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ABSTRACT

The present p aper is a preliminary inventory of the bauxitization of
alkaline rocks in southern Brazil. Two different alteration profiles
associat ,d with two distinct topographic compartments were recognized.
In the Ri1dge Profi les bauxi te 1 ies d irec t ly over the fresh rock, while
in the P ~ateau Profiles an intermediate clayey horizon appears. In the
former, ~a ux i t i za t i o n is still an active process, while in the latter,
kaoliniz~tion is the present phenomenon. In a .t o p o g r a p h i c sequence the
kaolini za'ition starts in the lower part of the topography and migrates
upwards alf f e c t Ln g the base of the previous bauxitic alteration profile.

It w~ls also sh own that the rock type is an essential fact0r .c o n ­
trolling bauxiti zation together with the topographic factor, which
controls ii n t e r n a l drainage.

I

I. I NTRODUCTI ON
The J r a z i l i a n bauxite deposits., with an estimated reserve o f 4

billion ~e t r i c tons t are all o f lateritic origin and formed by the
we a t h e r i ri g of different rocks . Nearly 97% of the deposits are situated
in the AJazon region and are devel oped o n c l a s t i c sediments o f Tertiary
age (Bar ieiras Formation). The other 3 % are originated by the
weatheri rig of different lithologies in parti cular t alkaline rocks.

Alka ]ine rocks are widespread in Brazil, mainly in the central an d
southern [r e g Lo n s . Despite their adv erse climatic conditi ons
(subtrop ical to temperate climate), these rocks, with a particular
chemical lcompos iti on ( lo w silica and high alumina c o n t e n t ) t give rise
to important bauxite deposits rather than t o kaolinite material as
might be le x p e c t e d .

A gr ~at deal of work has been done on the geol ogical t petrol ogical
and tect dnic aspects (ELLERT,1959; PENALVA,1967; RIBEIRO FILHO,19 67;
ULBRICH ~ n d GOMES,198l) but very little attention has been paid to the
supergenic alteration o~ the alkaline rocks, with the exception of the
mining c ~mpany reports and the works of WEBER,l959; MONIZ,1969 ;
ALMEIDA,l977; SIGOLO,l979 and GROKE,l98l.

The p r e s e n t paper represents a preliminary invent ory of the
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aux~t~ zat~on lprocess ~n t e sout ern Braz~l, where ~t ~s more closely

associated with the alteration of alkaline rocks. On the other hand
it was possible, through this study, to propose certain indications

I
concerning th~ genesis of the deposits and the equilibrium conditions
of the bauxitic material in the subtropical environment.

I
II.GEOLOGICAL 1CONDITIONS

In southe rn Brazil during the Upper Mesozoic and Lower Tertiary,
the Pre-Cambrian basement was intensely cut by alkaline intrusions of
different shape, size and importance. Their geographical distribution,
associated with other characteristics (age, chemical composition,
etc.), sugges ts a clear genetic relationship with the volcanic rocks
of the parani [Basin, related to the opening of the southern Atlantic.

Based on available geological, petrological and geochronological
data, ULBRICH land GOMES (1981) have proposed a preliminary
classification of Brazilian alkaline rocks into eight different rock
associations ~ r o u p e d into 10 alkaline provinces. Three of these
provinces e xhibiting bauxitization occur in southern Brazil: the
Anitapolis, P 9~OS de Caldas and Coastal provinces (Fig.l).

I The Anitapolis Province is
I 4 8 · 46· 4 4 · situated in the State of Santa

Catarina and consists of the
Lages and Anitapolis massifs,
only the first of which has
associated bauxitic deposits.
The alkaline rocks crop out
sparsely in the interior of a
domic structure and occur
either as large bodies of
coarse texture forming the
main regional ridges or as
small dikes of fine and
medium texture.
The Po~os de Caldas Province
in the State of Minas Gerais
comprises a nearly circular
massif.
The Coas tal Province, covering
the States of Sao Paulo and
Rio de Janeiro, e xhibits a
large number of alkaline rock
occurrences, most of them
associated with bauxitic
deposits. Itatiaia and Passa

