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The Port o Trombe tas bauxite deposit s, locat ed in the Amazon Basin , have a
ve ry importan t reserve, estimated in mo re than one thousa nd mill ion to ns .
These deposits occur on high dissected plat eaux with al ti tudes varyi ng bet ween
160 and 190 m. The vel)' homogeneous profile sho ws the following se quence of
layers , fro m th e top to the bottom: a kaolini tic layer , a nodul ar bauxit ic layer , a
ferruginous no dular layer, a bauxi tic layer and a clay layer. The origin of the ka­
oli ni tic upper layer (named »Belterra clay«) and the bauxite parent rock are the
two problems treated in th is st udy. I) The kaolinitic upper layer would be a rc­
suit of the degradation of an older bauxit ic ferralitic profi le wit h the leached
alumina accumulating in the underlying nodular bauxite. 2) It appea rs to be reo
asonable to consider that the bauxites were developed fro m the "Alter do
Chao« formation which age is Upper Cretaceous, may be Aptian-Turonian

* * *

GENEZA I EVOLUCIJA BOKSITA PODRUCJA PORTO TROMBETAS U
AMAZONSKO M BAZENU U DRZAVI PARA U BRAZIL U

Boksi ti podrucja Porto Trombetas u amazon skom bazen u pred st av ljaju veo­
rna znacajnc rezcrve koje se procjenjuju na vise od jedne mili ja rd e tona . Lei is·
ta se nalaze na jako rasclanjc nim platoima s nadmorskim visina rna izm edu 160
i 190 m. lzra zito homogen i profil ima sl ijedeci slijed naslaga odozgo nanize : ka­
olinitski sloj, sloj nodularnog bok sit a, sloj boksit a te s loj gline. Porijeklo kaoli­
ni tskog gornjeg s loja (tzv, »Belterra -gline«) i ishodisn e bok sitne sti jene dva su
pitanja 0 kojima je rij ec u ovoj studij i.

I. Kaolinitsk i go rnji s loj moga o bi biti rezultat degradacije nekog starijeg
bok sitnog Iera lits kog profila , s akumuliranje m izluzene glinice u narednom do­
njcm nodula rn om bo ksi tu .

2. Cini se da je opravdano rnis lje nje kako su boksi ti nasta li od formacij e "AI·
ter do Chao« koja je gornjokredne st a rost i, mozda apt- turons ke.

(R. An

INTRODUCTION

The Brazi lian reserves of baux ite are estimated at 3200 millions tons and th e
Am azonic bauxites accou nt for 97 % of them. The main deposits are located in the
low Amazon Basin (Porto Trombetas, Nharnuda, Juruti, Almeirim) and on th e ed­
ges of th e Maraj6 Basin (Pa ragorninas. Mazagao) (Fig. I).
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The Porto Trombetas dep osit s were discove red in 1950, and the ope n cu t began
in 1979. As all th e Amazonic dep osits, the profile shows five layers that are, fro m
the top to the bottom: a kaolinitic layer, a nodular bauxite layer, a ferruginous no­
dular layer, a bauxitic layer overly ing an another kaol initic layer. These layers pre­
viously described in Porto Trombet as [1,8] are the object of a very recent detailed
study in Juruti [12]. Th e main ob jective of thi s paper is concentrated onl y o n the
two problems related to th e origin of the clay up per layer (na med »Belter ra clay«)
and the nature and th e age of the parent rock.

TH E BAUXITE DEPOSIT

The bauxite deposit of Porto Tr ombetas is located on the edge of the Rio Trom­
betas, and about 900 km ea st of Belern . The climate of this area can be considered
as warm (24 °C to 26 °C of average temperature) and humid (1600 to 2 500 mrrr/ ye­
ar of rainfall). The vegatation is a hygrophile rain forest (Hil eia Arnazonica) on the
firm land and an everg reen forest in the valley bottoms.

The lateritic bauxite deposits occur on various plateaux in an area of more than
2200 sq. km . These high plateaux are deeply downcut , with altitudes varying from
160 to 190 m (Fi g. 2) With a gen tle dip (I to 5 0) toward the Amazon river, they pre­
sent convex slopes that can attain 30 0. They overlook a large morphological unit,
with altitudes varying from 100 m at the foot of the plateaux to 70 m near the
Amazon river wich has its water level at 40 m. Presently the open pit is on the lar­
ge plateau Saraca. Despite being flat, the summit present ondulations with altitu­
des varying from 175 m to 185 m. Locally one can observe also small depressions
attaining more than 10 rn of diameter and from 2 to 5 m deep. The profile is very
homogeneous in th e whole plateau (Fig. 3) and presents the following sequence
from the top to th e bottom:

- a kaolinitic layer, homogen eous, yellow to reddish yellow downwards, witho­
ut any apparent stratification and with thickness varying from 8 to 10 rn on the
plateaux and 0 to 5 m on the edges of the plateaux:

