Water
Podzol (¢f. SOMBROEK, 1962a).

The bottom lands within grass-covered upland, which physiographically are related
to the igapds, were found to have Humic Gley soil, Upland phase (HG, u; Profile 51).
A sizeable arca with this soil has been mapped near Braganga, as ‘Glei Himico’, by
FiLuo et al. (1963).

Along the Ocean coast and in eastern Marajo island the lowland sotls are characteris-
ed by salinity and/or a predominance of Na* or Mg at the adsorption complex. They
are grouped together as Saline and Alkali soils (for instance Solonetz, Coastal phase
(Sol, c; Profile 52).

The massapé terrains have well developed Ground Waier Laterite soil (GL; Profile 3).
Also other Early Holocene terrains have such soil. In part, they intergrade to Low
Humic Gley or Humic Gley soil (¢f. Profiles 11 and 13).

I11.4 Soil Associations and Land-Units

The above described soils may occupy stretches large enough to be mapped on the
scale of a reconnaissance soil survey. Usually however, they occur together with other
soils, with or without a specific pattern: soil associations and undifferentiated soil
units. The soil association is a group of defined and named taxonomic soil units,
regularly geographically associated in a defined proportional pattern. If the taxonomic
units do not occur in a regular geographic association, or if they are not defined, the
mappable group is an urdifferentiated soil unir (SoiL. SURVEY MaNUAL, 1951).

A soil association or an undifferentiated unit may occur on one and the same topo-
graphic unit, for instance a terrace. An example is the association of Kaolinitic Yellow
Latosol (,Ortho), heavy textured (KYLp), Kaolinitic Yellow Latosol, intergrade
to Dark Horizon Latosol, heavy textured (KYL-DHL;) and Kaolinitic Yellow
Latosol, intergrade to Ground Water Laterite soil, heavy textured (KYL-GLj)
which occurs on the planalto east of Porto Velho.

An example of an undifferentiated unit on one terrace is the occurrence of Kaolinitic
Yellow Latosol (,Ortho), medium textured (K Y L;,), Kaolinitic Yellow Latosol, Com-
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Foto IV A base do terrago superior da unidade de rerva Candiva. Qs sedimentos caoliniticos ndo consoli-
dedos que ocorrem por haixo da camada de *plinthite’ fossil, podem mosirar piniuras peculiares em cortes
de esrrada fundos. Isto ¢ devido aos diferentes coloridos das camadas sedimentdrias, provavelmente
devidas d dgua frediica que passa, rica em dxidos de ferra. Estas partes vermelhas ndo endurecemt em
poucos anos { BR-14, km 135 m. ou m., ladeira do jacaré)

Phoro 19 The base of the upper fervace of the lund-unit Candird. The unconsolidated kaolinitic sediments
tha, vecwr helow the cap of fossid plinthite may show pecufiar picrures on deep roud embankmems, This
is due 1o different colour staining of the sedimentary layers, presumably by passing ground water rich in
iiror oxides. These deep reddish lavers do not induvate within a fow vears ( BR-14, km 135 ca.crocodile
hill )

pact phase, rather heavy textured (KYL, ¢,,). Ground Water Laterite soil (GL), and
Red Yellow Podzolic soil, intergrade to Kaelinitic Yellow Latosol, Concretionary
phase (RP-KYL, ¢r) i the area east of the stretch km 60-km 90 of the Guamd-Impe-
ratriz area {¢f. Appendix 1},

Usually however, an association or undifferentiated unit covers several topographical
units which occur in a specific pattern and have each their specific soil, or group of
soils. The parent materials of each of these topographic units are usually different. On
the Planicie part of Amazonia little more than differences in texture are involved, but
evein that case the associations of soils on a range of relief cannot be called a ‘catena’
in its strict sence. It would be allowed only when adopting the East-African concept of
the latter ("second-class catena’ of MILNE; ¢f. SOIL SURVEY MANUAL, 1951, p. 160).

During the combined forest inventory soil survey of the Guamd-Imperatriz area, it
was thought desirable to introduce the “fand-unit’. This is defined as a tract of country
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Fore 20 “Jaboris’. Estes monticulos sdo carateristicos para muitos tevrenos coberios de argila de
Belterra na drea Guamd-Imperatriz. Os monticulos sido provavelinenie os restos de enormes tertiteiros,
construidos durante alguma época do Pleistoceno. Morfomérricalmente o perfil dos monticulos nio difere
notavelmente do dus partes planas dos terrenos ( BR-14, km 372 m. o1 m.)

Plioto 20 Jaboiis. These luunmocks are a charucteristic feature of many of the rerrains with Belteriy
clay cover in ithe Guamd-Imperatriz area. The hummocks are presumably the relics of huge termite
mounds, construcred during a time of e Pleistocene . Morphomerrically, the soil profife of the himmocks
ix not noticeably different from that of the flat parts of the tevraing ( BR-14, ki 372 ca. )

within which the geologic, topographic and hydrographic elements, the climate, the
pattern of vegetation, and the pattern of soils are approximately uniform. The des-
cription of such land-units can give, comprehensively, many data about an area
hitherto completely unknown, An insight into a surveyed area, for the purpose of
planning of forest management cr agricultural settling, is likely to be obtained more
readily from comprehensive descriptions of fand-units than from the very technical
data about soils and soil associations. This is particularly likely since, 2t the commonly
applied level of classification, the Planicie soils themselves are similar in many aspects.
The differences in topographical characteristics, and others, are then very important.
Future detailed soil surveys can also be facilitated by taking the characteristics of the
land-unit under consideration into account.

A land-unit may comprise only one soil. An example of this is the Kaolinitic Yellow
Latosol (,Ortho), very heavy textured (KYL ), on non-attacked planalto terrain in
the region south-east of Santarém. Usually however, a land-unit coincides with the
area, or part of the area, of an association of soils. In that case the land-unit is not
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Fig. 21 Esbéco du composigdo da unidade de terra Candivet (para a legenda, veja o Apéndice 4 ¢ Ta-
hela 9 da pdging 126)
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Fig. 21 Sketch of the constitution of the land-unit Candiri (see for legend Appendix 4 and Table @ of
page 126)

identical with the association, but comprises many more characteristics of the area
concerned.

The three observed ‘Associations’ of the Caeté-Marassumé area (¢f. Fig. 19 and
Day, 1959) are, in fact, also land-units', as are the mapping units of the Araguaia
Mahogany area (¢f. Appendices 2 and 6, and the detailed descriptions in SOMBROEK
and Sampaio, 1962),

In the Guama-Imperatriz area, eight land-units have been discerned: Sanfana,
Médio Guamd, Candiri, Alto Guamd, Cunhanta, Gurupi-mirim, Planalto, Itinga and
Imperatriz (cf. Appendix 4, and SOMBROEK, 1962a).

As to land-unit Candiri, sce Fig. 21 and the Photos 18, 19 and 20. A small portion
of the area of this land-unit is given in Appendix 3.

1) As real associations the Pitord and Maracassumé ones are, as Day himself states,
practically identical, Their separation largely took place because of the difference in the
composition of the vegetative cover.
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IV The Soils and the Vegetative Cover

INTRODUCTION

An important part of the Amazon soil studies by FAO technicans concerned the rela-
tionships between the soils and the natural vegetative cover. In fact, the author’s spe-
cific duty was to cooperate closely with the FAQ/SPVEA Forest Inventory team. His
task was to establish to what degree differences in vegetative cover, as encountered
during the forest inventories, can be ascribed to differences in edaphic conditions.
Such a study necessarily implies the recognition and evaluation of the influence of the
non-edaphic factors climate and man.

The data collected on edaphic and non-edaphic factors and those on vegetative cover
are incomplete and only cover a small percentage of the enormous area that constitutes
Amazonia. The data on the vegetative cover are also of limited value for the purpose of
the study of plant-soil relationships, since it was not possible to apply methods of eco-
logical research proper.

For a thorough study, a clear picture of the position of the various components (tree
species, palms, climbers and creepers, epiphytes, shrubs) in the total structure of the
tropical forest is a prerequisite. The relative competition strength of these components
direcily determines the timber volume. Tree species themselves vary much in their
reaction to conditions of micro climate, whether it be radiation, light, heat or humi-
dity. Some species need full sunlight, or associated conditions, during their entire life,
some only when they are young. Others do not need full sunlight, or cannot even stand
it, during a part or the whole of their life. Commonly, two main groups of species are
discerned: ‘light-demanding’ or ‘intolerant’ trees (upper-storey trees}), and ‘shade-
bearing’ or ‘tolerant’ trees (under-storey trees). The average life cycle of species varies
considerably. There are several natural causes of decay and death: old age, smothering,
direct or indirect windfall, sunburn, attack by (micro) flora or fauna. On the other
hand, a number of species require a special soil micro flora { Mycorrhizae) for their
development. The geographical distribution of a species depends not only on climate,
man and soil conditions, but also on the length of time elapsed since it first appeared
somewhere in the hileia, and the rate of distribution. The latter is directly related
to the mobility of the seeds. Possibly connected with this is the tendency of some
species to grow in patches or colonies, of varying size.

Although Hemspnx (1957, 1960) and PirT (1961) give many notes on the posi-
tion of tree species in the total structure of the Amazon forest units, systematic re-
search in this respect is still lacking.

The forest inventories were meant only to obtain, in a short time, general data on the
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economic value of the primeval forest cover over large areuas (¢f. HEINsDUK and Mi-
RANDA BASTOS, 1963). Tts sampling units therefore comprise only about 0.03 % of the
fores: covered land surface under consideration. Within a sample unit, only trees were
considered, and only those with 2 DBH (diameter at breast height) [arger than 0.25 m.
Only the merchantable bole, i.e. the part of the stem below the first major branching,
was considered in assessing the gross timber volume. Tree species with characteristic
thin stems therefore, and those with characteristic low branching, figure with relatively
low timber volume in the inventory tables. Stretches with swamp forest or secondary
forest were not sampled. Areas with savannah were avoided. Likewise patches of
savannah-forest and shrub-forest were not sampled, as it was assumed that such pat-
ches would not contain trees with DBH larger than 0.25 m.

In view of the near absence of published data on plant-soil relationships in Amazonia,
and the winding up of the FAO/SPVEA forest inventory — soil survey programme, the
conclusions of this programme are discussed in the present chapter, though in many
cases one would have preferred to await more definite and adequate data,

IV.1 The Uplands with Forest Cover
IV.1.1 Evaluation of Non-Edaphic Factors

IV.1.1.1 The Influence of the Climate

It is likely that the difference in climate between the northwestern part of Amazonia
and the central and eastern parts (¢f. Fig. 2) is responsible for some of the differences
between the general vegetative covers of the uplands in those parts. This is suggested
by the phytogeographic data of DUCKE and BLack (1954) as related in 1.5. These dif-
ferences apply not only to the timber volume and the occurrence of tree species, but
also to the composition of the undergrowth. For instance, it was observed that within
the “pocket’ area with A/ climate around Belém (¢f. Fig. 2), epiphytes are rather fre-
quent on the tree stems in the upland forests, In regions outside this pocket, with Am
climate, epiphytes are found in considerable quantities in the patches of forest on the
permanently waterlogged igap0 parts, but are practically absent in the forests of the up-
lands. It is supposed that the absence of epiphytes in the lafter is due to a drop in the
relative humidity in the tree layer during the dry season. The plants can only flourish
in the igapd parts, where the waterlogging of the soil prevents such a drop. The ab-
sence or presence of epiphytes in upland forests may give an indication of the local
climate in areas where weather recording stations are absent.

TIMBER VOLUME

Higher annual amounts of rain and a more regular distribution of the rainfall over
the year (Figs. 3 and 4) apparently does not imply a higher mean gross timber volume,
edaphic conditions being constant. The FAO/SPVEA forest inventories apply to the
Planicie for a large part, and the freely draining soils of this section of Amazonia are
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similar to a large degree (cf. 111.3.4). As Fig. 22 shows, the highest timber volumes
(inventory units Planaltc 1, Planalto 1[I, Planalto 1I Baixo, Portel, and especially
Caxiuana) are found in a stretch with about 2000 mm rainfall and a fairly well defined
dry season. In a westerly direction the mean gross timber volume decreases, although
the rainfall is higher and also more regularly distributed over the year. In the area
where the Amazon enters Brazil, the timber volume on the uplands is still lower (100
m?/ha ca.; unpublished data of FAQ/SPVEA Mission about the Benjamin Constant
area), although total rainfall is nearly 3000 mm and a dry season is absent. The des-
cription by DUckE and Brack (1954) of their ‘Norte’ region (¢f. Fig. 13), much of
which is located in a section of the Planicie with Af climate, also points to a relatively
Tow timber volume (for instance: ‘less high trees than elsewhere in the hileia”).

Going from the mentioned stretch with maximal mean gross timber volume in easter-
ly and south-easterly directions, the timber wealth begins to decrease substantially
only in the transition zone towards the savannahs of North-Eastern Brazil. Inthis zone
the dry season becomes fairly pronounced (4 months with less than 50 mm rainfall
¢ach, although total annual rainfall is still, probably, about 2000 mm}. This decrease
in timber wealth was studied in the Guamad-Imperatriz area. The fact that the timber
volume in the southern part of this area (inventory unit Acailandia} is very low in com-
parison with that of areas north and northwest, must be largely due to a different
distribution of the rainfall over the year. This is, because the soils are similar or identi-
cal, and planalto parts with Kaolinitic Yellow Latosol, very heavy textured (KYL )
in the area of the inventory unit Acailindia have a distinctly lower timber volume than
planalto parts with the same soil in the area of the inventory unit Ligacio. That the
timber volume in this region decreases with increasing seasonal drought is also
illustrated by the fact that in the southern haif of the Guamd-Imperatriz area steep
slopes facing the east, viz. the direction of the rains, generally have a better forest cover
than those facing the west. The latter often bear a low vegetation largely consisting of
shrubs. This phenomenon has not been observed in the areas of the inventory units
niearer to the Amazon.

Also the timber volume situation in the inventory units Pirid, Gurupi, and Maracas-
sumé reflects the influence of an increasingly pronounced dry season. Although the
areas of the units Pirid and Maracassumé have the same main well drained soil, namely
the Kaolinitic Yellow Latosol, medium textured (KYLy;) of the Associations Pitord
and Maracassumé respectively (cf. Fig. 19), there is a substantial difference in timber
volume between both units.1

As will be discussed below (IV.1.2), many differences in timber volume between the

1) Day (1959) suggests that a larger extraction of timber throughout the years in the
Maracassumé unit may account for the difference. GLERUM (1960) however states that this
extraction concerns only the Cedro { Cedrela odorata) and the Andiroba ( Carapd guianensis).
The first species coniributes generally, and also in the Pirid unit, hardly anything o the
gross timber volume of the Amazon forests. The occurrence of the second species is only
slightly higher in the Piria unit than in the Maracassumé unit (6.6 m*/ha and 4.3 m?fha
respectively).
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Fig. 22 Inventdrios Floresiais e Reservas Florestais. Extraio de MIRANDA BASTOS (/958), HEINSDITK
(1357, 19584, 1958h, 1958¢ ), GLERUM {1950, 1962 ), GLERUM and SmiT (/962a, 19625} ¢ HEINSDIIK and
MIRANDA BASTOS ( /963)
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wana; 7. Flanco II; 8. Planalto IT baixo cipoal; 9. Planalto 1I baixo; 10. Planatto II; 11. Flanco I;
12. Planalto I; 13. Arapiuns; 14. Maués; 15, Canhuma; 16. Piria; 17. Gurupi; 18. Maracassumé,
19. Santana; 20. Candini; 21. Médio Guamad; 22. Alto Guamad; 23. Ligagio; 24. Acailandia; 25. To-
cantins {Ucuuba}; 26. Araguaia (Mogno)

Fig. 22 Forest Inventories and Forest Reserves. Extracied from MIRANDA BASTOS (1958), HEINSDIIK
(1957, 1958a, 1958b, 1958c}, GLERUM (1960, 1962}, GLERUM and SMIT (9624, 1962b) and HEINSDIIK
and MIRANDA BASTOS (/963)

various inventory units may be ascribed to differences in soil qualities. Nevertheless,
the above comparison with climatical conditions gives a tentative conclusion that
highest timber volumes of the Planicic may be found in those areas where the total
annual rainfall is not excessively high and a short relatively dry season exists. Only
when this dry season becomes pronounced (four or more months with less than 50 mm
rainfall each) it may have a negative effect on the growth of the forest.

OQCCLRRENCE OF INDIVIDUAL TREE SPECIES
A number of the differences established in occurrence of tree species are also likely to
be due to differences in climate, in particular as regards the amount and distribution of
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rainfall. Comparison of the species compaosition of the unit Agailindia, which has a
fairly pronounced dry season, with those of inventory units located north and north-
west of it confirms this impression (¢f, GLERUM and SmIT, 1962a). Many species
found in one or more of the laiter units are absent, or sparsely present, in the Acaildn-
dia unit, although the soils are comparable, and in parts cven identical. This applies,
for instance, to the Angelim pedra ( Hymenolobium excelsum) and the Pau amarelo
{ Euxviophora paraensis). A few species, such as the Jutal-agit ( Hymenaea courbaril),
have a higher timber volume per ha in the Acailandia unit than in the units with a less
pronounced dry season.

A further example is found in the Araguaia Mahogany area, which has a relatively
low total annual rainfall (about 1700 mm) and a prenounced dry season. In some parts
of this area, the soil is fully comparable to those of the Planicie part of Amazonia. This
applies to the Kaolinitic Latosolic Sand, Forest phase (KLS, F; ¢f. Appendix 2),
which occurs also in the region directly south and southeast of Santarém, in the
centre of the valley. The composition of the forest cover in the two localities is never-
theless very different. The type 1 ‘high forest, closed canopy, no mahogany’ and type 2
*high forest, closed canopy, dominant tree species: Umiri ( Humiria floribunda), no
mahogany’ of GLERUM and SmrtT {1962b) may be compared with the unit Flanco 1
of HeNsDUK (1957). Many species of the Flanco I unit are not found in the forests on
the same soil in the Araguaia Mahogany area, while a few found in the former unit
occur more frequently in the latter. Absent, or nearly absent, in the Araguaia Maho-
gany area are species such as the Abinranas ( Pouteria spp.), the Magaranduba { Manil-
kerq huberi) and Maparajuba ( Manilkera paraensis) and the Freijés ( Cordia spp.};
these are species which form the bulk of the canopy in the Planicie forests. At least a
number of these differences must be due to the difference in climate.

The fact that some species are more frequent in regions with a lower annual rainfall
and/or more pronounced dry season does not necessarily imply that they actually
grow better under these conditions. It may be that they only endure a restricted mois-
ture supply better than other species, with the result that they are better able to with-
stand competition for a place in the forest.

IV.1.1.2 The Influence of Man
Although Amazonia as a whole is very sparsely populated, it is possible to discern
several traces of anthroprogenic influence on the characteristics of its forests.

SECONDARY FORESTS

The influence of man is of course very clearly visible in the areas with secondary
forests (for their location ¢f. Fig. 12). Young secondary forest (capoeira) can be recog-
nized easily on aerial photographs, as well as in the field. The first is often difficult
with very old secondary forest (capoeirdo), but for the trained eye the differences from
primeval forest are clearly visible in the field. Ducke and BLack (1954) give data on
the differences in composition of the secondary forests, whether regenerating after
feiling only, or after felling and burning.
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SELECTIVE CUTTING

Also seemingly primeval forest may have undergone anthropogenic influence, for
instance by selective cutting of certain very valuable tree species. This applies to the
Macaranduba { Manilkera huberi), a tree often present in large quantities, which is cut
for ts latex (HEINSDUK, 1958a). Forests are often penetrated very deeply for cutting
the -are Pau rosa ( Aniba roseodora), which renders oil used in the perfume indus-
try {HerNsDUK, 1958¢). The same applies to the rare Cedro (Cedrela odorata), which
has very valuable timber (HENSDDK, 1957 ; GLERUM, 1960).

HEINSDIIK (1960) notes, in agreement with observations elsewhere (Surinam), that
forests in regions which have long been under man’s influence {occasional cutting of
trees, large areas of secondary forest nearby) often have more trees of certain species
than forests not influenced by man, but with otherwise similar growing conditions.
This applies to the species Cupiuba { Goupia glabra) and the Quarubas ( Vochysiaceae),
and is the case with the inventory units Belém-sul and Cametd-ouest, both ‘anthropo-
gene facies’ of the Pouteria association (¢f. 1.5.1.2).

INDIANS

The original inhabitants of Amazonia, the Amer-Indians, are likely to have exerted a
considerable influence upon the Amazonian forests. These people were, apparently,
far from insignificant in number in pre-Columbian times. They used to dwell, in
sizeable communities, along very many of the navigabie rivers and rivulets (¢f. discus-
sions on ‘Terra Preta’ in 111.3.4). Indications of their influence are present for instance
in the area south of Santarém, where many Indian settlements are known to have
existed {¢f. Fig. 20). All the forest in this area was mapped, after aerial photograph
analysis, as ‘cipoalic forest east of Belterra’ thus distinguishing it from the real (?)
primeval forest east of the area (HeiNsDLK, 1957). The visual impression of the forest
parts on the Belterra estate itself is distinctly different from that of the forest at Curuna-
una centre, although both are growing on identical soil namely Kaolinitic Yellow
Latosol, very heavy textured (KYLyz).

Pieces of charcoal in the soil might also indicate former Indian influence. In this con-
nection it should be mentioned that in all of three profile pits dug under Planalto II
forest at the Curud-una centre (c¢f. the numbers 112, 303 and 304 of Fig. 1i) there
were found pieces of charcoal. These pieces mostly occurred at a depth of about 150
cm, and were surrounded by baked clay. One may deduce that extensive burning of the
forest took place in former days. It is unlikely that lightning is the cause of this. It is
true that burning of tap roots after a tree is struck by lightning sometimes occurs, but
such fire seats would not spread over an extensive area {(in contrast to the conditions on
the lower, sandy terrains, with Flanco I forest, intentionally started fires of artificial
clearings on this planalto stretch do not penctrate into adjacent forest parts). Human
interference is therefore likely. This must have taken place long ago, because the
present day planalto forest has one of the highest mean gross timber volumes known
for Amazonia and has hitherto been considered as real primeval. Large-scale burning
by a former Indian population is therefore likely to have occurred on the planalto of
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Curud-una centre. It may be noted that a small patch of Terra Preta, which is certain
indicator of former Indian settling, is found at the riverside (point A of the cross sect-
ionin Fig. 11),

TABOCAL

A peculiar example of human influence on the forest cover became apparent during
the survey of the Guamd-Imperatriz area. As reported in 1.5.1.2, a special forest type,
called tabocal, is found in the headwater region of the Gurupi, where it occupies broad
bands along the river and its tributaries (¢f. Fig. 23). The composition and the gross
timber volume of the forests north, west and south of the tabocal-covered area, as
well as of the patches of forest within this tabocal, are approximately uniform. South of
the Serra de Gurupi more palms are found than in the other parts with forest, but all of

¥ \[\\‘\\\_ Fig. 23 Vegetacdo nas cabeceiras do rio Gurupi,
L IGAGAQC De GLEruM and SMIT ( 19624}
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High forest
Mata alta

Shrubby creeper forest
with Guadua spp.
Taboval

Rivulet
Tgarapé

Fig. 23 Vegetation in the headwater region of
the Gurupi river. From GUERUM and SmiT
(1962a)
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it belongs to the inventory unit Acailindia. The soils of the tabocal-covered parts are
neizher physically nor chemically different from those under forest cover (¢f. data of
SoMBROEK, 1963a). Apparently, the Guadua species of the tabocal die after two or three
years. During the pronounced dry season the dead stakes are very susceptable to burn-
ing. It was observed that, during that season if burning is initiated at one spot, the fire
sweeps very rapidly over enormous areas of tabocal, also consuming considerable
parts of adjoining, relatively poor and dry, forest. The Guadua species have an exten-
sive, fire resistent root stock, and the tabocal vegetation therefore can re-establish itself
fully zfter burning. The burned forest parts, however, do not regenerate as readily
undler the existing climatic conditions. The result is a graduali enlargement of the area
covered with tabocal.

Tt is supposed that anthropogenic factors have stimulated, if not caused, the occur-
renze of tabocal vegetation in the region. The facts thai have lead 1o this supposition
are: the geographic distribution of tabocal,; the uniformity of the adjoining forested
parts; the equality of the soils both under tabocal and under forest; the behaviour of
the vegetation under influence of burning, and the reported existence of considerable
former, and locally present-day, settling of [ndians along the headwaters of the Gurupi.

Indians have always used bamboo stakes, for arrows and other purposes. Probably
the Guadua species were already a constituent of the primeval vegetation, but their pre-
sent occurrence as the dominant species over a large area is believed to be due to the
burning practices of Indians. The tabocal therefore is a “fire-subclimax’.

IV.1.2 Soils and Forest Characteristics

Nearly all forest inventory areas are located in the Planicie. It has already been shown
in 1L.2.2 and 111.3.4 that the freely draining soils of the Planicie are similar to a large
degree, at the applied level of classification. Any differences in forest characteristics
within an area of uniform climatic conditions and non-existent or uniform anthropo-
gene influences, are therefore apt to show a correlation with lower category soil dif-
ferences. Among these are the moisture holding capacity, the total available amounts
of the various plant nutrients, and the penetration possibilities for roots. These quali-
tics depend on such factors as the soil texture, the compactness of the subsoil, and the
presence of plinthitic materials. The coinciding of differences in forest characteristics
with differences in these latter factors are discussed below. The exact causal factors of
each of the established comncidences remains often uncertain.

Among the differentiating forest characteristics, the gross timber volume and the
occurrence of individual tree species are considered in particular,

1V.1.2.1 Land-Units and Forest Inventory Units
As related in 1.5.1.2, the geographical boundaries of FAQ/SPVEA forest inventory
units were not solely established on the differentiating characteristics of the forests it-
self. but to a degree also on the topography and the soils. On the other hand, the geo-

189



Table 11 Forest inventory uniis and land-uniis in the Guamd-Imperairiz area

Forest Number Mean gross Salient tree  Peculiari- Land- Main soils
inventory of irees  timber volume species ties unit (¢f . Tabie 9)
unit per ha per ha
ynidade de numero de  volume médio espécies peculiari- unidade  solos principais
invenlario drveres de madeira de drvores dades de rerra (cf. Tabela )
Horestal porha bruta por ha salientes
Santana 106 152,35 Acapu { Voua- Locally Santana  KYL,,
capoua ameri- anthropo- RP-KYL, cr
cana) genic in- (Mae do Rio)
fluences
influéncias
antropogé-
nicas em al-
guns locais
Guama KYL, crn
RP-KYL, cr
{Ipixuna)
Candira 124 191.6 Pau amarelo Candimi  KYL-RP;
{ Euxylophora RP-KYL, cr
paraensis) {Ipixuna)
Pau roxo
{Peltogyne
lecointei)
Quaruba
(Vochysia
maxima)

graphical boundaries of land-units were established, in part, on the local pattern of
vegetation (¢f. definition of land-unit in ITL.4). Therefore, a comparison between inven-
tory unit and land-unit always gives a correspondence. For the Guama-Imperatriz
area, the geographical boundaries of the inventory units coincide completely with
those of the land-units. A comparison between the forest data and the soil data of this
area is given, summarised, in Table 11,

The land-units under consideration are, for the most part, concerned with associa-
tions of two or three main soils. It can therefore be said that a degree of relationship
between the forest growth and the soils has been established for the Guamd-Impera-
triz area. This is true, even though the over-all differences going from North to South
may be ascribed largely to a difference in climate, as previously discussed. That for this
area no relationship whatsoever has been established between a certain identified soil
and one or moere characteristics of the forest growing on it, is without doubt due to the
system of forest inventory. If the total structure of the vegetative cover had been studied
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Tatle 1! continued|Tabela 11 continuada

Forest Number Mean gross  Salient tree  Peculiari- Land- Main soils
inventory of trees  timber volume species ties unit (¢f. Table 9)
unit per ha per ha
unidade de  numerode  volime médio espécies peculiari- unidade  solos principais
inventario drvores de madeira de drvores dades de terra (cf. Tabela 9)
Slorestal porha bruta per ha salientes
Alto Guama 94 121.1 Cedro Many Alto KYL, Cyn
{ Cedreln ‘cipoalic  Guamia  RP-KYLu
odorata) parts RP-KYL, cr
Breu preto muiitas par- (Paragominas)
{ Profium tes cipod-
apacum} licas
Ligagio 101 138.0 Angelim Pedra Locally Cunhanta KYL,
( Hymeno- ‘cipoalic’ RP-KYL;#
lobium parts RP-KYL, cr
excelsum) partes (Campinho)
g:ﬁ”;;gif; Planalto  KYLos
locais Gurupi- RP-KYLy
mirim
Acailandia 31 61.6 Cedro Locally Ttinga KYL:
{Cedrela ‘cipoalic’ KYLyn
odoraia) parts KRL;»
Jutai-agih 2 ar’refs ci-
( Hymenaea podlicas € Imperatriz KRLy
conrbaril ) alguns locais RM
[tauba ‘Tabocal’
{ Mezilaurus parts fre-
itauba) quently
fabocals
frequentes

Tabela 11 Unidades de inventdrio flovestal e unidades de terra na drea Guamd-Imperaiviz

(a practical impossibility), and the data from individual, or parts of individual, inven-
tory sampling units had been compared with the soil in loce, then certainly several
relationships could have been shown.

1V.1.2.2 Soils and Timber Volume
The gross timber volume of a forest will become of special interest once it is econo-
mically possible for the pulp and paper industry to utilise all or a great number of the
tree species from the highly mixed tropical forest. When forested areas are being
considered for agricultural settlement, the standing total timber is also of importance;
it normally determinegs a good deal of the amount of organic matter that becomes in-
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corporated into the soil at the time of clearing. The timber volume may also be
handled as a guide for the productivity of a soil. For these reasons it is not only of
purely scientific, but also of practical value, to consider the relationship between soil
and gross timber volume, if any.

SoIL TEXTURE

Within the northern part of the Guamd-Imperatriz area, the soil with the highest
mean gross timber volume is the deeply friable, porous and well-rooted, rather heavy
textured soil which is classified as Kaolinitic Yellow Latosol, intergrade to Red Yellow
Podzolic soil (KYL-RP. ). This is a main soil of the land-unit Candirit, which coincides
with the forest inventory unit Candird. The gross timber volume of the forest on this
soil is estimated to be 200 to 250 m#/ha, against 100 to 200 m3/ha for the other main soil
occurring in the area of the land unit: RP-K YL, cr (Ipixuna).

The variation of timber volume with the texture of soils otherwise approxima-
tely similar was studied fairly closely by Heinspbx (1957) in the western half of the
Tapajds-Xingti inventory area. The conditions of climate and anthropogenic influence
are approximately uniform in this area. The differences in soil texture are very out-
standing and consistent. The soils are namely either Kaolinitic Yellow Latosol, very
heavy textured (KYL y3), or Kaolinitic Latosolic Sand (KLS). The former is the soil of
the planalto parts and the latter the soil of practically all the terrain beiow this level
{flanco parts). The boundaries of the forest inventory units in the area coincide with
the boundaries of the two mentioned soil units. On the planalto of this area, the occur-
rence of cipoal (a distorting factor in the comparison, see below) is limited. HEINSDUK
(1957) established that the inventory units on the very heavy textured soil have a dis-
tinctly higher mean gross timber volume than the unit on the light textured soil (Planalio
I unit with 227 m#/ha. and Planalto I unit with 233 m?ha against the Flanco I unit
with 132 m3/ha).

The very timber-rich Caxiuana unit (27! m?ha) occurs, according to HEINSDUK
{1958a), on a ‘transition from a planalto to a plain’, the highest parts of which are
about 20 m above local river level. There are some parts with savannah or savannah-
forest coverage in the watershed region; these are most probably sandy (¢f. 1V.2.2).
The other parts, however, especially those at the eastern side, according to indications,
are all similar and rather heavy to heavy textured. Actual soil data have been gathered
from the northeastern part, where the terrains are practically flat and 5 to 10 m above
local river level. The soil in question is a heavy textured Kaolinitic Yellow Latosol
(KYLp).

In discussing all forest inventory units 1 to 15 together, HEINsDUK (1960) mentions
as a general tendency, that heavier textured soils have a higher gross timber volume.
The basis for this conclusion are his own field observations concerning soil textures
(the units 1, 4, 7, 11 and 13 of Fig. 22 are believed 1o be located on ‘sandy to pure
sand soils’, and the units 6, 8, 9, 10 and 12 on ‘definitely heavy soils’).

The above data enable us to draw the tentative conclusion that for the Planicie a
relation exists between soil texture and gross timber volume. The rather heavy and
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Foto 2" O aspeto da floresta aita nos solos da Planicie, de fdcil penetracdo das raizes e velativamente
hia armazenagem de umidade. Para o dossel sobem os troncos lisos de todas as espessuras e falfam
quase por completo os cipés ( BR-14, km 130 m. ou m.)

Phoro 21 The aspect of the high forest on the Plaviicie soils which have vasy penetrability for roots and
comparan v fv good moisture storage. Slender boles of all sizes tower rowards the canopy, and creepery
atidd ehmbors are practically absenr ( BR-14, km 130 ca.)
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heavy textured soils (35-70%, << 2 micron in the B horizon) in particular, lend them-
selves to support forest with a high gross timber volume. A comparatively high moist-
ure holding capacity of these soils is probably a major reason (¢f. V.3.1.1).