Quatro are th e most important massifs.
These pro*inces consist mainly of unsaturated to saturated syenitic

sequences mad e up essentially of syenites, phonolites, trachytes,
f o y a i t e s , tin~uaites and other alkaline rocks. These rocks present
nearly the same mineralogical composition, the main differences between
them being th eir textures and s tructural aspects. The most frequent
mineralogical !composition includes K- f e l d s p a r , nepheline, aegirine ­
au gite, sodalite, cancrinite and other feldspathoids. In the Itatiaia
mas sif supers~turated sequences are also present, and the mineralogical
a s s e mb l a g e in tludes, besides nearly 30 % quartz, microperthite and
b iotite. In t h e P'o c o s de Caldas massif the alkaline rocks were locally
affected by h~drothermal processes that formed sericite , 1:1 clay
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the studied alkaline massifs.
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III.MORPHOLOGICAL AND BIOCLfMATIC CONDITIONS
I

A.Climate and vegetation
I

Tha a lkaline provinces in southern Brazil are associated with high
altitudes It h a t directly influence the climatic condition. In this
region climate is mainly mesothermic (NIMER,l977) of temperate type in
the highe~ altitudes or latitudes and of tropical type in the lower
altitudes la n d latitudes. The average annual temperature v a r i e s' from
l2-l3 0C in La ges and the higher zoner (> 1600 m) of Itatiaia and Passa
Quatro ma s s i f s to 18°C in Po c o s de Caldas. In the lower zones (> 800 m)
o f Passa Quatro and Itatiaia, the climate is humid and sub-warm with
an avera g e annual temperature o f 22°C.

The c limate is always wet having 1300 to 2000 m of precipitation
and eithe r with rain fall well dist ributed throughout the whole year in
La ges or J i t h 2 dry months (Jul y and August) in the other regions.

The d ~minant vegetation cover is the grassland associated either
wi t h Araucaria subtropical f o r e s t in the southern most region or with
dense tro pical f o r e s t in the other regions.

Fores ds are usually restricted to the main river valleys and
steepest ~lopes.

B.Topqgraph y
i

The a lkaline massifs of southern Brazil form generally high plateau
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wi th altitude l above 1200 m which
subcircular mkssifs witb a rugged
or lower than l the central plateau

I

can attain 2500 m. They of ten are
topographic r~m which can be higher
(Figs.3 and 4).

Schematic c ross-section

of the Po c o s de Caldas

alkaline massif (after

3FIGURE
Ns

ALMEIDA, 1977).
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I n most l l k a l i n e mass ifs, two ver y different topo graphic

c omp a rtme n t s k r e thus dist inguish ed:

. I h ' h . h f l1.R~d g e topo g rap y w~t or w~ t out at tops
I

This t opo graphic feature is quit e common at the border of the
massifs, and a c c o mp a n y i ng the steep est slopes of hills found sometimes
in th e cent ra l plateau (Fi g.5). Here alkaline rock crops out
a l t er na t e wi th a th in bau x i tic alteration cov e r. This topographic
compartment i k rep resented in all the studied massifs, and is specially
well develope~ in the Poc;os de Ca ldas and the Pasaa Quatro massifs.

Fi g.5.
164

Rid ge topo graphy of the P oc;os de Caldas alkaline massif.
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2.Undwlated topography of high plateau

. ThiS ~S t~e more relevan~ topographic expression related to the
1nternal ~o r t 1 o n of the mass1fs. The topography is moderately to
strongly ulnd u La t e d and is associated with a rather continuous
alteratio J lay~r of bauxitic and clayey composition. This feature
observed i~ all the studies massifs (Fig.6).
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in southern Brazil, present two distinct types
profiles associated with the ab ove topographic

I
Undulated topography of the high plateau of the Lages alkaline
ma ksif.

