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Thin section o f a bau xit ic ha r de ne d crust f ro m I vory Coast (Orumbo Bocca) s how t nq a

suc ce s s í on o f g ibbsit ic, hematit ic a nd goethi ti c crysta l lip lasmas (Pho t omicr ograph of
J. Delvigne).
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FI GURE

In de x ma p s howi ng t he l oc a ti on of
Sa nta Fé Di s tri c t, Br a zi l.

an averag e he ight of
a diffe rent ty pe of
Gra ss 1ands are common

i s a ro und 200C . The alter nati on of dry and r a iny seaso ns seems fa irly certa in to us to
be an i mpor tan t fac t or i n t he la t e r i t i s a t io n pr ocess in centra l Goiás, as sho wn in
Tab 1e 1 .

TABLE 1. PLUVIOME TR IC STATI ONS AT GOl AS ANO ARAGARÇAS, STATE OF GO lAS

PERIOO: 1971 TO 1975 .

P1uviosity i n mm Dries t months Ra iny season

Summer Winter June J u1y Novembe r Dec ember

Goi ás 1 ,2 74. 3 197 . 1 0 .0 4 .3 214 .4 284.6
Araga rças 1 ,3 16 . 4 161. 7 1 . 2 1 .7 22 8 .6 282 . 8

Savannah 1i ke vegetat ion wi th loc al sm a l 1 wo od e d areas ca1 1ed "cer rado " , covers the
entire area . Thi s vegetation pre domi na t e s ir res pective of l i tho10g y and i s c ont r o11e d

main1y by local soi1 cond i t i ons .

The wooded areas predominant1y conta in medium si zed t ree s wi th
4.0 m. At e1evat ion s between 420 and 490 m, co ve red by a cru st ,
vegetat ion predom inates, most1y gra ss wi th sc a tt e r ed lo w bru s h .

a10ng the tops of high ridges .

The Santa Fé mafic-u1tramafi c a1 ka1i ne c omp1ex , is a s ubcirc u1ar body with an ir reg u l a r

concentric zoning of roc k type , exhibiting dun ites a t t he cente r a nd peridot i t es and

pyroxenites at the border . Mi nor roc k t y pes asso cia ted wi th th e ma jor uni t s are

missourites, ma l igni tes and phonolites. Country ro c ks are 1eu coc ratic qua r t z ­
feldspathic gneisses with rare amphibo1 ite bands . K-Ar de te r minatio ns on e s s ex ite ,

r •
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Con t o ur line s , later it ic c r us t s a nd wooded a r ea s of t he Sa nta Fé Dist r i c t.

Goiã s, Br a z i l .

PI CTURE 1. Sant a Fé Comp le x , represented by e xhumed r emnants of an old s urface .
penep lain co ve r e d by sav an nah lik e vegetat io n and l at er it i c c r us t

ind icating the co ur se o f Pouso Al egre ri ver .

missourit e a nd ma lig nite , y i e l de d ages ar ound t he Lat e Cr e t a c e ous . like ma ny other

maf ic- u l t r am afic i nt r u s i o ns in so uth ern Brazi l . The s u r r ound i ng gn eisses show a who l e
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rock Rb/Sr age of 467 ( i 10) m.y., thu s correspond ing to the Br a sil ian o Cyc 1e .
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FIG . 3 . Geologica1 map of the Sa nt a Fé Distri ct, Goi ás, Bra zi1 .

50FT, REDDI5H-BROWN, PREDOMINANTLY OOLITIC LATERITE5

Figure 4 sets forth the general distribut ion of thi s kind of 1aterite t hr oughou t the
Santa Fé District. It covers the entire area except for the tops and slopes of th e
hills (sapro1itic material), and the lower flat area s along and c 10s e t o th e sma11
rivers, which exhibit pisolitic laterites . Oolitic later i tes show an av era ge thic kne s s
of 4 m and are composed predominant1y of sub-millimetri c conc r e t i ons imme r sed in a
fine matrix of ferruginous clay . Concretions are rounded , fe rruginous , and highl y
magnetic. Three representative samp les collected i n the s upe r f ic i a l topograhic zon e

exhibit a grain size distribution of concretions in which the predominant sizes ar e

distributed between +32 and +115 mesh (Fig. 5) .