SUBSOIL COMPACTNESS AND CIPOAL

That the areas with very heavy textured freely draining soils tend to have a less high
timber volume than areas with similar soils but of slightly less heavy texture, is related
to an often higher compactness of the subsoil of the Belterra clay soils and the occur-
rence of cipoal and ‘cipoalic forest’ (¢f. the descriptions in I.5.1.2). Because of the re-
gularity in occurrence and the often large expanse of the vegetative types concerned,
the possibility that a normal regeneration phase of the adjoining high forest is involv-
ed, can be discarded. HEINSDUK (1957) supposes the cipoal to be a ‘para-climax’ vege-
tation.

The occurrence of these vegetation types was studied in some detail in the Guamd-
Imperatriz area. The completely flat central sections of planalto parts in the stretch
km 190-km 315 (unit LigacZo; cf. Photo 22} are covered with cipoal or “cipoalic forest’.
The very gently sloping edges, above the escarpment proper, bear however a heavy
forest cover. This consists of big trees and an open undergrowth which is nearly devoid
of creepers and climbers. A similar difference in vegetative covers of the edges and the
central sections occurs on the southernmost planalto parts (stretch km 315-km 420,
forest inventory unit Acailandia)although the timber volume as a whole is much lower
there. The soil of both the edges and the central sections is the same, namely Kaolinitic
Yellow Latosol, very heavy textured (KYLyz). Many planalto stretches were studied,
and analytical data of several profiles compared. Phycical and chemical qualities of the
profiles are about identical for both sites. One detectable difference is however that the
central sections may have a conspicuously dark {dark grey to black), crusted, often
irregular and clodded, aquaphobe surface, with an intense activity of termites. The
pH-H, O of this surface (field testing} is invariably slightly higher (about 6.0 instead of
4.0-5.0) than that of a non-crusted surface layer, as is common on the planalto edges.
Laboratory analysis of a few dark surface clods revealed a stronger predominance of
Ca't in the adsorption complex than is common for the Planicie soils. Another small
difference between the profiles on the edges and those on the central sections of the
planalto is that, on the former, the A, subhorizon is often not quite as thin (3-5 cm
against 2 cm). The central sections have also a slightly more compact subsoil (B hori-
zon), which manifests itself in a friable to firm consistence in contrast with the friable
to very friable consistence of the subsoil at the edges, and a larger resistance to pene-
tration with a soil hammer.

‘Cipoalic forest’ is of general occurrence on the terrains with reworked Belterra clay
in the stretch km 150-km 195 of the Guama-Imperatriz area. The soil of these terrains
is classified as Kaolinitic Yellow Latosol, Compact phase, very heavy textured (KYL,
Con). It has characteristically a very thin A, subhorizon (0.5-3 cm), and is compact and
rather firm, particularly in the B horizon, The frequency of fallen trees on the terrains
seems to be larger than elsewhere.
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Fafo 2. Floresta cipodlica numa parte central imteiramente plana de um trecho de planaito. A ambaos os
lados aesiq estrada de fioresta recentemente aberia, vé-se claramente a fregiiéncia de cipés que trepam is
copas dis drvores { BR-14, km 295 m. on m. }

Phoo 22 Cipoalic forest” on a completely flut central secrion of a siretch of planafto. On both sides of this
recently opened fovest voad, the frequency of climbers up to the free erowns is clearly visible { BR-14,
Am 295 ca.)

Tae ¢.poal on the planalto and on the terrains with re-worked Belterra clay in the
region between the rivers Xingl and Tapajos (¢f. Fig. 24) have been studied by HEINS-
DUK (1957). He observed that under the cipoal the soil surface is much darker than
under the high forest. The local farmers consider the cipoal parts preferable for shift-
ing cullivation. The author was unable to visit these areas with cipoal proper, but did
study the local changes in vegetative cover and soil qualities on the planalto at Curud-
una centre (¢f. Fig, 11). One examined soil profile is located on the edge of planalto
{No. 112), where very timber-rich forest is found, with an open undergrowth. At 8km
distance from this edge, another profile (No. 303) was examined. The forest there is
slightly different in composition from that of the edge (¢f. GLERUM and SMiT, 1960)
and the timber volume is probably slightly lower. A third examined profile is located at
10 km from the mentioned edge {No. 304), This is an area where the timber volume is
distinctly lower and the composition of the forest quite different from that at the other
sites. Creepers and climbers are rather frequent. Many trees with stilt-roots occur,
for instance the Andiroba ( Carapa guianensis) which is often considered to be an igapd
tree. Also, several tall herbs commonly found in igapd parts are present, for instance
Guarumd (Ischinosiphon arumaj. The frequency of fallen trees is remarkable.
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The soil profile at the edge has a very loose appearance in its subsoil (B horizon), The
second profile is already somewhat dense, and the most interior one is considerably
compact and resistant to penetration with a soil hammer. While the colour of the A,
subhorizons is the same (brown to dark brown) in all tree profiles, its thickness decreas-
es from 30 cm to 20 em and to 10 cm respectively.

From the above described comparative observations it is tentatively concluded that
cipoal and ‘cipoalic forest’ grow on those very heavy textured soils that have a com-
pact subsoil, and a thin A; subhorizon, in comparison to soils of the immediately sur-
roundings. Owing to the compactness, the maximum depth of rooting is smaller. The
soil is therefore, as regards the requirements of the forest vegetation, a shallow one, on
which high trees cannot compete with the apparently vigorously growing creepers and
climbers. Probably both a lack of ground support for the trees (fallen trees, stilt-roots)
and a limited moisture supply during the dry season (¢f. V.3.1.1) are the causes of the
small competition force of the trees. The locally found intense termite activity, crustin-
ess, higher pH and dark colour of the superficial layer is believed to be a consequence
rather than a cause of the cipoal growth.

There are a few facts that support the above tentative conclusion as to the cause of the
cipoal and the ‘cipoalic forest” on the Belterra clay terrains. In the Guamd-Imperatriz
area, other types of creeper forest (in general much less vigorous than the Belterra clay
cipoal) and dense shrub vegetation are often associated with Ground Water Laterite
soil (GL) and Kaolinitic Yellow Latosol, Compact phase, rather heavy textured
(KYL, cyp). Both soils have shallow root penetration, because they have either an in-
termiitently shallow ground water level or a compact subsoil. For the Araguaia Maho-
gany area, which is outside the Planicie, it has been established that the soils with
cipoal and “cipoalic forest’ are of varying natural fertility, but all of them are shallow:
shallowness of the bedrock or of the ground water level. The soils in this area which
have a coverage of closed-canopy-forest are also of varying fertility (it is, in fact, usu-
ally low), but are deep (¢f. Appendix 6). Apparently, the occurrence of cipoal or
‘cipoalic forest’ as opposed to closed-canopy-forest in this area is less determined by
the chemical than by the physical qualities of the soils. Considering the whole of
Amazonia, it may be a general rule that creeper forests prevail on soils with shallow
rooting, whether having low or high natural fertility.

[t is evident that it is of much practical importance to study further the factors that
determine the occurrence of forest types with very low timber volume such as the
cipoal. A prerequisite for further study is a sound plant-ecological classification of the
various types of cipoal and ‘cipoalic forest’. Of special interest is the checking of the
tentative conclusion as to the cause of the Belterra clay cipoal, since silvicultural me-
thods are being tried out predominantly on planalto terrains (FAO/SPVEA silvicul-
ture programme at Curud-una centre).

The foregoing discussions have concerned the timber volume on the Planicie soils
that are freely draining. Generally speaking, the timber volume of the forests on the
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Fig. 2¢ Cipoal na regido ao Lesie do baixe rio Xingd. De HEINSDUK (1957}
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Fig. 24 Creeper vegetation in the region east of the lower Xingit river. From HEINsDUK (195T)

imperfectly drained Planicie soils (Ground Water Laterite soil, Ground Water Pod-
zol) is considerably lower. Large stretches with these soils even have a coverage of
savannah-forest (with DBH of the trees supposedly all smaller than 0.25 m) or of
savannah. It is stipulated that the situation is different for the freely draining soils with
fossil plinthite, though they are genetically related to the Ground Water Laterite soils.
The soils in question, classified as Kaolinitic Yellow Latosol, Concretionary phase
(KYL, cr} or Red Yellow Podzolic soil, intergrading to Kaolinitic Yellow Latosol,
Concretionary phase (RP-KYL, cr), have on the average a nof lower timber volume
than adjoining non-plinthitic freely draining soils, except in the rare cases when practic-
ally no earth is present between the concretions.

Considerable differences in gross timber volume may occur on the various soils out-
side the Planicie part of Amazonia. This is already evident from qualitative observa-
tions in the Araguaia Mahogany area (¢f. GLERUM and SmIT (1962b) and Appendix 6).
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‘Measurements of mean gross timber volume were however not executed for those
areas.

1V.1.2.3 Soils and Occurrence of Individual Tree Species

Several tree species are found only in a part of the hileia-covered area. In the intro-
duction to the present chapter it was stated that the study of the causes of established
differences in the occurrence of a certain tree species is a complex one. Seme of the
differences are believed to be retated to the non-edaphic factors climate and man (cf.
1V.1.1). To say that the others are related with soil differences is however an oversim-
plification. A typical controversial species is the Acapii { Vouacapoua americana). This
tree, rendering much-used timber, is a conspicuous under-storey tree. It occurs usually
in colonies, of varying size. Averaged over larger areas the species can occupy as much
as 109 of the total number of trees (¢f. HEINsDUK, 1957, 1960). On the south side of
the Amazon river the tree is found only east of the tributary Curud-una; it forms there
ong of the distinguishing features between the Planalto 1 and Planalto 11 inventory
units, Its eastern. boundary of occurrence is formed by the middle reaches of the rivers
Capim and Guami, where the species forms one of the distinguishing features between
the inventory units Capim and Acard, and Candiri and Santana respectively. At the
North side of the Amazon river the tree is found, according to DUCKE and Brack
(1954}, only east of the large tributary Trombetas. The species is alse found in Surinam
and there known as Bruinhart. SCHULZ (1960) studied some soils in the Mapane region
of this country, where the tree is found in some sharply delimited stands and then
occupies 1/6-1/3 of the total canopy. Several analytical data of three profiles taken in
such stands were, when averaged, slightly different from those of profiles in adjacent
non-Bruinhart containing forest (the soil on both sites is red coloured, kaolinitic, and
predominantly medium textured), SCHULZ deduced from these soil data that the uneven
occurrence of the species in the Mapane region is determined by soil factors.

FFor the Curud-una — Xingi region of Amazonia, HEINSDUK (1957} noted that the
species is present in large numbers on the planalto, on the clayish parts of the slopes of
the planalto, and on clayey terrains near the rivers. Kaolinitic Yellow Latosol, heavy
or very heavy textured (KYLp, KYL ,p) are involved, which soils are also found west
of the Curud-una, on identical topographical units. HEINSDDK states also that ‘the
colonies of Acapu never appear on sandy soils’.

The author studied the growing site of the species in the area of the Santana unit of the
Guamd-Imperatriz area, Colonies of the tree were found to occur here, equally fre-
quently, on all the soils of the area, for instance on the very common Kaolinitic Yellow
Latosol, medium textured (KYLy), the few patches of Kaelinitic Latosolic Sand
{KLS), the scattered Red Yellow Podzolic soil, intergrading to Kaolinitic Yellow
Latosol, Concretionary phase (RP-KYL, cr) whether with the common Mie do Rio
type of plinthiie concretions or with the less frequent Ipixuna type.

The Amazon data therefore do not suggest a consistent coincidence with a certain
soil. There are no indications that the climatic conditions of the Planalto I area are dif-
ferent from those on the Planalto 11 area. The same is most probably true of the areas
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of the inventory units in the region of the eastern limit of occurrence of the species.
One likely explanation for the absence of Acap west of the Curud-una and east and
sowl: of the middle reaches of the Guama and the Capim is that the species still has a
limited historical dispersion (SCHULZ states that Brudnhart grows very slowly and that
its heavy seeds need to be pressed into the ground to germinate). Some support for
this supposition is given by the fact that in the southern part of the area of the Santana
inventory unit, which is a boundary area for the species, the colonies of Acapii are
infrecuent, small, and consisting of small trees.

SOl TEXTURE

Since soil textural differences are rather easily noticed by non-pedologists, the forest
inventorists paid attention to a possible coincidence of soil texture differences and dif-
ferences in occurrence of tree species. As to the Pianicie (inventory units 1-15, ¢f. Fig.
22), HEINSDUK (1957, 1960) reports that tree species found more abundantly on light
textured soils are Axud (Sacoglottis guianensis), Angelim rajado (Pithecalobium race-
mosuny), Faveira bolacha (Vatairea cythrocarpa), Jutai-mirim ( Hymenaea parvifolia),
Itauba { Mezilaurus itauba) and Macuct (Licania macrophylla). Species found regular-
ly on heavy textured soils, and not or only in very small numbers on sandy soils are
Ingd ¢ Inga alba), Tauari ( Curatari spp. }, Castanheira ( Bertholletia excelsa) and Ucuuba
{ Virola cuspidata, Virola cebifera).

It was not possible to check in the field if this is indeed a general rule, which also
applies to the Guama-Imperatriz area. A comparison in the office of inventory data
and soil data of this area did not give any clear indications.

One of the species that is easily noticed in the field by non-botanists, is the 4ngelim
pedra ( Hymenolobium excelsum). This is a conspicuous upper-storey tree, normally
occupying less than 0.5%;, averaged over larger areas, of the total number of trees. In
the Guamd-Imperatriz area its occurrence is restricted to the area of inventory unit
Ligacdo. It was found that the tree is concentrated on the Kaolinitic Yellow Latosol,
very heavy textured (KYL ) of the very gently sloping edges of planalto. Elsewhere
the tree occurs practically only, and less frequently, on very heavy textured soils at a
lower level than the planalto. These are Red Yellow Podzolic soil, intergrade to Kao-
linitic Yellow Latosol, very heavy textured (RP-KYL,g), and, locally, Kaaolinitic
Yellow Latosol, very heavy textured (KYL,). The species is not found on the flat
centres of planalto (also with KYL3), nor on terrains with reworked Belterra clay
north of km 195, which have Kaolinitic Yellow Latosol, Compact phase, very heavy
textured (KYL, Cpz). These are sites of cipoal or ‘cipoalic forest’ as already described.

The apparent concentration of the species on very heavy textured soils in those parts
where the forest is not ‘cipealic’, nor where climatic conditions are adverse (the latter
in the area of inventory unit Agaildndia), is more or less in agreement with observa-
tions in the Tocantins-Xingt region. HEINSDUK (1957) states that ‘Angelim pedra is...
found in patches on the planalto (not on planalto de Santarém) in the highest parts of
the forest. Found occasionally on the higher parts of the slopes, prefers clayey soil’.
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It should be borne in mind that an established predominance of a certain species on
sandy soil as against on clayey soil, does not necessarily mean that the species finds
better absolute growing conditions on the former, It may well be that the species is less
frequently found on clayey soil only because it falis short in competition force with
other species there. HEINSDUK {1960} even states ‘all observations confirmed the fact
that a tree species growing on sandy soil was, on an average, always smaller and gave a
much poorer impression than the same species growing on heavier soils”,

PLINTHITE CONCRETIONS

That the occurrence of a tree species may coincide with the presence of fossil hard
plinthite concretions of a certain type, became apparent during the combined forest
inventory — soil survey of the Guamd-Imperatriz area. The valuable timber rendering
Pau amarelo ( Euxylophora paraensis), which species only occurs in the Atlantic sector
of the hileia, above Maranhdo {(DUckE and BLACK, 1954), seems to have its maximum
frequence in the middle reaches of the river Capim, Tt is a low branching tree and
occupies maximally 1%, averaged over larger areas, of the total number of trees in the
forest. Within the Guama-Imperatriz area, the species was not measured in the areas of
the Santana, Médio Guamd and Acailindia inventory units. The species occurs rela-
tively frequently in the Candirt unit (4.0 m®*ha timber volume), and sparsely in the
Alto Guamd unit (0.6 m3/ha). During the field work in the area of the Candiru unit,
it was observed that the tree is concentrated in the uppermost reaches of the rivulets.
In view of this, one small part was studied in detail. It is located within the arez of the
Candiru unit, but near the boundary with the Alio Guam4 unit, namely at km 130.
A semi-detailed soil survey was executed, while the forest inventorists made a 109
survey of the Pau amarelo. The results are shown on Appendix 3 (only those Pau
amarelo trees were enumerated that are within 10 m distance of all latitudinal traverses
and the outer and innermost longitudinal traverses of each block, and within 5m
distance of the other longitudinal traverses). From this map it is apparent that
the species is concentrated on the slopes and the approximately flat edges of the upper
terrace, where plinthite concretions are frequent. The soil on these sites is classified as
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary
phase (RP-KYL, cr). The concretions aie all of the Ipixuna type {cf. 1.4.5). A few trees
are found on Red Yellow Podzolic Soil, intergrade to Kaolinitic Yellow Latosol, very
heavy textured (RP-KYL ), which occurs locally alengside the concretionary parts.
Pau amarelo is absent, or practically absent, on the Kaolinitic Yellow Latosol, Com-
pact phase, very heavy textured (KYL, Cyp) that has developed on the reworked Bel-
terra clay of the central parts of the upper terrace, as well as on the Kaolinitic Yellow
Latosol, intergrade to Red Yellow Podzolic soil, rather heavy textured (KYL-RP,3)
of the second terrace (with the highest gross timber volume!), and on the soils of the
lowland stretches.

The coincidence is only true of one type of concretions. In the area of the Santana in-
ventory unit, many parts have RP-KYL, cr soil, but usually with concretions of the
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Mie do Rio type. Hereno Pau amarelo trees were enumerated by the forest inventorists.
In lact, some Pau amarelo do occur in the southern part of this area, as well as ina
few par:s of the area of the Médio Guamd unit, but the trees fell outside the inventory
sampling units. It was observed that in these places they are growing invariably on
RP-K YL, cr soil with Tpixuna type concretions, not on RP-KYL, cr with Mae do
Rio type concretions. A few trees were found on RP-KY L ,p, soil.

Also the few Pau amarelo trees in the area of the Alto Guamd inventory unit were
found to occur either on soils with Ipixuna type concretions, which in this area are
only very locally present at the surface, or on RP-KYL ;. The situation is somewhat
different further southward in the Guamd-Imperatriz area, in the area of the Ligacéo
inventory unit. There the tree is found too, down to km 315, but in relatively small
numbers. South of km 260 the Ipixuna type concretions give way to the Ligagio type
corncretions, which have the same relative position and age as the Ipixuna ones (¢cf.
I.4.5). The species occurs on the soils with either of these types. In the northernmost
part of the area with this unit, namely at km 195, another small tract was studied in
semi-detail. The terrain is this tract consists essentially of 1) an upper terrace {planalto),
which can be divided into totally flat central sections, and very gently sloping edges. and
2) very sloping terrain, below the level of the planalto, usually with plinthite concre-
tions, of the Ipixuna type. The Pau amarelo of the surveyed block is found concentrat-
ed on the strongly sloping terrain, as well as on the gently sloping edges of planalto.
The flat central sections of planalto have a ‘cipoalic forest’ (see before), without the
species. The soil of the strongly sloping terrains is classified as Red Yellow Podzolic
soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase (RP-KYL, Cr-
Ipixuna). That of the edges of planalto is classified as Kaolinitic Yellow Latosol, very
heavy textured (KYL,j), which is also the soil of the central sections. Ipixuna type
concretions are not found at the surface of the planalto edges, yet Pau amarelo is pre-
sent. Also elsewhere in the area of the Liga¢3o unit, the species is not restricted to
the places with Ipixuna type c.g. Ligacio type concretions. The tree also occurs on the
very gently sloping concretionless terrains with KYL 45 or RP-KYL,), profile, even
where these terrains are at a considerably lower level than the planalto.

It may be noted that Ligagio type concretions and gently cloping terrains with KYL
oceur also in the area of inventory unit Acailindia, which lacks Pau amarelo. In this
stretch however, the climate is believed to be too dry for this and several other species
(¢f . IV.1.1).

Combining these observations, it can be said that in the Guamd-Imperatriz area Pau
amarelo occurs predominantly on seil with Ipixuna type c.g. Ligacgio type concretions
(RP-KYL, cr-Ipixuna; RP-KYL, cr-Ligagio) and, to a lesser extent, on very heavy
textured soil (KYL,p and RP-KYL ,3) where this occurs on gently sloping terrain,
i.e. when the forest is not ‘cipoalic’. The optimal growing conditions for the species
are apparently found on the concretionary soils classified as RP-KYL, cr-Ipixuna
(respectively Ligagio), but the species can spread to the mentioned very heavy textured
soils. The latter are located always near the concretionary soils.
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Table 12 Comparison of chemical dara of seils with and without Pau amarelo (Euxylophora paraensis)

Carion
No. field Classification {¢f. Table 9) Location Clay excli capac. pH-H,O Exchangeable metallic
descr. classificagio (cf. Tabela ) locapdo argila capacidade cations
descr. de campo BR-t4 de irnca bases trocdveis
(4o} (m.e./100 g} {m.e./100 g}
T Catt Mgt~
a b a b a b a b a b
SOILS WITH PALY AMARELO/soloy com Pgu amarels
202 RP-KYL, cr (Ipixuna) km 109.6 343 59.9 13.07 2.91 4.5 5.2 0.66 0.18* 2.11 0.18*
216 KY Lok km 291,53 66.8 90.8 13.20 3.88 5.0 5,2 3.08 0.33* 2.28 0.33*
236 RP-KYL:# km 232.0 63.0 83.5 11.26 3.31 4.2 4.5 0.41 0.2¢4* 0.72 0.24%
204 RP-KY Lk km 172.0 26.7 55.9 10.83 3.28 4.0 4.8 1.08 0.35* 0.75 0.35*
SOILS WITHOUT PAU AMARELO/sofos sem Pau amarcle
238 RP-KYL, cr {Mae do Rio) km 43.8 21.9 55.6 9.20 3.31 4.7 45 1.98 0.24* 0.84 0.24*
205 RP-KYL., cr {Paragaminas) km 175.6 17.1 52.7 12.82 3.65 4.1 4.7 1.39 0.24* 1.00 0.24%
201 KYL-RPri km 117.0 13.7 32.2 5.83 2.72 4.1 4.7 046 0.20* 0.36 0.20*
197 KYL-RPrk km 136.0 33.1 63.2 11.01 3.15 3.9 3.9 033 0.20% 0.10 0.20*
210%* KYLsa km 247.0 74.6 88,5 14.86 4.50 4.0 4.7 087 0,25% (.98 0.25%
230 = KYL, ceh km 178.8 60.3 84.5 5.99 4.25 4.4 4.8 111 0.26% 0.80 0.26*
208+ * KYL, con km 69.0 77.2 90,3 1946 2.92 4.0 4.7 2.52 0.25*% 0.69 0.25*%
194 KYL., arh km 4§3.0 14.9 353 4.16 2.9%4 4.3 5.0 0.27*% 0.48% 0.27* 0.48*
242 RP-KYLyk km 256.6 13.2 48.1 6.08 2.42 4.1 4.6 0.31* ¢.16* 0.31* 0.16*
237 RP-KYLrh km 205.8 14.6 42,9 551 215 4.3 4.5 0.21* 0.20% 0.21* 0.29*
233 KYLn km 12.7 6.7 19.8 420 1,99 4.6 4.5 0.24% 0.14* 0.24*% . 14*
231 KYLy km 38.0 17.9 23.9 4.90 2.14 4.6 5.1 0.15*%0.15* 0.13* ¢.15*
206 KYLwu km 201.0 7.3 19.8 540 2,33 4.0 4.3 0.32*% 0,32% 0.32*% 0.32*

¥ } (Ca*t* 4 Mg**) the half of jointly determinded bivalent cations
a metade dos calions bivalentes determinados em comjunto
** cover of cipoal or ‘cipoalic forest’/cobertura de cipoal ou floresta cipodlica

Any special soil qualities related with very heavy texture cannot be the conditioning
factors for the occurrence of the species because the RP-K'YL, R soil sometimes falls
into other texture classes. Special rooting possibilities are unlikely to be involved, be-
cause both the RP-KYL, cr-Ipixuna and the RP-KYL, have a rather firm and
compact subsoil, whilst the KYLy is deeply friable and porous. Probably, the
species requires a high content of a certain (micro) nutrient, or a specific balance of
nutrients. Comparison of analytical data does not give a congruent difference between
Pau amarelo bearing and non-Pau amarelo bearing soils (¢f. Table 12). 11 is, however,
quite possible that a more refined and elaborate chemical analysis, and/or mingralogi-
cal analysis, would reveal a correlation. The plinthite concretions themselves may pro-
vide the specific chemical qualities of the soils, or the fossil soft plinthite often associat-
ed. As discussed in 1.4.5. both are related to a land surface of Late Pliocene age, com-
posed of the uppsr strata of the Barreiras or Alter do Chéo beds. The Belterra clay,
which forms the parent material of the non-concretionary very heavy textured soils,
was deposited right on top of this, in a time immediately following (Plio-Pleisto-
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Tabela 12 Comparagdo de dados

quimicos de solos com e sem Pau amarelv (Euxylophora paraensis)

Lixchangeabhle m=ta lic Active Available P.y
catiars acldlty P,Os otal
bases trovivees acides ativa assimildvel
(e, f100 &) {m.e.f100g) (mg/100 )
K+ Na- (Al P-Bray

a b a b a b a b a b
0.25 0.08 .11 0,04 1.20 0.24 1.3 0.1 60 50
0.22 0.08 0.08 0.0+ 0.29 0.33 0.9 0.1 &0 50
0.21 0,10 0.10 (.03 1.74 0.66 1.9 0.1 60 40
0.17 0.07 0.07 0.07 1.55 0.41 3.1 0.2 40 40
0.25 0.1] 0.06 0,08 053 1.5% 3.4 0.2 50 50
0.17 0.10 0.06 0,03 1.10 0.72 3.7 0.2 30 80
0.11 0.06 0.05 .03 0.89 0.49 2.7 0.2 30 30
.10 9.06 005 002 2,16 154 1.4 0.2 30 30
0.26 0.12 G.07 .03 2.16 1.07 1.2 0.2 50 30
0.12 0.13 0.08 0,06 0,95 1.03 2.5 0.2 80 60
0.33 0.11 0.1n (k03 2.37 0.62 2.5 0.1 70 60
0.11 6,09  0.08 .08 0.72 .24 1.2 0.2 30 30
0.06 0,07 ¢4 0,04 0.89 0.52 2.2 0.1 30 30
0.06 0.08  0.03 0.03 0.93 0.36 1.7 0.1 30 30
0.06 0.07 0.3 0.03 (.72 0.64 1.1 0,2 30 50
0.08 0.07 0.04 0.03 1.08 0.33 1.2 0.4 30 30
0,10 ¢.08 0.81 0.56 1.7 0.1 20 20

0.03 0.02

a = iopsoil {A; horizon, or A,, when the former is subdivided)
sole superficia! (horizonte A, ou Ay quando o primeiro estd subdividido }
b = subsoil {Bs horizon, or B,, when the former is subdivided)
subsolo (norizonte By, ou By, quande o primeire estd subdividida}

cene). A peculiarity in parent material, related with these geologic times, is probably
responsible for the uneven occurrence of the Paw amarelo in the Guamd-Imperatriz

arca.

THE ECO-SITE OF MAHOGANY

Orp. G

=
=a

3.44 0.13
3.60 0.50
2,99 0.50
2.78 0.37

2.75 0.1%
3.63 0.29
1.20 0.1&

2,45 0.29
0.69
2,39 0.63

3.17 0.42
Q.65 0.25
0.38

1.39 0.20
0.88 0.18
0.87 0.22
1.23 0.19

N
total

0.32 0.03
0.34 0.07
0.26 0.00
0.23 0.05

0.25
0.25
0.11

0,02
0.04
0.03

0.22 0.06
0.33 0.08
0.30 0.08

0.44 0.07
0.06 0.03
0.12 0.04

0.11 0.02
0.06 0,02
0.09 0.03
0.08 0,03

N

10.8 4.3
10,6 7.1
il.3 10,0
121 7.4

1.0 8.3
149 7.3
1.0 53

4.8
8.6
7.9

1.1
10.9
8.6

1.8
10.8
1.4

8.4
8.3
9.5

12.6 10.0
147 9.0
9.7 73
154 63

P-rotal
100N

1.87 16.6
1.76 7.0
2.30 8.0
1.74 8.0

2,00 25.0
2.00 20.0
2.71 10.0

L.36
1.52
2,76

5.0
3.8

1.46
5,00
2.50

8.5
10.0
7.5

2.72
5.00
3.32
2,50

15.0
15.0
10.0

6.7

]:v]mal
(¥

17.5
16.7
20,0
14.4

18.2
13.8
25.0

12.3
13.8
30.8

13.2
46.2
21.9

21.3
34.0
344
16.3

34
100

80
108

204
276
188

103
44
95

146
120
7%

150
167
136
105

It is (o be expected that detailed studies outside the Planicie part of Amazonia, where
the soils vary considerably both chemically and physically, will result in the establish-

ment of more and more definite coincidences between soil and occurrence of individual
tree species than in the Planicie itself. Ducke and BLack (1954), for instance, report
that on patches with ‘Terra Roxa-like’ soil, developed from diabase, the forest cover
has 2 floristic composition distinctly different from that on adjacent soils. On this rela-

tively rich soil, more soft wooded tree species would be present.

The growing site of one tree species of the non-Planicie part of Amazonia, namely the
very valuable Mahogany { Mogro: Swietenia macrophylla), was studied in some detail,
namely in the so-called Araguaia Mahogany area (c¢f. Appendices 2 and 6). This area is
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located in the transition zone between the Amazon hileia and the savannahs of North-
Eastern Brazil. It has a tropical humid climate with a pronounced dry season (4w in
K&ppen’s classification, ¢f. Fig. 2). In the western part of the area, the Pre-Cambrian
crystalline basement outcrops; east of this, strips of Palaeozoic and Mesozoic deposits
occur {Devonian, Carboniferous, Permean, Jurassic, Triassic), which belong to the
sedimentary basin of Maranhdo (¢f. Appendix 8). Locally, Quaternary sediments are
present.

The following summarizes the field data of the combined forest inventory - soil survey
executed in this area:

1. Mahogany is absent in the areas of the mapping units with savannah cover, being
L,qu and KLS,s. Also the mapping units L, ss and KLS, 1, covered with low and high
shrub vegetation respectively, lack mahogany.
2. The species is very sparsely present in the area of mapping unit DL, s + AF, G, as
well in that of mapping unit L, CH,
3., Low, thin and stunted mahogany trees are found scattered in the area of the mapp-
ing unit with Hydromorphic Grey Podzolic soil, with high base saturation, Shallow
phase (HP s, s; Profile 46) which has a general vegetative cover of hydromorphic de-
ciduous shrub.
4. Small quantities of mahogany are present in the area of mapping unit KLS, F, which
is under forest cover. Here, the tree is found in the transition strips between the dry-
land and the bottom lands, which usually have deep Ground Water Humus Podzol
(GP). It is also found on the narrow strips of lowland along the rivulets included in the
mapping unit and having Low Humic Gley soil (LHG). The tree does not occur regu-
larly on all sites with these soils, but only locally. The impression is that these localities
have relatively rich ground water, namely that coming from nearby calcareous de-
posits (cherts with lime-stone).

The mahogany trees found in the area of this mapping unit can become very big,
namely up to diameter class 15,
5. The floodplain and lowland seils of considerable extent are mapped under unit F.
Those along the river Araguaia proper, which are either Alluvial soil (A) or Low Hum-
ic Gley soil (LGH), have no mahogany in their vegetative cover, which is often a
creeper forest. Those along the tributaries, which are Low Humic Gley s0il(LHG), have
mahopany only locally, As in the case of those mapped under KLS, F (see 4), the im-
pression is that these localities have relatively rich ground water, in this case coming
from nearby located cherts with lime-stones, and calcareous and gypsiferous silt and
clay-stones.
6. Mahogany is found in rather small quantities in the area of mapping unit RPrzs.
Within this area, the tree is growing predominantly in the narrow strips of lowland
along the rivulets, with Ground Water Laterite soil, intergrade to Hydromorphic

1} Diameter class O stands for 04 ¢cm DBH (diameter at breast height), diameter class 1
stands for 5-14 cm DBH; diameter class 2 for $15-24 em DBH, 3 for 25-34 cm DBH, ¢te.
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Fig. 25 Tipos de jloresta e solos na drea Araguaiana de Mogno; levantamento 1009 do Mogno num
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Tipos de florestu Examinagies de solo fgarupé
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Fig. 25 Forest types and soils in the Araguaia Mahogany area; 100%, survey of mahogany in a 200 ha
block (for the legend see page 205 seq.)

Grey Podzolic soil, Micaceous phase (GL-HP, m; Profile 16). The tree is found also
where greenish-black, hard schists (epidote and biotite schists) outcrop or nearly out-
crop, whether on the strips of lowland or on the undulating to rolling upland. The size
of the mahogany trees in this area can be very large, up to diameter class 15.