I
IV.DIFFERENT TYPES OF ALTERATION PROFILES

I
The alkaline rocks

of bauxitit alteration
I

compartments.
I

A.RIDGE ALTERATION PROFILES
I
I

Ridge alteration profiles are characteristic of deposits related
to a more ~ u g g e d topography or higher regions with flat top. They are
dominant i ~ the northern par~ of the Po~os de Caldas massif associated
with the e ~ternal topographic high ring (Rim deposits of ALMEIDA t1977)

and in the !northern and central-northern parts of the Passa Quatro
massif. It lalso occurs more rarely in Lages and in the internal plateau
of Po~os de Caldas, found on the steep slopes of some small hills.

In the ~e areas the profiles are well drained and a deep alteration
was expect~d. Nevertheless the alteration layer is normally thin due
to erosive laction. These profiles are homogeneous, with high alumina
content and small amount of clay and/or ferruginous contamination.

All al kaline rocks, when completel y altered, form always the same
alteration lprofile t characteriz ed by a direct contact of the bauxitic
layer with lthe parent rock, and b y the occu rrence of 3 main horizons.

A typical profile from Po c o s de Caldas shows the following
morphology ;'

a.Fria~le horizon with preserved structure

The alteration of the alkaline rock is rather complete within a
few millime rlers and gives origin, by intense leaching, to a homogeneous
bauxitic hdrizon of light yellow colour, highly porous, friable and
with low d ~nsity (Friable ore of ALMEIDA,1977). The thickness varies
f r o m 2 to ~ m with average value of 3 m. The density values are
a r o u n d 1 g /;cm 3 and the porosit y can reach 60%. Joints, fractures or
con centric is t r u c t u r e s of spheroidal alteration may persist in this
horizon as irelict structures.

Fig -.6.

.,
", '
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I
b.Coherent dense horizon

Another b luxitic horizon occurs above the friable o r e o r directly
over freshro~k, as in some profiles o f Lages and Passa Quatro. This
h6rizon is mo ~e coherent, h a r d e r and with a higher density than the
previous one. I It has a yell ow reddish c ol our and a spongy or compact
structure, with densities varying from 1.2 to 2. 0 g/cm 3 and por osity
between 1 0 to I5 0%. The thickness ranges from 2 to 10m. In spite of
compactness phenomenon, relict rock structures may sometimes be
preserved . i

c.Nodular lhorizon
I

This hori zon, when present, is rather thin, rarely attaining 1 m.
The structure !is nodular, fragmentary and concreti onary, with the
structural elements embedded in a reddish br own clay matrix o r reddish
yel low friabl J bauxitic matrix. The bauxitic bl ocks are irregular in
size, varying !from few millimeters to some de cimeters. Concentric
structures, d jvel oped aro und roots, or rocks fragments are c ommon~

Profiles chemical and mineralogical comp osition

The ch~miJal and mineralogical c omp osition of the profiles is
• • I 7shown 1n F1gu~e .

I

I
I
:
i
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i
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MINERALOGICAL COMPOSITION
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Chemical and mineralogical
alter~tion profiles, Po~os

composition along the ridge
de Caldas ( a f t e r ALMEIDA,l 97 7).

1.
. I

I

In can be !o b s e r v e d that the limits between fresh rock and the
alteration hor!izon is quite sharp, with no transitional z one
(saprolite). !T h e primary minerals are rapidly altered, undergoing a
nearly c o mp Le t ]e loss of silica and alkalis, forming gibbs ite, goethite,
halloysite and! kaolinite associated with small amounts of boehmite,
1 i thiophor i te la n d al umi nous ge 1.

