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I NTRODUCTION AND PREVI OUS WO RKS

The followin g ge o log ica l de s cr i pti on a nd c omme n t s are derived

from selected portions o f th e f o ll owing a u t hors: Leona rdos Jr . .

O.H . and Danni, J . C. M. ( 1982) a nd Pe droso, A. C. and Sc hmalt z,

W.H. ( 1981 ) .

The a i m o f th i s s u mm a r ize d s t udy is to pla c e the ni ckel

lateri tic de posit s o f Ni q u e l â n d i a in a g l o bal as s es s ment of t he

geol og i c, geographic and e c o nomic c ha r ac te r i s ti cs, b a s e d i n t he

regional and lo c al r e s e arc he s whic h ha v e be e n made in t he area .

Ni q u e lâ ndi a i s the site of the o n l y large ni ckel min e i n Bra z il

and of a l arg e c omp lex of ma f i c and u l t r a ma f i c ro c k s whi ch

together with th e Ba r ro Al to a n d t h e Ca n a b rav a c o mpl e xe s form a

7 0 0 km long line amen t o Th e f ir st ge o l o g ic a l des c rip tion s we re

tho s e of Mo rais ( 1935) a nd Leonardo s ( 1 939) who we re mos t ly

conc e rned wi t h r e conna i s s an c e of t he min era l i z atio n . A

syst ema tic surv e y was carr i e d o ut by a joi n t war effo r t bet we e n

t he Brazil ian and the American Go ve r n men t s (Pe c o r a , 1 94 4 ; Peco ­

ra a n d Ba r bosa , 1 944 ). Beyond as s es sing the l a t e r i t i c Ni -C u -Co

deposits and produ ci ng a detai led map of t h e u ltram a f i c s, a

comprehensive acco unt wa s present ed i n whi c h t he c omp lex wa s

subd i v ided into f i ve un it s : a) ba sa l gabb r oi d zon e ;

b ) p e r i d o t i t ic zone; c ) c e nt ra l g abbroid z o ne; d ) a n o r t hos i tic

zone ; e) top ga bb roi d zone. Mott a et a I . ( 1 97 2) comp l e t ed t he

mapp ing of the complex and s up po r te d the s t ra t i f o r m

i n t e r p r e t a t i o n of Pecora ( 1974) and Ba rbo sa ( 1 968) . The r o c k

types were int erp r et e d as d i f f e r e n t i a t e d p r o d uc ts o f a

thol e iitic ba s alt i c ma gma c hi l led i n wha t t h e y ca l l ed th e

marginal faci e s of th e ga b b ro i d zo n e . Ot h e r more r ecent

i n te r p r e t a t i o ns ha v e co n s ide red the compl e x e i t he r as pa r t o f a

serpentinit e belt (Almei da , 1 96 8 ; Angeira s , 1 96 8 ) o f the

Al p i n e - t y pe or as a p s eu do- stra ti form type ( Wh i t e e t a i. , 19 71 ;

Da Co s t a and Angei ras , 1 9 71 ). Fleische r a n d Rout hi e r ( 197 0)

r eferred to th e Ni que l â ndia complex as a dif fere n tiated ma s sif

comparable to the S t i l l wa t e r com p lex of Monta na a nd Thayer

(1970), Figu e iredo e t a I. ( 197 5) a nd Figuei r e do ( 19 78) a f t e r
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obs erv i n g f e atures common to bo th Alpine and st ratifo rm t yp e s

have considered the Barro Alto a nd Ni q u e l 5 n d i a c omp le x e s a s

be l o ng i n g to qui te a un i qu e t ype .

Pedr oso and Sc hmal t z ( 1 9 8 1 ) wrote a geologica l a nd st ra tigra­

ph yc a l de s cription of Niquel5ndia n i c ke l laterit i c d e p o s i t s,

classi f y ing both the deposit s and t he o re typ es and also

discu s s in g the ore g e n es i s .

K-Ar age determinat ions with values ra nging wit hin t h e interval

o f 4 , 000 t o 1,1 00 m.y . have l e d Co rda n i a nd Hasui ( 197 5 ) t o se t

fort h a n d hypothes i s that the rocks of the Barro Al t o a nd

Ni q ue l5 ndi a comp l exes mi ght rep r esent pr imitive c r u s t formed by

t he d if f erenti ation from the mant le abo ut 4, 000 m.y . ago a nd

l ater af f ec ted by a compl e x s e q ue nc e of eve n ts.