7. The bulk of the mahogany of the survey area is found in the area of mapping unit
H, Hy¥dromorphic soils undifferentiated, where the land is extensively flat. The maho-
gany is not spread regularly over all the land concerned, but concentrated in large
patches where the tree is often the predominant constituent of the canopy: canfeiros de
mogno. A detailed survey of a 200 ha block within this area was executed to determine
which of the various hydromorphic soils support mahogany (¢f. Fig. 25; for the maho-
gany inventory map of this block, ¢f. GLERUM and Swmit, 1961; or SOMBROEK and
SaMpalo, 1962). The results of this survey are as follows:

A. Forest of small-sized mahogany. Low, rather open canopy, consisting almost ex-
clusively of low, thin (largely diameter classes 2, 3 and 4) and stunted mahogany trees;
high, fairly dense undergrowth, with many thin creepers or climbers; rather closed
field tayer. This is found on Hydromorphic Grey Podzolic soil, with high base satura-
tion, Dark phase (HPyy, D; Profile 45, see also Photo 23).
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Foto 23 O micro-reléve de cunaletes e a zona herbicea e subarbustiva dos solos em que ocorre fre-
glieniemente o Mogno. Os terrenos relativos sdo extensamente planos e de drenagem imperfeita. O solo &
‘Hydromorphic Grey Podzolic’, com saruracde de bases aita. A direita e ao centro no fundo hd dois
mognos pequenos. Além das palmeiras, estas espécies formam praticamenie as finicas que constiruem o
dossel {drea Araguaiana de Mogno, Bloco Piranha)

Photo 23 The micro velief of canaletes and the field fuyer of the soils on which mahogany is of frequent
occuirence. The tervains concerned are extensively flat and imperfectly drained. The soil is a Hydro-
moiphic Grey Podzolic soil, with high base satwration. On the right and ar centre-background are two
stunted mahogany trees. Apart from palms, this species forms practically the onlv constitiuens of the
canopy { Araguaia Mahogarny arca, Bloco Piranha)

B. Forest of normal-sized mahogany. High, almost closed canopy, consisting for a
good part of medium-sized (diameter classes 4 to 7) mahogany trees, in a much more
open pattern than in the forest type A; high, only fairly dense undergrowth, with
rather few creepers or climbers; open field layer. This vegetation is found predominant-
ly on Hydromorphic Grey Podzolic soil, with high base saturation, Ortho (HPys, 0;
Profile 44 )!, but also on Ground Water Laterite soil, intergrade to Hydromorphic
Grey Podzolic soil, Clay-stone substratum phase (GL-HP, ¢; Profiie 15). The latter
soil however is commonly found on the edges of the terrain with this forest type, or on
small, encircled patches with less mahogany (interrupted shading on the map; also
applying to a central patch within the area of forest type A).

'y A patch of this soil, at a corner of the surveyed block, has a coverage of dense shrub
forest without mahogany (D). It is supposed that former fires and/or very imperfect
drainage is the cause for this deviating vegetation type.
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C. Cipoalic’ forest. High, rather open canopy, consisting of several tree species and
compiratively many palms, but rarely with mahogany; high, fairly dense undergrowth
with common and rather thick creepers or climbers, and a frequent occurrence of high
Sororaca ( Ranavalia guianensis); open field layer. This ts found on Ground Water
Laterite soil, intergrade to Hydromorphic Grey Podzolic soil, Deep phase (GL-HP, p;
Prcfile 14), and also on Ground Water Laterite soil, intergrade to Hydromorphic
Grey Podzolic soil, Clay-stone substratum phase (GL-HP, ¢; Profile 15).

E. Cizoal (creeper forsst). Little or no canopy, and without mahogany; dense under-
growth. largely consisting of thin creepers or climbers; open field layer. This vegeta-
tion type is found on poorly drained patches, with Low Humic Gley soil (LHG).

From these data it becomes evident that in the surveyed area, mahogany grows very
predominantly on terrains with an imperfect drainage, with well developed hydromor-
phic soils. The occurrence of mahogany is not general on these terrains, but concen-
trated on a few specific hydromorphic soils, on which the species occurs either scatter-
ed or in a dense pattern, remains either low, thin and stunted, or attains medium and in
some parts large diameters.

The tree occurs scattered in the strips of lowland, with GL-HP, M soil, of the area
where the Pre-Cambrian crystalline basement (serie Araxd) outcrops. The tree occurs
in a dense pattern on extensively flat terrains with HPpp, 0 and HP s, D soils. These
soils have developed from gypsiferous and calcareous silt and clay-stones which be-
long most probably to the Motuca member of the Pastos Bons beds, of Jurassic-
Triassic age (Piauf beds of the Upper Carboniferous according to other geolo-
gists). Where the tree occurs outside these terrains it is usually where the ground water
is rich {high pH), or where rich rock (epidote and biotite schists) outcrops.

The frequented hydromorphic soils (Profile 16, and especially the profiles 44 and 45)
are all relatively rich. They have silicate clay minerals of the 2:1 [attice structure; the
base exchange capacity is relatively high (25-35 m.e./100 g clay, after correction for the
organic matter content); the base saturation is medium, and in the subscil high; Cat+
is the predominant exchangeable cation, but also exchangeable Mg+ is present in
considerable quantities, especially in the GL-HP, M.

The HP#p, 0 and HPgp, D soils have a high pH in their deeper subsoil (6-8). In this
subsaoil, free anions, namely sulphates, carbonates, and/or chlorides are present. It is
quite possible that these anions, especially the sulphates, are the conditional factor for
the peculiar abundancy of mahogany on the soils. But the field and laboratory data on
mahogany and non-mahogany soils of the area are too few to allow definite conclusi-
ons.

The differences in size and density of the species, particularly of the mahogany on the
HPyp, 0 and HP 5, D soils respectively, warrants discussion. A likely explanation is
that on the HPp 3, D soil, with its rich subsoil near the surface, the conditions for rege-
neration are better, but full development of the trees is hampered by the very poor
physical qualities of the soil, which restrict root penetration. Support for this supposi-
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tion 1s found in the scattered occurrence of small sized mahogany on the Hydromor-
phic Grey Podzolic soil, with high base saturation, Shallow phase (HPgyp,). The
rich subsoil of this is also rather shallow, and it possesses extremely poor phystcal
qualities, resulting in a general cover of hydromorphic deciducus shrub. That the
scattered mahogany in the areas of mapping units RPypp and KLS, F can attain a
bigger size than on the HPyp, 0 is probably explained by taking into account that in
these areas the physical qualities of the soils concerned are generally better.

PaLMs

The occurrence of palms in the Amazon forests seems to be, in general, more related
with the variations in climatic and soil conditions than that of many dicotylenous tree
specics. AUBREVILLE (1958} obtained the impression that every region, and every
milieu of the hileia, has its characteristic large palms. Since most palm species are
comparatively easily noticed and identified, they may therefore be suitable indicator
plants for vegetation types and soil units. Quantitative data on occurrence of palms are
not available. The growing sites of several species of the uplands, particularly Tucumad,
Babagii, and Bacaba have however been examined to a degree.

The Tucumad { Astracaryum vulgare) seems to be concentrated on sandy, low uplands
where a shallow ground water level occurs. The palm is, for instance, characteristic of
the sandy Ground Water Laterite soils of the eastern part of Marajé-island, whether
under savannah or forest.

The commercially valuable! Babacu { Orbignia speciosa) is often a main constituent of
the palm forests in the transition zone between the hileia and the savannahs of North
Eastern Brazil. The southern most part of the Guamd-Imperatriz area contains an
extremity of this zona de cocais. The Babagii there was found to be concentrated, in a
dense pattern, on comparatively fertile soil. This is the Red Yellow Mediterran-
ean-like soil, (RM; ¢f. Appendix ! and Profile 41) which has developed on silt-stones
and shales of the Cretaceous Codo beds. Also in the Araguaia Mahogany area
the Babaci is encountered. The palm occurs there, fairly frequently, on Red Yellow
Podzolic soil, with rather high base saturation {mapping unit RPrj3; ¢f. Appendix 2).
It is also frequent on the highest parts of the floodplain of the Araguaia river proper
(mapping unit F), which have Alluvial soil (A) consisting of very micaceous silty sands.
The palm has a scattered occurrence in the area of the association of Dark Red Lato-
sol, Shallow phase and Acid Brown Forest-like soil, Gravelly phase (DL, s + AF, G).
On Lithosol, Quartzite substratum phase (L, Qu) and Lithosol, Sand-stone substratum
phase (L, ss) the species only occurs locally, The species is absent in the areas of the
other mapping units, where the soils are well-drained but poor (Kaolinitic Latosolic
Sand, Forest phase; KLS, ), or imperfectly drained and relatively rich (Hydromorph-
ic soils, undifferentiated ; H). The palm therefore is confined to the western part of the
survey area. It occurs on soils developed on the Pre-Cambrian crystalline basement

V) Stands of Babag¢# are often denser where under human infiluence, owing to repeated
burning of the vegetation between the palms, which themselves are fire-resistant, and to
some enrichment planting,
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{mica schists, quartzites} or on Devonian-Carboniferous deposits (shales, sand-stones,
silt-stongs’, as well as on young, moderately well-drained soils from recent sediments
{micaceous silty sands).

The ahove data suggest that the Baba¢it predominates on relatively fertile soils with
free or almost free drainage, which may vary in depth and structure. [t is, however,
quite passible that in the area of maximal occurrence of the species, which is the north-
ern part of the State Maranhdo, the palm is less exacting as to soil conditions.

Contrary 1o the Babagii, the Bacaba palm ( Oenocarpus bacaba) seems to grow predo-
minanity on well-drained, poor sandy soil, in particular on Kaolinitic Latosolic Sand,
In the Araguaia Mahogany area at least, this palm is fully confined to the Kaolinitic
Latosclic Sand, Forest phase (KLS, F; ¢f. Appendix 2}. In the axial part of Amazonia
also, this palm species is found particularly on the same type of soil. A palm species
not selective as regards soil conditions seems to be the fngjd ( Maximiliana regia). In
the Araguaia Mahogany area the species is found on practically all encountered soils,
except those of the savannahs proper.

[V.2 The Uplands with Savannah or Savannah-Forest Cover

A number of places on the uplands have a coverage of savannah or savannah-forest,
instead of forest. These vegetation types are defined and described in 1.5.2. As possible
causes of the occurrence of the savannahs and savannah-forests the following should
be cons.dered:

1. Local unfavourable climatic conditions, especially as regards relatively low total
annual rainfall and/or a relatively long and pronounced dry season.

2. Local marked influence of man, especially as regards repeated felling, repeated
burping, and animal husbandry.

3. Local unfavourable edaphic conditions. This applies especially to the effective soil
maoistuce reserve for the period of the year that the evapo-transpiration from a forest
coverage would exceed the precipitation (dry season or less rainy period).

Effective soil moisture reserve can be insufficient for various reasons:

1. There may be a very low moisture storage capacity per unit of soil material. For this
reason very sandy soils, even when they can be deeply penetrated by roots, can be short
of a suflicient soil moisture reserve for forestgrowth,

2, The rooting space may be small, because of a small amount of soil material. On very
stony soils, and on very shallow soils upon impermeable bedrock, the total stored
moisture may be too small to carry a forest coverage through the dry period, even
when the storage capacity per unit of earth is high.

3. There may be intermittently imperfect drainage. A shallow ground water level during
the rainy season greatly restricts the depth of penetration of the roots. If on such a site
the ground water level drops considerably during the dry season, then the short roots
loose contact with it, and the moisture reserve in the rooted layer alone is too small to
sustain forest growth.
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Tuble 13 The savannuhs and savannafi-forests of Amazonia, in thelr dependence upon edaphic and non-

edaphic faciors

Land form
constituicdo da terra

Parts of Early Pleistocene terraces

partes de terragos do Pleistoceno
Inferior

Undulating or mountanous terrains
outside Planicie

fervenos ondulados ou montanhosos
fora da Planicie

Pleistocene terraces

terragos do Pleistoceno

Flat watershed parts of Pleistocene
or Early Holocene terraces; Cre-
taceous or Early Tertiary penepla-
nation levels

partes planas, nos divisores de dgua,
de r1erragos do Pleistoceno ou do
Holoceno Inferior; superficies pene-
planadas do Cretdeio ou Tercidrio
Inferior

Elongated patches, often along
rivers, of Late Pleistocene sandy
terraces

Sfaixas, muilas vezes ao longo dos
rios, de terragos arenosos do Pleisto-
ceno Superior

idem

Floodplains and lowlands, of
Holocene age

vdrzeas, de idade Holocena

Drainage condition
condicio de drenagem

excessively drained

drenagem excessiva

well-drained

bda drenagem

well-drained

bia drenagem

intermittently imper-

fectly drained

drenagem intermitente-

mente imperfeita

impetfectly drained

drenagem imperfeita

imperfectly drained
drenagem imperfeita

poorly drained

md drenagem

Soil
salo

White Sand Regosol
(Giant Podzol)

Regosolo de Areia Branca
( Podzol Gigante)

Lithosol

Litosolo

Kaolinitic Yellow Latosol
Kaolinitic Latosolic Sand
Latosolo Amarelo Caolinitico
Avreia Latosélica Caolinitica

Ground Water Laterite soil

solo Larerita Hidromorfica

Ground Water Podzol

Podzol Hidromdrfico

Ground Water Podzol
Podzol Hidromdrfico

Low Humic Gley soil
Humic Gley soil
Saline or Alkali soil
solo Glei Pouco Humico
solo Glei Himico

solo Salino ou Alcalino
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Tabeia '3 As savanas e floresta-savanas da Amazonia, em sua dependéncia de farores edidficos e néo

eddficos

Vegelation type, in dependence upon the degree of human influences
tipo ae vegetacdo, em dependéncia do gran de influéncias antropogénicas

h 4

PATCHY
SAVANNAH-FOREST
CAMPINA-RANA
{edaphic;eddfico)

SAVANNAH
CAMPFPC
{edaphicfeddfico)
feliing,
fE]liIlg, SECON felling, burning, SAVANNAH
p ECOND. . :
HIGH FOREST burning FOREST burning surup STAZINE CAMPO
Mata alti derrubagdo, Capoeira derrubacio, “APUIO dorrpbacio, (?on-ec,]aphlcl
incendimento incendimento pasiagde ¢ A0 eddfico)
incendimento
EXTENSIVE burni gzgigi{;ﬁ
CATHL UFNINg
SAVANNNAH-FOREST y CAMPO

CAMPINA-RANA

incendimentc i
(edaphic/edifico) incendimentc (masked edaphic/

eddfico encoberto)

PATCHY
SAVANMAH-FOREST
CAATING A
AMAZONICA
(edaphic/edifico)

PATCHY SAVANNAH
CAMPINA
(edaphic/eddfico)

LOWLAND
SAVANNAH
CAMPG DE VARZEA
(edaphic/e:fdfico)
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4. Impermeable layers may occur in the subsoil (Ortstein; dense soft plinthite). These
layers restrict root development and thus the layer of effective soil moisture reserve.

Actually, the above soil conditions eften occur together and are interdependent. For
instance, an impermeable subsoil layer can give a shallow, perched ground water level
during the rainy season. On the other hand, intermittent imperfect drainage results
often in a very sandy topsoil and a dense clayey, or cemented, subsoil. Other soil fac-
tors which might be considered as hampering forest growth are: a restricted ground
support. and a low natural fertility. In Amazonia, however, these can be ruled out as
causes of savannah or savannah-forest. As regards a restricted ground support there is
the example of the igapd. Although it has a very shallow rooting, nevertheless a high
forest coverage occurs. As regards a low natural fertility there is the fact that practical-
Iy all forested Planicie soils have a very low base saturation. And even soils with an
extremely Jow cation exchange capacity, also in their topsoil, often have forest cover-
age (Kaolinitic Latosolic Sand, White Sand Regosol). The closed-nutrient cycle of the
tropical forest coverage, once established, does apparently not depend upon fertility of
the soil,

With the above considerations in mind, the origin of the various savannahs and sa-
vannah-forests of Amazonia will be discussed, as far as this is possible with the limited
amount of available data. Their origin is schematised, very tentatively, in Table 13.

1V.2.1 Primarily Non-Edaphic Upland Savannahs

In this subchapter the upland savannahs within the hileia are discussed, which are
believed to have originated primarily by local adverse climatic conditions or human
influence. Many notes on the upland savannahs of eastern Amapd, of southeastern
Marajo, and of the northbank of the Lower Amazon river are compiled in the study of
SUTMGLLER et al. (1963). The savannahs of the northern part of Rio Branco Territory
are not discussed because the area concerned falls outside the hileia.

IV.2.1.1 The Upland Savannahs of Eastern Amapd Territory

The upland savannahs (campos) of eastern Amapd Territory are located on flat or
gently undulating terrains which are between 5 and 50 m above local river level. Except
for narrow strips of bottom land, the soils of these savannahs are well-drained. They
are commonly of rather heavy texture, but very heavy textures and very light textures
respectively are also found. A number of them contain plinthite concretions. The soils
with relatively heavy texture have often compact subsoils. In their general characteris-
tics the soils are identical to forest supporting soils nearby, for instance those of Porto
Platén, and elsewhere in the Planicie. They are classified as Kaolinitic Yellow Latosol,
of various texture (KYL), Kaolinitic Yellow Latosol, Compact phase of various tex-
ture (KYL, c}, Kaolinitic Yellow Latosol, Concretionary phase (KYL, cr) and Red
Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Congcretionary phase
(RP-K YL, cr} respectively. Detailed analytical data are given in Chapter V.
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For southeastern Amapd Territory, there is a4 greater amount of climatical data than
for meny other parts of Amazonia. Weather recording stations are installed at Maca-
pd. Santana, Porto Platdn and Serra de Navio. The first three are located in the savan-
nah area. They each have on an average 3 months per year with each less than 50 mm,
and 5 months with less than 100 mm rainfall, Of Serra de Navio, well in the forested
part, cnly one year’s recordings are available. During that year, only one month had
less than 50 mm rainfall, and two months less than 100 mm each.

A distingt difference in climate is likely to exist between the savannah area and the
forested area. But the dry season of the savannah area is not more pronounced than
that of many other parts of eastern Amazonia which have a forest coverage (¢f. the
Fizs. 3 and 4, and Fig. 12). Adverse climatic conditions can therefore not be a main
cause of the savannahs. But even when the present day climate in the savannah area
would have been unfavourable for forest growth, a climatic origin of the savannahs
could not have been taken as proven. A distinct dry season may be the result rather
than a cause of savannah coverage. On extensive open terrains, the air becomes more
heated at day time, resulting in less rainfall from air with the same absolute humidity
as that carried to forested areas (dry season showers in Amazonia usually fall in the
afteraoon).

The Amapd savannahs reportedly already existed in 1600. Patches of Terra Preta,
sure indicators for former Indian settlements, are frequent. At present, the Amapd
savannahs are grazed fairly intensively, and burned repeatedly. The boundaries with
the forested part are often very well defined, for instance at Porto Platén. With every
new fire, and helped by shifting cultivation and grazing, the savannah area increases
slightly. This process was observed in the headwater region of Igarapé do Lago.

In summarizing these data, it is concluded that the upland savannahs of eastern
Amapd are due primarily to long-lasting human influence.

1V.2.1.2 The Upland Savannahs of South-Eastern Marajo Island

The upland savannahs of south-eastern Marajd are located on flat terrains, and on
small ridges (tesos) within the central lowlands, both 1 to 3 m above the level of flood-
ing or submergence. The soils of these terrains are often slightly imperfectly drained,
constituting sandy Ground Water Laterite soil (GL). The highest parts have Kaolinitic
Latosolic Sand (KLS). Only a few of the savannah terrains, for instance those west of
Mariahi at the medium course of the river Afud, have a thick surface layer of bleached
sand, which belongs to the so-called Ground Water Laterite soil, Low phase.

Portions of the described low uplands, with the same soils, have a forest coverage,
though of rather poor quality. An example is the surrounding of Scure. The dry season
is distinct in eastern Marajo, although the annual rainfall is high (Soure has a total
rainfall of 2900 mm, 3 months with less than 50 mm each, 4 months with less than 100
mm each). These climatical conditions apparently do not prevent forest growth and are
anyhow not inferior to those of many other parts of eastern Amazonia.

It is known that in pre-Columbian times, relatively many Indians were living on the
island. Their settling sites were the above mentioned low uplands (patches of Terra
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Preta, of. 111.3.4). At present, the savannahs are repeatedly burned and intensively
grazed. The boundaries with the forested parts of the same uplands are often sharp.
Locally, deforestation is purposely effected for converting the land into pasture.

It is concluded that the origin of the upland savannahs of south-eastern Marajo is
largely anthropogenic, both from former Indians’ and present farmers’ practices.
Edaphic conditions are marginal.

IV.2.1.3 The Upland Savannahs at the Northbank of the Lower Amazon River

The soils of the upland savannahs at the Northbank of the Lower Amazon river were
studied in a number of places. The narrow strip of savannah on high upland (about
60 m above river level) right alongside the Amazon river, from Prainha to Monte
Alegre, has well to excessively drained, very sandy soil. This soil is, however, very simi-
lar to that of the ‘flanco” areas southeast of Santarém that are largely under forest
cover. Both are Kaoclinitic Latosolic Sand (KLS)!. In the grass covered, approximately
flat centre of the Dome of Monte Alegre, the soils are shallow, while drainage condi-
tions are often imperfect. Ground Water Laterite soil, intergrading to Lithosol (¢f.
Profile 17) is rather frequent. The savannahs at about 20 km N of Prainha (Desterro)
where the country is partially very broken, are for a part located on shallow and im-
perfectly drained soil, classified as Ground Water Laterite soil (¢f. Profile 2}. Kaolinitic
Latosolic Sand (KLS) and Kaolinitic Yellow Latosol, medium textured {(KYLy,) are
however also found.

The data of the only weather recording station located in the region (Obidos) point to
a relatively dry climate. On climatical maps (¢f. Fig. 2) often a connection is drawn
with the northern part of Rio Branco Territory which has a pronounced dry season
(Aw type of Kdppen). Ducke and BLack (1954) report the occurrence of dry and low
forests in the region. In comparison with other parts of Amazonia, the relief is greatly
varied (Dome of Monte Alegre; table lands between Almeirim and Prainha). Already
BOUILLENE (1926) observed that the savannahs in the district between Almeirim and
Obidos are largely found at the western feet of the elevated parts. He supposed that,
with the prevailing eastern winds, a smaller amount of annual rainfall at the lay-side is.
besides conditions of soil, one of the determining factors for the savannahs.

All these savannahs are more or less regularly burned. Cattle grazing during the dry
season is of importance in many parts. The presence of many and large patches of Terra
Preta indicate a comparatively strong former Indian influence.

It is concluded that a combination of adverse climatic conditions and human influen-
ce is largely responsible for the occurrence of upland savannahs at the Northbank of
the Lower Amazon river. In several parts adverse soil conditions are a contributing
factor.

1} Directly around Santarém this soil is also covered with savannah.
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IV.2.2 Upland Savannahs and Savannah-Forests of Edaphic Origin
1V.2.2.1 Savannahs and Savannah-Forests of the Planicie

INTRODUCTION

The above discussed savannahs are all located in the north-eastern part of Amazonia.
A censiderable percentage of the other upland savannahs, and of the savannah-forests,
are located in the Planicie (Fig. 12 - on which only the extensive savannahs and savan-
nah-forests are indicated —, ¢f. Fig. 17). They are all encircled by high forest. The relief
is normally flat. From the weather recording stations, although they are few, it can be
deduced that the climate is approximately uniform over large areas. It can therefore be
said that these savannahs and savannah-forests are not due to adverse climatic condi-
tions in locol.

In contrast to the majority of the savannah-forests ( campina-ranus, caatingas amazoni-
cas) and the savannahs of small extent (campinas), all studied savannahs of large ex-
tent { cempos) show traces of burning, of varying frequency. It is however supposed, in
agreemant with DUCkKE and BLACK (1954), that burning is not the cause of these savan-
nahs. High forest adjacent to them does not get burned unless felled, and then secon-
dary forest emerges, Only under long-lasting and pronounced human influence this
latter may degenerate into savannah. But the dwelling sites of the present population,
as well as those of the former Indians, are concentrated on the main river banks, while
the campos are found in watershed areas for a good part. Of course, some slow increase
in the area of a savannah, at the expense of the adjacent forest, may have taken place,
but their centres must have had an original vegetative cover that is liable to burning.
The present day vegetation of the campina-ranas, caatingas amazdnicas, and campi-
nas may be still the original one, but that of the campos certainly has changed consi-
derably, under influence of burning. The original vegetation of the campos terrains
was probably a kind of savannah-forest. At present, however, the sparse woody plants
are of fire-resistant species, with xerophytic leaves and thick bark ( Curatella america-
na, and others). Because they easily regenerate after fire, tufted grasses are frequent.

Most of the campos terrains are not grazed by cattle, or very infrequently. Grazing is
absent in the campinas, campina-ranas and caatingas amazdnicas.

It is concluded that neither adverse climatic conditions, nor anthropogenic factors
are causes of the existence of the areas with vegetation types inferior to the surrounding
high forest, The present-day character of these vegetation types may be a modified one,
which is conditioned by fire. But the origin of both the savannahs and the savannah-
forests in the Planicie, except those discussed in 1V.2.1, is to be found with adverse
edaphic factors, notably imperfect drainage, impermeable subsoil layers, and/or very
sandy and bleached topsoils. In the following, all known data about the extent, topo-

1) This does however not contradict the fact that the present-day micro and soil climate of
the savannah terrains may be distinctly different from that of adjacent forested terrains,
Very interesting data in this respect are recorded by ScuuLz (1969) in the coastal region of
Surinam, for sites with rain-forest, savannah-forest, and large clearings respectively.
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graphy and scils of the savannahs and savannah-forests of the Planicie that are of
edaphic origin are brought together. The main criteria for the classification of the soils
concerned are summarised first (for full description of the soils ¢f. 111.2):

A more or less sandy, non-bleached topsoil {A horizon) over a subsoil (B horizon) of
soft plinthite {i.¢., dense, normally heavy textured material with many, coarse and pro-
minent mottles of red in a white or light grey matrix) is a Ground Water Laterite soil.

A sandy, bleached topsoil over a subsoil of soft plinthite constitutes the so-called
Ground Water Laterite soil, Low phase.

A sandy, bleached topsoil over a subsoil containing an Ortstein (7.e. a more or less
indurated, homogenocus dark brown layer) is a Ground Water { Humus) Podzol.

A very deeply bleached sandy soil is usually called White Sand Regosol, although ac-
tually the very thick A horizon of a deep Ground Water Podzol, or of a deep Ground
Water Laterite soil, Low phase, may be involved.

FiELD OBSERVATIONS

The soils of the campinas of some extent in the Bragantina area, for instance the one
of Vigia, are mapped by FiLHO et al. (1963) as ‘Regosol - Ground Water Podzol’.

Day (1959) gives data on the region the lower Gurupi river, which is part of the Cae-
té-Maracassumé area {¢f. Fig. 19 and Photo 24). In this region, savannahs and savan-
nah-forests are very frequent. The terrains concerned consist of relatively low upland,
largely submerged with rain water during a part of the year. DAy found Ground Water
Laterite soil (the “‘Ortho’ type) and especially Ground Water Laterite soil, Low phase
to be the common soils.? Ground Water Podzol and White Sand Regosol were found
also, but mostly in small patches. They were seen for instance along the river Maracas-
sumé in the southern part of the survey area, where frequently they occur as a narrow
band along the river. It may be noted that the profile studies in this area normaily went
to 120 cm depth only.

In the upper part of the Guamd-Imperatriz area there occurs a narrow terrace along
the rivulets and at 1-3 m above their level (Epi-Monastirian level). The original vege-
tation on this terrace is largely destroyed at present, but indications are that it was
savannah-forest. The soil is a Ground Water Humus Podzol (¢f. Profile 47).

The savannahs and savannah-forests east of the lower Tocantins are indicated on
Appendix 7. HEINSDUK (1958b}, who describes the region concerned as ‘very slightly
undulating, 5 to 10 m above local river level’, reports that the patches with savannah or
savannah-forest directly alongside the Mojt river have a white sandy soil surface. West
of the river Moit, and to a lesser extent east of it, large areas in the watershed regions
are covered with ‘grass and/or shrubs’ and have a white sandy soil surface. One such a
plain with grasses, some shrubs and palmlets, located 2 km east of Curugumbaba, was
studied by a pedologist. It proved to be submerged by rain water during a part of the
year, and to have a Ground Water Laterite soil, Low phase profile (Sampal0, field-
notes).

Y Apart from these, Grey Hydromorphic soil occurs on the terrains concerned (Day and
BENNEMA, 1958).
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Foto M Savanas abertas de velva {campos) gue acoivem entre a floresta afta em pedacos de extensdo
varichvel, Esta savana é de origem eddfica. O solo é de drenagem imperfeita, com wmna camada superior de
erefa alvejada ¢ um subsolo denso e argiloso de mosqueados vermelhos prominentes numa matriz
Lranca. Solo Laterita Hidromdrfica, fase Baixa { drea Cueté-Maracassumé; 1°40' §.,45°.52°0. fotografia
TH. Day)

Phote 24 Open grass savannal (campo), occurring in parches of varving extent hetween high forest,
This savarnah is of edaphic origin. The soil is imperfectly drained, with a bleached sand v topsail, and
a aenie clayey subsoil with prominent red moities in g white matrix: Ground Water Laterite soil, Low
phase ( Caeté - Maracassumé area; 1°.40'S., 45 52" W. photo TH. Davy)

All savannahs and savannah-forests between the lower Tocantins and the Bahia de
Pracui are mapped on Appendix 7. It can be seen that most of them are located in
walershed parts, while small patches may cccur alongside the rivers. HEINSDLK
(19584) notes that between the Tecantins and the Camaraipi the land is ‘flat, only
slightly above river level’, and partially submerged during a part of the vear. Between
the Cemaraipi and the Bahia de Pracui, the land is “slightly undulating, maximaliy 5 to
10 m aoove local river level’. The vegetation of the savannahs varies, according to
HEINGD.IK, from nearly bare sand with here and there some grass, to a mixture of grass,
shriab and patches of trees. The soil surface under both coverages is often white sandy.
The area around Anauerd river (2°30° S; 49°45" W) was visited by DAY (¢f. notes in
HeinsbuK, 1958a), He reports that in this area practically all savannahs and the sur-
rouding bands of savannah-forest have soils with a bleached, white sandy top. They
wer: moist in their upper part at the time of examination, and often wet or saturated
within | m depth. Day called the soils preliminary ‘White Sands’. Although his profile
studies went to | m depth only, one of his field profile descriptions shows the presence
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of soft plinthitic material in the subsoil. The soil concerned is therefore believed to be a
Ground Water Laterite soil, Low phase, the same as was found on the other side of
the Tocantins (see above). This is the more probable because of the presence of imper-
fectly drained soils, preliminary classified as ‘Gray Latosols’, under nearby average to
poor forest. For a strip of shrub savannah, probably a campina, alongside the river
Tocantins itself (49°.35 W;2°.25"8), where the terrain is at a level of about 10 m above
the river, SAMPAIO (field notes) described a profile with more than 3 metres of bleached
white sand: a White Sand Regosol. More upstream, namely near Tucurui, the author
studied the soil of an interior large patch of shrubby savannah with palmlets, which
occurs on flat terrain (6 km from the river; extension unknown; possibly identical
with the ‘campina de Breu Branco’ of Ducke and Brack, 1954). The profile consisted
of white dry sand to 2 m depth, below which grey bands occurred in white wet sand.
Probably a deep Ground Water Podzol is concerned.

The broad strip of savannahs and savannah-forests on the watershed between the
Bahia de Pracui and the lower Xingu also have white sandy topsoils (HEINSDIK,
1958a).

In contrast to the situation in the regions discussed above, savannahs or savannah-
forests are sparse in the region between the lower Xingt and the lower Tapajés.
HEINSDUK (1957) reports the occurrence of only a few small patches, on the lower parts
of the sandy ‘flanco’ terrains. The soil of these patches is ‘covered with pure white sand’.

In the western half of the region between the lower Tapajos and the lower Madeira,
comprising the areas of forest inventory units Canhumad and Maués, the forest inven-
tory maps show the occurrence of patches of savannah-forest on the flat watershed
terrains. These are 5-8 m above local low river water level in the northern half, 20 to
30 m above low river water level in the southern half of the area (HEINSDUK, 1958¢).
This author’s superficial description of the soils of these patches suggests that Ground
Water Laterite soil is involved. In the region dircctly south-west of the inventory area,
namely around Manicoré on the Madeira river, savannahs and savannah-forests are
more frequent. The former are mapped in Fig. 26. It can be seen that they are concen-
trated on watershed terrains. They partly form large irregular patches and partly
elongated stretches. No field data are available on their vegetative composition or their
soils. A number of the elongated savannah areas have however on Aar (1942) maps
the notes ‘old streambeds with patches of white sand’ or ‘white sand with scattered
trees’.