The granulometric distribution of concretions in a vert i cal profile is r epresented in

Figure 6. ln this profile the same predominant granu10met ric si ze of oolite i s
manifested, independent of depth, a fact which i nd i ca t e s that there is a continuous

transportation of oolites from higher to lower topographic level s; thus, this material

is co11uvia1 in nature. The nuclei of concretions under the microscope s howe d the

following compositions:
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FIG. 4 . Map of th e superfi cial geology of the Santa Fé Distri ct , Go iás , Bra z il
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FIG . 6 . Gra nu l ome tr i c d i stribution
o f co nc r e t i ons in a ve rtica l pr of i l e .
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mar t ite (mar titis a tion ).
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Opaque pr ima ry minerals di spe r s ed in t he mafi c - u lt ramafi c ro c ks we r e co nc e nt r ate d in

the soil hor i zon to such a degr e e tha t the y ga ve rise t o s ma l l e l uv i a l mi ner a l de po si t s

( Fi g . 4 ). The study a nd c l a s s i f ic a t i o n of the s e mi ne r a l s o n th e ba si s o f de gr e e o f
magnet ism a l l owe d u s to d i s tin gui s h t hre e di ff er e n t g r oups :

Group 1 : Str ong Magneti c Aggreg ate s o f Mi nerals - This is t he mai n and most
rep resen tati ve gr oup of aggr e g a t e s . Throu gh c hemical a na lyses , mic ros cop y ,

d iffe ren tia l t he rmal a na l y s e s a nd mi c r opro be wo r k, t he fo llowing mine raIs have be en
de te r min ed :

~\ o s t c ommo n

l~ a gn e t i te
Ha ghemi t e

Rar e
Il men i t e
Chromite
Ru ti l e

Gro up 2 : Weak Hagne t i c Agg r e ga te s of Mine r al. s - Thi s g ro up r e pr e se nt s a bou t 30 % of t he
aggre gates . The f o l lowi ng mi ne ra ls ha ve be e n de t e r mi ned:

Hagnet ite wi t h e xs o lu t i o n l ame l l a e of i lmenite
Tita n i f erous mag netite
Hematite (a ft er ma gnetite a nd ilm e nit e )
Ilmenite

Rutile (after ilmenit e )
Galena

Group 3 : Non-magnet ic Agg re gates of Hi ne ra ls - This gro up r e pr es en t s a bo u t 20% of th e
mineral agg regates. The f ollowing miner a ls ha ve be e n de t ermin ed:

Chrom ite

Hema t i t e (after magne t it e )

Rutile

Goethite

SOFT, REDDISH-BROWN, PREDOMINANTLY PISOLITIC LATERITES

Pisolite grain size averages 3 mm, rang ing in diamet er from 1 t o 10 mm . Ma gnetite,

chromite, and ilmenite crystals are cemented by iron hydro xides. Figure 4 show s the

general distribution of pisolitic laterites along small. mainly intermittent river s.

Mi croprobe ana lyses show tha t the el ements Cr , Fe, Ni, Co , A1, Mn and Si are found

dis~ersed as part of the homogeneous c eme nt th roughout th e c o nc e n t r ic layer s without

any preferential distribution.

CRUSTS

Crusts are not areally e xtensive, at Santa Fé Distri ct but c e r t a i n l y provide a c lue to

understanding paleo and present morphocl imatic cond it ions i mposed on the roc ks of the
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dist ri ct . ln addition , later iti c c r ust s are not as frequent1y f ound a s on e mig ht wi sh.

On th e o t he r ha nd, however, they are mo r e wi de s pr e ad than one c ou 1d e xpect in the
region a r ound the Oi st r i ct . They oc c ur i r respe ct iv e of the parent ro cks an d do no t

s how 1i t ho1 0g i c c ont r o1 .