GEOLOGY OF NIQUELÃN DI A

The Ni q ue lâ n d i a c o mp l ex (forme r S . J o s é do Toc a n t i ns ) toge t her

with the o ld g ra n i tic bas ement f orms a t ectoni c window within

t he domain o f t he sup rac rusta l amphibo lites , sc hi st s a nd

phy l l i t e s . Th e complex i s f o r me d by t wo indepe nden t seq ue nc e s

which in t he past wer e int erpreted as a s i ng le body . An o lde r

ultrama f i c to mafic s e que nce of g r a n u l i tes is i nt ruded by rocks

belon g in g t o a yo un g e r seq ue nce o f a mp h i bo l i t e s and

anortho sit e s. Both s equen c e s f orm layer ed intrus ions a n d

s ub se q uent me tamo rp hi s m and d efo r mation fr equentl y obli terated

the o r ig i na l ign e ous structures . Th e younger one shows a

compl et e tran s it ion from pl u ton i c to volcani c and s e d i me n t ary

r oc ks a n d ha s a distinct metamorp hic and struct u r al pa tte r n .

Their a bso l u te ag e i s not ye t prop e rly known. The major

geo lo g i cal f eature s o f the a re a a r e condensed in t he map , the

cros s- s e cti on a nd t he s t ra tig r a p h i c a l column of F i g s . I , 2 a n d

3, re s p e cti vel y.
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FlG . 1 - GEOLOGIC MAP OF NIOUE LÀNOIA
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GEOLOGI C COLUMN or lHE NI OUELANOIA REGION, GO lAS, BRAZIL
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TH E GRANUL IT IC LAY ERED SEQ UENCE

The Ul t ra mafic Roc ks o f the Se r ra da Ma n t i que i r a

As the geo mor pho l og i c a l expressi on of an ultramafi c pile up to

4 km th i c k . the Serra da Ma n ti que i r a extend s from the villa ge

of Nique lândia for 40 km northward and re a ~ h e s a maxi mum

altitude of 1 .1 00 m. 400 m above the S iq ue l â ndi a pla in o l t i s
f orme d by a succes si on of approx ima t el y N- S as s ymetr ical r idges

of py roxe ni tes a nd peridotite s and sus pended vall ey s where t he

lat er iti c o re i s a c cumulated . Two maj or units we r e recognized .

A ba s a l du nite -pe rido tit e zo ne f o rme d by du n i t e s , harzbur git e s

and minor lhe r zo li te s i s f o l lowed by a per f ectly la yered zone

o f pyro xen ite s ( we bs t e r i t e s a nd bron zi t i t es ) and peridotites or

se rpe n ti n i t es a nd minor troctolit e s and no ri tes . The con tact
betwe en t he tw o zo nes i s tra ns it i on al .

The basa l du ni te -pe r i doti te zone ha s an approximated th i c kn e s s

of I , SOO m. The lher zo lit e s a nd du n i te s a r e mo r e abunda n t ne a r

t he ba se of the s e c ti on wherea s t he har zburgit e s i ncrease a nd

domi na t e t oward s the t op.

The No r i t i c - Ga bbr o i d Zone

Fo l i a t e d hypersthen e - di op s i de gr a nu l i t e s derived f rom nori tes

a nd ga bbros ma ke up t he bulk of t he zo ne . the large st of the

comp le x o Tho u gh lenses a nd bands of nor ite are not un common

with in the under l yin g pyro xen ite-peridotite zone. the co ntac t
between the ul t r ama fic s a nd the e nc l osing nor ites i s r athe r

abrup t o The ro cks of t he no r iti c- gabbroid zone we r e

s ubd iv ide d i nto t hr e e un it s : a ) t he central granul it e un i t:

b ) the we st ern r etro grade zon e and c ) th e e a s te r n flaser

granuli t e s and g ree ns to nes ,

The cen t ra l gra nu li te unit l i e s betwe en t he ul tramafics of the

Se r ra da Man t iqueira a nd the amph ibo li t ic - a no r t hosi t i c sequence

of the Se r ra dos Borges a nd fo r ms the c e n t r a l de p ress io n o f the

comple xo lt comp r is e s a l ar ge N20E trending zone . 7 to 10 km
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wi de f o r med by me so to melano c rati c g r a nu l i t es o f nor it i c to

ga bbroid com po s i t i o n . Th e rocks still s how t he pri ma ry i gneou s

lay er ing as r e f l e c t e d by the a l t e r n a t i o n of metri c t o

c en time t r i c ba nds wit h s l i gh t vari ations in c omp o si t i on.

THE LAY ERED AMPHI BOLITI C - ANORTHOSITI C SEQU ENCE

Str a t i graphy

Th is seque nce exte nds i n a N- S di r e ction f ormin g t he Se r r a do s

Bo rges, a d rai nage div i sory of the Bi l i á gua an d Tra í ra s River .