The very extensive open savannahs (campos), and the surrounding broad fringes of
savannah-forest, between the middle courses of the Madeira and the Puris (Humait4-
Librea-Porto Velho triangle), were studied by BrRaun and Ramos (1959), They occur
on flat watershed areas with imperfect drainage. The soil profile descriptions of
BrauN and Ramos show that all subsoils, often already from about 20 cm depth on-
wards, have strong, reddish mottling in a light grey or white matrix. There can be
little doubt that these subsoils, and the upper section of the underlying material which
is described as argilas mosqueadas da Formagdo Barreiras, are soft plinthitic in charac-
ter. Ground Water Laterite soils, developed from relatively heavy textured parent ma-
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Fig. 26 Savaras daturals na regiae do baixo ric Madeira. Dos miapas bdsicos da AAF ( 1942)
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Fig. 26 Natural sqvannahs in the rvegion of the lower Madeira. From AAF preliminary base maps
(1942;

terial. must be involved. That this is the case, is already suggested by BRAUN and
Ramos themselves in writing about “lateriras hidromdrficas’.

The numerous small savannahs (campinas) on the uplands between the Trombetas
and the Rio Negro have all, according to Duckk and BLack (1954), a surface of black
humus and white sand. The author studied those near Itacoatiara (Photo 25) and es-
pecially those north of Manaus. They occur as irregular strips along the rivulets, at a
height of | to 5 m above them. At all studied sites the soil profile constitutes a Ground
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Water Podzol with a well defined Ortstein. This Ortstein occurs sometimes at great
depth, giving the soil the appearance of a White Sand Regosol.

As to the extensive natural clearings south of Barcelos on the Rio Negro, no field
data exist. Their [arge extent and their location on supposedly flat terrain suggest that
Ground Water Laterite soil predominates.

The soil of the eclongated patches of savannah-forest, known as caatinga amazénica,
of the upper Rio Negro has been studied by VIEIRA and FiLno (1961), It has a bleached
sandy top and an Ortstein. The mentioned authors suggest that former riverbeds are
involved, on the bottoms of which the Ortstein developed before the beds were filled
with white sand. They therefore classify the soils as Regosol. In the author’s opinion
however, real Ground Water Podzol is involved. SroL1 and KLINGE {1961) collected
‘Podzol’ profiles near S840 Paulo de Olivenca, on the Solimdes near Peru. These pro-
files are presumably located on sites with a cover of caatinga amazénica, and the Pod-
zol is probably a Ground Water Podzol.

Tiny patches of savannah-forest within normal high forest may occur on relatively
high upland in a freely draining position. On these sites, the soil consists often of bleach-
ed sand deeper than augering reached (3 m depth). They seem to be widely distributed
on the sandy parts of the Planicie, including the north-eastern section of it, Such pat-
ches were seen, for instance, in the Manaus-Itacoatiara area, at 10 km north of QOro-
ximina (c¢f. Profile 48), and at Porto Platén in Amap4d Territory (for the latter ¢f, DAY’s
description in P1TT, 1961).

It may be mentioned in passing, that in the bleached A, horizon of the Ground Water
Laterite soil, Low phase, the formation of a secondary B horizon or even of an Ort-
stein, just above the soft plinthite, may take place. This phenomenon is reported by
Day {1959) for the Caeté-Maracassumé area. The author observed it on the low up-
lands of south-eastern Marajé island. In the latter area, there are indications that such
secondary profile development has taken place only after clearing of the natural vege-
tative cover (¢f. Photo 14).

It is still noted that the edaphic characterisation of the campina by DUCKE and BLACK
(1954), as having a topsoil of white sand and black humus, does not hold good general-
ly. This is because of the above mentioned fact that campos, through the presence of
Ground Water Laterite soil, Low phase, may also have a bleached sandy top.

CONCLUSIONS

From the above observations it is evident that all savannahs and the majority of the
savannah-forests of the Planicie, outside the north-eastern belt, are found on terrains
of imperfect drainage, with hydromorphic soils. They are, for a part, Ground Water
Laterite soil, and then often the so-called Low phase of this soil, and for the other part
Ground Water (Humus) Podzol. Ground Water Laterite soil seems to be associated
predominantly with extensive savannahs and surrounding savannah-forests on water-
shed areas with flat relief (the campos; a part of the campina-ranas). Ground Water
Podzol, in contrast, seems to be predominantly associated with savannahs or savan-
nah-forests on strips of sandy, relatively low upland along the rivers and on sand-filled
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Foro !5 Savana de areia branca com coberta de feros v palmeiras pequenas { camping), que ocorie em
Jfaixas estreitas ao longo de arroios em drea que de vesto € florestada. Também esta savana é de origem
edifica. Por baixe de wma camada de nma espessara de wm metra de areia alvejada encontra-se um
supsclo duro de castarnho esciiro homogéneo (Ortstein): Podzol Hidromdrfico. Neste lugar a areia alve-
Jada fai excavada para fins de construgdo. O Ortstein constitui a hase da excavacdo { AM-1, km 10 m.
ou i de Hacoatiara)

Phota 25 White sand savannah with a cover of ferns and palmilers ( campina), ocenring as narrow
stripy along rivulets in otherwise forested area. This savannah is afso of eduphic origin. Below a layer,
abow' one metre thick, of bleached sand, a homogeneous dark brown hardpan ( Ortstein) vecurs: Ground
Water Podzol. The bleached sand ar this spot is excavared for construetion purposes, The Ortstein forms
the fluor of the excavation ( AM-1, 10 km cq. from Itaceatiara)

formerriverbeds(the campinas; a part of the campina-ranas; the caatingas amazonicas).

Somme patches of savannah-forest occur on relatively high, freely draining terrains,
whe-e the soil is deeply white sandy. Such profiles are called White Sand Regosol, al-
thov .zl most of them actually seem to have been very deeply and intensively bleached
in situ, and “Giant Podzol’ therefore might be a more adequate classification (¢f.
I11.3.4).

The caatinga amazdnica and the campina apparently occur on comparable types of
terrain and have identical soils. Tt is likely that the difference in composition of the
vegetative covers is due to a difference in climate. Caatinga amazénica is reported only
for the northwestern part of Amazonia, with Af climate; campinas, on the other hand,
occur apparently throughout the other parts of Amazonia, which have dm climate
predominantly (¢f. Fig. 2).
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1V.2.2.2 Savannahs and Savannah-Forests outside the Planicie

Forest encircled savannahs or savannah-forests outside the area of the Planicie are
not uncommon. They are the following (¢f. 1.5.2):

1. the savannahs and savannah-forests on the Brazilian shield at about 7° S latitude.
They are found along the lower Araguaia, along the Xingu in the region of the conflu-
ence of the Rio Fresco, and along the Tapajds in the region of the junction of the Sio
Manuel and the Juruena (Campos de Cururti, Campos de Mucajazal).
2. The savannahs and savannah-forests on the Guiana shield, between the rivers
Trombetas and Jari up to the frontier with the Guianas. To these belong the Campos
de Ariramba, the Campos gerais de Obidos, and the campos of the upper Paru.

Very little is known about the climatic conditions in the regions of these savannahs
and savannah-forests. Local variations in climate are not to be expected, since pro-
nounced differences in topography do not occur; the terrains concerned are at maxi-
mally 600 m altitude, and ore often practically flat.! It can therefore be said that the
existence of the savannahs and savannah-forests under discussion is not due to local
adverse climatic conditions. It may, however, be that the general climate in the regions
involved has contributed to their extent. This may apply in particular to parts of the
Guiana shield where the rainfall is believed to be comparatively unfavourable (¢f.
Figs. 2, 3and 4).

That anthropogene factors acted as the prime caunse is unlikely, because the regions
concerned are far from the navigable waterways, where the former Indian tribes were
concentrated (¢f. 111.3.4). Human influence may, however, have helped loczlly in esta-
blishing the present day composition and extent of the savannah-forests and particu-
larly of the savannahs concerned. StoL1 and KLinGE (1961), for instance, refer to activity
of Indians in the area of the Campos de Cururt. As regards the savannahs of the upper
Paru river, the data of DosT (1962) are of interest. He describes the Sipaliwine savan-
nahs, which are the continuvation, in the south-western point of Surinam, of the upper
Paru savannahs. DosT found artefacts of former Indian occupation, and noted that the
terrains are still frequently burned.

While little can be said with certainty concerning the climatic conditions and the
degree of anthropogene influence, the same is true for the edaphic conditions of the
majority of the savannahs and the savannah-forests outside the Planicie. Definite soil
data are only available for the forest encircled savannahs or savannah-forests along
the lower Araguaia, viz. the campo, the campo com arbusto, the arbusto and the
floresta com arbusto west of the 48°. 10" W. latitude, as described and mapped by
GLERUM and SMIT (1962b). As is shown on Appendices 2 and 6, they occur largely on
undulating to mountainous terrain, where the soils are Lithosols of one type or another,
viz. the mapping units Lithosol, Quartzite substratum phase (L, Qu), Lithosol, Sand-
stone substratum phase (L, $8) and Lithosol, Cherty substratum phase (L, CH). A part
of the savannah-forests is found on flat and imperfectly drained terrain, namely in the

1) Except for a part of the lower Araguaia savannahs.
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area oF mapping unit Hydromorphic Grey Podzoelic soil, with high base saturation,
Shallow Phase (HPpy, S).

The extent of the savannahs along the middle courses of the Xingd and Tapajds is un-
knowr, In part, even their existence is doubtful. Their geographic position suggests
they are located on an Early Tertiary peneplanation surface (¢f. 1.4.1). Their soils are
therefore apt to be largely Lithosols and imperfectly drained soils (Ground Water
Laterizz soils, Ground Water Podzols), but this is little more than a guess. SioLt and
KLinG:(1961) collected ‘Podzol” profiles from campo along the Cururu (a small river
somewhat north of the Sao Manuel). This campo forms probably part of the extensive
savannah area in this region. Descriptions of the profiles, of their position, and of the
degree to which they are representative, are however not given by the mentioned authors.

No field data exist as to the extensive savannahs on the Guiana shield. They are be-
lieved to be located for the main part on a peneplanation surface supposedly of Early
Tertiary age. KaTZER (1903) described the region of the upper Trombetas-upper Paru
as flat plateau land with numerous lakes.! It seems likely that the main soils on such
extensive, flat, and imperfectly drained terrains with a savannah coverage, are Ground
Water Laterite sails of one type or another. DosT (personal communication) studied
soil profiles of the part of these savannah areas which is located in Surinam (Sipaliwi-
ne savannahs), The profiles are either Lithosolic, or show signs of imperfect drainage,
with strong, reddish mottling in the subsoil. Ground Water Laterite soil and intergrad-
ings of this soil to Lithoso! are believed to be involved. Guppy (1958, related by HEy-
LIGERS, 1963) saw a small, isolated patch of savannah in the region of the upper Trom-
betas near Serra lrikoumeé, which had a white sandy topsoil.

In summarising these few indications, it seems that the forest-encircled savannahs and
savar.nah-forests on the Brazilian and Guiana shields have predominantly Lithosol or
Hydromorphic soils as a substratum,

IV.3 The Lowlands with Forest Cover

The relationships between lowland forests and lowland soils are often distinct. Soil
conditions on the lowlands are determined direcily by the character of flooding or
submergence. There are many variations in the chemical composition of the water, and
the quantity and quality of the mineral material in suspension (dgua preta, dgua branca,
dgua limpa, ¢f. 1.4.4). The frequency, length and depth of flooding vary from place to
place (igapd, virzea da chuva, -do rie, -do maré, -do mar, cf. 1.5.1.1). For the influence
of these variations on the composition of the forest coverage please refer to the short

1) Quote: ‘eine Hochebene die von zahlreichen Seen und Lagunen bedeckt wird wund so
wernip ausgesprochene Abdachungen besitzt dass zur Regenzeit Verbindungen zwischen den
nach Norden abfffessenden guyanischen wund den nach Siden abffiessenden brasilischen
Fliissen bestehen® (KATZER 1903, p.2).

It is in the region of the upper Paru — upper Trombetas that the early maps of South
America show the presence of a huge lake or interior sea, as well as of the legendary El
Dorado and the tribe of the Amazonas.
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Foto 26 Um dos tipes de vegeracdo gue ocorrem nas faixas estreitas de haixada permaneniemente mal
drenada, ao longo de arraios em dreas de terra firme {igapi ). Neste tipo predominam o Guarume (Ischino-
siphon aruma), & alta erva no fundo, e a Puxiuba (Iriartia exorrhiza), a palmeira com as raizes estiradas
a diveita. O solo ¢ esponjoso e a sua camada superior turfosa: Solo Meio-Turfoso ( BR-14, km 110 m.
oum.)

Photo 26 One of the types of vegetaiion that occur on the permanent(y poorly drained narrow sirips of
lowland along rivufers in wpland areas (igaps). In this 1ype, Guargnand ({Esehinosiphon aruma), ke tall
herbr ar the back, and Paxiuba {Iriartia exorrhiza), the palm with the stili-roots on the right, are pre-
dominant. The soil is spongy, and has « peaty fop: Half Bog soil (BR-14, km 110 ca.)

description of the lowland forests in I.5.1.1, which is based largely on notes of DUCKE
and BLack (1934). No forest inventories were executed in the lowlands, except for an
area in the lower Tocantins river (GLERUM, 1962; area 25 of Fig. 22). This inventory
had as a specific purpese to determine the quantity and the growing site of the
Ucuuba branca ( Virola surinamensis). The timber of this tree species is used in the ply-
wood industry, and the floating seeds are collected to serve as a raw material for the
local soap industry. The majority of the Ucuitba trees of the virzeas in the studied area
were found on the older islands in the river, between Baido and Curugumbaba. These
islands, which have Low Humic Gley soil, are flooded to a shallow depth with river
water (dgua branca) in the rainy season, and the action of tides causes a daily variation
in water level of 1 to 2 m (vdrzea do maré). Buriti palms ( Mauritia flexuosa) are in this
area an associate of the species. Ucuuba is howeveraiso found inigapé stretches, where
the soil is often peaty (Bog soil or Half Bog soil). Dense stands of the species were seen
in the lowlands along the lower courses of the tributarics of the river Capim that are
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crossed by the BR14-highway. These lowlands are intermediate between védrzea and
igand [meio-igapd) and their soil was classified as Humic Giey soil, intergrade to
Grourd Water Podzol.

In mwany of the lowland forests, palms constitute a prominent feature. A¢ai { Futerpe
Heracee), Buriti ( Mauritia flexuosa), Ubugit { Manicaria saccifera) and Paxiuba ( Iriar-
tig exvrrhiza) are some of the palms that, alone or in varying combinations, give signi-
ficant appearances to lowland forests (¢f. Photo 20 and 27).

IV.4 The Lowlands with Savannah or Savannah-Forest Cover

SUTMOLLER et al. (1964) give many data as to the soils and the vegetation on the low-
lands with savannah or savannah-forest coverage in eastern Amazonia. Therefore only
a few aspects will be discussed here.

1vV.4.1 The Lowland Savannahs of the Lower Amazon Region

Many discussions have been made as to the cause of the extensive natural floodplain
pastures {campos de vdrzea do rio} along the lower Amazon river between Parentins
angl the mouth of the Xingi river (¢f. Sio11, 1956). Both upstream and downstream of
this stretch there is a forest coverage, although the soils in the whole stretch are similar
when classified to no great detail, namely Low Humic Gley soil or Humic Gley soil.
Ducke and BrLack (1954) suggest that the comparatively dry climate in the stretch
concerned, accounts for the savannah coverage. The author is, however, convinced
that its presence is determined only by an adverse length and depth of annual flooding;
thus Iy edaphic factors. The savannahs are ‘hydrological’ savannahs. Upstream of the
savannah stretch, the annual flooding is not long enough, and downstream the flood-
ing is not deep enough to impede forest growth. A strong argument for this point of
view is the fact that on the highest parts of the floodplain in the savannah stretch (the
levees and point bars) the vegetation is savannah-forest or forest.

Next 1o the savannahs onlowlands proper in the Lower Amazon region, there are also
savannahs on terrains that are slightly above the normal high water level, namely in
the area between Oroximind and Faro (Terra Santa, campos on Early Hologene massa-
pé terrains, cf. 1.4.4.) Adverse soil conditions (Ground Water Laterite soil; ¢f. Profile
3) arz the cause of these savannahs. Frequent burning, however, conditions their
present-day vegetative composition.

IV.4.2 The Lowland Savannahs of Eastern Marajé Island

There can be little doubt that the extensive natural grasslands on the lowland parts of
castern Marajo (campos de vdrzea da chuva) are of edaphic origin. Patches of sandy
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Foate 27 Acaizal. Neste tipo de igapé a peca constituwinte quase tnica de vegetagdo ¢ a palmeiva Acai
(Euterpe oleracea), gue cresce em grupos compactos. Uma camada de Sfolhas palmeiras cobre o solo
umide e esponjoso, que € profundamente turfoso ( Solo Turfoso)

Phota 27 Acaizal. In this ivpe of igapé the nearly sofe component af the vegetation is the paim Acai
(Euterpe oleracen), here growing in big clumps. A layer of dead palm leaves covers the wet, spongy soil,
which is peaty to a considerabie deprh { Bog soil )

fow uplands (tesos) within the area of the lowlands have a forest coverage, when its
vegetative cover is not artificially altered.

These lowlands, of presumably Early Holocene age, are submerged with rain water
during several months of the year, in some parts up to 2 m in depth. The soils are
heavy textured and have a bad structure. In part, they have an adverse chemical com-
position, Na™ and Mg™ being predominant on the exchange complex. The seils with a
predominance of Na™ and Mg, which often are the most deeply submerged by rain
water (Solonetz, Coastal phase; ¢f. Profile 52: solonetzic Humic Gley soil, intergrade
to Ground Water Laterite soil, cf. Profile 18), lack even shrubs in their vegetative cover
{campo limpo). The soils with more regular ratios of the exchangeable cations and
shallow submergence {Ground Water Laterite soil, heavy textured phase, ¢f. Profile
I1) have a coverage of savannah in which shrubs have a scattered occurrence, and
Buriti palms ( Mauritia flexuosa) may be present in fairly high quantities.

A situation similar to that in eastern Marajo, prevails in at least a part of the natural
grasslands on the lowlands in eastern Amapa Territory.
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V Chemical and Physical Qualities of the Main Amazon Soils,
and their Agricultural Occupation

INTRODUCTION

The Federal Republic of Brazil, seen as a whole, still has vast areas of virgin land
available for its rapidly growing population. This population has hitherto been con-
centrated in some south-eastern States and in a broad strip along the Atlantic sea-
board. With the foundation of the new capital Brasilia, in the interior, and the con-
struction of highways radiating from this capital in all directions, conditions are being
created to permit the occupation of the interior virgin lands. At present, several sche-
mes for such occupation are being drafted by federal and regional development boards.
Particularly urgent is the procuring of new land for a part of the rural population of
the North-Eastern region, where periodically recurring severe droughtsand floods are a
serious drawback for sound rural development. Among the outlet areas for the popu-
lation of this region, parts of Amazonia are being given much consideration. It is
therefore of immediate importance to evaluate the capabilities of the Amazon soils.

At rnany agricultural experiment stations in Brazil, trials were and still are being exe-
cuted. on new agricultural methods, such as the application of chemical fertilizers,
animal, farm-yard, or green manures, and the planting of cover crops. The manner of
implementation however, and the economics of such methods are still largely unknown
for many of the Brazilian soils. In some areas, modern techniques are alrcady being
largely applied by the farmers, for instance in many parts of Sdo Paulo State. But
for a large part of the rural population, the stage of development as an agricultural
community is still relatively low. This many apply particularly to that section of the
Brazilian people which is predominantly of Indian descent, as is the case with the in-
habitants of Amazonia. This is because the Amer-Indians were, and still are, essentially
hunters, fishermen and foragers. In many parts of Brazil, chemical fertilizers are ex-
pensive, due, among other reasons, to the costs of transporting them over the vast dis-
tances. Animal manure is scarse owing to the grazing of cattle over wide, often unfenc-
ed arzas.

For these reasons, the present-day agriculture of Brazil is found predominantly on
soils with high natural fertility (¢f. BARROS, DRUMOND, CAMARGO et al., 1958; LEMos,
BENNEMA, SANTOS et al., 1960}. The shifting cultivation system is also, for that matter,
essentially a utilization of temporarily high ‘natural’ fertility.

In view of the above, it 1s understandable that, in selecting new settlement areas, soils.
with a high natural fertility are much more sought after by individual pioneer farmers,
than soils that have a potentially high fertility owing to good physical qualities.
For large-scale settlement schemes, however, the expanse, the homogenity and the
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Foto 28 Arroz de terra firme cultivado em solo de ‘plinthite” fossil. Mais da metade do naterial
de solo é constituida de pedras de ‘plinthite’ fissil, Mesmo aqssim colheitas comumente sde satisfa-
forias nestes solos, viste que o “plinthite’ 30 excepcionalmente constitui um carapaco impenetravel ¢ a
rerra propria provavelmenre é wm pouco mais rica que aguéle de solos compardveis sem “plinthite’

(Fazenda Oviboca, perto de Belém)

Phiora 28 Drviand rice growing on seil with fossil plinthite. More than half of the soil inaterial consists
of stones of fossil plinthite. Crops are nevertheless doing well on these soils, since the plinthite rarely
forms an impenetrable cap and the interjacent earth is probably slightly richer than that of comparable
non-plinthitic soils { Oriboca Estate, near Belém)

means of access to the area to be selected are of importance, while socio-political
factors are also involved.

In Amazonia, soils with retatively high natural fertility are found on parts of the low-
lands, and locally on the uplands outside the Planicie. Generally speaking, such soils
are therefore sparse, often small in area, of difficult accessability, or expensive to re-
claim. The terrains of the Planicie, on the other hand, constitute large tracts of predo-
minantly flat or gently undulating land which is [argely in a freely draining position.
These tracts of land are near the main waterways and the existing roads. The forests on
these terrains have supposedly the greater gross timber volumes of Amazonia, and the
present-day Amazon agriculture is concentrated here. It is for these reasons that the
Planicie part of Amazonia, although the natural fertility of its soils is low, shows pro-
mise for large-scale settlement schemes. Special attention will therefore be devoted to
the chemical and physical qualities, the adequate soil management measures and the
agricultural capabilities of the Planicie soils with an unhindered ¢xternal drainage.
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V.1 The Soils of the Lowlands

As dascribed in 111.3.5, the soils of the terrains with Holocene deposits are rather di-
verse. The igapd soils (Bog soil, Half Bog soil a.0.) are more or less peaty, of spongy
consistenicy, and usually very acid. They occur in narrow stretches and are permanent-
ly poorlv drained. These properties make the scils generally unsuitable for agriculture,
or for cattle herding. Silviculture adapted to these soil conditions may be the most
appropriate, cultivating a valuable oil bearing andfor timber producing tree, such as
the Ucvitha ( Virola surinamensis), The same may be said of the bottom lands within
grass-covered uplands, although here, cattle herding may be a feasible proposition too.

The virzea soils (Low Humic Gley seoil, Humic Gley soil, a.0.) are generally non-
peaty, heavy textured soils. The natural fertility varies considerably. The cation ex-
change capacity is usually much higher than that of the surrounding upland soils, but
the base saturation is low, to very low, on many sites and considerable amounts of
aluminurn are’ often present (¢f. page 236). A portion of the vdrzea soils is saline and/or
has & very unfortunate predominance of Nat and Mg+ in the subsoil. The structure
of the soils is often unfavourable; heavy textured, sticky and compact subsoils are
rather frequent.

After the second world war, because with some crops and with cattle herding favour-
able results were oblained on some vdrzea areas, Government agencies paid much
attention to promoting vdrzea agriculture and grazing (CAMARGO, 1950; Lima, 1936),
In this respect may be mentioned the growing of jute in the Lower Amazon region,
of rice and sugar cane in the region west of Belém, and of cocoa along the lower
Tocantins river. Also notable is the herding of cattle and buffalos in the Lower Amazon
region and in the eastern part of Marajd island. Erroneously, a popular impression has
grown that all of the varzeas are much more favourable for occupation than the
surrounding uplands. Actually, land capabilities vary much with the type of vdrzea.
The main criteria for its evaluation will have to be the chemical qualities of the soils,
(c.g. the richness of the flooding water), and the length and depth of flooding. Except
on natrow, relatively high stretches {vdrzeas altas, restingas) and for some especially
adapted crops such as jute, a large scale, all year cultivation on the virzeas of eastern
Amazonia is possible only after artificial drainage and reclamation. This requires con-
siderable investigation, organization and capital investment. Favourable conditions
for pasturing may be obtained more easily and in some parts already exist naturally
(cf. SUTMOLLER et al., 1964).

V.2 The Soils of the Uplands Outside the Planicie

The uplands outside the Planicie are the undulating terrains of outcropping crystal-
ling basement and Paleozoic, Mesozoic or Early Tertiary deposits, as well as the pene-
planation areas of Cretaccous or Early Tertiary age. These terrains are largely located
far from the population centres. Their accessibility is difficult, due to the rough topo-
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graphy, the occurrence of rapids in the rivers, and the presence of dangerous wild
Indians. These are reasons why hitherto little agricultural use has been made of the
land concerned. As discussed in I11.3.1, 11[.3.2 and IIL.3.3, the soils are, according to
indications, very diverse. They vary much in natural fertility, in texture, structure,
depth, stoniness and in drainage condition. Each individual seil is probably present
either rather scattered or in complexes, and the relief can be broken. Only a few parts,
which are of comparatively easy accessihility, are occupied. Examples are the Alenqu-
er-Monte Alegre area, Fordldndia on the lower Tapajés river, and some parts around
Rio Branco do Acre. These are all areas where soils occur with a comparatively high
natural fertility.

The principal criterion for land capability evaluations of the vast unoccupied expan-
ses must be that of high natural fertility of the soils. This is owing to the high cost of
transportation, which make it necessary to obtain maximum returns from the mini-
mum of effort.

V.3 The Freely Draining Kaolinitic Soils of the Planicie

The terrains of the Plio-Pleistocene Amazon planalio and of the Pleistocene terraces,
together calied Planicie (¢f. 1.4), are largely in a position of free drainage. Comparativ-
ely many and consistent data are available as to the soils on these freely draining ter-
rains. The soils concerned are:

Kaolinitic Yellow Latosol (,Ortho) KYL
Kaolinitic Yellow Latosol, Compact phase KYL,c
Kaolinitic Yellow Latosol, Concretionary phase KYL, cr

Kaolinitic Yellow Latosol, intergrade to Dark Horizon Latosol KYL-DHL
Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic

soil KYL-RP
Kaolinitic Red Latosol KRL
Kaolinitic Latosolic Sand KLS
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Lato-

sol RP-KYL
Red Yellow Podzolic seil, intergrade to Kaolinitic Yellow Lato-

sol, Concretionary phase RP-KYL, cr

(For texture classes ¢f. Table 9).

The chemical characteristics of these soils are similar to a large extent. The soils have
in common a total or nearly total absence, even in the deeper subsoil, of primary mine-
rals that are easily weatherable, which would function as a nutrient reserve. The cation
exchange capacities are small, and the base saturation percentage is practicaily always
low, The clay fraction is strongly kaolinitic; the Ki values are normally between 1.8 and
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2.6, only sometimes as low as 1.5 or as high as 2.3; the Kr values are normally
betwzen 1.5 and .8, only sometimes as low as |.4 or as high as 2.0.
Together, the soils will be called freely draining kaolinitic Planicie soils.

V.3.1 Chemical and Physical Qualities of the Freely Draining Kaolinitic
Planicie Soils

In the following, the chemical and physical qualities will be discussed of the freely
draining kaolinitic Planicie soils, under their natural vegetative cover or varying
dzgree of human influence, It is largely a compiling of all relevant field and laboratory
data available at present, as to enable a tentative assessment o be made of the agricul-
turz) potential of the soils and their adequate management, and to provide a basis for
later, detailed research. For this purpose, extreme and mean values are given for each
soil component, and the correlation with other components is shown, partly in graphs.

The causal factors for these correlations are not discussed. Such a discusston would
not well fit in the context of the present chapter. The available data are, moreover,
often too elementary for that purpose.

V.3.1.1 The Soils under Primeval Forest Cover
CHEMICAL QUALITIES
For study of the chemical qualities of the freely draining kaolinitic Planicie soils un-
der primeval forest cover, IQA analytical data of 35 relevant profiles are available,
Half of them are of the Guamd-Imperatriz area. The others are from places scattered
over the Planicie in eastern Amazonia.

Organic Matter. Analysis shows that the easily available plant nutrients are highly
concentrated in a thin superficial layer of the soil which contains the bulk of the organ-
ic marter.

For all horizons of the profiles there is a tendency for the percentage of organic
roatter to increase at a higher percentage of clay.

This is fllustrated in the Figs. 27, 28, and 29 (the data for Figs. 27 and 28 were obtain-
ed mainly by graphical interpolation from the analytical data of the horizons involved).

The increase of percentage of Carbon with increase in percentage of clay is greatest in
the upper part of the profile. At 10 cm depth, for instance (Fig. 27), the increase com-
prises roughly 0.16 %, Carbon per 109 clay. The variations, at equal percentages of
clay are, however, fairly large. This is because (1) the graphical interpolation of the
data does not give an accurate picture of the actual situation in the soil, (2) the sampl-
ing of the upper, sometimes very thin horizon was often carried out inaccurately, (3)
no mixed sampling, to compensate for the horizontal variations in organic matter, was
made and (4) the dispersion of the clay fraction on analysis may not have been com-
plete, due to the comparatively high organic matter content. Apart from these, the
variation is also caused by differences in organic matter content which are due directly
to the composition of the forest coverage (cf. cipoal, IV.1.2).
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Fig. 30 Relacdo entre a perceniagem de Carbono ¢ o valor T para perfis de solos caoliniticos da Planicie
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Probably more reliable, and anyway more clear is the trend at some depth in the pro-
file, for instance at 100 cm (Fig. 28). The increase of percentage of Carbon with in-
crease in percentage of clay is here much slower, namely roughly 0.035% Carbon per
107, clay. The small increase is due, in part, to the fact that in sandy soils the percen-
tage of organic matter decreases more gradually with increasing depth than in clayey
soils. The former have generally deeper profiles, which shows up in the depth of the
horizon of maximal clay content, i.e. the B, horizon. More interesting therefore, in
some respect, is the situation for the B, horizons of the profiles (Fig. 29), where the in-
crease is roughly 0.06 % Carbon per 109 clay.
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Table 14 Caiion exchange complex of freely draining kaolinitic Planicie soils, winder primeval forest cover (18
profiles; Guamd Imperatriz avea}* or under anthropogenic savannah (6 profiles;, Amapd Tervitory )

T
Hori- Potential cation Exchangeable metaliic cations, in % of T
zon exchange capacity bases trocdvels, em %, de T
Fori- capicidade total ————— —
zonte de troca Catt Mgt K~ Na*
m.e./100 g)

FOREST PROFILES/perfis de mata

Ay (3.9-14.8)" 8.6(3.0-23.0 8.0(3.0-17.2) 1.6 (0.9-2.6) 0.710.4-1.9"
Ag-Ay (2.2-6.9) 6.8(3.5-16.8)**  6.8(3.5-16.8)** 24(1.2-6.3) 1.0 (0.5-3.0)
B (1.4-4.6) 9.2(5.0-20.0)¥*  9.2(5.0-20.0)** 2.9(1.0-6.2) 1.6 {0.5-5.5)
Crx (1.4-3.6) 111 (6.7-19.50**  11.1(6.7-19.5)** 3.1(1.9-4.5) 1.5(0.8-2.3)
SAVANNAH PROFILES/perfis de campo

Ay (2.2-5.7) 6.7(4.5-10.8)%*  6.7(4.5-10.8)** 1.4(0.3-4.3) 0.8{(0.3-1.0)
AA, (2.1-3.5) 7.1(4.5-9.7)%* 7.1(4.5-9.7**  0.9(0.8-1.0) 0.6(0.2-1.0)
B (2.1-2.9) 8.1(5.2-10.9)**  8.1(52-109)** 1.5(0.3-3.5) 09(0.4-2.2)
) Data within brackets: range of values * Kaolinitic Red Latosol profiles not included

dados entre os parénteses: variagoes dos valores Perfis de Latosolo Vermelho Caolinitice nao incluidos

Data before brackets: main values
dados em frente dos parénieses: médios dos valores

In Fig. 30 the potential cation exchange capacity at pH 7 (value T) is compared with
the organic matter content, using the relevant data of all horizons of the thirty-five pro-
files. The trend is very clear; the increase of T is about 3.9 m.e. per 1 9 Carbon. The T
value shows also a positive correlation with the percentage of clay. In the topsoil, with
its concentration of the organic matter, the T values is always considerably higher
when the soil is heavier. For the B, horizon, the increase of T with the increase of per-
centage of clay is only moderately high, as shown in Fig. 31. In horizons with practi-
cally no organic matter (C horizons), T is always very low, even when the percentage
of clay is high. This means that practically all the existing cation exchange capacity is
due to the organic matter in the scil. The chemical activity of the clay-sized mineral
particles themselves is very low (an estimate of the latter may be obtained by the com-
bination of the Figs. 29, 30, and 31; the potential cation exchange capacity per 100 g
pure, #.e. organic matter-free, clay-sized mineral material, is between 1.8 and 4.0 m.e.
approximately). It is apparent that with regard to chemical qualities, the main advan-
tage of the clayey over the sandy soils is their ability to create a better milieu for preser-
vation of the comparatively very active organic matter.