Gib bsite i ls the predominant mineral, accounting for more than 8 0%
of the bauxit1ic material bulk composition. Boehmite is rare and
distributed inl the whole profile. Halloysite and kaolinite are freq uent,
but found in s~aller amo unts, except in zones of clayey veins which cut
the bauxitic o~e. Goethite is the main iron compound, followed by
haematite, whikh is common in Lages, anatase and residual magnet ite.

with respe~t to the c hemical composition, this material corresponds
to the ri g h grbde bauxite (BIRDOSSY,1982) with high alumina content
(55 %) and low ~ i l i c a and iron .
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B.PLAfEAU ALTERATION PROFILE

The m~~t important bauxite reserves associated· with alkaline rocks
present t~1S type of profile. It occurs in all the studied massifs;
related to a smoother topography and more gentle slopes. In the Po~os

de caldasl massif it occurs in the internal plateau area ("Plateau
Deposits", ALMEIDA,1977) and is formed from all the different
litho10gi

1es
e x c e p t those previously affected by hydrothermal processes.

It is also frequently observed in Lages and in the western part of the
Passa Qualtro massif ("campo" deposits).

In th1ese areas the internal drainage is rather poor, leaching
phenomena are thus inhibited and, originate a more heterogeneous
material r i t h . contaminations particularly of clay. These profiles are
neverthe1rss qu ite thick since they are protected against erosion.
They are ICh a r a c t e r i z e d by two different materials, the first one being
rather thick, of clay nature and lying directly over fresh rock; and
the other one, of bauxitic nature covering the first material. The
bauxitic material is quite thin and is of lower quality.

The PFofiles show three main horizons, as follows:

a.cla~ey horizon without preserved structure

This horizon lies directly over fresh rock and the thickness
varying f~1 om a few centimeters to 4 meters. It presents a reddish
colour, clay texture and massive structure.

This jh Or i ZOn is thicker in the lower parts of the topography where
it may be the only e xisting material .

b.Bau~itic material with preserved structure

Abovel the c.lay layer a bauxi tic horizon can occur. This horizon
is rather

l
coherent and dense, showing normally a spongy or compact

structure, and thickness varying from 2 to 7 m. Its colour is light
yellow or

l
reddish yellow. The density ranges from 1.6 to 2.0 g/cm 3

and the porosity from 16 to 55%.
The f 11riable horizon with preserved structure, which is dominant in

the ridge deposits, appears scarcely in the plateau deposits.

c.Nod~lar hori zon
I

This horizon, very rare in the ridge profiles, is common in the
plateau d~posits, where it can reach up to 2 m. The characteristics
are essentially the same as the one in the Ridge prof iles, but here
the nodular elements can attain diameters over 25 cm.

I
Profilles and mineralogical composition

The c~emical and mineralogical composition of the described
pro f i 1 e s Ii s s h 0 ~o1D in Fi g u r e 8.

It is, noteworthy that the mineralogical composition is here quite
similar to that of the Ridge profiles, the only difference being the
presence of a micaceous illitic mineral, in the clay horizon of the
Plateau profile. This cla y hori zon is made up predominantly of
kaolinitel' with subordinate halloysite- 2H 20, illite (sericite) and
traces of gibbsite.

In t hie b a u x i tic h 0 r i z 0 n g i b b sit e i s pre d 0min ant ( 5 0 - 7 0 %) but 1 e s s
abundant ih e r e as compared to the Ridge profiles. Contents of kaolinite
and hallo~site-2HzO are rather important, and can re~ch 30%. The other
minerals [p r e s e n t are bo ehmite, goethite, magnetite, cliakite and
anatase. !

Thes ~ deposit s are less homogeneous than the Ridge profiles, and
clay inte~calations are frequent. The avera ge content of A1 203 is
around 5l~, SiO z 6 % and Fe Z03 10 %.
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MINERALOGICAL COMPOSITION
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V.GENETIC CONSIDERATIONS

.. ! .
A . B a ux ~ t ~z a t ~ o n processes ~n southern Brazil

Fig.B.

The great aluminium ac c u mu l a t i o n on the earth surface are the
r esult o f the interaction of various factors, of morphological,
bio climatic and litholo g ical nature.