Particu1ar ly no tew o r th y ( Fi g . 4 ) is the fa ct that t h i c k i nc r us t e d l a t er it es a re mo re

c ommo n i n t he ups tr e am r e g i on s of sma 11 , in te r mi tt en t rive rs . It must be empha s i ze d

that t h i s ar e a prese nts a co n t r a s t i ng c ha nge of ~I a t e r 1ev el , whi c h r e a c he s t he surfa ce

in t he ra i ny seaso n an d i s de e pe r durin g t he dr y season ( Pi c t u r e 2) .

PIC TURE 2. Supe rf ic ia l 1ateri tic crus t in t he ups t r e am r egi on o f an s ma1 1,

i n t e r mi t t e n t stream i n the ra iny s e as on .

ln the s ame f igure i t i s ou t 1 i ne d t he ar ea whi c h show s s u bs u r f a c e Ni c onc e n t r a t i o ns
higher t han 1 per cent. Two sp ec i f i c p1ace s co nf i gu re an amphi theater. The reason

for th e coi nci de nc e o f c once n t r a t i o n of Ni a nd superfi cial f o r ma t i o n of 1a t er i t i c

c r us ts appear s to lie i n t he phe nome na of t he intermittent rive r s wher e the re are zo nes
of contrasting c ha nge s of wa t e r 1e ve 1 . The va l ues for the water ta b1e duri ng the rai ny

and dry s e a s o ns we re mea sured a 10 ng a profi 1e ( Fi g . 7 ) , compr i s i ng 16 pits a nd 2
d i amond dri11 ho1 es. Th i s profi1e is 10c a t e d in t he amphitheate r of Pon t a de Ped r as
r i ver (Fig . 4) . The pe nep 1ai n is t he o n1y morpho10 g i c a 1 un i t whi c h s hows ade qua te
co ndi t io ns f o r t he for ma t io n o f i ncr usted 1a t e ri t e s . Conse que n t 1y , c r us t for ma t i on i n
th e Sa n t a Fé Oi st ri ct i s di r e c t 1y depe nde nt up on t he alt i t ude . This obse rv at i o n i s
i l 1u s tr a t ed i n Fi g . 8 , whi c h s hows va ri a ti on o f topograp h ic a l t i t ude a 10 ng th e
pe ne p la i n , from 410 to 490 m (a) ; 1ate ri t i c c r usts f rom 420 to 490 m a lt itude ( b ) ; a nd

tota l a bse nce of crusts above 490 m, e ve n at the smooth a 1mos t hor i zo n t a l f oo t or ba se
o f the hi 11s ( c ). It is interesti ng t o empha s i ze tha t 1ate ritic crusts ha ve a t e nde nc y

to be ve si cul ar to ward t he up per par t s o f t he pe nepla in ( 490 m) , and coa rse 1y pi so1iti c

t oward t he lowe r par t s of t he pe nepla i n (420 m) .

On th e basi s of re gi o nal ge o l ogy Mel f i et al . ( 1979) pro posed s ev e ral st ages of
re j uvenation do cu me n t e d by an c ien t erosi on surf a ce s . Ta b1e 2 s hows c hemica 1 ana1y ses

of cr us ts , 50f t p i s ol iti c and oolit i c la t er i t e s . The firs t s ampl e of 1a t e r i t ic c r u s t s

_ _ _ _ _ _J
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FIG. 7. Water tab1e pos ition a10ng the line [ - 6 . measured in dry s e as a n (lawest
leve)) and the beginning af rainy s eas a n (highe st leveI).
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F'Q.S-PROFILES SHOWING THE ALTlMETRIC RELATIONSHIP BETWEEN
TOPOGRAPHY ANO INCRUSTEO LATERITES.

is representative af pisolitic crusts . Due to the fact that crusts and pi salitic saft
laterite are predominantly af chemical origino average values for fe rric iron are
higher. On the other hand. soft oalitic laterites,- which show a tendency to be
partially clastic in compas ition. exhibit a higher percentage of ferraus iron, Ti02' Cr
and A1 20 3 due to the presence of crystals af magnetite, ilmenite and chram ite . - No
further conclusion on this will be ventured because of the small number af chemical
analyses.