The C/N values, which are often an indicator of the type of organic matter, are very
regular in the profiles. In the A, horizon they are highest. The average value in this
horizon is about 10.5 in the relatively heavy textured profiles. The relatively light
textured profiles have an average ratio of 13.5 in their A, horizons. In the subsurface
and subsoil horizons there is no difference in average C/N value between the relatively
heavy textured and the relatively light textured profiles. At 50 cm depth, the C/N value
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Tabela 14 Complexo de troca catiénica de solos caoliniticos do Planicie de drenagem livie, sob cebertura forestal
primitival I8 perfis; drea Guamd-Imperatriz )* ou savana antropogénica (6 perfis; Territorio do Amapd)

3 (AlY H* (Al +H* SH-(Al* 8
Hori- Sum of met. Active pH-dep. Potential Act. cation Sum of met.
70n cations acidity activity acidity exch. cap. cations
hovi- (% of T) (% of T) (%of T (% of T} (% of T {9 ofS4 (AT
zonte sama das acidez acidez acidez cap. de soma das
bases ativa pH-depend. potencial troca ativa bases

(Vode T) (%odeT) (SdeT) (SadeT) (SodeT) (S deS+{A41)")

FOREST PROFILES/perfis de mata

A, 19 {943yt 15 (2243 66 (50-73)  81(57-91)0  34(27-50  56(28-95)
Ag-A, 17 (10-37) 23 (11-37) 60 (46-76) 83(63-90) 40 (24-54) 43 (21-77)
B 23 (14-39) 23 (6-59) 54 (23-76) 77(61-86) 46 (28-73) 50 (24-87)
CH** 27 (18-56) 13(3-39) 60 (39-74) 73(44-82) 40 (28-77) 68 (45-95)
SAVANNAH PROFILES/perfis de campo
Ay 16 (10-24) 21(9-27) 60 (41-69) 81(67-90) 37(3145 43 (29-69)
A-A, 16 (10-21) 25(21-30) 59(35-63) 84 (79-90) 41(38-44) 37(24-51)
B 19 (16-25) 18(10-35) 63 (49-68) 81 (75-84) 37 (32-51) 5203171

** {(Ca++ + Mg++) The half of jointly determined bivalent cations
A mesade dos cations bivalentes determinados em conjunto
**% Data o 10 profiles only
Dados iz 10 perfis somente

averages 9.0, at 100cm depth 8.0 and at 200cm depth 6.5. Variations from these averages
are up to 4.0 unit.! For the deeper layers, the value of the ratio as an indicator of the
type of organic matter may however be limited, because of the possibility that N-in-
mineral-form constitutes there a more than negligible part of the total determined N
(see below).

Exrhangeable cations and acidities. With the exception of the Kaolinitic Red Latosol
profiles, the sum of the exchangeable cations (value S) comprises only a small part of
the T value. The base saturation percentage (value V) is always below 40 %. In the top-
soil (A, horizons), the variation of V is between 59, and 40 %, with an average of 157,
In the subsurface soil (A, or A, horizons) the variation is between 5% and 359/, with
an average of 149, In the subsoil (B horizons) the variation of V is between 105 and
409 with an average of 23 9. The deeper subsoil (C horizons), insofar it was sampled,
shows a variation between 155/ and 509, with an average of 29 %.

Tn agreement with the low base saturation, the soils show an ‘extremely’ or ‘very
strongly’ acid reaction (terminology of Soil. SURVEY MANUAL, 1950). The pH-H,O
slightly increases with increasing depth. The variation of this value in the topsoil (A,
horizons) is from 3.7 to 4.7, in the subsurface soil (A; or A, horizons) from 3.8 to 5.2,

1y KrinGe (1962) gives higher values for Amazon forest soils. In two Braunlehm profiles
under high forest, the ratios are as high as 20. Other methods of sample storage and
analysis may account for this difference.
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in the subsoil (B horizons) from 4.0 to 5.4, and in the deeper subsoil (C horizons),
insofar sampled, from 5.0 to 5.5,

The pH-KCl is generally less than one unit below the pH-H,O, namely on the average
0.6 in the upper part of the profiles, and on the average 0.8 in their lower part.

The cation exchange complex was analysed in detail for the relevant profiles of the
Guamd-Tmperatriz area. The data are given in Table 14.1 Because it is suggested by
COLEMAN ef al. (1959), among others, that base saturation percentages calculated on
the active cation exchange capacity are of more value for the study of the chemical
qualities of the soil, in relation to the plant growth, than those calculated on the po-
tential cation exchange capacity, the former percentages are also given.

In the A, horizons, the percentage of Ca®f is usually slightly higher than that of
Mgtt. Topseils in which Mg*+ slightly predominates over Ca™ are however also
found. Whether the same applies for the other horizons of the profiles is not certain,
because there the bivalent cations were determined collectively. The absolute amount
of Kt in the topsoil rarely exceeds (.15 m.e./100 g of soil.

It can be seen that the exchangeable? (Al)*, or the active acidity (¢f. I11.1), is not re-
markably high, especially not so in the topsoil and in the deeper subsoil. The absolute
amounts of (Al)* are between 0.1 and 2.2 m.e./100 g of soil, with an average value of
0.7 m.e./100 g. Mention may be made of the aluminum content of a number of pro-
files from the centre of the Planicie, which were analysed by the Royal Tropical Insti-
tute of Amsterdam, Holland. In eight profiles, the ‘casily available’ (Aly* (extraction
with Na-acetate/acetic acid of pH = 4.8 in a paste with a soil: solution ratio of 1: 2.5,
shaking time 30 minutes; MORGAN-VENEMA extract) turned out to be nearly al-
ways less than 100 mg/l in the A, horizons, and on the average about 60 mg/l in the
B horizons.

That (Al)* values of the freely draining kaolinitic Planicie soils are not remarkably
high, appears also when they are compared with the data of a number of other Ama-
zon soils. For example, acid hydromorphic soils {those without, or with only litile,
annual enrichment by material suspensed in water, as there are Ground Water Laterite
soils, a part of the Low Humic Gley and the Humic Gley soils) have often 759 (At
int their B,y horizons. This is associated with comparatively large pH-H,0 - pH-KCl
differences (average of 17 profiles; ¢f. Appendix 9). The ‘easily available’ (Al)* is
150-200 mg/1, in the same horizon of such soils (average of 7 profiles).

Nitrogen and Phosphorus. The 1QA analysis data as to nitrogen concern only the
total N (N-in-organic-complexes - N-in-mineral-form) in the soil. The percentage of
total N decreases gradually with increasing depth, in correlation with the decrease of
the percentage of organic matter. Apart from this, the percentage of total N is general-
ly lower with lower percentages of clay in the soil.

KLINGE (1962) gives a few data on mineral N in Amazon forest soils, admitting that

1) Seen in their entirety, the profiles of this area seern to have a slightly higher base
safuration in their upper horizons than those of the centre proper of the Planicie.
2) With the analysis method used, if soluble (Al)* is present, it is included in the data.
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the values may be incorrect because of possible reactions during the storage of the
sarrples. In two Braunlehm profiles under forest coverage, the mineral N decreases
from about 5 mg per 100 g of seil in the topsoil, to about 3 mg per 100 g of soil in the
subsoil. The litter layer contains about 8 mg per 100 g. The percentage of mineral N
compared to total N increases however with increasing depth, namely from about 3%
to &%, With regard to the form of the mineral N, KLINGE gives values for the ratio
N-NH,t : N-NO,~ that are between 8 and 25, with 40 in the litter layer.

Fer zight forest profiles of freely draining kaolinitic soils of the Planicie, the ‘easily
avaiable’” N was determined, by the Royal Tropical Instituie of Amsterdam, Holland,
in the MORGAN-VENEMA extract (see before). In the topsoil (0-20 cm; A, horizons),
the variation of NH, is from 1 to 14 mg/l (average 7) and that of NO; from 3 to 30 mg/i
{average 135). In the subsurface soil (20-60 cm; A, horizons), the variation of NH, is
from 1 to 12 mg/l (average 3.5) and that of NO; from ‘traces’ to 11 mg/L. In the subsoil
(€0--100 cm; B horizons), the variation of NH, is from ‘traces’ to 12, and that of NO,
frorn ‘traces’ to 18 mg/l. It can be seen that there is a great variation. This is only asso-
ciated with textural differences to a minor extent. Apart from seasonal fluctuations in
the amounts of NH,+ and NO;~ in the soil, nitrification and denitrification processes
are likely to have occurred in the samples before they were analysed. Such processes
prohably have changed, in an uneven manner, the contents of easily available NH,*
and NO;~ as it was in the soils in their natural position.

It is noted that, in the Forest Inventory areas in the Planicie (¢f. IV.1), normally be-
tween 15 and 309 of the enumerated trees belong to the Leguminosae order (the
highest percentages are found in the region between the lower Xingl and the lower
Tapujds; ¢f. GLERUM, 1960). No data are however available as to the effective root
nodulation of these trees.

No data exist on the relative importance of nitrogen fixation, 1.e. the conversion of
atmospheric N into a combined form and its incorporation into the forest soil. This is
so, whether non-symbiotic bacteria { Clostridium, Bejjerinckia} are concerned, or bac-
teria that are in symbiosis, via root nodules, with Legumes.

Thz IQA data on Phosphorus are more interesting. For the thirty-five forest profiles
mentioned before, the available P was determined according to the TRuoG-method or
the Bray-method, or both (Truog on 25 profiles, often only their upper horizons;
Brav on 18 profiles of the Guamd-Imperatriz area). In the Figs. 32 and 33 the data on
available P are compared with the depth in the profile. It can be seen that only in the
topsoil ((~10 cm) the amounts of available P are appreciable, though the variation is
rather large. Below the topsoil, the amounts of available P decrease rapidly, especially
when considering the Bray calues, to very low, and approximately constant, values,
namely about 0.6 mg POy per 100 g of soil (Trnog) and about 0.15 mg P,O; per 100 g
of soil (Bray). No clear correlation emerges between the amounts of available P and
the so1l texture.

For the eighteen profiles of the Guamd-Imperatriz area, there are also data on tota/
P. Contrary to the situation with the available P, the values for total P are fairly con-
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stant throughout each individual profile, including the topsoil. It is only in the very
heavy textured profiles that a difference may occur in total P between topsoeil and sub-
soil, and this is not more than 20 mg P,Q; per 100 g of soil, The total P increases with
heavier texture of the soil. For instance, in the medium textured profiles, the amount
is about 30 mg PO, per 100 g of soil, and in the very heavy textured profiles about
55 mg P,O; per 100 g of soil.!

A comparison of the data for total P with those for available P gives a picture of the
degree to which the P that actually occurs in the soil is fixed. The Bray values are used
for the calculation of the ratio P,O,-total: P,O,-available, for eighteen of the profiles.
The ratio generally increases with increasing depth in the profile. In Fig. 34, the ratios
of all horizons are compared with the content of organic matter, taking the texture of
the horizon concerned into account. It can be seen that the ratio, or the degree of fixa-
tion of the soil phosphorus, increases sharply when the percentage of Carbon drops to
below approximately 0.5. The fixation, as determined in this way, is greater when the
texture is heavier, but the percentage of Carbon the same. For the relatively light

) In eight forest profiles, for the most part of medium to rather heavy 1exture, the amount

of P extracted with 25% HCI was approximately 10 mg/100 g of soil (analysis of Royal
Tropical Institute, Amsterdam, Holland).
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textured profiles the ratio does not exceed 300, while for the relatively heavy textured
profiles it can be as high as 600.

Beczuse of their comparatively low percentages of sesquioxides, it may be expected
that the phosphorus fixation capacity of the kaolinitic latosolic soils of the Amazon
Planicie is smaller than that of other latosolic soils, for instance those of Sde Paule
State (¢f. LEMOS, BENNEMA, SANTOS et al., 1960). This can however not be fully verified,
since the latter are largely under cultivation, because of which the amount of available
P has changed. It is, however, true that the latosolic soils of Sio Paulo have often
higher values for total P. Relevant data are available on a Dark Red Latosol, under
primeval forest cover, in a part of Amazonia outside the Planicie (¢f. Profile 35). As
can be seen in Fig. 34, the Dark Red Latosol, which contains about 40% clay, has a
moreunfavourable ratio P,O;-total : P,Og-available than thekaolinitic latosolic profiles.

PHYSICAL QUALITIES

Seen in their entirety, the freely draining kaolinitic Planicie soils under forest cover
have a ‘good’ structure, which applies also to those sections of the profiles that are low
in organic matter. This structure is usually weakly coherent porous massive, or sub-
angular blocky to granular, of varying strength. The good structure of latosolic soils in
general is thought, by many, to be due to the nature of the clay fraction, on the one
hand, and to a large activity of the soil fauna, in particular termites, on the other. The
author believes that in the Planicie soils concerned, with their small amounts of ses-
quioxides, the soil fauna certainly is of great importance in bringing about, and main-
taining, the structure as it is under the primeval forest coverage. The activity of ter-
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Foto 29 Cigarras. As construgdes das larvas de uma cigarra (Cicadidae fin.) & superficie do solo flores-
tal. As crisdlidas no seu iltime estado, escavam no solo pogos de um metro ou mais de profundidade,
cobrindo-05 com material de solo revestido de 2 dm de aliura m. on m. O capiz de certo modo constitui
miicromondlito virado para cima do perfil do solo

Fhoto 29 Cigarras. The constractions af the larvas of a cicade at the surface of the forest soil. The
larva digs shafts of one mictre depth and mare and closes this with u hooe of coated soff maiovial of about
wa dm height. The hood forms a kind of upturned micre-monelith of the soil profile

mites and associated fungi, that of ants (notably the parasol ants), of larvas of beeties
and crickets, of forest crabs, and also that of rodents, is very apparent everywhere in
the forest soils (¢/. Photos 29 and 30). Their effect on porosity and homogenisation of
the soil profile must be enormous. No quantitative data are available regarding this
effect. 1t is, however, noted that in the relatively heavy textured profiles, termites
{Cupins.: Isoptera order) and larvas of a certain cicade ( Cigarras: Cicadidae family)
predominate, while in relatively light textured profiles the activity of parasol ants
(Saiivas: Atta spp.) and rodents (e.g. the Tati: Dasypoda sp.) is most striking. Earth
worms seem to be completely absent.

Permeability. The discussion is limited to the freely draining soils, thus those with
good external drainage. There are differences in the internal drainage of these soils.
The light and very light textured ones (KLS) may have a somewhat excessive internal
drainage, due to rapid percolation of the rain water. For several of the soils, namely the
KYL, ¢, the RP-KYL, and the RP-KYL, CR, the subsoil (B horizons) has apparently
a somewhat slow permeability for water, resulting in only a moderately good internal
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Foto 300 Os monroes de terra deitado por wna colonia de saivas (Atta spp.). Estas formigas manejam
hortas de fungos e lireira armazenada em cavidades no subsolo. A atividade das sativas ¢ demafs fauna
de volo, & um fator importante na homogenizacio do perfil do solo sob floresta

e 23t

Piote 300 The heaps of earth thrown out by a colony of parasol ants (saivas, Atta spp.). These ants
maintiin fingus gardens on litter which is stored in excavated chambers in the subsoil. The activiry of the
aras, ragether with thar of ether soil fuuna is an important factor in the homoagenisution of the forest soil
profils

drainage. There are no measurements available of the permeability of the various hori-
zons 07 the soils under discussion.

Marscure equivalents and moisture fension curves. Of great importance is the amount
of moisture that can be stored in the soil to be used by the plants during the dry season,
since tnis season is fairly well defined in most parts of the Planicie (cf. 1.2). [t is rather
comrmon to find, on forested terrain, at the end of the dry season, seemingly very dry
subsoails, even when the profiles are refatively heavy textured.

The capacity of soils to retain moisture in available form depends upon the structure
and porosity of the soil, the percentage and type of clay-sized particles, and upon the
amount of organic matter. The moisture equivalent (M.E., given in grams of moisture
per 100 g of soil), which gives an indication of the amount of moisture that can be
stored in the freely draining soil, was determined for the disturbed samples of thirty-
five forest profiles. In Fig. 35 the M.E. data of the B, horizons are compared with the
clay content. The trend is very clear. The increase of M.E. with the increase in percen-
tage o clay is not directly proportional for the whole clay-range, but for general dis-
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cussion it can be said that the increase amounts to 3.6 g/100 g per 109/ clay. The M.E.
is generally low in comparison with that of less weathered soils, as for instance the
Low Humic Gley soil of the Amazon floodplains, The data are still low when compared
with those of other latosolic soils rather than the kaolinitic ones of the Planicie,
Fo~ latosolic-B horizons of 830 Paulo State, it is reported that in the medium range of
textures the M.E. value is approximately half of the clay percentage, or 5 g/100 g in-
crease per 109 clay (¢f. LEMos, BENNEMA, SANTOS ef al., 1960, p. 71).

The M.E. data for the topsoils of the thirty-five profiles are only slightly above the
M.E.-% clay curve of the B, horizons. In Fig. 36 the sitnation for the A, horizons is
givan. A calculation, for samples with approximately the same clay content, reveals
that 1 %, Carbon accounts for about 1.7 g/100 g of the M.E. The part of the M.E. due
to the presence of organic matter is therefore small in comparison to the part due to
the m:neral material, {.c. the clay fraction.

M.E. data alone do not give much insight in the availability of soil moisture for the
plants, especially since the data are for disturbed samples, The availability is actually
determined by the difference between the so-called field capacity (F.C.) and the wilting
point percentage (W.P.) respectively. The former is the maximum amount of moisture
that can be stored in the freely draining soil, the latter the amount of moisture held by
the soil particles with a force larger than the maximally possible suction by the plant
roots (‘hygroscopic water’). This maximum suction is generally taken to be about 15
atmospheres.

A method much in vse for detailed study of soil moisture availability is the determi-
nation of a so-called moisture tension or pF-curve of a natural soil sample {(pF being
the common logarithm of the soil moisture tension in cms water column). The Insti-
tute for Land and Water Management Research (I.C.W.} of Wageningen, Hoiland,
kindly determined such curves on a dozen Amazon samples. The ones of subsoils
{B horizons) of the soils under discussion are reproduced in Fig. 37. The moisture freed
between pF 2.0 and pF 4.2, marking the F.C. and the W_P. respectively, is taken as the
amount of available moisture (also called ‘capillary water’}. This moisture may be
taken to be stored in the smaller pores (‘effective’ pore diameter 20-0.2 micron). The
lower part of the curve, below pF 2.0, concerns the water contained only at full satura-
tion of the soil (‘gravitational water”), stored in the larger pores (‘effective’ pore dia-
meter 2> 20 micron).

Only a few determinations are involved, and the samples not all remained quite na-
tural during transport. The curves of samples 231-3, 219-3 and 303-3 suggest never-
theless that the Amazon kaolinitic Latosols have the following moisture characteristics:
1. A considerable part of the soil moisture is not available for plant growth because it
is 100 strongly held by the soil particles. When the percentage of clay is high, the fixed
moisture is up to 35 vol. %.

1} Sometimes the M.E., which is at about pF 2.5, is taken as the lower limit, instead of the
F.C. of pF 2.0. If this would be adopted for the Amazon soils, then the afore mentioned
M.E. data should be converted, via apparent bulk density, to vol. %. Tt may be recalled
that these M.E. data concern disturbed samples, not natural ones,
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2. There is a high percentage of larger pores (25 vol. %, ca.) which will be filled with
air when the scil is in freely draining condition, and therefore do not contribute to the
effective soil moisture storage.

Fig. 37 Curvas de rensio de wmidade de amostras de alguns solos caoliniticos da Planicie de drenagem
fivre ¢ de alguns outros solos amazénicos. Por obséguio do Instituto I.C.W. de Wageningen, Holanda
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Fig. 37 Moisture tension curves from samples of a number of freely kaolinitic Planicie soils, and of some
other Amazon soils. By courtesy of the Institure for Land and Water Management Research (1.C.W.) of
Wageningen, Holland

No. Classification Location Depth Clay C Vol. Available
sample  {cf. Tab. 9) org. weight! moisture
amostra  classificacio localizacdo profundi-  argila dgua

dade disponivel

(em) (%.<2w) (%0 (g/fcm®) (vol. 30)

231-3 KYLy BR-14, km 58 100 24 0.22 1.34 10.8
219-3 KYLyn BR-14, km 324 80 80 ca. 0.45ca. 1.09 9.3
303-3 KYL.» Curud-una, km 14 30 86 0.50ca. 1.24 10.5
2133 RP-KYL;» BR-14,km 258 100 40 ca. 0.30ce. 1.56 9.0 ca.
279-3 DL,s Araguaia (Rio Corda) 50 40 0.64 1.54 20.2

1) Yolume weight = weight of 1 cm® natural sample in completely dry condition (approximately equal
to apparent bulk density} ~
peso de 1 cm® de amosira narwral em condiao totalmente seca (aproximadamente
ignal & massa especifica aparente)

Table 15{Tabeia 15 Description of the samples of Fig. 37{Descricio das amostras da Fig. 37
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3. The amount of soil moisture available for plant growth (the part between pF 2.0
and pF 4.2) is small. In the samples under discussion it is only about 10 vol. %,. A fully
raoted subsoil of | metre thickness would have an effective soil moisture reserve which is
eqjuivalent to 100 mm rainfall. PEERLKAMP and BoEKEL (1960) give available moisture
data ranging from 13.5 to 33 vol. %, for a number of Dhutch soils of variable clay and
hurrnius content. Only for very sandy, humus-poor soils they give values that are the
samiz or smaller than the Amazon ones,

4. ifferences in texture have less effect on the amount of available moisture than
might be expected considering the very distinetly higher M.E. values at higher percen-
tages of clay, and keeping in mind that also the relatively heavy textured soils have the
‘eood’ structure inherent to Latosols. The two very heavy textured subseils (219-3,
303-3) even, do not have a greater amount of available moisture whatso-ever than the
mecium textured subsoil (213-3). Both former subsoils are actually relatively compact
(they are both from central sections of planalto stretches, ¢f. IV.1.2) although this
compactness is not so outstanding as to classify the soil as KYL, Compact phase. A
real’y compact subsoil would have comparatively high volume weight and a steeper
pF-curve, as borne out by the subsoil of the Red Yellow Podzolic soil, intergrade to
Kaolinitic Yellow Latosol (sample 213-3).

Heavy and rather heavy textured subsoils that are definitely non-compact are likely to
have some more moisture available than non-compact medium textured subsoils as is
sample 231-3, and non-compact light or very light textured subsoils likewise less avail-
able moisture. Preliminary field observations namely, suggest that for non-compact
subsoils there is an increase in porosity with increase in clay content. This will apply
also to the quantity of smaller pores, which largely determine the soil moisture availa-
bilitv, The field observations are being confirmed by the data on the B horizons of
Table 16. Though the porosity data of this table have limited value, because they do
not concern natural samples?, the trend of increasing porosity with increase in clay con-
tent seems clear enough (the B, horizons of the profiles 216 and 112/42A may still be
compared with the A, horizon of profile 226, since they have about the same percen-
tage of Carbon).

The influence of the porosity on the soil moisture availability is still illustrated by the
pF-curve of sample 279-3, which is of a Dark Red Latosol. This sample has nearly
twice the amount of available moisture as those of the kaolinitic Latosols. According
to field observations, this Dark Red Latosol profile is strikingly porous.? Its pF-curve
bears this out, and the difference in porosity is apparently largely because of a higher
amount of the smaller pores.

The non-compact subsoils of the kaolinitic Latosols never show as high a porosity as
that of the discussed Dark Red Latosol. It seems therefore safe to assume that the
available moisture of the former maximally varies between 5 vol. % (for the very light

1) Apparent bulk density and real bulk density were determined on only a limited number
of samples, to which the ones of Fig. 37 do not belong.

) That the volume weight of the sample is nevertheless high, is probably due to its much
higher content of iron oxides.
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Table 16 “Natural’ poroesity of freely draining kaolinitic Planicie soils with non-compact subsoil, alf
under primeval forest cover. "Nuatural® porosity is 100 (1 —apparent bulk densityfreal bulk density).
Determinations on disturbed samples

No.field  Classifi- Location Depth Org. Clay Bulk density ‘Natural’
descr. cation localizagdo profun-  Carb.  argila  massa especifica  porosity
mimero {cf. Table9) didade apparent real parosidade
deser.  classificagdo aparente  real  ‘natural’
de campo (cf. Tabela9) (cm) (5 (h<2w (glem®) (gfem®)  (25)

A, horizon/horizonte A,

169 KLS Curué-una, km 3 0-20 Q.73 5 1.55 2.59 40.2
226 KRL., BR-14, km 429 0-20 0.69 7 1.49 2.63 43.3
206 KYLy, BR-14, km 201 0-15 1.23 7 1.36 2.63 48.3
201 KYL-RP;r BR-14, km 117 0-5 1.20 14 1.30 2.57 494
221 KYL: BR-14, km 341 0-5 1.34 19 1.30 2.61 51.2
216 KYLw* BR-14,km291 0-2 3.60 70 1.08 2.49 56.6
112/42A4  KYLyp*  Curud-una,kmé  0-40 3.16 81 0.96 245 60.8

B, horizon/ horizonte B,

169 KLS Curua-una, km 3 300400 0.08 15 1.46 2.65 44.9
226 KRL;, BR-14, km 429 T0-120 0.20 15 1.61 2.66 9.1
206 KYLyp BR-14, km 201 130-210 0.19 20 1.49 2.66 4.0
201 KYL-RP;z BR-14, km 117 65-220 0.14 32 1.43 2.66 46.2
221 KYLxn BR-14, km 341 T0-140 0.28 64 1.26 2.70 53.3
216 KYLyr* BR-14,km 291 30-80 0.50 91 1.11 2.67 58.4
112/42A KYL,;z* Curud-una, kmé 100-140** 0.60 82 1.06 2.62 59.5
* edge of planalio/borda de planalto **B, horizonthorizonte B,

Tabeia 16 Porosidade ‘natural’ de solos caoliniticos da Planicie de drenagem livee, com subsolo ndo
compacto, fodos cobertos de foresta primitiva. Porosidade ‘natural’ ¢ 100 % ( 1 — massa especifica aparen-
tefmassa especifica real ). Determinacdo em amostras destorroadas

textured kaolinitic subsoils) and 15 vol. % (for the very heavy, if not the heavy and
rather heavy textured kaolinitic subsoils). It should be noted that, for the light textured
ones, the fineness of the sand fraction may be of more importance for the soil moisture
availability than the percentage of clay (¢f. PEERLKAMP and BorkEL, 1960).

The soil moisture availability situation for the topsoils may be different from that of
the subsoils because of the concentration of the organic matter there. The influence of
the humus on the soil moisture availability is described by several authors. That at
higher levels of humus there is generally more moisture available is apparently not so
much because of the presence of organic matter as such. BAVER (1956), for instance,
shows that the simple adding of organic matter (peat) to soil material, though sharply
raising the maximum moisture holding capacity of the mixture, only little raises the
for plants available moisture, since most of the water is drained below the pF the of
M.E. and also the W.P. percentage somewhat increases. The influence of the organic
matter should be largely indirectly, via its positive influence on the structure, i.c. the
porosity. For the Latosols, with their inherent good structure, this influence cannot be

246



ve'y large. From Table 16 an impression may be gained on the extent of this influence
fo- the Amazon kaolinitic Latosols, under their natural forest cover. There is mostly
a faiv difference in ‘natural’ porosity of A, horizons and B, horizons respectively with
about the same clay content, but different percentages of Carbon. The topsoils under
discussion therefore, are liable to have somewhat more moisture available than sub-
soils of comparable clay content. Secondiy, for topsoils there is likely to be a more
distinct increase in the amount of available moisture at an increase in the clay content
than in subsoils, owing to a larger increase of the percentage of organic matter with in-
creasz of the percentage of clay (see before). There were no pF curves determined on
topsails and therefore, exact data about their volume percentages of available moist-
urs are lacking. By combining however the relevant data on the part of the M.E. which
is accounted for by the presence of organic matter, on maximum percentage of Carbon
in topsoils, and on the apparent bulk densities, it is estimated that the addition of avail-
able moisture in topsails, in comparison with subsoils, varies maximally between 1 vol.
9% (when very light textures are involved) and 5 vol. %, (when heavy and very heavy
textures are involved). The range in available moisture of topsoils therefore may be
maximalily between 6 and 20 vol. %.

By way of summary, it may be said that the kaolinitic freely draining Planicie soils
under forest cover have, as a whole, only small amounts of available moisture per vo-
lume unit. The advantage of the clayey above the sandy soils with regard to moisture
availability is fairly distinct only for topsoils. For subsoils the difference is smaller,
and even non-existent when the clayey ones are compact.

Thz phreatic level is very deep in practically all freely draining Planicie soils. There-
fore the ground water does normally not constitute a source of moisture for the plants
during the dry season. Only on the youngest Pleistocene terraces (3-4 m*) it may be of
some value for the vegetative cover. For the upper part of the Guama-Imperatriz area,
for instance, there are indications that the gross timber volume of the primeval forest
on such terraces is slightly higher than on adjoining, higher terraces with soils of the
sams texture.

Penetration of roots. The bulk of the roots, and especially the rootlets, of the forest
vegetation, is found very near to the soil surface. A number of the rootlets are even
above the soil, particularly in light textured soils, namely in the litter layer. They collect
the nutrients from the decaying litter, and also rainwater. But the deeper roots are also
very important, not only in providing ground support for the trees. The available
moisture in the soil can only be utilised to the full if the root sysiem is dense and deep.
With the low natural fertility of the soils under discussion, a deep rooting system is al-
so of importance for collecting whatever nutrients are still present in the deeper subsoil.

No guantitative data are available on the rooting systems of the components of the
primeval forest, on the various freely draining kaolinitic Planicie soils. During the re-
connaissance soil surveys reported in this thesis it was, however, noticed that on several
of these soils the penetration of roots is hampered to a degree. This applies particularly
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to the RP-KYL, the RP-KYL, cr and the KYL, c. The mentioned soils have B hori-
zons of a comparatively large compactness and considerable resistance to penetration
with a soil hammer, These B horizons have a firm or rather firm consistence and the
colour transition from the A herizon is often clear.

In profile pits and on recently cut road embankments, the hampering of the root
development in these subsoil was easily noticed. Also, fallen trees provided for in-
dications; although the root systems of the various tree species can be very different,
the lump of earth thrown out with the roots rarely contained more than one or two dm
of such a contrasting B horizon. Notably on the RP-KYL, cr of the northern part of
the Guamad-Imperatriz area, on the RP-KY1.;5 around km 270 of this area and on the
KYL, Cyp of the km 140-km 190 section the rooting is relatively shallow. For the
KYL, Cyp moreover, the frequency of fallen trees was observed to be comparatively
targe. For the rooting situation in the very heavy textured soils in general (Belterra clay
soils}, reference should be made to the discussion on the cause of the cipoal and the
‘cipoalic’ forest (1V.1.2).

The soil KYL-RP,;, of the section around km 110 of the Guamd-Imperatriz area, in
contrast, is deeply rooted. This soil has also a clear colour change from the A to the
B horizon, but the latter is friable and has very little compactness.

A deep rooting is a consistent feature of the medium and light textured soils, such
as the KYLy; and the KLS. In the latter it may comprise several metres.

V.3.1.2 The Soils under Influence of Man

THE SOILS UNDER THE SHIFTING CULTIVATION SYSTEM

For Amazonia, no data are available as to the amounts of nutrients accumulated in
the primeval forest cover. It is presumed that these amounts are larger than the nutrient
storage in the forest soil itself (¢f. also NYE and GREENLAND, 1960), if timber volumes
are not exceptionally low. It is well known that immediately after felling and burning
of the forest, the fertility of the soil increases considerably. This is, because a part of
the nutrients accumulated in the vegetation and litter are stored suddenly, via the ash,
in the upper soil layer in an easily available form. The temporary high nutrient content
of the topsoil and the increased rate of mineralisation of the humus cause a vigourous
growth of the first crops (¢f° Photo 31). However, during the rainy seasons that foilow
after the burning, the rains, falling on the unprotected surface, cause surface wash
(‘fertility erosion’) and leaching of the soluble salts, that were freed from the ash and
the mineralising humus, to deeper soil horizons. Surface wash and leaching, the irre-
trievable loss of nutrients by crop removal, and the gradual decrease of soil organic
matfer content, are causes of a fairly rapid decline in fertility of the soil once it is cul-
tivated. Only the planting of fast-growing and deeply rooting perennials may keep
such a decline in check. Normally however, cultivated plots are abandoned, also be-
cause of the proliferating of weeds, after two or three years, and a new roga is started
elsewhere. The abandoned plot gradually becomes fully covered with weeds and fast
growing, sunloving saplings. This is followed by bush, and ultimately secondary forest:
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capceira when young, capoeirdo when old. This fallow, besides smothering of the
weeds, is thought to be able to replenish the body of stable soil humus. It also regains
gradually, by its deep rooting, the nutrients leached to the deeper subsoil and accumu-
letes them again in the vegetative cover. Eventually, the equilibrium of the primeval
forest and forest soil will be nearly reached (according to LAuDELOUT, 1962, the replen-
ishrieat of the soil organic matter is ensured within a few years, whilst a full re-accu-
mulation of the nutrients in the vegetative cover requires much more time). After a
varying number of years, the secondary forest is felled and burned anew, and a new
cropping cycle starts.