With resp~ct to the morphologic and bioclimatic factors, the
s o u t h e r n Braz flian alkaline provinces are characterized by a strongly
undulat ed top 6 graphy with steep slop es and ma rked erosion, a high
plate au v eg e t At i o n a nd a me s o t hermi c subtropical to temperate climate
wi t h we l l di s tr ibuted rain f a ll. These condit ions a re not favourable
f o r bauxite f 6rmation. Consequently, only the rock composition, i.e.,
h igh f e l d s p a r la n d f e l d s p a t h o i d s content, with no qua rtz and very few
ferro -magnesian min erals, can account for that evolution. A clear
e v i d e n c e favo Jrin g this interpretation is the fact that other rock
t ype s do not f o r m bauxite deposits, as for e x a mp l e , basic rocks in
Lag e s , or ka61initic sed iments and hyd rothermall y altered alkaline
r o c k s in Po~o J de Caldas or sur rounding gne issic o r granitic rocks in
th e di f fe rent [ma s s i f s .

The deposits formed on alkaline rocks are not very thick since
topographic c d n d i t i o n s favour qu ick erosion.

I

B.The fo r ~ation of the different profiles

Th e s t u d i e d p ro files showed an evolution towards direct
bau x i ti zat ion .a s s o c i a t e d wi t h h ydrolitic proc esses. Thi s fact is
su p p or t e d b y th e p r e servation o f the o r iginal rock structure and the
d ir e c t contac t bauxi te and f r e s h rock.

The mine r ~lo gi c al evolution , under th is p articular condition can be
f o Ll.o we d by micro scopic analysis. It can be observed that feldspathoids
ar e th e f i r s t !mi n e r a l s to b e affected by weathering. The processes
starts at the .b o r d e r and discontinuit ies of the crys tals, giving origin
t o a g i b b s i t i c netwo r k p re s ervin g t he original rock struc ture (Photo
1) . Th e f e l d s Ba r f ol l ows th e same pattern o f a l t e r at i o n . Later on, the
n ucle i i of bo th min erals are dissolv ed a n d pa rtially leached, forming
amo r p h o u s o r ~ o o r l y c rysta lli z ed compounds of cliakite t ype which can
evolve into gibbsite or c an be eliminated leaving empty cavities
(Photo 2). The result is an e xtremely porous material with low density
and pre served :s t r u c t u r e . This material, initially friable, changes
into a hard a rid spo n g y on e as a result o f partial r e c r y s t a l l iz a ti o n of
g i b b s i t e . I

...<;s­
f
i
i
I
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The gibbsitic material originated from feldspar and from
f e Ld s p a t h o i.d s present d i.f f e r e n t; pattern thus 'making it po s s i b Le to
recognizJ th~ primary mtneral (Photo 3)~ . . .

. The p'yroxienes" which alter almost s LmuLt ane o us Ly with the.feldspar,
are comp~etel:y di ssolved leaving behind a ferruginous residue that
rapidly dryst'allizes into goethite. Ha ema t i t e can also occur
associatdd ~ith goethite.

In t ~e up~er part of the bauxitic profile the physico-chemical
conditiods pr~mote the partial dissolution and migration of gibbsite
and prec~pita~ion of a secondary gibbsite iri the cavities, forming a
compact dnd dense bauxite (Photo 4).

ThUS ~ three generations ·o f gibbsite can be recognized in the
bauxitic hori~on, two of which are associated with relative
accumula li on 'processes. The first one is formed at the beginning of
the weat~ering process and is related to the alteration microsystem.
The seco dd on~ is associated with the evolution of amorphous gels of
aluminous and , siliceous aluminous composition. Finally, the last
generation is : formed by aluminium absolute accumulation through ionic
or gel migration and precipitation.

In most of the profiles, the occurrence of a clay layer between
fresh rock and the bauxitic material may suggest an indirect origin
for the b~uxite. Nevertheless, even in this case, the analytical data
and field observations seem to favour a direct origin. The
preservation of the original rock structure in the bauxitic layer
though not in the clay layer seems to be a clear evidence for a direct
process. On the other hand, micaceous clay-minerals are present in
the clay layer, but not in the above bauxitic layer. These micaceous
minerals are stable and resist to the weathering processes, consequently
they are ~xp e c t e d to be present also in the bauxitic zone, if it was
f o r me d th~ough indirect processes, from the clayey horizon.