- a nodular bauxite layer (I to 3 m) having in the upper part a great number of
pale yellow porcellaneous gibbsite nodules with violet spots and a few ferruginous
nodules. In the lower part these ferruginous nodules become gradually coarser,
forming by anastomosis larger fragments of irregular shape, vertically elongated,
enveloping the ferruginous round spots that increase in diameter downwards . Fi­
nally, this layer changes into the underlying layer through a transitional zone (10
ern):

- a ferruginous nodular layer (I m), with nodules, in the upper part (30 em), ce­
mented by a hard pinkish gibbsitic matrix and the middle part (60 ern) embedded
in a brownish yellow argilomorphous matrix. In the lower part , the ferruginous
nodules are again cemented by a pinkish gibbsitic matrix forming a true crust;

- a bauxitic layer (I to 6 m) whose upper part (I m) is alumino-ferruginous,
compact, massive and which is locally capped by a very ferruginous crust with alu­
mina rich pale zones, and iron rich dark zones. The lower part (5 m) of this bauxi­
tic layer which is the main mined level, is formed by a porous and friable bauxite,
presenting a saccharoid facies, different degrees of ferruginization and pale to
dark red colours. The transition to the underlying layer is quite gradual. This bau-
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KAOLINITIC LAYER

BAUXITE

CLAY

Fig. 3. The bauxitic profi le of Por to Trombetas

xitic layer is cu t by large vertical pocket s containing residual blocks and fragmen­
ts of bauxite and a ye llowish red clay material ;

- a clay layer with ye llow to brown colour embedding aluminous and ferrugino­
us nodules.

DISCUSSIO N

Th e kaolini tic clay upper layer

The kaolinitic up per layer with no evide nt sedimentary structure, named Belter­
ra Clay [II). covers co m plete ly the bauxitic layer. Its origin ha s been interpreted
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differently by various authors: as Plio -Pleistocene lacustrine deposits coming from
the Andes region [16]; as continental deposits following the bauxitiza tio n period,
but related to the bauxites originated from the vicinity [8, II]; as the upper part ,
extremely leached , of the continental deposits. named Barreiras Formation [I, 7,
10],or as an horizon resulting from in situ pedogenic evolution of a bauxite profile
[17].

This clay layer is very homogeneous. Its thickness varies from 8 to 10 m on the
plateau and from 0 to 5 m on the edges. It is yellow in the upper part and reddish
yellow in the lower part. It is constituted mainly of kaolinite (80 %), gibbsite ( 10 %)
and quartz (10%). The kaolinite - gibbsite proportions have tendency to reverse
toward the lower par t, with a gradua l transition to the nodular bauxite layer. The
iron is present in a litt le amoun t as gcethite in the upper part, and in a m o re im­
portant qu antity as hema tite in the nodula r layer. In thi s kaolini t ic matri x one can
observe sma ll qu art z granules and sma ll aluminou s or fer rugino us nodul es in the
following form:

- sma ll qu artz gra ins (less than 0.8 mrn diameter) wh ich show a n angu lar a nd
irregular shap e, with fissu res and dissolution cavit ies pe ne tra ted by the clay m at­
rix or sometimes filled up with a red prod uct (pro ba b ly hemati tic). This red p ro­
duct is totally enclosed with in the limit of the qu artz gra ins showing that i t was
for med before the matrix. Somet imes , mai nly in the lower part of th e laye r , the
quartz grai ns are coated with wel l-crys tall ized gibbsite;

- small rou nd-shaped alumi nous nodules (less than 0.5 mm diam eter) , constitu­
ted by gibbsite crystals that can reach the size of the no ud les an d kee ping some lo­
ca l traces of the hematitic red product. The limits of the crystals are not clear and
the gibbsite fades out in the matrix;

Table I - Chemical compositi on of a pr ofile of Porto Trom bet as Bauxite

LAYERS Si02 It120 3 fe 20 3 Ti0 2 Zr ppm

lcaoli ni tie layer 36 ,6 36 ,6 8 , 2 2,B 15 3 0

nodular beuxite

matr ix 26 , 2 43 ,3 8,3 2,2 1400

81 umineue nodules 4,3 ·6 1, 2 2 ,2 1,1 640

ferruginous nodules 18 ,8 19 ,1 50 ,3 0 ,7 640

fe r r ugi nous nodul es 6 ,9 2 6, 3 45 ,6 1,0 780

bauxite

upper pale zone 2,1 60 , 2 5,0 0, 7 440

d8r~ zone 0 ,6 47 ,4 25 ,5 0 ,8 -420

lov er zone 3 ,9 57,9 6,6 1, 4 552

elllJ lager 29, 4 40 ,8 8,0 4 ,0 15 80

31 , 2 35 ,6 15 ,4 2, 0 800

25,3 44 ,7 7,2 1, 6 720
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- small round-shaped fer rugin ou s nodules (less th an 0.5 mm diamet er), red, ar­
gilornorphous . hematiti c or gtethitic.