Notenough data is available on freely draining kaolinitic Planicie soils under shifting
cultivation to ascertain general trends in the changes in soil qualities that may take
place under the successive cultivation cycles. An establishment of such trends, and a
comparison with the situation under primeval forest cover, may be possible once the
data of the reconnaissance soil survey of the Bragantina area (FILHO ef af., 1963) are
fully known. Reference may also be made to several publications on the effects of

Foto 31 O sistema de agricultura itinerante,
Exemplo da cultura do primeiro ano muna rocada
dentro da floresta primitiva, Entre os troncos de
drvoves meio-queimados espathados pela super-
ficie do solo, plantam-se arvozr ¢ milho. No
Sunde vé-se uma faixa de mandioca. Perto da casa
se faz yma queimada

Piwota 31 The shifting cultivation system. An
example of the first year crops on a plot of
agricaliure (rocada) within the primeval forest.
Between the half-burned tree stems lving strewn
on the soil surface, vice and maize is planted.
In the background a patch of cassava can be seen.
Some burning is taking place near the dwelling
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shifting cultivation elsewhere in the tropics, in particular those concerning West and
Central Africa, which regions have, for a part, soils comparable with those of the
Amazon Planicie (¢f. 11.2.3). In particular the previously mentioned, comprehensive
studies of NYE and GREENLAND {1960} and LAUDELOUT (19627) contain many data on
the effects of cropping periods, and of fallow of secondary forest or grassland, on
the qualities freely draining, usually highly weathered soils of tropical Africa.

If the fallow periods are allowed to last long enough, then the long-range decline in
agricultural potential of the soils is apparently very limited. With relatively short fail-
ow periods however, definite degeneration of the land is unavoeidable. Re-burning is
done too soon to secure full recovery of the land under the fallow, which now reaches
only the bush stage. In every new cropping period therefore, lower yields are obtained.

The latter is apparently the case on parts of the Bragantina area, and on the uplands
along the lower Focantins (Cametd), which are both regions where shifting cultivation
has been practised for more than fourty vears. BIARD and WAGENAAR (1960), for in-
stance, mention that in the Bragantina area much capoeira of six to ten years old is
being used at present, although people are aware that much better results would be
obtained if felling were delayed until the capoeira 1s twenty years old. A plot of an eight
years old capoeira, in an area where the virgin forest was felled about fourty years ago,
would yield only half the crop value of a virgin forest plot.

Although in Amazonia, as a whole, land is still abundant, there is an actual shortage
of land around the established rural population centres, such as those of the Bragan-
tina area. This results in a local overcropping of the land under the shifting cultivation
system in its present day form.

There seems to be no clearly defined preference for shifting cultivation on one of the
various soils discussed. Very light textured ones, however, are avoided, partly because
they easily erode.

The majority of the present-day Amazon shifting cultivation is found on light and
medium textured soils (KLS; KYL;,). Concretionary soils {KYL, cr and RP-KYL,
CR} are also used. The stoniness of the latter is apparently not a major disadvantage.
That the relatively heavy textured soils are little used, is largely because they are nor-
mally found farthest from the land and water transport routes. For the very heavy
textured soils (KYLya; KYL, Cyp), a difficult supply of drinking water, and a slightly
less easy tillage, may constitute additional factors accounting for their sparse occu-
pation. Wherever such Belterra clay soils are, however, in agricultural use, for instance
south of Santarém, the yields are comparatively very satisfactory.

THE SOILS UNDER ANTHROPOGENIC SAVANNAH

To which changes in soil qualities a repeated burning of the vegetation may lead ulti-
mately, may be ascertained by studying the freely draining kaolinitic Planicie soils
under savannah. As has been discussed in IV.2.1, the savannahs on such soils are con-
sidered to be anthropogenic. They occur in Amapd Territory, in parts of the Lower
Amazon region, and locally on the eastern part of Marajé island.
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Analytical data are available on nine profiles of freely draining kaolinitic Planicie
soils under savannah, largely from Amapd Territory! (¢f. Figs. 27 to 36).

The percentages of Carbon in the topsoils are, on the average, about 0.5%; Lower than
those of forest topsoils {¢f. Fig. 27). At 100 cm depth, and in the B, horizons respec-
tively, the difference with the forest profiles seems to be less, if it exists at all (cf. Figs.
23 and 29). The ratios between T values and the percentages of Carbon, considering
a | horizons, are equal or only slightly below those of forest profiles (¢f. Fig. 30). The
above implies that, when compared with the ratios of forest topsoils and forest sub-
soils, the ratios of T: % clay are probably lower in the topsoils of the savannah profiles.
bt the same, or only slightly lower, in the savannah subsoils (¢/. Fig. 31).

The C/N value of the savannah topsoils{A; horizons) is, on the average, 13.0, both for
the relatively light and for the relatively heavy textured ones. At 50 cm depth the aver-
age value is 12,0 and at 100 cm depth 10.0. The C/N values of the savannah profiles are
therefore 2 to 3 units higher than those of forest profiles2.

The exchangeable metallic cations comprise a small part of the T value. The base
saturation is approximately the same as that in forest profiles.

The savannah profiles are usually slightly less acid than the forest profiles, possibly
owing to the repeated burning. The pH-H,O value in the topsoil (A, horizons) of the
nine profiles varies between 4.7 and 6.3. In the subsurface soil (A; or A, horizons) the
variation is between 4.8 and 5.9, and in the subsoil (B horizons) it is between 5.2 and
6.2. The difference between pH-H,O and pH-KCl 15 slightly larger than in the forest
proiiles. Both in the upper and the lower part of the savannah profiles it averages 1.0.
The vanation is however comparatively large.

For six of the nine profiles, the cation exchange complex was analysed in detail (cf.
Table 14). The relative proportions of the exchangeable metallic cations are approxi-
mately equal to those of the forest profiles, except for K+ which is clearly lower. The
absolute amounts of K rarely exceed 0.06 m.e./100 g.

The data for active acidity and pH-dependent acidity (Table 14) do not suggest any
consistent difference on the acidity situation with that of the forest profiles.

The few data on available P (mainly Bray method), suggest that there is not such a
great difference between the availability in the topsoil and that in the subsoil as in the
forest profiles; the amount of available P is comparatively low also in the topsoil {¢f.
Fig. 33). This is probably related with the previously mentioned difference in the distri-
bution of the organic matter. The values for total P are comparable to those of forest
profiles. The ratios P,0-total: P,O,-Bray do not exceed 150, even in the subsoil with
its low level of organic matter content {cf. Fig. 34). The few data suggest that the degree
of fixation of the soil phosphorus may be somewhat less than in forest profiles (the
non-plinthitic savannah samples, indicated in Fig. 34, have all less than 509/ clay, the
two plinthitic ones both more than 50 % clay).

1y The data of profiles AP, and AP,, described in the study of CArRNERG (1955) on the
Amapa savannahs, might also be used for comparison.

%) KLINGE (1962} gives much higher valugs for C/N ratios of Braunlehm or Podzoliger
Brauniehm under savannah, namely up to 90, See also the note at page 235.
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The structure of the savannah profiles is, generaily speaking, comparable to that of
the forest profiles. However, the surface 1s sealed owing to rain splash. In the light
textured profiles gully erosion may be severe, as can be observed at Santarém and
Monte Alegre towns. The very heavy textured ones, on the other hand, may be sub-
ject to considerable sheet erosion. With the exception of the very light textured ones,
all savannah soils under discussion have a comparatively large compactness, especially
in the topsoil. Pores are sparse and fine, and the consistency is often slightly firm, to
firm. There is also a somewhat larger textural difference between topsoil and subsoil,
when compared with forest profiles of the same over-all texture, The larger textural
difference and the compactness is likely 1o be related to the fact that, possibly termites
excepted, the activity of the soil fauna is less than in forest profiles.

No pF-curves for samples of savannah profiles were determined, so that no definite
data can be given for the amounts of available moisture, In view of the soil compact-
ness and the lower level of the organic matter content in the topsoil the amounts may
be expected to be lower than in forest profiles of comparable texture. In this respect it
is, however, noteworthy that the data for moisture equivalent of savannah subsoil
(B,horizons)are thesame or slightly higher, and those of savannah topsoil (A, horizons)
the same or only slightly lower, than those of forest subsoil and forest topsoil respec-
tively (cf. the Figs. 35 and 36).

By way of summary it can be said that the qualities of the freely draining kaolinitic
Planicie soils under long-lasting anthropogenic savannah are stiil fairly well comparab-
le to those of forest soils of the same character. The main differences are a somewhat
lower organic matter content of the topsoil — and consequently a somewhat lower
potential cation exchange capacity (T) and lower amounts of exchangeable cations
and anions -, a larger soil compactness, and presumably a lower quantity of available
moisture. Slight differences are found in the C/N ratios, the values for pH-H,0, and
the degrees of phosphorous fixation. But the picture changes, of course, much to the
disadvantage of the savannah soils if one takes into account the nutrients accumulated
in the respective vegetative covers.

THE SOILS INFLUENCED BY PRE-COLUMBIAN INDIAN OCCUPATION

Throughout the Planicie of Amazonia patches of so-called Terra Preta soil can be
found. In111.3.4 it has been described that these patches are a kind of ‘kitchen-midden’,
which have acquired their specific fertility from dung, household garbage, and the
refuses of hunting and fishing. The Terra Preta (TP) soil of the Planicie is kaolinitic in
character and usually freely draining. It gives therefore an excellent opportunity for
study of the permanent changes in the qualities of freely draining kaolinitic Planicie
soils which may take place, under the prevailing warm and wet climate, as the result of
soil improvement activities of man over a long period of time.!

Although, understandably, there is a great variation in the chemical and physical

1) Their study is also of importance because of an allegedly smaller susceptibility of
rubber trees, planted on patches of TP, for the notorious fungus Dothidella ulei.
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qualities of the TP profiles, related with stronger or weaker and shorter or longer
lasting ladian influence, some specific trends can be clearly discerned.

Analytical data of five profiles of TP are available. The profiles are all from patches
now cultivated but not settled on. Two of the profiles are of the common relatively
light textured variant of the soil, having 12 to 20%, “sitt -+ clay’; the other three are of
the infrequently found very heavy textured variant, having more than 809% ‘silt
clay’. (The silt and clay fractions are taken together, because of the probability that,
with thz relatively high organic matter content, a good part of the determined ‘silt’ is
actuallv non-dispersed clay).

The blackish toplayer, containing pieces ol ceramics, is normally less than 50 ¢cm
thick, sometimes as thick as 100 cm. In the very heavy textured variant, the percentage
of Carbon is 4 to 5% in the upper 20 cm of this blackish layer, and | to 29 in the
part below. In the relatively light textured variant, the percentage of Carbon is 1 to
2% in the upper 20 cm of the blackish layer, and 0.5% in the lower part. Thus, des-
pite the very humic appearance, the present organic matter content of the blackish
layer is only moderately high. It is roughly two times the average values for non-enrich-
ed freely draining kaolinitic Planicie soils of comparable clay content (¢f. Fig. 27). The
blackness of the colour is probably due to a complex formation of organic matter and
Ca*¥, which may form a coating on the soil particles. In the yellowish subsoil of the
TP, the percentage of Carbon is nearly identical to that of the B, horizons of non-en-
riched soils (¢f. Fig. 29). It is about 0.6 % in the very textured variant, and 0.3 % in the
relatively light textured variant.

The C/N values are slightly higher than those of non-enriched profiles. This is true
for the whole of each profile, but especially for the lower part of the blackish layer,
where it is, on the average, 18. In the upper part of the blackish layer the value is, on
the average, 14, and in the yellowish subsoil 13.

The potential cation exchange capacity (T value) is relatively high, even when comp-
ared with the higher organic matter content. Fig. 38 shows that the points for the TP
are all above the line of the average ratio T: % Carbon of non-enriched forest profiles
(¢f. Fig, 30). It is emphasized that, when there is any decrease of the Si0,/Al,O, ratio
(K. value) with increasing depth at all, it comprises maximally 0.08 unii. All horizons
of all five profiles have Ki data between 1.71 and 1.95, except for one subsoil sample
which showed Ki = 2.2. In comparison to this, values slightly over 2.0 less rare in the
non-enriched kaolinitic Planicie soils. It can therefore be taken as certain that the
higter T values of the TP are not due to a presence of small amounts of silicate clay
minerals considerably more active than kaolinite. It might be concluded that the che-
mical activity of the organic matter of the TP is much higher than that of the non-
enriched profiles. There are, however, fairly great differences in T value, namely up to
10 ro.e., where percentages of Carbon and percentages of clay are identical. 1t is inter-
esting to note that the T values show a fairly good correspondence with the amounts of
phosphate in the TP. The latter are strikingly high, though with a large variation. In
figure 39, the ‘surplus value’ of T (i.e. the amount above that of the T-%,Carbon line of
non-enriched forest profiles) is compared with the ‘surplus value’ of P,O,-total (i.e.
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the amount of P,O;-total of the TP, less the small amount of P,O;-total which is pre-
sent in non-enriched profiles of comparable clay content; the latter is 0.02% for the
relatively light textured variant, and 0.05% for the very heavy textured variant; cf.
V.1.1). It can be seen that, below 0.30%, the ‘surplus value” of T increases about pro-
portionally with the ‘surplus value’ of P,Og-total.! In this section, one per cent ‘surplus
value’ of P,O;-total corresponds with four m.e. ‘surplus value’ of T. Above 0.30%,
‘surplus value’ of P,O,-total, the increase of T is apparently more gradual. It may be
wondered how the high amounts of phosphates favourably influence the potential
cation exchange capacity. For the topsoils, it seems likely that the phosphorus enlarges
the activity of the organic matter, by having entered in a complex formation with it.

For the subsoils, however, which are poor in humus, such a complex forming alone
seems no sufficient reason for their higher T values. Reference may be made to the
publication of CATE (1960). He studied in detail two freely draining kaolinitic Planicie
soils from the Curud-una centre, being a KLS and a KYL 3, respectively. He observed
that the potential cation exchange capacity increased considerably after equilibration
of the soil samples concerned with 0.01N H;PO,, for 25 hours. Except for the topsoil
of the KLS, the increase was more than 1009, this also being true for the deeper sub-
soil with its low organic matter content.

The exchangeable metallic cations comprise a comparatively large part of the T value.
The base saturation V is between 30 and 85%,. In the blackish layer the average per-
centage is 659, and in the subsoil 50%,. The relative proportions of the exchangeable
metallic cations are strikingly different from those of non-enriched soils. For 5 of the 6
profiles (in ane of the relatively light textured profiles no detailed analysis of the me-
tallic cations was executed), the Ca*™* varies between 20 and 77 %, of the T value, and
the average is 559, In the blackish layer, the percentage is often higher than in the
subsoil; the absolute amounts of Ca™* in the former layer can be as high as 25 m.e./
100 g. For Mgtt, the variation is between 4 and 169, of the T value, with an average
of 8%;. The percentage of Mg+ is normally less than one-fifth of the percentage of
Ca**. The K+t and Na* together always comprise less than 2% of the T value. Their
relative proportions and their absolute amounts are fully comparable with those in
non-enriched soils. It can be concluded that the enrichment with metallic cations con-
cerned very predominantly Catt, to a small degree Mgt+, but no K+ and Nat,

Understandably, the TP soil is less acid than its non-enriched relatives. The pH-H,O
varies between 4.7 and 6.4. In the blackish layer the average value is 5.8 and in the
subsoil 5.3. In both the blackish layer and the subsoil the difference between pH-H,O
and pH-KCL is about 0.9, The active acidity, or the (A)*, is small, when it exists at
all. In the three profiles of the very heavy textured variant, (Alyt comprises less than
3% of the T value in the blackish layer and less than 159 in the subsoil. In these
three profiles the pH-dependent acidity, or the HT, is about 259 of the T value in the
blackish layer, and about 409 in the subsoil.

1) The determination of PyOs-total for the two relatively light textured profiles is less
reliable than the determination for the very heavy textured profiles. The latter were
analysed a few years iater, when the method for determination of P,Q;-total was improved.
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Fig. 38 Relagdo entre a percentagem de Carbono e o valor T nos perfis de Terra Preta da Planicie

me., 00g
0 - Terra preta
N A
B A
»:.3 A
E: 30 |-
E}
= Y
},
20 -+
A
A
10 -

very heavy textured
fextura muito pesada

4 relatively light textured
texture relativamente leve

l i i —
1 2 3 ¢ 5 6%

e=—g= Carbon | Carbona

—

Fig. 38 Relation between perceniage of Carbon and value T, in Terra Preta profiles of the Planicie
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As already mentioned, the amounts of phosphorus are comparatively very high in the
TP soil. In the very heavy textured variant, the amount of available P (Bray method)
varies between 6.5 and 66.0 mg P,0./100 g of soil (average 40) in the blackish layer,
and between 3.8 and 65.1 mg/100 g of soil (average 35} in the subsoil. In the relatively
light textured variant, the amount of available P (Truog method) varies between 3.2
and 98.8 mg P,O;/100 g of soil (average 40) in the blackish layer, and between 6.7 and
31.2 mg/100 g of so1l (average 20) in the subsoil.

The amounts of total P are between 120 and 1.350 mg P,O; /100 g of soil (average
950} in the blackish layer of the very heavy textured variant, and between 80 and 300
mg P,0,/100 g of soil (average 150) in its subsoil. In the relatively light textured vari-
ant!, the values for P,O.-total are between 60 and 370 mg/100 g of soil (average 130)
in the blackish layer, and between 70 and 140 mg/100 g (average 100) in the subsoil.

To assess the degree to which the phosphorus is fixed in the TP soil, the P,O-total -
P,O,-Bray ratios were calculated for the three profiles of the very heavy textured
variant. The values are below 25 in all horizons, even in the subsoil where the percen-
tage of Carbon may be lower than 0.5%,. Hence the values for the TP soil do not agree
with the curves for non-enriched kaolinitic soils (¢f. Fig. 34). It seems that the total
amount of phosphorus of the TP soil is considerably greater than the fixing power of
the humus-poor soil material.

The relatively high C/N values imply that the nitrogen may be in short supply. It is
noted that KrinGe (1960), who determined Carbon and Nitrogen data for two TP pro-
files, gives values for mineral N (in percentage of the total N) that are comparable to
those of non-enriched forest profiles. The ratios N-NH,7:N-NO;~ are however lower,
especially in the TP topsoil, due to higher values for N-NO,~.

The moisture equivalent data for the three very heavy textured profiles vary from 36
to 41 g/100 g and from 34 to 37 g/100 g, for topsoils and subsoils respectively. In the
relatively light textured profiles, the range is from 8 to 12 /100 g and from 7 to 9 g/
100 g respectively. These values are comparable to those of topsoils and subseils of
non-enriched forest profiles (¢f. the Figs. 35 and 36). The amount of available moisture
in the TP is likely to be slightly larger than that of non-enriched forest soils. As regards
other physical qualities, the TP seems comparable with its non-enriched relatives.

THE 50ILS UNDER MANURING AND FERTILIZING

Chemical fertilizers and animal and green manures are applied locally to the freely
draining kaolinitic Planicie soils, namely on the limited acreage with permancnt
agriculture. The latter involves the growing of vegetables and fruits on plots near the
towns, of pepper mainly by Japanese small farmers, and of rubber on recently
established smaltholdings and a few commercial estates (Pirelli, Goodyear). A system-
atic collection of data concerning the responses to, and the economy of, the applications
of fertilizers and manures is badly lacking.

Fundamental experiments on the effects of fertilizers or manures with annual or

1) Cf. note page 254.
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perennial crops, on the various soils, and with different rotation systems, were com-
pletely lacking until a few vears ago. However, after the establishment, in 1939, of the
Instiiuto Agrondmico do Norte (IAN) at Belém, with several Experimental Substations
throughout Amazonia, research in this respect has gradually been taken up. The data
obtained so far are still piecemeal and little conclusive, Future fully fledged research
will certainly provide for more definite data on the best systems for fertilizing and
manuring.

The LAN trials on frecly draining kaolinitic Planicie soils concern mainly those on the
terre firme area of the TAN terrains on the outskirts of Belém. The soils concerned are
rejativaly light textured (K'Y L) predominantly, while a small part is concretionary.
Much of the area was cleared of its primeval forest cover many years ago. The follow-
ing cata are partly summarised from expositions at the Primeira Reunido de Agronomia
do Norte do Pais, Belém 1962 (the full descriptions of these trials are being
published in the Beletins Técnicos of the Institute).

Beans. (Feijdo: Phaseolus vulgaris), were fertilized with powdered lime one month
before planting. Statistics did not reveal any significant differences in yields of the con-
trol plots and those with 2, 4, 6 or 8 ton/ha of lime. The application of N, P and K
(100 kg/ha of chili saltpetre, 500 kg/ha of super phosphate, 200 kg/ha of potassium
chloride), in various combinations, did not show any significant increase in vield.

Corn ( Milho: Zea mais), planted on plots just cleared from forest, was treated with
2 ton/ha of lime. The liming resulted in a highly significant increase in yield. On the
other hand, the application of N, P and K (300 kg/ha of chili saltpetre, 400 kg/ha of
super phosphate, 100 kg/ha of potassium chloride), in various combinations, did not
result in any significantly higher yields. The same crop was planted on a plot that
alreaidy had been cultivated for three years, now being added 15 ton of animal manure,
1 ton of lime, 300 kg of chili saltpetre, 400 kg of super phosphate and 100 kg of potas-
sium chloride per ha. The yield compared very favourably with the low yields of corn
normally obtained on such exhausted plots, but the cost of the fertilizing was almost as
high as the gross revenue.

Oil palm { Dendé) is not indigenous, and not commercially cultivated as yet in Ama-
zonia. At TAN however, various plots have been planted with the palm (Elaeis
guineensis, Elaeis melanococca, and the various varieties and hybrides of these). From
the manner of the growth of the plants it has been concluded by technicians of Uni-
lever Cie and of IRHO!, among others, that the palm adapts itself well to Amazon
conditions. Dura X Dura crossings, for instance, have given fairly high yields, al-
though foliar analysis, at the Royal Tropical Institute in Amsterdam, Holland, showed
a deficiency of KT and probably also of Ca*. Fertilizer trials on these plots are at
present in execution.

V) Institute de Recherches pour les Huiles et Qléagineux, Tvory Coast,
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Though the planting of rubber ( Borracha: Hevea brasiliensis and crossings) in Ama-
zonia has been greatly stimulated, there is no exact data on which to base fertilizing
schemes for this perennial. On TAN terrains the fertilizing takes place according to the
formula N : P : K =8 :12 :10. At Pirelli Estate near Belém, where the soils are
largely concretionary (KYL, cr) the formula applied is 10 : 10 : 10; at Goodyear
Estate, which is located 100 km east of Belém and has sandy soils (KYL,; KLS), the
fertilizer applicationisona 8 : 16 : 9 basis (HUFFNAGEL, 1964).

Pepper ( Pimenta do reino: Piper nigrum) was introduced in Amazonia in the thirties,
by Japanese colonists. In recent years, this crop has rapidly expanded, notably at
Tomé-Ac, and in the surroundings of Belém. Fertilizing is essential for this intensive
crop; without it only | kg yield per plant may be obtained, while with liberal applica-
tion of fertilizers 8 kg can be reached. At Tomé-Agl colony, where the soils are rather
heavy textured mainly (KYL,), the avarage yield of full grown plants is 4 kg when
both inorganic fertilizers and manures are applied. Manuring in the colony comprises
the mulching with grass fodder ( Capim-da-colonia: Panicum nimidivm) as well as the
application of refuses of oil rendering palm fruits. No use is made of legumes, because
of associated dangers such as contamination of the soil with nematodes (by /ndigofera
pascuorum) and strangling of the pepper plants (by Pueraria phaseoloides). Day (1961}
estimates yields of 2 to 3 kg per full grown pepper plant, on relatively light textured
soils near Belém (KYLy, or KLS), with an application of 0.5 kg of mixed chemical
fertilizer per plant per year.

For silviculture, the application of fertilizers is being tried too. PITT (1961) reports on
the effect of phosphate addition on the artificial regeneration of several tree species.
The application of ‘half a dessert spoon’ of rock phosphate or super phosphate did
not show any effect on plots at Curnd-una centre. The plots had just been cleared from
their primeval forest cover, and were located either on the planalto with its very heavy
textured soil (KYL ), or on the lower terrains with their light textured soils (KLS).
The application of the same amount of these phosphates was, however, essential for
the growth of tree seedlings on plots in the upland savannah area of Amapd territory,
with heavy textured soil (KYLjy).

As regards pasturing the following can be said. Data as to the mineral imbalances in
Amazon cattle and the nutrient content of the soils on which they graze, are given in
the combined veterinary — pedological study of SUTMOLLER et al. (1964). The study
reveals that the soils of the upland savannahsin Amapd territory, in the Lower Ama-
zon region and on eastern Marajd island are deficient in several micro nutrients (Co-
balt, Manganese), as well as in phosphate and potassium. The soils concerned mainly
are freely draining kaolinitic Planicie soils (¢f. 1V.2.1}. As to the improvement of pas-
tures on kaolinitic Planicie soils, trials may be mentioned on teso terrains' at the

1) The soils concerned are not quite freely draining (¢f. DAy and SanTos, 1958).
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artificial insemination station of Sao Salvador, near Soure (NIEUWENHUIS, 1960).
Intreduced Pangela grass{ Digitaria decubens), Elephant grass { Pennisetum purpureunt),
Mucuna ( Stizelobium deeringianum) and rropical Kudzu ( Pueraria phaseoloides) were
growing well on these terrains, and responded favourably to the addition of chemical
fertilizers,

An interesting example of mixed farming on freely draining kaolinitic Planicie soils is
practised locally in the Bragantina area. Tobacco is planted in this area on plots used
previously as temporary pens for cattle which graze on nearby lowlands (¢f. SOARES,
195€).

Reference may be made to the favourable results of additions of chemical fertilizers
on the growth of sugarcane and other crops on the raboleiro uplands near Campos, in
Rio dz Janeiro State. These uplands have soils that are much comparable to the
Amazon soils under discussion.

V.3.1.3 The Soils with Horizons of Fossil Plinthite

The freely draining kaolinitic. Planicie soils with horizons of fossil plinthite, hard or
soft, are KYL, ¢r, and RP-KYL, cr, Seen as a whole, their chemical and physical
qualities are comparable with these of non-plinthitic freely draining kaolinitic soils.

1t is especially noteworthy that plinthitic soil horizons do not have a higher degree of
fixation of the soil phosphorus present (¢f. Fig. 33). Analysed plinthitic topsoils under
forest cover have a base saturation which varies from 34 to 209, and is therefore
slightly above the average value for non-plinthitic topsoils. For plinthitic subsurface
and cubseil horizons, no consistent difference in this respect appears. Plinthitic top-
soils seem to have a comparatively high percentage of organic matter (¢f. Fig. 27),
plinthitic subsoils however have a relatively low percentage (¢f. the Figs. 28 and 29).
The potential cation exchange capacity (T value) of these subsoils is nevertheless not
consistently different from what may be expected at a given percentage of clay (¢f.
Fig. 21). In other words, plinthitic horizons with low percentages of organic matter
have T values which are slightly higher than the average for non-plinthitic horizons
with similar percentages of organic matter. This seems to indicate that, although Ki
data is approximately the same as that of the other Planicie soils, the clay fraction of
the plinthitic horizons is slightly less chemically inactive. In this respect it may be
mentioned that on a large rubber estate near Belém, the stripping of the non-piinthitic
surface layer (which contains most of the organic matter!) from the plinthitic soils has
been found to be advantageous for the growth of rubber saplings.

Owing to their compactness, horizons of fossil soft plinthite, such as the B horizon of
the RP-KYL, cr, are not favourable for rooting. Horizons of fossil hard plinthite
however, such as the A horizon of the RP-KYL, cr and the A and B horizons of the
KYL, ¢r, normally are excellent rooting media. Such horizons consist very predomi-
nantly of concretions in friable earth (¢f. Photo 28); exceptionally the segregates of
sesauioxides form slag-like, impenetrable masses.

Reference may be made to the remarks in Chapter IV on the natural vegetative cover
of the freely draining plinthitic Planicie soils. The timber wealth is certainly not lower
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than on non-plinthitic freely draining kaolinitic Planicie soils, and at least one valuable
tree species predominates on one of the plinthitic soils.

V.3.2 Agricultural Land Capability Evaluation for the Freely Draining Kao-
linitic Planicie Soils, and their Adequate Management

V.3.2.1 Agricultural Land Capability Evaluation

The main conclusion from the foregoing discussion is that the natural fertility is low
in all freely draining kaolinitic Planicie soils (except the Terra Preta). In such a situa-
tion, the differences which occur in soil qualities such as organic matter storage, availa-
ble moisture reserve, and root penetrability, become very important. Agricultural land
capability evaluation in the Planicie will have to be based largely upon the differences
in the latter qualities. Such external factors as the topography and drainage pattern of
the land, its accessability, and the degree of geographical coherence of the individual
soils, play a part. Apart from this however, and the soil preferences of individual crops,
it may be stated that the most favourable conditions for crop production are to be
found on those relatively heavy textured forest soils that have non-compact and friable
subsoils.

The Kaolinitic Yellow Latosol (,Ortho), and Kaolinitic Yellow Latosol, intergrade to
Red Yellow Podzolic soil which are of rather heavy, or heavy texture (KYL,, and
KYLy; KYL-RP;, and KYL-RPp) meet these requirements best. On these soils the
highest gross timber volumes of the primeval forest are found (¢/. TV.1.2).

Where the above soils are used for shifting cultivation they often have a smaller po-
tential because of the tendency of the small farmers to gradually reduce the length of
the fallow period.

The soils under savannah coverage have definitely less agricultural potential than
those under primeval forest, because of the near absence of a nutrient reserve in the
vegetation, less organic matter in the topsoil, and some degradation in the soil struc-
ture which affects unfavourably the available soil moisture and the root penetration.

The soils with horizons of fossil plinthite have about the same potential, when hand
culture methods are applied, as non-plinthitic soils of the same degree of anthropic in-
fluence. Only when machinery is to be used do they obviously become much less
suitable, because of their stoniness.

V.3.2.2 Soil Management
The preceding examination of the chemical and physical qualities of the freely drain-
ing kaolinitic Planicie soils, under forest or under human influence, enable an assess-
ment to be made as to the best ways for management of these soils after clearing of the
primeval forest cover, as well as for their recuperation after adverse human influence,

MAINTENANCE OF SOIL ORGANIC MATTER
Tt is evident that the organic matter in the soils is of paramount importance. It is
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practically the sole bearer of the available plant nutrients, determines the nutrient
s:oraze capacity (T value) to large extent, is the main source of nitrogen, and makes the
phosphorus of the soil easily available. The soil organic matter also has a favourable
eTect on the soil moisture availability.

[n forest soils, the soil organic matter is concentrated in a thin superficial layer. The-
refore, at the commencement of agricultural activities on these soils, great care has to
bz tiken to leave intact, as much as possible, the original superficial layer. Any effort
to improve the fertility of the forest soils, and to recuperate the soils under savannah
and those under long-lasting shifting cultivation with short fallow periods, will have to
take the maintenance, and if possible the enlargement, of the soil organic matter has a
basis,

Theoretically, it would be possible to attain gradually a level of soil organic matter
which is comparable to that of the Terra Preta soil. It has been shown before that
already under the natural cover the percentage of organic matter is higher, both in top-
soil and in subsoil, with increasing percentage of clay. In the relatively light textured
forest soils, the layer in which the organic matter is concentrated is often up to 40 cm
thick. A relatively large mass of soil is involved in storing this organic matter, In the
heavy textured soils however, a very thin superficial layer, often only 2 to 5 cm, suffices
to store a good part of the naturally present organic matter. In the latter soils it will not
be very difficult to maintain, under permanent cultivation, the natural organic matter
level, This will be possible by arranging that the organic matter becomes about equally
distributed in the total tilth layer, through increasing the sub-surface section with the
same amount of organic matter which is lost in the thin superficial layer. Even an abso-
lute enlargement of the organic matter level in such soils seems feasible, namely by
securing an organic matter level in the total tilth layer which is as high as in the super-
ficial section of forest profiles. In fact, some of the heavy and very textured profiles
under forest, notably those with very high timber volumes, have remarkably thick
A, horizons. An example of this is shown by the profile at the planalto edge of Curud-
una centre (112 of Fig, 11), This profile, having 809 clay, contains about 3% Carbon
down 1o 40 cm depth, resulting in a T value of 15 m.e. per 100 g of soil throughout this
layer!

Whether an increase in the organic matter level in the relatively heavy textured soils
can bte realised under non-intensive agriculture, and whether it will be economically
justifiable, is questionable. It is, however, evident that the heavier the texture of the
soil, the better its ability to maintain the level of organic matter in the newly occup-
ied forest scil and to restore it after degeneration of the soil under adverse human
influence.

There are several methods of ensuring maintenance, and possibly increase of the level
of soil organic matter, such as the planting of cover crops and the application of ani-
mal and green manures and compost. Application of some specific green manures
sgems to be the most effective and economical. There are however hardly any compa-
rative trials available to confirm this belief,
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EXPLOITING OF SOIL MOISTURE RESERVE

It has been mentioned that a large part of Amazonia has a climate with a dry season,
in which the rainfall is too small and too irregular to provide for unhibited plant
growth, The soil moisture has to be exploited in such periods. The total effective soil
moisture reserve depends upon the amount of available moisture per unit of soil, as
well as upon the intensity and depth of rooting. It seems hardly feasible to obtain an
enlargement of effective soil moisture reserve by mechanical improvement of porosity
and soil penetrability. In topsoils these qualities are normally quite favourable, and
breaking of compact subsoil layers will not be economically justified for most crops.
Because of the influence of the soil organic matter on soil moisture availability and on
root penetrability however, via its influence on the activity of the soil fauna, the main-
tenance or increase of the organic matter level is an important management measure
also for the effective soil moisture reserve.