The r elationship between the two profile types can be studied in
various p ~ofiles occurring in a topographic sequence (Fig.9), allowing
a better h n d e r s t a n d i n g of their genesis.

I
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Fig.9. Cross-section of a high plateau deposit, Passa Quatro alkaline
m~ssif.

In the upper and steepest part of the topography the excellent
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· " 1 d .1 . 1 d h f' . . .1nterna ra11nage ea to t e ormat1on of a baux1t1c layer w1th no
clay intermediate · horizon. In the lower part of the topography, where
the internal drainage is not "a s good and where silica lateral
migration is 'Ia c t i v e a clay layer, is formed with predominant kaolinite.
This material, being impervious, slows down the solution movement,
blocking the lateral "" mi g r a t i o n . As the process goes on, the
kao1initic/ gi

1bbsitic

limit migrates towards the top, leaving behind
profiles with kaolinitic material at the base and gibbsitic material
at the top. ~ t is evident in this case, that kao1inization is the
active evo1ut~on process. Consequently, in the plateau situation it
is the k a o Li n li t i.c material which is in equilibrium with the
environmenta11

1

conditions, moving bauxitization back so that it is
found only on the steepest zone of the topography.

VI.CONCLUSION5
I

The present study allow us to put forward some general
consideration~ about the bauxitization process in southern Brazil.

1. The ba~xitic formation from alkaline rocks is a direct process.
Initially, gipbsite is formed directly by alteration of the primary
silicate minerals, with no intermediate clay material. In the upper
part of the ~rofi1es under particular conditions (higher acidity,
presence of o~ganic matter, etc.), this gibbsite becomes unstable,
is dissolved la n d teprecipitates further down as a new generation of
gibbsite (secondary gibbsite).

2. In Sou'lthern Brazil, the most important factor controlling
baux~tizati~n is rock c~mposition.f~llowed by, topography and in
part1cu1ar 1nferna1 dra1nage cond1t10ns.

3. Kao1incization is the general active processes, which means that
it is the onel in equilibrium with the environmental conditions.
Bauxitization corresponds to a past evolution and at present, bauxites
are being des froyed. Exceptionally bauxiti.zation is still an active
process on the steep slopes.

I
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Photo

Photo 2

Photo 3

Photo 4

I

Thi~ section micrograph (crossed nichols); gibbsitic network preserving
th~ !o r i gi r:a l r~ck structure . . . . . .. .
Th~n sect ~on m~crograph (crossed n~chols); 3~bbs~te w~th nuc l e ~ ~ of re l~c­

tua ~ rock, some of which transformed i n to amorphous material .
Thin sect ion microgra~h (crossed ni cho l s ) ; different pattern of gibbsitic
ma t~r ia l , corresponding to distinct primary minerals: fe ldspathoids (Fd)
and J e l ds pa t h (Ft).
Th i~ section micrograph (cros sed nichols); dense and compact bauxite, with
som~ cavities coated by recrysta lli zed gibbsite.
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" I

RESU~lE :
"
I

. L' etude des bauxites Eormees a partir des rochesalcalines du sud du Bresil-
a 'moritre que derix typ;es'deprofils' d 'alteration s' associent aux deux: types da .vpaysa'­
ges r econnus , D~ns Le's profils de montagne, la 'bauxi t e se trouve en contact direct
avec la roche mere, tandis 'que dans les profils de plateau existe une couche argi­
leuse intermedi~ire. Dans le premier cas, la bauxitisation ' est encore. un processus
fonctionel, tandis qJe dans le deuxieme, la kaolinisation .es t la processus actuel.~
Dans les topose~uenc~s, la kaolinisation commence dans les parties basses du paysa­
ge et remonte ert affectant la base, de s profils bauxitiques. On a montre que la roche
mere est le fac~eur dominant dans Jl.et p'roc es sus de bauxi.t i.sat i.on, mais .il est . neces-:
saire aussi que la tqpographie soit favorable au drainage. .
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