The characteristics described above of both the qua rtz and the nodules seem to
indicate that they co u ld not have been transported and that th ey should have ori­
ginated by in situ transformat ion of a previou s bauxite layer. Th e process would
include d efe r rugin izat io n wi th changing of he matite in to gcethite, a nd dissolution
of the gib bs ite; with part of th e a lumi na undergoing resilica tion fo form kaolinite ,
and the rest being t rans fered to the subjace nt bauxite [12].

The co n te n ts of Ti02 (2.8 %) a nd Zr (1530 ppm) in thi s layer being twice or three
tim es hi gher than in baux ites (Table I) seem to co nfirm this hypothesis a nd could
give an id ea of the thickness of bauxit e necessary to form th e clay ho rizon .

. The nature and th e age of th e parent rock

As we have m entioned before , in the lower part of the bauxite layer the transiti­
on is gradual to th e cl ay layer. On e can observe the presence of alumino-ferrugino­
us relict nodules with gibbs ite a nd hem atite , embedded in th e clay matrix . Th e he­
matitic red nodules fade out in the goethitic ye llow spots . The bauxite relict nodu­
les with large gibbsi te crysta ls , so me time s in as socia tion with quartz, a re embed­
ded in a clayey o r clayey fer rug inous matrix. The contact between th e gibbsite and
the kaol inite would indicate a dissolution and a resilication of th e gibbsite rather
than a d esilication of the kaolinite, and the arrangement of the quartz relict would
confirm that the s t ruc tu re is preserved.

Similarly to the observations for the clay upper horizon, the chemical analysis
of this lower clay layer show a gradual silication and an important increase of tita­
nium and zirconium content. Thus, in th e present conditions of climate and topog­
raphy, it appears that the bauxite horizon is being submitted to a degradation : de­
Ferruginization and resilication. Our observations are limited to th e 2 or 3 m of
clay under the bauxite , and very probably we have not reached the sedimentary
parent rocks of the bauxite.

To specify the nature a nd the age of th ese sediments that gave origin to the bau­
xite, we should discuss briefly about the history of the Amazon Basin [3,5, 13, 15].
Its fromation began during the paleozoic, at the same time of the separation of the
African and American continents. From the Ordovician the Devonian , there was
an unic basin submitted to an homogeneous marine sedimentation related to east­
-west transgression. During the Westphalian, the area was tilted towards the west
leading to an inversion of the sedimentation that occured from west to east. The
Amazon Basin can be divided into three sub-basins including the Maraj6 Basin,
characterized by three typ es of sedimentation:

- in the western part in th e upper Amazon sub-basin: a marine and purely che­
mical sedimentation (limestones and evaporites) that went up to the Andes ridge
uplifting (Cre taceous-Te r tia ry) and ended with clay and sands (Mio-Pliocene) :

- in the Middle Amazon sub-basin or Solimoes Basin: a chemical and continen­
tal sedimentation end ing with the deposition of the Solimoes Formation (100 m of
shales, claystones, lignites and sandstones) (Plio-Pleistocene);

- in the Low Amazon Basin and on the emerged parts of the Maraj6 Basin: a
strictly continental and terrigenous sedimentation to which most of the bauxite
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deposit s arc rel at ed . These sediments, in discordancy on th e paleozoic sed imen ts,
show ages up to Pleist ocen e.

If we acce pt tha t th e profile results from an in si tu evolu tion , taking int o acco­
unt the concent ration of Ti02 and Zr we ca n expect th e tran sformation of a t leas t
40 m of a clay sedime nt. Now conside r ing th e balan ce es tablis he d in the present
conditions of weathering, a period of 30 to 60 millions yea rs would be necessary
for the for mation of th e presen t profile [12]. Thus, it is uncertain th at thi s bauxitic
formati on has been developed on the sed iments deposited up to th e late Tert iary
(named generall y Barrei ras Series of Solimoes Fo rmati on). In any case these for­
mations do not bear any known bauxite . On th e othe r hand it is likely th at these
conti nen ta l and terri gen ous sedime nt s belong to th e Alter do Chao Formation
cons tituted by: more th an 600 m of sha les , silts , sands to nes and co nglo merates
[2,9], a tt ributed now to Aptian - Tu ronian period [4,6].

Actu ally, we should say that up to now we have not a well defined hyp othesi s on
the variations of the pal eoclim atic and paleotopographic condi tions durin g the ba­
uxiti zati on peri od . Nevertheless, from th e pal eoclimatology data [14] we know,
tha t, during th e late Cretaceous and the Ter tia ry, th e Amazon Ba sin was submit­
ted perman ently to a very humid clim ate, and th e evolution of th e p rofile wou ld
be more dependent of the variations of th e water level and su rficial pedoge nesi s
conditions. Perhaps it is possibl e to consider that th e deeping of th e p rofile wou ld
have two steps with a stop related with th e degradation of th e bauxite of the upper
part.
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