Strange as it might seem for a region with a ‘wet’ climate, some irrigation, during a
short period of the year, may well be an economic proposition for a number of drought-
sensitive crops. In this case, owing to the supplementary character, irrigation with
flexible equipment such as sprinklers, seems advisable.

TILLAGE AND EROSION CONTROL

Normally, the topsoils are friable and easily penetrable, and the dangers of large-
scale erosion are very small. Exceptions to this are the very heavy textured and the
very light textured soils. The former may be subject to surface sealing and sheet ero-
sion, and on the latter gully erosion can be severe. On these soils, tillage and erosion
control measures require special attention.

FERTILIZING

Immediately after felling and burning of the forest cover, an addition of chemical
fertilizers seems superfluous, owing to the temporary enrichment of the soil by ash
from the vegetation, and the rapid rate of mineralisation of the soil humus. Afterwards
however, the removal of nutrients from the soil system by crop production or cattle
rearing has to be recompensed by new additions, if the nutrient status of the forest soil
is to be fully maintained. Such additions, together with measures taken to maintain or
increase the organic matter content, will also be required for recuperation of ex-
hausted soils and when general soil improvement is envisaged.

With the foregoing soil data, and the few data of fertilizing trials, it is possible to
assess tentatively to what degree applications of chemical fertilizers are necessary
and what their effects will be:

The application of large amounts of /ime is probably not advantageous, at least notin
so far as it is intended to lessen the acidity. It is true that the soils are generally very
strongly to extremely acid, but the active acidities, or the exchangeable aluminum
percentages, are nevertheless only moderately high. A slight increase of the pH (about
one unit, to approximately pH-H,O = 5.5) is probably sufficient to eliminate the un-
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favourable effect of this aluminum on the availability of other nutrients. Owing to the
fact that the potential cation exchange capacities are generally low, such an increase
may be effected with moderately small doses of lime (as a rough estimate, 1.5 to 2 tons/
ha for a tilth layer of 20 cm, not counting possible leaching). A further raising of the
pH iz likely to again decrease the availability of several nutrients. This may apply
pa-ticularly to micro nutrients, of which the total amounts seem to be already natural-
Iy low both in forest and savannah soils. The often very gradual effect of liming on
crop production has to be kept in mind, when the first year’s results of the fertilizing
are evaluated.

The available amount of nitrogen in the soils is unlikely to be deficient for some time
after the clearing of the forest, because of the relatively high rate of mineralisation of
the organic matter. On long cultivated plots and on savannah areas however, an addi-
tion of N-fertilizers may have considerable effect. It will be necessary to apply nitrogen
wher. green manuring is executed with soil covers other than N-fixating legumes.

It has been shown before that the content of total phosphorus is low. The fixation of
this element is somewhat larger in clayey soils than in sandy soils, but it is, as a whole,
probably less strong than in Latosols other than the main Amazon ones. An enlarge-
ment, if necessary, of the content of available phosphorus in the soil, can therefore
probably be obtained with only moderate amounts of phosphates, particularly in the
sandy soils. This is also true, because the exchangeable aluminum is only moderately
high and easily eliminated with some liming. Because of the relation between the avail-
ability of phosphorus and the percentage of organic matter, an enlargement of the
apparently toolow amount of available phosphorus in the savannah soils implies that an
enlargement of the organic matter content must be effected at the same time. Without
a considerable quantity of organic matter, it will be very difficult to obtain a satisfac-
tory level of available phosphorus (1 mg P,O;-Truog per 100 g of soil 27). [t is most
probably uneconomical to apply such liberal doses of phosphates that the amount of
total phosphorus in the soil becomes greater than the fixing power of the humus-poor
soil material, as is apparently the case in the Terra Preta subsoil (more than 100 mg
P,0O,-total per 100 g of soil). Such large additions, however, may have an enlargement
of the potential cation exchange capacity as an interesting side effect.

Fernlizing with potassium seems to be generally useful, at least when perennials are
involved. SUTMOLLER et 4. {1964) found that potassium deficiences in Amazon cattle
may occur if the amount of exchangeable potassium in the soils concerned is below
0.20 m.e. per 100 g of soil. Reference is made to the evidence from foliar analysis
executed for Amazon oil palms. Experiments with the crop on comparable soils in
West Africa have shown that for this perennial the level of exchangeable potassium
should be at least 0.15 m.e. per 100 g of soil, in the upper 30 to 40 cm of the profile
(THRO-OLLAGNIER, personal communication). Another minimum value estimation is
1.5to 2% of the T value. If this is generally true for conditions in the Amazon, then not
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only are the exhausted savannah soils deficient in potassium for the growth of oil palm,
but also the forest soils (the storage in the vegetation not taken into account); even the
Terra Preta soil is at, or below, the minimum necessary level.

The nutritional imbalances in cattle, grazing on the savannah soils, suggest that
fertilizing with several meso and micro nutrients will be effective. On non-exhausted
soils also, when supporting perennials or sustained cultivation of annuals, deficiencies
of meso and micro nutrients are a possibility if no compensation is made with chemical
fertilizers or compost.

It is stressed that any fertilizing recommendation, made with the aid of the present-
day knowledge of soil — plant relationships in Amazonia, is at best a rough estimate,
There are also the different requirements of individual crops. The method of soil tillage
and the system of fertilizer application can have a tremendous influence upon the
effect, if any, of added materials. Also, a shortage of one element, even when a micro
nutrient, may cause an apparent lack of response to a fertilizer application which is
totally misleading. With the generally weak buffering of the soils, especially of the
sandy ones, it is easy, on the other hand, to unwittingly add an excess of one nutrient,
thereby diminishing the availability of other nutrients.

V.3.2.3 Systems of Crop Production

At present, the crop production on the freely draining kaolinitic Planicie soils is
carried out very predominantly by native small farmers, with hand culture methods,
and the application of the shifting cultivation system. It has been concluded in V.3.1.2,
that this system, as it is practised nowadays in Amazonia, reduces gradually the agri-
cultural potential of the land. In view of the low standard of living of the rural popu-
lace, and the envisaged immigration from other parts of Brazil, the expanding of crop
production on the Planicie soils is a necessity. This must be done both by improve-
ment of the crop production in the present-day agricultural areas such as the Bragan-
tina area, and by creating of agricultural settlements in primeval forest areas. Stimulat-
ing of the establishment of commercial agricultural estates, beloenging to specialised
compantes, might be an effective way to achieve higher production and they may be o
educative value for the rural population on their peripheries. Government agricultura
policies however will aim mainly at improving and enlarging the means of existence o
the native small farmers. For this, the shifting cultivation system can not be discarded
as ‘obsolete’. In general the system secures a living, though on a low level, from tropical
soils with a low natural fertility, in areas where land is superfluous. The choice and
succession of crops after clearing of the fallow is often the ingeneous result of century-
long experience by the native population m tropical areas where animal manures,
chemical fertilizers and insecticides were not available in the past, nor are they today
an economic proposition. Proposals to introduce ‘modern’ agricultural practices for
peasant farming have to take full account, not only of the economy of the agricultural
products themselves, but also of the socio-economic level of the rural populace.
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Ur. der the prevailing conditions, the improvement and expanding of peasant farming
on the freely draining kaolinitic Planicie soils of Amazonia has to take the shifting
cultivation as a basis. There seem to be several ways in which the system, as practised
nowadays, may be improved, and gradually transformed in to a system of settled agri-
culture.

One of the first and easiest measures would be to allot more land to original setilers,
to strictly control the area of forest felled each year, and to allow only the felling of
sufficiently old (15 to 20 years) fallow. Secondly, a stimulating of the growth of the
fallow may be feasible, as has been tried for instance at Yangambi station in Congo,
with the corridor system,

A main gap in Amazon agriculture is believed to be the practical absence of peren-
nials such as rubber, cocoa and oil palm. Such crops are a firm step to settled agricul-
ture. They will provide for considerable and stable cash without requiring much tech-
nical skill, form a good protection against degeneration of the land, and are likely
1o react the most favourably to applications of manures and chemical fertilizers. To
give an encouragement to the planting of such perenmals, on a percentage of the plots
allotted for ordinary shifting cultivation, seems to be an inherent part of a sound agri-
cultural policy. In fact, this has been propagated in recent years, for the agricultural
colonies established by the Instituto Nacional de Imigracdo e Colonizagdo (INIC) in
general and for rubber in particular, via the joint project ET4 °54 of U.S. ALD.,
SPVEA and other institutions. However, the strict precautions that have to be taken
against the leaf blight Dothidella ulei are one of the hindrances to expansion of rubber
planting. Both technically and economically it seems quite possible to promote the es-
tablishment of small groves of oil palms along similar lings as is being done for rubber,
Smaliholding of this perennial seems promising even in those parts of the Planicie
where ¢limatic conditions may not be optimal for the crop. Apart from this, one or
more of the many indigenous oil rendering palm species may prove to be a valuable
perennial crop.

Also the prospects for increased growing, by small farmers, of speciaissuch as pepper
look favourable. Such new crops constitute, 1 fact, a more intensive use of the land.
The use of fertilizers, green manures and cover crops will be justified by higher and
more stable profits, and also annual crops may gradually be grown continuously.

It is possible that an adapted system of mixed farming will prove to be a stable base
for rural settlement. Besides the profits of livestock husbandry itself, the grass or
legurne ley may improve soil conditions and the manure of the penned cattle may be
fully used for the enlargement of crop production on the same farm. In this case, much
attention has to be given to the quality of the grass ley. The application of adequate
chemical fertifizers, and the introducing of new and highly productive grasses and
palatable legumes, on artificial pastures, seem to be promising.

Ancther possibility for improvement of the standard of living of the rural population
in Amazonia is the combination of crop preduction with a modern exploitation of the
forests. Several forest production reserves on Planicie areas are proposed or already
estabiished (¢f. Fig. 22), in accordance with recommendations made after the FAO-
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SPVEA forest inventories. The creation of agricultural seitlements on the peripheries
of such reserves would be a safeguard against uncontrolled cutting and felling, and
secure a labour force for the exploitation of the reserve itself; at the same time, it
would provide extra cash for the agricultural community.

it is without doubt that the agricultural research, as started by the Instituto Agrond-
mico do Norte, must be entarged and deepened. It should comprise studies on crop
rotation and intercropping schemes, grass feys, types of green manures and cover crops;
trials on the application of chemical fertilizers, animal manure, compost and the waste
from industrial production; trials on cultivation practices such as planting time and
spacing; the introduction and testing of new crops, and the selecting of the best varie-
ties of local crops; the assessment of the absofute production capacity of the various
soils and the economy of soil management measures. The experiences in these respects
in other tropical areas with similar physical conditions, of which particularly West
Africa and Congo (Yangambi) must be mentioned, may be utilized to a large extent.

Rural extension work, to a greater degree than being done by the Fomento Agricola,
will have to teach the new methods which have proved valuable, and to produce and
distribute seeds and other planting material. This may prove to be one of the bottle-
necks for the expansion of the Amazon agriculture, because of the preference of the
present-day rural population for extractive activities on the natural vegetative cover,
and the aversion of trainees from spending a considerable time in the interior. In this
respect, the establishment of subsidised pioneer and demonstration farms should be
highly beneficial.

In fact, most measures in the technical agricultural field for improving Amazonian
peasant farming are well understood by Amazon agronomists. Other services however,
are equally indispensable. These are the sufficient and regular release of working funds
for agricultural research and rural extension work ; cheap agricultural credit; promo-
tion of processing industries on the spot; price policies for cheap provision of fertifiz-
ers, insecticides and implements; easing of import and export regulations and the res-
triction of federal, state and municipal taxes on the agricultural products; the promo-
tion of agricultural cooperatives, of transportation, education and other measures in
the social field. 1t is often rather the lack of these services, or their unbalanced or short-
term implementation, which is delaying the emergence of a prosperous agricultural
community in Amazonia.
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Summary

The present study actually deals with the soils of the Braziltan part of the Amazon
region. The boundaries accepted for this region are the transitions from the belt of
equatorial forest to the savannahs of North-Eastern and Central Brazil and those of
Rio Branco-British Guiana. The eastern half of the region is discussed in particular.

PEDOGENETIC FACTORS

Climate. Only a small, north western section of Brazilian Amazonia has a climate
without any dry season (type Af in Képpen’s classification ; Fig. 2). The greater part of
the region has a few months per year with little or no rainfall (type Am).

Geology. Brazilian Amazonia consists of a low, sedimentary area, the Amazon valley
proper, and parts of the crystalline shields of Central Brazil and the Guianas (Fig. 5).
The crystalline shields are of Pre-Cambrian age and mainly consists of granites, gneis-
ses and mica schists. The sedimentary part consists of several basins, namely the basin
of Acre, of the Amazon proper, of Maraj6, and that of Maranhio (Fig. 5 and Appen-
dix 8). The sedimentary part of Amazonia has at its surface only narrow bands of
Paleozoic-Mesozoic deposits, of very varying character; the greater part consists of
Tertiary unconsolidated sediments which are kaolinitic clays and quartz sands. The
Pleistocene sediments, which are similar in character to the Tertiary ones, are thin,
and their extent has been reported to be limited. Holocene deposits comprise a small
area, much less than was estimated by early explorers of Amazonia.

Geomorphalogy. In the watershed regions to the north and south of the Amazon river
system the following geomorpholoegical units can be distinguished (Figs. 8, 9 and 17):
I. Undulating terrains with outcropping crystalline basement.

2. Undulating terrains with outcropping Paleozoic, Mesozoic or Early Tertiary de-
posits.

3. Two peneplanation surfaces inside the area designated as crystalline on the geologi-
cal maps. These surfaces occur at 400-600 and 250-400 m altitude and are assumed to
be of Cretaceous and Early Tertiary are respectively. Little can be said with certainty
about these surfaces.

The broad axial part of Amazonia consists of:

4. Flat plateau land, known as Amazon planalto, and of Plic-Pleistocene age.

5. Upland terrains at a lower level, fashioned to terraces at various levels, and of
Pleistocene age. (The units (4) and (5) are designated together as Planicie).

6. Lowlands, of Holocene age.
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The height of the Amazen planalto is usually 150-200 m in the eastern part of the
valley a1d somewhat less in the western part, A characteristic of this planalto is that it
has at its surface a ten to twenty metres thick layer of uniform, very heavy sedimentary
clay. [t is supposed that this so-called Belterra clay had its origin in the erosion of up-
lifted kaolinitic deposits of the Andes area. The ¢lay must have settled very gradually
and cvenly on the flat bottom of a huge shallow inland sea. A large part of Amazonia
was covered by this sea during an age of the Latest Tertiary or Earliest Pleistocene
when the general sea level was high {Calabrian; ¢f. Table 1).

The upland terrains in the axial part of Amazonia that were fashioned during the
Pleistocene period have a great expanse. A 500 km long section of the upper part of the
recertly constructed Belém-Brasilia highway, allowed for a detailed study of the local
geomorphologic constitution (Appendices 4 and 3). Various terraces occur in this
stretch. Some of them are coastal-marine, the others fluviatile. All terrace levels must
have been formed during times when the existing sea level was higher than at present
and therefore they are of interglacial age. For part of the stretch, a comparison of the
terrace levels with world wide interglacial sea levels enables the terraces to be tenta-
tively dated in detail (Tables | and 2}.

It is likely that in other parts of the Amazon valley proper the terrace levels are also
of interglacial age.

The very locally occurring, so-called massapé terrains, and parts of eastern Marajo
island are presumably of Early Holocene age. The younger Holocene terrains are com-
monly divided into vdrzeas and igapds. In this publication, virzea is defined as low-
land that is intermittently waterlogged, and the igapd as lowland that is permanently
waterlogged, The vdrzeas, which have the largest extent, are subdivided according to
the churacter of the variation of the water level and to the composition of the water.

Levels of fossil plinthite. Along the afore mentioned upper part of the Belém-Brasilia
highway detailed observations were made on the occurrence of levels of fossil plinthite
(Appendices 4 and 5). Several types of fossil plinthite can be discerned in this area, and
each of them has a specific position and area of occurrence. In the stretch traversed by
the highway, the main part of the fossil plinthite was formed in situ. [t must have origi-
natecl during at least two ages of the Late Tertiary with flat land surfaces of imperfect
drainage. An age of the Pleistocene produced plinthite of limited expanse.

It is iikely that the fossil plinthite in other parts of eastern Amazonia was formed also
largely during the Tertiary and the Pleistocene,

Vegetation. s is concluded from the geomorphologic constitution of the Planicie part
of Amazonia and the character of its sediments that both during the Tertiary and the
Pleistocene there were several ages with relatively dry climates (interpluvials). During
these ages there was no forest coverage over large parts of Amazonia.

The present-day vegetative cover is subdivided into several forest types, on the one
hand, and several savannahs and savannah-forests, on the other (Fig. 12).
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THE MATN AMAZON LATOSOL

The concepts on ‘latosol’, ‘laterite’ and “plinthite” have had already an evolution. The
national Brazilian Soils Commission has recently given a detailed definition of the
Latosol, in an elaboration of the U.S.A. concept. Attention is given to the separation
of Latosols from other red and yellow soils of the tropics and subtropics. In particular,
the characteristics of the diagnostic horizon of Latosols, the latosolic-B horizon, are
contrasted {Table 5) with those of the textural-B horizon, which is diagnostic for Red
Yellow Podzolic soils and others.

Many different terms have been applied to the various Latosols found throughout the
world. In Brazil, a subdivision of the Latosols is being worked out which takes as its
principal criterion the composition of the clay fraction in relative amounts of silicate
clay minerals (kaolinite), iron clay minerals (goethite, hematite), and aluminum clay
minerals (gibbsite). These amounts are assessed mainly on the molecular ratios SiO,:
Al Q5 Fe, Oy

1t is shown that the well-drained soils of the Planicie part of Amazonia have predo-
minantly a latosolic-B horizon as this is defined by the Brazilian Socils Commission.
The molecular ratios 5i0,:Al,04:Fe,0, point te a strong predominance of kaolinite in
their clay fraction, which is confirmed by several X-ray curves of representative pro-
files (Tables 7 and 8, and Fig. 14a-¢). The soils therefore belong to the subgroup of the
kaolinitic Latosols and are named Kaolinitic Yellow Latosol, For the sandy relatives
of the soils, with less than 159 clay in their B horizon, the name used is Kaolinitic
Latoselic Sand.

The described Amazon soils are comparable with several of the soils in tropical Afri-
ca, which are grouped according to other classification systems than used in this publi-
cation,

AMAZON SOILS WITH PLINTHITE

The soils that contain plinthite in one form or another are discussed separately. In
agreement with the VIIth Approximation, ‘plinthite’ here replaces the old word ‘late-
rite’, and a subdivision is made into hard plinthite (laterite concretions and slabs) and
soft plinthite (Buchanan’s laterite or mottled clay).

Soils with recent plinthite. At present plinthite in Amazonia mainly develops on flat
land surfaces with intermittently imperfect drainage. Soft plinthite is formed at some
depth in the soil profile on these sites, viz. in the zone of fluctuation of the phreatic
level, which is fully in agreement with the classical findings of MARBUT (1932).

In some cases this zone occurs at such a depth that the solum of the soil profile is not
affected (cf. Profile description 1). Usually, however, the zone is nearer to the surface
and clay-sized mineral particles and sesquioxides are carried from the superficial layer
downward. An imperfectly drained soil develops with a lgached A horizon and a B ho-
rizon of soft plinthite, i.e. the Ground Water Laterite soil. There is a great variability
in characteristics of this soil unit (¢f. Profiles 2 to 18, and Appendix 9), which is govern-
ed by several factors. The ultimate stage of Ground Water Laterite soil development
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appeers to be represented by the profile which has a bleached and light textured, thick
A horizon over a heavy textured, dense and slowly permeable, thick B horizon of soft
plinthite, whilst at the transition zone of the two horizons some plinthite material
oceurs that has already hardened (the Ground Water Laterite soil, Low phase).

Soils with fossil plinthite. In Amazonia it is common to encounter layers of soft or
hard plinthite on well-drained sites where the phreatic level occurs at a depth of many
metras. In view of the described present-day formation of plinthite, and in agreement
with most of the recent literature on the subject, such plinthite is considered to be
fossil.

Lavyers of fossil hard plinthite underlain by fossil soft plinthite are likely to have
formed in situ. The combined layers constitute the relics of a Ground Water Laterite
sol which developed on a former land surface with imperfect drainage. After condi-
tions of imperfect drainage ceased to exist, the profile was geologically eroded to the
point &t which all the light textured and loose A horizon, and possibly part of the
plinthitic B horizon, was stripped off. Whilst the lower part of the plinthitic B horizon
has reamained soft, the upper still present part has become hard plinthite.

Separate layers of fossil hard plinthite are normally of colluvial-alluvial origin, There
are several supplementary characteristics that may help to establish whether plinthite
is recent or fossil, and whether formed in situ or of colluvial-alluvial origin.

If the fossil plinthite is found below the solum, it is not diagnostic for classification of
the scil. If, however, the fossil plinthite forms part of the solum, then the classification
of the soil depends upon the degree of weathering of the parent material, f.e. in this
case: the plinthite. In Amazonia the final weathering product consists, with few excep-
tions, of a mixture of hard concretionary elements and loose friable earth of which the
clay fraction is kaolinitic in character.

Wherz there is shallow weathering of the plinthite layer the soil is classified as Red
Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase.
When the weathering is deep, and in any case when the fossil plinthite is of colluvial-
alluvial origin, the soil is classified as Kaolinitic Yellow Latosol, Concretionary phase
(¢f. Profiles 19 to 23, and Appendix 9).

A general scheme for the different soils to be distinguished with the formation, trunc-
ation, and burying of Amazon plinthite is given in Fig, 135,

THE SOIL UNITS DISTINGUISHED, AND THEIR GEOGRAPHIC OCCURRENCE

All discerned Amazon soil units (¢f- summary in Table 9) are described systematical-
Iy, by giving a general concept, the range in characteristic, and a representative profile
with its analytical data.

The scil maps of two of the areas of which a reconnaissance soil survey was executed
{Appendices | and 2), give a picture of the geographic occurrence of the various soils.
The Guamd-Imperatriz area may be taken as representative of the Planicie part of
Amazonia with its unconsolidated sediments of kaolinitic clays and quartz sands. The
Araguaiz Mahogany area may be taken as representative of the non-Planicie part of
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Amazonia, with its wide variation in geologic age and petrographic constitution. Fig.
17 is a sketch of a provisional soil map for the whole of Brazilian Amazonia,

The undulating terrains with outcropping crystalline basement probably have Red
Yellow Latosol as the predominant soil. The presence of Red Yellow Podzolic soil and
of Lithosols is established.

The undulating terrains with outcropping Paleozoic, Mesozoic or Early Tertiary
deposits have a large variety of soils. Lithosols appear to be common.

Very little soil data is available on the peneplanation surfaces on the crystalline base-
ment.

Most of the soil data of Amazonia relate to the Planicie and the Holocene terrains.
The soils of the Belterra clay covered Amazon planalte have an uniform profile devel-
opment over large distances. By far the most common soil is Kaolinitic Yellow Latosol
(,Ortho), very heavy textured. Parts of the planaito in the south-western part of
Amazonia have imperfect drainage, with Ground Water Laterite soil or Kaolinitic
Yellow Latosol, intergrade to Ground Water Laterite soil.

The Pleistocene terraces in the eastern part of Amazonia have Kaolinitic Yellow
Latosol (,Ortho), of medium, rather heavy, or heavy texture and Kaolinitic Latosolic
Sand as the principal soils. Several aspects of profile development of these soils are
related to the texture of the parent material. The terrace level also appears to have
some influence (¢f. Table 10). Other well-drained soils are Kaolinitic Yellow Latosol,
Compact phase; Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil;
and Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol; soils which
are subdivided according to their texture. In addition, there are the plinthitic soils
Kaolinitic Yellow Latosol, Concretionary phase and Red Yeilow Podzolic soil, inter-
grade to Kaolinitic Yellow Latosol, Concretionary phase.

Imperfectly drained soils are Ground Water Laterite soils and Ground Water (Hu-
mus) Podzol.

There are many small patches with a peculiar dark and fertile soil which is called
Terra Preta. This is a ‘man-made’ soil, developed on the dwelling sites of the pre-Co-
lumbian Indian tribes.

Judging from the data of MArRBUT and MaNIFOLD (1926) and other informations, the
soils of the Pleistocene terraces in the western part of Amazonia are largely comparable
with those of eastern Amazonia.

On the vdrzeas, Low Humic Gley and Humic Gley soils predominate, and on the iga-
pos, Bogs and Half Bogs. Also Ground Water Laterite soils are found on these low-
lands. In the coastal area Saline and Alkali soils occur.

For description of hitherto unknown forested areas at which the detailed geographic
pattern of the various soils can be shown, the introduction of the concept ‘land-unit’
is suggested. This denotes a tract of country within which the geologic, topographic and
hydrographic elements, the climate, pattern of vegetation and pattern of soils are
approximately uniform.
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THE SOILS. AND THEIR VEGETATIVE COVER

The svailable data on the vegetative cover are of limited vaiue for the assessment of
the relaiionships between soils and vegetation, because methods of ecological re-
search proper could not be employed. A discussion is nevertheless desirable in view of
the near ahsence of published data on soil-plant relationships in Amazonia.

Amoeng the characteristics of the upland forests, the mean gross timber volume and
the occurrence of 1ndividual tree species are discussed in particular, because it is on
these “hat the FAQ/SPVEA forest inventories provide for data.

The influence of non-edaphic factors on differences in forest growth. The highest timber
volures of the Planicie may be found m areas where the total annual rainfall is not
excessively high and a short dry season occurs. A number of differences established in
the occurrence of individual tree species are likely to be determined by differences in
climate as well.

Anthropogenic influences may have affected forests, even seemingly primeval ones,
over lerge areas. An example is the selective cutting of certain very valuable tree
species. A peculiar type of forest, which consists largely of short-lived Guadua species
(tabocal) and is found in an area along the Belém-Brasilia highway, is very likely due
to the burning practises of Indians.

Edaphically determined defferences in forest growth. Nearly all forest inventory areas
are located in the Planicie, the soils of which are very similar, at the classification level
emploved. Established differences in forest characteristics within an area of uniform
climatic conditions and non-existent or uniform anthropogenic influences, are there-
fore apt to show a correlation with lower category soil differences. Among these are
the moisture holding capacity, the total available amounts of the various plant nutrients,
and the penetration possibilities for roots. These qualities depend on such factors as
the scil texture, the compactness of the subsoil and the presence of plinthitic materials.
The coincidence of differences in forest characteristics with differences in these latter
factors are discussed. It is often uncertain what exactly are the causal factors of the
coincidences established.

A relationship exists between soil texture and gross timber volume. The rather heavy
or heavy textured soils in particular support forest with high timber volume. Very
heavy textured freely draining Planicie soils, the soils derived from Belterra clay,
have in several parts forest of a low timber volume, because it consists fully, or for
a considerable part, of creepers and climbers: cipoal and ‘cipoalic’ forest, These forest
types can be found on the completely flat central sections of planalto parts, as well
as on the oldest Pleistocene terraces where these are covered with reworked Belterra
clay. Cipoal and ‘cipoalic’ forest prevail on Belterra clay soils with a compact sub-
soil and a thin A, horizon compared with the soils of the immediate surroundings.

With the aid of a number of examples the problem is discussed of any relationship
between soils and individual tree species that have an established variation in occur-
rence. Acapu ( Vouacapoua americana), for instance, is restricted to parts of the region
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and there found in colonies. These colonies are however found on a variety of soils.
Onge of the species found concentrated on very heavy textured soils is the Angelim
pedra { Hymenolobium excelsum). The occurrence ol Pau amarelo { Euxylophora para-
ensis) was studied in the Guamd-Imperatriz area. In this area the species apparently has
its optimal growing conditions on soil with concretions of fossil plinthite of a specific
level and age.

A special study was made on the cccurrence of the mahogany { Swietenia macrophyl-
Ia}) in a part of the south-eastern transition zone of the belt of tropical forest, the Ara-
guaia Mahogany area. In this area, the species mainly grows on terrains with imperfect
drainage and well developed hydromorphic soils that chemically are relatively rich
(Fig. 25 and Appendix 6).

The occurrence of palms in the Amazon forests seems to be more often related to the
variations in the conditions of climate and soil than is the case with the occurrence
of dicotylenous tree species.

Non-edaphic savannahs. Some upland savannahs within the forest belt mainly origin-
ated as a result of adverse non-edaphic conditions, usually with a predominance of
anthropogenic factors. These savannahs are located in the north eastern part of Ama-
zonia (upland savannahs in Amapd Territory, on south-eastern Marajé island and on
the north bank of the Lower Amazon river).

Savannahs and savannah-forests of edaphic origin. The other savannahs, and the sa-
vannah-forests, of the Planicie are of edaphic origin. All the savannahs concerned and
most of the savannah-forests are found on terrains with imperfect drainage. These
terrains either have a Ground Water Laterite soil (often the Low phase), or a Ground
Water (Humus) Podzol. Extensive savannahs and surrounding savannah-forests, on
watershed areas with flat relief (the campos, and part of the campina-ranas), have pre-
dominantly a Ground Water Laterite soil. Patchy savannahs and savannah-forests, on
narrow strips of low sandy upland along rivers and on sand-filled former river beds
(the campinas, the caatingas amazdnicas, part of the campina-ranas}), have predomi-
nantly the Ground Water Podzol as substratum. Some patches of savannah-forest
{part of the campina-ranas) occur on relatively high, freely draining terrains, with
White Sand Regosol.

Little data is available on the savannahs and savannah-forests of the non-Planicie part
of Amazonia. They are probably of edaphic origin, with Lithosols and Hydromorphic
soils as predominant substrata.

The growing conditions of the varicus discussed savannahs and savannah-forests are
summarised in Table 13.

Soils and vegetation of the lowlands. As regards the lowlands, differences between
their forests are often considerable and they can often be correlated with the character
of flooding or submergence. The lowland savannahs and savannah-forests of eastern
Amarzonia are considered to have originated edaphically.
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TH: SOILS AND THEIR USE

A1 gvaluation of the main Amazon soils from the viewpoint of their agricultural
occuparion is of immediate importance. Parts of Amazonia are namely being con-
sidered as outlet areas for the large rural population of the North Eastern region of
Brazil with its periodically recurring severe droughts and floods.

With regard to the soils of the lowlands it is emphasized that land capabilities vary
much. with the type of vdrzea. The main criteria for their evaluation must be the
querical qualities of the soils and the depth and length of the flooding. The necessary
artdficial drainage and reclamation would require considerable investigation, organi-
sation and capital investment.

Tae soils of the uplands outside the Planicie are very diverse. The natural fertility of
the soils is certainly a principal criterion for land capability evaluation in these distant
and inaccessible areas.

Quaiities of the freely draining kaolinitic soils of the Planicie. The terrains of the
Planicie constitute large tracts of predominantly flat to gently undulating land which
is largely freely draining. These terrains are near the main water-ways and the existing
roads. Their forests have the higher timber volumies, and the present-day Amazon
agriculture is concentrated here. For these reasons the Planicie part of Amazonia,
despile the low natural chemical fertility of its soils, has a potential for large-scale
settlement schemes. Special attention is therefore given to the chemical and physical
qualities, the agricultural capabilities and the adequale management measures of
Planicie soils with good external drainage, i.e. the freely draining kaolinitic Planicie
soils.

Qualities of the soils under rtheir natural vegetative cover. For the assessment of the
chemical qualities of the freely draining kaolinitic Planicie soils under their natural
forest cover, analytical data of 33 relevant profiles are available. These are arranged
and studied on their relationship (¢f. Figs. 27 to 34). It is apparent that with regard to
chemical qualities the main advantage of the clayey over the sandy soils is their capa-
city 10 create a better milieu for preservation of the comparatively very active organic
matter.

In their physical qualities the soils can differ distinctly from each other. The moisture
holding capacity of the soils is of importance in view of the fact that a large part of
Amezzonia has a short dry season. From moisture equivalents, some moisture tension
curves, and other analytical data (¢f. Figs. 35to 37 and Table 16), it is deduced that the
soils under forest cover have, as a whole, only small amounts of available moisture
per volume unit. Clayey soils have a fairly distinct advantage over sandy soils, with
regard to moisture availability, only as regards the topsoil.

Quilities of the soils under human influence. The chemical and physical qualities of the
Planicie soils change in several ways, when these soils come under influence of man.

For the soils under shifting cultivation, only qualitative observations are evaluated.

281



For those under ancient anthropogenic savannah, however, a number of quantitative
data are available. When the difference in the amount of nutrients stored in the re-
spective vegetative covers is not counted, it can be said that the qualities of these
savannah soils are still fairly comparable to those of forest soils. The main differences
are a somewhat lower organic matter content of the topsoil, and consequently a
somewhat lower potential cation exchange capacity and smaller amounts of exchange-
able cations and anions, greater soil compactness and presumably less available soil
moisture. Slight differences are found in the C/N ratios, the values for pH-H,0, and
the degree of phosphorous fixation.