The results of chemical analyses for Si0 2• A1 203, and Fe203 were platted on the
triangular graph af Schellman. 1981 (Fig . 9) .

Values for peridotite, serpentin ite and kaolinised peridatite were taken fram Schellman.
This figure indicates the dominion af modera te to strang lateritisation for crusts and

50ft, reddish-brown laterites.
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TABL E 2. CHE MICAL ANALYSES Of CRUSTS. 50 FT PI SOl l TIC AN O OO LJTIC l ATERITE.
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S ;02 A1( 0 ) re ZO] r.o HnO C. O ' 20 N4
Z

0 T102 H9 0 U .. "20 - H"O· Co S, Pb l n CuNQ
1 • • • • • • • • • • • • • pp . p p. pp. pp. p,.

CRUSTS

·0 1 1 2 . 20 6 . 72 6 4 .59 0 . 89 0 .26 0 .0 6 0 .07 O. Z1 0 . 4 5 0 . 16 0 .49 0 . 06 0 . 9 S 1" . 1 5 122 170 10 3 S8 20·02 7.26 4 . 9 2 66. I S 0 . 36 0 .80 0 . 2 6 0 . 16 0 . 47 0 .38 e, 17 3. 73 O. SO 1. 04 1 1. 68 62 3 OS6 03 2 lSS 09·0 3 10 . 3 3 .16 64 .9 n . a . 1 . 9 4 n." . n • ti . n , e . n . e . 0 . 8 3. 60 0 .90 n . <li . 12. 80 3.8 20 n , a • n." . n . d • 60

50 FT. PI SOll TI C LAT[R l TE

0 1 5 . 36 5 . 8 4 7 2 . 6 7 n . d . 0 .6 6 0 . 39 0 .07 0 . 98 0 .31 I . " 7 0 .97 0.3 4 1 . 8 4 9 . 19 S90 23 7 n . d . 92 12

SQn . OO LI TI C lATERIH

0 1 10 . S8 8. 16 5 4 .2 1 2 . 93 0 .77 0 .20 0 . 07 0 . 90 1 . 29 4 . 99 12 . 92 0.32 0 . 79 1 . 77 2 S< n.d. 20 9 '03 9 9

02 6 . 9 3 6 . 88 5 7 . 05 n • d • 2 . 66 n •c • n .d . 0 . 23 3 . 10 n . d • 8 .70 0 .3 3 2. 3S 10. 19 ' 00 13 <3 0 380 <32

0 3 4. 74 2 2 . 48 S2 .3S 4 . 2 7 0 . 91 n . d • 0 .02 O.O S 3. 6 0 n . d . 6 .60 O . J1 0 . 6 4 2 .2 6 ' 00 21 d O 310 <3 '

.
01 Vesi cu l ar l e t e r t t t c c ru s t : 02 lO Pf s o I í t t c l a t e r t t i c c ru s t : 0 3 • et scl t tí c l e t e r t r t c c ru s t ( S" r r os deO l l ve l r d . S . M. • 19 8 0 )

n .d . = no t d e te c ted ; o . a . = no t ao al y z ed
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CONC LUS I ONS

The veg eta t i on and t he f orm ation of c r u s t s are ind epe nde nt of t he und e rl y ing r ock
t yp e.

50 ft , red - bro wn oo li ti c l a t e r i t e i s of c o l l uv i a l na tu r e, as a pro duc t of mechan i cal/
c he mi ca l tra nsp or t ati on f r om t he hi l l s l o pe s to th e penep lai n s ur fa ce .

I nt en se co ncentrat i on of Ni a nd in cru s ta tio n are r el a t ed main l y t o ups tream zo ne s of
inte r mi t t en t r iver s .

d
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Incrustat ion i s a qu ite r e cent pro c e ss, whi ch takes pla c e after or sim u l taneous ly

with the penepla na t ion of th e pre s e n t low er sur f a ce .

Crusts and soft r eddish-brow n l a t e rite s a re bo th un der t he domin io n of mo dera te t o

strong lateritisation proces se s.
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