The permanently beneficial effect of human influence is illustrated by the chemical
qualities of the Terra Preta (¢f. Figs. 38 and 39). The potential cation exchange capa-
city of this soil is relatively high, also when the organic matter content is low. However,
this high cation exchange capacity corresponds with a high amount of phosphates in
the Terra Preta. This amount often seems considerable higher than the fixing power of
the humus-poor soil material.

The effects of chemitcal fertilizers and of animal and green manures can be assessed
only tentatively, because of the limited number of experimental plots and sites with
permanent agriculture.

The most suitable soils. Tt is evident that land capability evaluations for the Planicie
should be principally based on such differences in soil qualities as organic matter
storage, soil moisture reserve and root penetrability. For large-scale settlements,
external factors should be considered, such as the topography and drainage pattern
of theland, its accessibility, and the degree of geographic coherence of the various soils.
Apart from this, however, and the soil preferences of individual crops, the most favou-
rable conditions for crop production are to be found on relatively heavy textured forest
soils that have non-compact and friable subsocils. The Kaolinitic Yellow Latosol
(,Ortho) and Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil which
are of heavy or rather heavy texture meet these requirements best.

Soil management. The examination of the chemical and physical qualities of the
freely draining kaolinitic Planicie soils under forest cover or under human influence,
enable an assessment to be made as to the best methods of managing these soils after
the primeval forest cover has been cleared, and of recuperating them after adverse
human influence. The maintenance and, where possible, enlargement of the soil organic
matter content is of paramount importance. At the actual state of research, fertilizing
recommendations can only be tentative.

Shifting cultivation must constitute the basis for improvement and expansion of
peasant farming on the Planicie soils, The present system of shifting caltivation in
Amazonia can be gradually improved in several ways. The introduction of perennials,
especially oil palms, seems desirable. The combination of crop production with
modern management of the forests is a feasibility.
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Sumario

s solos da parte brasileira de regido amazdnica constituem a matéria do presente
estudo.

Como fronteiras daquela regido sdo tomadas as transigoes do cinturdo da floresta
equatorial para as savanas do Nordeste e do Brasil Central e para as do territorio do
Ric Branco e da Guiana inglésa. Em particular € discutida a metade da parte Leste
da regido.

FATORES PEDOGENETICOS

Clima. Apenas ume pequena parte da Amazdnia brasileira apresenta um clima sem
qualquer estagdo séca (tipo Af na classificagdo de Kdppen, Fig. 2). Na maior parte da
regiio hd pouca ou nenhuma precipitacio durante alguns meses do ano (tipo Aw).

Geologia. A Amazdnia brasileira consiste de uma drea baixa e sedimentar sendo o
vile amazdnico propriamente dito, € partes dos contrafortes cristalinos do Brasil Cen-
tral ¢ das Guianas (Fig. 5). Essas formagdes cristalinas remontam ao periocdo Pré-cam-
briane e sdo constituidas principalmente de granitos, gneisses e micaxistos. Na parte
sedimentar encontram-se quatrg bacias, nominalmente a do Acre, a bacia amazdénica
propriamente, a da ilha de Marajé e a do Maranhio (Fig. 6 e Apéndice 8). Na super-
ficie apresentam-se apenas faixas relativamente estreitas de depodsitos Paleozdicos-
Mesozdicos de carateristica muito varidvel; a maior parte da drea sedimentar consti-
tui-se de sedimentos Tercidrios ndo consolidados, que se compdem de argilas caoli-
niticas e areia de quartzo, Os sedimentos Pleistocenos, cuja composicio se assemelha
aos Tercidrios, s30 pouco espessos e a sua extensio, conforme aos dados de literatura,
¢ lirnitada. Tembém os sedimentos Holocenos apenas compreendem uma drea limi-
tada, muito inferior A estimativa dos primeiros exploradores da Amazdnia.

Geomorfologia. Nas regides dos divisores de dgua ao lado Norte e Sul do sistema
fluvia! do Amazonas, pode-se distinguir as seguintes unidades geomorfologicas {Fig.
8,9¢17).

I. terrenos ondulados de embasamento cristalino aflorante.

2. terrenos ondulados com depdsitos aflorantes do Paleozdico, Mesozdico ou Ter-
ciario Inferior.

3. dois niveis de peneplanagdo dentro da drea que nos mapas geoldgicos fica indicada
como cristalina. Estes nivels ocorrem a 400-600 m e a 250400 m de altura respeti-
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vamernte e ¢ provédvel que sejam da idade Cretdcea e do Tercidrio Inferior. Destes niveis
h4, porém, poucos dados certos.

A larga parte axial da Amazonia consiste de:
4. terras planas em platd Plio-pleistoceno, chamado o planalto amazénico,
5. terras firmes mais baixas, modeladas em terragos a niveis diferentes, de idade
Pleistocena {As unidades 4. e 5. conjuntamente sio indicadas como Planicie).
6. baixadas, de idade Holocena,

Na parte Leste do vale, o planalto tem em geral 150 a 200 m. de altura; na parte
Qeste ¢ um pouco mais baixo. Uma carateristica do planalto é que ele apresenta na
sua superficie uma camada, de dez a vinte metros de espessura, composta de uma
argila sedimentar homodgena de textura muito pesada. Fsta argila, chamada argila de
Belterra, hd de ter sua origem em depositos caoliniticos nos Andes, que — apds serem
elevados — foram expostos a erosdo forte. A argila ter-se-d depositado de maneira uni-
forme e gradativa na base plana de um amplo mar interior de pouca profundidade.
Uma grande parte da Amazbnia deve ter sido coberta por esse mar duranic certo
periodo do Tercidrio Superior ou do Pleistoceno Inferior, quando o nivel geral do mar
era elevado (Calabriano).

Os terrenos modelados durante o Pleistoceno, na parte axial da Amazénia, cobrem
uma superficie grande. O tracado de 500 kilémetros de comprimento da parte
superior da recém-construida rodovia entre Belém e Brasilia ofereceu a possibilidade
de estudar em detalhes a geomorfologia local (Apéndices 4 ¢ 5). Neste trecho
apresentam-se varios terracos. Alguns deles sdo costeiros, os demais fluviais. Todos
devem ter sido formados em tempos em que o nivel de mar era mais elevado que atual-
mente, e portanto devem ser de idade interglacial. Comparando os niveis dos terragos
com os niveis glaciais do mar, até mesmo resulta possivel determinar provisdoriamente
em detalhes as idades dos terragos numa parte da drea em aprégo (Tabelas 1 ¢ 2).

E’ provivel que todos os terragos nas demais partes do vale amazdnica propria-
mente dito, também sejam de idade interglacial.

Os chamados terrenos de massapé, de ocorréncia muito local, e partes da Marajo
oriental remontam provavelmente do Holoceno Inferior. Os terrenos Holocenos mais
recentes sdo comumente subdivididos em vdrzeas e igapds. Neste estudo a vdrzea €
definida como baixada intermitentemente inundada, ¢ o igapd como baixada perma-
nentemente inundada.

As virzeas, que constituem a maior parte das baixadas, sdo subdivididas de ac6rdo
com o cardter das flutuagdes do nivel de dgua e sua composigao.

Niveis do ‘plinthite’ féssil. Ao longo da referida parte superior da rodovia Belém-
Brasilia foi feito um estudo detalhado da ocorréncia de niveis de ‘plinthite’ [Ossil
{Apéndices 4 e 5). O ‘plinthite’ féssil duro nesta drea pode dividir-se em varios tipos
e cada um déles tem sua posi¢ao e drea de ocorréncia especificas. Deduziu-se que a
maior parte do “plinthite’ fossil foi formada in sifu. Deve ter tido sua origem durante
pelo menos duas épocas do Tercidrio Superior, quando nesta drea havia superficies
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planas de drenagem imperfeita. Durante alguma época Pleistocena também deve ter
sido formado “plinthite’, seja em quantidade Timitada.

[ provavel que também nas demais partes da Amazonia o ‘plinthite’ fossil mormente
fasse formado durante o Tercidrio e o Pleistoceno.

Vegetagdo. Da composigio geomorfologica da Planicie amazdnica e do cardter dos
sadimentos presentes ¢ deduzido que assim durante o Tercidrio como durante o
Fleistoceno havia vdrias épocas com climas relativamente sécos (interpluviais), duran-
te @5 quais grandes partes da Amazdnia nio tinham cobertura florestal.

A cobertura vegetal atual é subdividida em vdrios tipos florestais por um lado ¢
varlas savanas e florestas-savanas por cutro lado (Fig. 12).

O LATOSOLD AMAZONICO MAIS IMPORTANTE

Os conceitos ‘latosol’, ‘laterite’ e ‘plinthite’ jd tém tido uma evolucio historica. A Co-
missdo de Solos do C.N.E.P.A. hd pouco deu uma elaboragiio extensa do conceito
‘latosol’ na base usada nos Estados Unidos. Nela se prestou aten¢fo para a maneira
de distinguir os Latosolos de outro solos vermelhos e amarelos dos trépicos e subtrd-
picos. Nomeadamente as carateristicas do B-latosodlico e do B-textural, que sdo os
horizontes carateristicos de Latosoios, respetivamente de solos Podzélicos Vermelho-
Amarelo e outros, sio contrastadas.

% vdrios Latosclos no mundo tém recebido as mais variadas denominagdes. Hoje
este. sendo desenvolvido no Brasil um sistema de subdivisdo dos Latosolos, usando-se
como principal critério a composicido da fragio de argila, a saber 2 matua relagéo
entre as quantidades minerais-de-argila de silicato (caolinita), minerais-de-argila de
ferro (goetita, hematita) e minerais-de-argila de aluminio (hidrargilita). Esses minerais
séo avaliados por meio das razdes moleculares SiOy: Al,O5: Fe,O,.

Fiza demostrado que a maior parte dos solos bem drenados da Planicie amazdnica
tém um B-latosélico conforme 4 definicdo da Comissfo de Solos. H4 néles uma pre-
dominéngia muito forte de caolinita em sua fracéio argilosa, o que fica comfirmado
por alguns Roentgengramas de amostras representativas de sclo (Fig. 14a—e e as
Tatelas 7 e 8). Esses solos pertencem portanto ao grupo dos Latosolos caoliniticos,
e néste estudo sdo denominados Latosolo Amarelo Caolinitico. Os solos arenosos
comparaveis com eles, ou seja os que no seu horizonte B contém menos de 159 de
argila, sdo denominados Areia Latosdlica Caolinitica.

Os solos amazdnicos acima desctitos sio iguais a vdrios solos da Africa tropical,
agrupados segundo outros sistemas de classificagiio que o usado neste estudo.

SOLOS AMAZONICOS COM ‘PLINTHITE’

Os solos que contém ‘plinthite’ em qualquer forma sio discutidos separadamente.
Conforme a Seventh Approximation, o ‘plinthite’ substitui a palavra antiga laterita.
O ‘plinthite’ fica subdividido em ‘plinthite’ duro (cascalho e pedras de laterita) e
‘plinthite’ macio (laterita de Buchanan; argila mosqueada).
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Solos de “plinthite’ recente. A formagio atual de ‘plinthite’ na Amazdnia ocorre quase
exclusivamente nos terrenos planos de drenagem intermitentemente imperfeita. Em
tais lugares é formado o ‘plinthite’ macio a pouca profundidade, a saber na zona na
qual oscila o nivel fredtico, perfeitamente de acérdo com as achadas cldssicas de
MARBUT (1932). Em alguns casos a zona em apré¢o ocorre a tal profundidade que
nio pode afetar o solum do perfil (Perfil 1). Usualmente, porém, a zona acha-se tio
proxima 2 superficie que lixiviam as particulas minerais mais finas ¢ 0s sesquioxidos
da zona superficial. Forma-se entio um perfil de drenagem imperfeita com um
horizonte A eluviado e um horizonte B que se compde de ‘plinthite’ macio: o perfil
Laterita Hidromorfica. H4 grande variabilidade nas carateristicas desta unidade
de solo (Perfis 2-18 e Tabela 9), regulada por vdrios fatores. Como condigio final
da evolugldo Laterita Hidromorfica pode considerar-se o perfil que se compde de
um horizonte A espesso, alvejado e arenose e um horizonte B espesso, argiloso e
pouco permedvel de *plinthite” macio, com — na zona de transi¢ioe — algum material de
‘plinthite’ jd endurecido (neste estudo denominado solo Laterita Hidromorfica, fase
Baixa).

Solos com ‘plinthite’ fdssil. Muitas vezes ocorrem na Amazonia zonas de ‘plinthite’
duro ou macio em lugares bem drenados onde o nivel fredtico apenas se encontra a
muitos metros de profundidade. Tendo em vista a formagfo recente de ‘plinthite’ como
descrita acima, éste ¢ considerado como fdssil; 0 que é de acdérdo com a maior parte
da literatura mais recente sdbre &ste assunto.

As zonas de ‘plinthite’ duro féssil, que sobrepdem uma de ‘plinthite’ macio féssil
usualmente tém sido formadas in siru. As zonas constituem conjuntamente o relicdrio
de um perfil Laterita Hidromoérfica, que se desenvolveu numa superficie anterior,
de drenagem imperfeita. Este perfil, apos superados os impedimentos de drenagem,
tera sofrido vma erosdo de tal magnitude, que desapareceu todo o horizonte A
arenoso e sblto, e talvez parte do B argiloso de ‘plinthite’. Enquanto a parte mais
profunda do B de “plinthite’ ainda presente permaneceu macia, a parte superior vinha
transformando-se em ‘plinthite’ duro.

Camadas individuais de ‘plinthite’ duro féssil sio normalmente de origem aluvial-
coluvial. Hd vdrias carateristicas suplementares uteis para esclarecer si o “plinthite’ é
recente ou fossil, e si foi formado in sifu ou € de origem aluvial-coluvial.

Quando o ‘plinthite’ féssil apenas se encontra por baixe do solum, ndo importa para
a classificagdo do solo. Quando o ‘plinthite’ féssil constitui uma parte do solum, a
classificagio désse solo depende do gran de meteorizagio do “plinthite’, que em tal caso
constitui a rocha-mie. Na Amazénia o material meteorizado final consiste quase
sempre de uma mistura de elementos concreciondrios duros e terra fridvel, cuja fra-
¢ao de argila tem cardter caolinitico.

Onde a meteorizagdo da zona de “plinthite’ apenas tem pouca profundidade, o solo
¢ classificado como solo Podzdlico Vermelho-Amarelo, ‘intergrade’ para Latosolo
Amarelo Caolinitico, fase Concreciondria. Quando a meteorizagdo da zona é profunda,
0 solo ¢ denominado Latosolo Amarelo Caolinftico, fase Concreciondria. A ultima
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denominagdo ¢ sempre aplicdvel quando o ‘plinthite’ fossil € de origem aluvial-colu-
vial (Perlis 19-23 ¢ Apéndice 9}.

Na Figusa 15 é dada uma esquema geral para os diferentes solos que se podem
distinguir na formagio, respetivamente a truncagio e cobrimentagdo de ‘plinthite’ na
Amazinia,

AS UNIDADES DE SOLO DISTINGUIDAS E SUA OCORRENCIA GEOGRAFICA

As diferentes unidades de solo da Amazdnia conhecidas (veja résumo da Tabela 9)
sio des:cnitas sistematicamente, dando o conceito geral, as possiveis variagdes nas
carateristicas e um perfil representativo com seus dados analiticos.

Os mapas de solo de duas das dreas de levantamento expedito (Apéndices 1 ¢ 2)
ddo uma idéia da ocorréncia espacial das diferentes unidades de solo. A primeira
area de levantamento expedito, a area Guamd-Imperatriz, pode ser tomada como um
exemplo da Planicie, com seus sedimentos nido consolidades, compostos de argilas
caoliniticas e areias de quartzo. A area Araguaiana de Mogno é exemplo da parte da
Amazdnia fora da Planicie, com sua ampla variagio em idade geoldgica e constituigdo
petrogrifica. A Fig. 17 é um esbdgo de um mapa de solos para toda a Amazonia.

Nos terrenos ondulados com embasamento cristalino aflorante, ocorre como solo
provavelmente mais importante, o Latosolo Vermelho-Amarelo. Ocorrem também
solos Podzdlicos Vermelho-Amarelo e Litosolos.

Ha grande variedade de solos nos terrenos ondulados de depdsitos aflorantes do
Paleozdico, Mesozdico ou do Tercidrio Inferior. Provavelmente os Litosolos sio os
que ocorrem com maior fregiiéncia.

Contamos com muito poucos dados sobre os solos dos niveis de peneplanagio na
drea do embasamento cristalino,

A muior parte dos conhecimentos pedoldgicos sobre a Amazdnia sio concernentes
4 Planicie e as baixadas Holocenas. Os solos do planalto amazdnico coberto de
argila de Belterra apresentam um desenvolvimento de perfil uniforme sobre grandes
distincias. Predomina o Latosolo Amarelo Caolinitico {,Orto) de textura muito pesa-
da. Algumas partes do planalto na zona sudoeste de Amazdnia apresentam uma dre-
nagern imperfeita, de forma que 14 o sole ¢ de Laterita Hidromorfica ou Latosolo
Amarelo Caolinitico, ‘intergrade’ para solo Laterita Hidromédrfica.,

Os solos principais dos terragos Pleistocenos da parte leste da Amazdnia sio Lato-
solo Amarelo Caolinitico {,Orto) de textura média, meio pesada ou pesada, e seu
equivalente de textura leve ou muito leve, a Areia Latosdlica Caolinitica. Varias ten-
déncias no desenvolvimento do perfil desses solos demostram uma relagio com a
textura dos sedimentos, Tambhém o nivel de terrago faz um papel, o que possibilita
uma avaliagio da influéncia do fator tempo na formagéo de solo (Tabela 10). Outros
solos bem drenados sdo o Latosolo Amarelo Caolinitico, ‘intergrade’ para solo
Podzdiico Vermelho-Amarelo; Latosolo Amarelo Caolinitico, fase Compacta e solo
Podzélico Yermelho-Amarelo, ‘intergrade’ para Latosolo Amarelo Caolinitico; solos
&sses que sdo subdivididos de acdrdo com a textura do horizonte B. Em adigio hd
os solos com ‘plinthite’ féssil: o Latosolo Amarelo Caolinitico, fase Congcreciondria ¢ o
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solo Podzolico Vermelho-Amarelo, ‘intergrade” para Latosolo Amarelo Caolinitico,
fase Concreciondria.

Os principais solos imperfeitamente drenados sdo os solos Laterita Hidromarfica e
os Podzols Hidromérficos.

Nos terragos pleistocenos de Amazénia oriental ocorrem ocasionalmente solos que
sao marcadamente escuros e férteis, denominados Terra Preta. S3o solos antropogéni-
cos, desenvolvidos nos provoados das tribos de Indios pré-colombianos. Conside-
rando os dados de MARBUT and MANIFOLD ¢ outros sébre esta area, 0s solos dos terragos
Pleistocenos na parte oeste da Amazdnia devem ser por grande parte iguais aos do
leste da Amazodnia.

Nas vdrzeas predominam os solos Glei Pouco Humico e os solos Glei Humico, e nos
igapds, solos turfosos. Também ocorrem solos Laterita Hidromoérfica. Na zona
costeira ocorrem solos salinos e alcalinos,

Para descrever dreas florestais até hoje desconhecidas, prestando-se atengéo para o
padrido detathado dos diferentes solos, ¢ introduzido o conceito de ‘unidade de terra’.
Como tal & considerada uma area dentro da qual as condigbes geologicas, topogra-
ficas e hidrogréficas, o clima, o padrio da vegetagio e o padrio dos solos sdo iguais.

RELAGOES ENTRE 0S SOLOS E A VEGETAGAOQ

Para determinar as relagdes entre os solos e a vegetagdo da Amazdbnia, os dados
disponiveis apenas tém valor limitado, visto que ainda ndo puderam ser feitas nalguma
escala pesquisas de cardter puramente ecologico. Todavia, por faltarem quase inteira-
mente dados publicados sobre a relagdo solo € vegetagdo na Amazodnia, ¢ aconsel-
hdvel uma discussio do assunto.

Entre as carateristicas da floresta, nomeadamente sdo discutidos o volume bruto de
madeira e a ocorréncia de espécies individuais de drvores, pois € sObre estes elementos
que existem dados, devidos @ uma série de inventdrios florestais.

A influéncia de fatores ndo-eddficos nas diferengas na vegetagdo florestal. Os mais
elevados volumes de madeira da Planicie podem ser encontrados nas dreas onde a
precipitagio anual ndo é muito elevada e onde h4 estagio séca de curta duragéo.

E provivel que parte das diferencas na ocorréncia de espécies individuais de drvores
também sejam devidas a diferengas climatoldgicas.,

E possivel que dreas extensas de florestas aparentemente primitivas podem ser
afetadas por fatores antropogénicos. Um exemple é o corte seletivo de certas madei-
ras muito valiosas. Um tipo peculiar de floresta constituida em grande parte de es-
pécies Guadua de curto ciclo de vida (tabocal) e que ocorre em certo trecho darodovia
Belém-Brasilia, com grande probabilidade pode ser atribuido a pridticas de incendi-
mento de parte dos indios.

Diferengas de origem eddfica na vegetagdo florestal, Quase todas as dreas de inven-
tario florestal acham-se localizadas na Planicie, onde os solos de drenagem livre, no

nivel aplicado de classificagdo, apresentam um alto grau de semelhanga. Assim, dife-
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reagas estabelecidas nas carateristicas de floresta, que ocorrem em areas de condigdes
climatoldgicas uniformes e de falta ou ocorréncia uniforme de influéncias antropo-
génicas, hdo de ser estudadas na sua correlagdo eventual com as diferencas encontradas
nas carateristicas de solos de categoria mais baixa, como a capacidade de retengio de
agua, a soma total dos vdrios nutrientes disponiveis para as plantas, e as possibi-
lidades de penetragiio de raizes. Estas qualidades dependem de fatores tais como a
textura do solo, a compacidade do subsolo e a presenga de matéria de ‘plinthite’.
Resulta que diferengas em carateristicas florestais freqlientemente coincidem com
difzrencas néstes fatores. Em geral € dificil, porém, estabelecer quais sdo os fatores
metivadores destas coincidéncias.

Existe uma relacio entre textura do solo e volume bruto de madeira, Em particular
o0s s0tos de textura pesada e meio-pesada freqilentemente suportam florestas com alto
volurne de madeira. Os solos de textura muito pesada da Planicie, porém, ou seja 0s
solos desenvolvidos na argila de Belterra, em vdrios trechos estao cobertos com flores-
tas de baixo volume de madeira, por consistir inteiramente ou por parte consideravel
de cipds (cipoal ou floresta cipodlica). Estes tipos de floresta ocorrem no centro com-
pletamente plano dos terrenos de planalto, bem como nos terragos Pleistocenos mais
antigos nas partes onde &stes estio cobertos com argila de Belterra remodelada,
Deduzin-se que o cipoal e a floresta cipodlica prevalescem nos solos de argila de Bel-
terra que, comparados com os solos nas imediagdes, apresentam um subsolo compacto
e um horizonte A, delgado. Parece que também em outras partes da Amazdnia as
florestas ricas em cipds prevalescem em solos de pouca penetragio de raizes, bem os de
uma baixa como os de uma alta fertilidade natural,

Com alguns exemplos € descutida a relagfo possivel entre solos e espécies individuais
de drvores de distribuiciio desigual. O Acapn {Voucapoua americana), por exemplo,
apenas ocorre em algumas partes da regido, onde ¢ encontrado em grupos. Estes
grupos, porém, ficam em solos variados. A Angelim pedra { Hymenolobium excelsum)
€ uma <as espécies encontrada mormente em solos de textura muito pesada. A espécie
Pau amarelo ( Fuxylophora paraensis) na drea Guamd-Imperatriz, onde foi estudada
sua ocorréngia, encontra as suas melhores condigdes de crescimento em solos de
concregdes de ‘plinthite’ fossil de determinado nivel e idade.

Uma investigagio especial foi feita dos lugares de crescimento de Mogno (Swietenia
macrophvila), em parte da zona de transigio sudeste do cinturdo do floresta equatorial,
Resulta que nesta drea a espéeie cresce quase exclusivamente em terrenos de drena-
gem imperfeita com solos hidromorficos bem desenvolvidos, especiaimente os que qui-
micamente s3o ricos {(Fig. 25 ¢ Apéndice 6).

A ocorréneia de espéeies de palmeiras nas florestas amazdnicas parece que mais se
acha relacionada com as variagdes nas condigbes de clima e solo do que € o caso na
ocorréncia de espécies de drvores dicotilas.

As savanas ndo-eddficas. Algumas savanas de terra firme dentro do cinturdoe de
floresta principalmente foram causadas por fatores adversos ndo-edaficos, usualmente
com uma predominincia de influéncias antropogénicas. Essas savanas acham-se
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localizadas na parte nordeste da Amazdnia: o lerritorio do Amapa, a parte sudeste
da ilha de Marajo e a parte ao lado norte do Baixo Amazonas.

Savanas e florestas-savanas de origem eddfica. As outras savanas da Planicie ¢ as
florestas-savanas sfo de origem eddfica. Essas savanas e florestas-savanas acham-se
em terrenos de drenagem imperfeita. Os solos désses sdo ou solo Laterita Hidromor-
fica — muitas vezes a chamada fase Baixa déle — ou Podzol Hidromorfico. Exten-
sas savanas e as florestas-savanas que as circundam, encontradas nos terrenos planos
nos divisores de dgua (os campos; parte das campina-ranas), encontram-se principal-
mente em solos Laterita Hidromdrfica. As savanas e florestas-savanas de pouca
extensdo, que ocorrem em faixas estreitas de terreno baixo e arenoso ao longo de rios
ou sdbre antigos leitos de rios enchidos de areia (as campinas; as caatingas amazéni-
cas; parte das campina-ranas), ocorrem sobretudo em Podzols Hidromorficos.
Alguns Iugares de floresta-savana (parte das campina-ranas) acham-se em terrenos
relativamente altos de drenagem livre, com Regosolo de Areia Branca.

H4 poucos dados disponiveis sobre as savanas e as florestas-savanas fora da Planicie.
E provdvel que sejam de origem eddfica ¢ ficam mormente em Litosolos e solos hi-
dromérficos.

Na tabela I3 aparece um esquema das condigGes de crescimento das diferentes
savanas e florestas-savanas discutidas.

Solos e vegetagdo nas baixadas. As mutuas diferencas entre as florestas das baixadas
sdo muitas vezes claras, ¢ é possivel relaciona-las com o carater da inundagio. As
savanas e florestas-savanas que ocorrem nas baixadas do este da Amazdnia sio de
origem edafica.

A POTENCIALIDADE DOS PRINCIPAIS SOLOS AMAZONICOS PARA FINS AGRICOLAS

Uma avaliagdo dos principais solos amazénicos para fins agricolas € de importincia
imediata. Isto é porque partes da Amazdnia sdo consideradas como podendo ser
usados de escoadouros para a densa populagéo rural do Nordeste, regido esta perio-
dicamente sujeita a sécas ou inundag¢des calamitosas,

Com respeito as baixadas hd de salientar que seu valor agricola depende muito do
tipo de vdrzea. Os critérios dominantes para sua avaliagdo terdo de ser as qualidades
quimicas de seus solos e o cardter da inundagdo. Os melhoramentos hidrdulicos da
terra requereriam investigacdo, organizaciao e investimento de capital numa escala
vuliosa.

Os solos de terra firme fora da Planicie sdo muito diversos. A fertilidade quimica
natural do solo é certamente um critério essencial para avaliar as potencialidades da
terra naquelas areas remotas e de dificil acesso.

Qualidades dos solos caoliniticos da Planicie de drenagem livre. A Planicie compde-se
mormente de terrenos planos ou levemente ondulados de drenagem livre. Estes terre-
nos acham-se nas proximidades dos principais cursos de dgua ¢ das poucas rodovias
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exisiecntes na regiio, As florestas naquelas dreas tém um volume de madeira relativa-
mente alto e as dreas agricolas amazoénicas atuais ficam concentradas nestes terrenos.
Assim a Planicie amazdnica, embora a fertilidade quimica natural do solo sgja baixa,
representa uma possibilidade para a colonizagfo agricola em grande escala. Portanto
convém prestar atengdo especial para as qualidades quimicas e fisicas daquéles solos
da Planicie que tenham boa drenagem externa, os chamados solos caoliniticos da
Planicie de drenagem livre.

Qualidades dos solos sob sua vegetagdo natural. Para discutir as qualidades quimi-
cas dos solos caoliniticos da Planiciec de drenagem livre sob sua vegetagdo florestal
natural, contamos com dados analiticos de 35 perfis. Estes dados sdo agrupados e es-
tudados em suas mituas relagdes (Figs 27-34) E evidente que a capacidade de criar
wim meio mais adequado A preservagio da matéria orginica relativamente muito ativa
¢ a principal vantagem dos solos argilosos sdbre as solos arenosos quanto 4s qualida-
des quimicas. As diferengas entre os diversos solos residem por parte consideravel nas
suas qualidades fisicas. Importa a capacidade de retencio de dgua dos solos, visto
que grande parte da Amazdnia tem uma estacio séca de alguma importincia. De
equivalentes de umidade, algumas curvas de tensio de umidade e outros dados anali-
ticos (Figs. 35-37 ¢ Tabela 16} deduz-se que os solos sob sua vegetagiio florestal, visto
no conjunto, apenas tem pequenas quantidades de dgua aproveitavel por unidade de
volume. Apenas na zona em que se acha quantidade considerdvel de matéria orgénica,
os solos argilosos — no que diz respeito 4 quantidade de agua disponivel — tém vanta-
gem evidente sobre os solos arenosos.

Qualidades dos solos sob influéncia humana. Quando os solos caoliniticos da Planicie de
drenagem livre chegam sob influéncia humana, vio modificando-se suas qualidades
quirnicas e fisicas. Para os solos usados para agricultura itinerante apenas ha observa-
¢lies qualitativas. Para os solos das savanas antropogénicas existentes ha muito tempo,
contamos, porém,fcom um ntmero de dados quantitativos. Nao considerando a diferen-
¢a na quantidade de nutrientes armazenados nas vegeta¢ses respetivas, podemos dizer
que, no que diz respeito as qualidades quimicas e fisicas, os solos das savanas em
apréco ainda se assemelham bastante aos solos sob floresta. As principais diferengas
sd0 as seguintes: uma guantidade algo menor de matéria orginica da camada superior
do solo, maior densidade de solo de topo e possivelmente menor quantidade de
dgua disponivel. Pequenas diferencas foram registradas nas razdes C/N, nos valores
para ¢ pH-H,O e no grau de fixagdo de fésforo.

Os efeitos benéficos que a influncia humana pode ocasionar, sac ilustrados pelas
propriedades quimicas da Terra Preta (Figs. 38 e 39). A capacidade total de troca dos
cations déste solo é relativamente elevada, mesmo onde o teor da matéria orgénica
scja baixo. A alta capacidade de troca dos cations na Terra Preta, porém, vai acom-
pannada de grandes quantidades de fosfatos, as que parecem muitas vezes ser consi-
deravelmente maiores que o poder de fixagio do solo pobre em humus.

Os ¢feitos de adubos quimicos, estrume e adubos verdes, apenas podem ser aproxima-
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dos em parte, por ser limitado até hoje o nimero de quadros de ensaio e terras de
agricultura permanente.

Os solos mais adequados. A estimativa do potenticial agricola dos solos da Planicie
de drenagem livre ha de basear-se principalmente nas diferencas das qualidades
dos solos tais como o teor de matéria orgénica, a capacidade de retengio de dgua e
a penetrabilidade por raizes. Para projetos de colonizagfio agricola em grande
escala ¢ natural que também desempenham um papel fatores externos, como a topo-
grafia e o padrio de drenagem da terra, sua acessibilidade e o grau de coeréncia geo-
gréafica dos varios solos. N3o considerando, porém, éstes fatores e as exigéncias das
culturas individuais, pode-se afirmar que as condigdes mais favordveis para a agricul-
tura se encontram nos solos florestais de textura relativamente pesada, de subsolo
ndo-compacto. O Latosolo Amarelo Caolinifico (,Orto) de textura pesada e meio
pesada e o Latosolo Amarelo Caolinitico, ‘intergrade’ para solo Podzdlico Vermelho-
Amarelo sdo os que melhor se prestam para aquela finalidade,

Marejo da terra. O exame das qualidades quimicas e fisicas dos solos sob floresta
primitiva ou sujeitos a influéncia humana, dd indica¢Ges para os meios mais adequa-
dos para manter a potencialidade dos soles apds ser derrubada a floresta primitiva,
bem coemo para seu melhoramento apds uma interferéncia humana adversa, A con-
servagao ¢ — na medida do possivel — 0 aumentoe do teor da matéria organica dos solos
¢ de suma importéncia. Considerando o estado atual das investigagdes, apenas pode-
rdo ser aproximativas as recomendaces relativas a fertilizagio,

Serd preciso tomar o sistema itinerante como ponto de partida para o fomento da
agricultura. Aos poucos poderd ser melhorada em muitos respeitos a aplicagdo que
€éste sistema tem hoje na Amazdnia. Parece recomendivel uma ampliagio da &rea
com perenes arbdreos, particularmente do dend@. Podera ter vantagens a combinagao
da agricultura com uma moderna explotagao das florestas.
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