I t is f ormed b y a n ext en s ive l a yere d p lu t o n i c compl e x that

s hows a r emar ka b l e tran sition t o a metamorpho s e d vol c ani c a nd

sedimenta r y sequence. The p luton i c com p le x is about l i km "ide

i n it s sou thern pa rt and about h a l f of thi s " i d t h in i ts

northern e xtreme , fo rmi ng a n e l ongat ed body 30 km l on g ,

geomet ri cal ly arr an ge d i n a n isoclinal ant i cli n e " i t h N- S axi s

and an i nverted eastern flank . Fou r ma in s tr a t i gra p h i c u ni t s

were sepa rated a nd t hese a r e s ymmetr i cal l y r e p e a t e d i n r e s p e ct

t o the c enter o f t he Serra do s Borge s anticlin e , fo rme d by a

trocto l i t e nucl eou s that i nit iat es the s equen c e . Thc

t ro c t olites are follo"ed by a "ide zo ne o f mas s i vc to f i n e ly

and r egular l y b and ed a no rthosites sho"in g amph i bol i t i c

i n terca lations t owa rds the top o Th e a no r t h o s ites a re i n t urn

ove rl a in by mor e mafic members . the a mph ibo l ite l a y e r s be comi ng

more abundant and t he anort hosite t h i n n e r u n til i t de sappea rs.

The top of the seq ue nce is formed by fine - gra in e d a mphi bo li tes

of v o l c a ni c orig in ( meta -ba salts ) which e nc l ose meta c hert a nd

c alc-sil icate roc k s l e n s e s . Thes e are pres ent on both fl ank s

of the an t i clina l s t ruc t u r e ; on t h e e a s te r n fl a nk th e

amph ibol ites have a t e c t on i c c o n tact wit h t h e r e tro g r a d c

granulite s and i n t he weste rn flank they i niti at e a

metavolcanic -metas ed ime n t ary se q u e nce formed by a mp hi bo li te.

meta-chert. micasch i st a n d me ta -rhyo li te intercal at i ons.
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THE METAVOLCANI C/ SEDIMENTARY SEQUENCE

Fine - Gra i ned Amp hi bolites

Thes e a re con t i nuou s l y c xp osc d al ong t hc westc r n f l a n k of t he
Se r r a do s Borges whe re thc y f or m a s ucccs si on of l a yc r s o f
d iffe r en t gr a i n s i ze with t hickne ss va r y in g fro m a met r e t o
seve ral t en s o f met res. The a mphi bo li tic un i t i nc l udcs l c nse s
o f meta - che r t s and cal c - s i l i c a t e roc ks a nd i t is intcrs trat i fi ed
wi t h micaschist s a nd ov er l a i n by s oda-amp hibol e gn cis ses. The
s ymme t ric a l fin e-g r ained amphiboli t es o f the eas t e rn fl ank a re
however bound ed by s he are d r etrograde g r a nuli te s . Here ,

fe r ruginous meta -chert a nd ca lc -sil icat e rock l en t i cul a r
outc rop s ar e agai n s urrounde d by them . Clos e to t he c on t ac t ,
loc al i nt r us ive quartz- gab bros t o qua rt z dio rites con t a i n
xe no li t hs of bo th t he amph i bol i t e and meta -c he r t a nd of r oc ks
of t he g ranulit e seque nce . Suc h quar t z dio rit es a re c lea r ly
ass oc ia t cd wi t h the amph i bo l i t e- ano r t hos i t e s eque nc e , be ing a
lat e in trus i ve phas e i n i ts own ba s a lt i c co ver. I ts h i gh

quar t z co n t entseems par tl y r el at ed t o the numer ous c he r t
i nc lusi ons which i t con t a i ns .

COUNTRY ROCKS

A younger, l ower gr ade se quence o f phyll ites a nd c h lo ri te ­
s e rici t e s chists mos t ly de r i ved from ac id to in te rmed ia ted
vo lcan ics an d qu a rtzit e s ha vc be e n th ru st e d ov er the meta ­
sed i ment s a nd met a-vol cani c s t hat form t he western a nd no r t he r n
bo rde r of the Ni que l â nd ia comp lex o Thi s vo lcanogeni c f o r ma t i on
is be ing c u r re n t ly invest i gat e d by ~IETAGO S ge o l og is ts who have
repo r te d the finding of well p reserved tuff a nd ign i mbr i t e
t ex tures a nd l e ad - zinc minera l i zat i on wi t h in t he s eq ue nc e .

On t he e a s t e rn and sout hern border of the comp l e x the ma fic and
ultr ama fi c granu li t i c seque nce i s in fa u l t ed con t act wi t h
qua rtz - seri c it e p hy l lonites a nd myl on it es a nd hi gh ly
cataclast i c gnei sses. The s e rocks s how a gradua l t r an s ition to
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rather homo g eneou s g ran i ti c to tonaliti c g neiss es tha t i n

neighbouring regions fo r m th e gra n iti c c r atoni c n ucl e i that a re

referred to as ba s emen t for the Arc hea n gr e en st o n e be l t s .

Paranoi group r ithm i c s lates a nd limes t ones out c rop fu rt h e r

east l y ing unconforma bl y ove r the gne i s s i c b a s e me nt. At th e

town of Ni que l i ndi a and e lsewhe re al o ng t he s ou t hern bo rd e r o f

the comple x t he gne i s ses s how s t rik ing mulli o n s t r u c t u res

constantl y dipp in g around 300 aga i nst th e c omp l e x o

NICKEL DEPOSITS

The nickel lateritic depos it s a re l ocat e d in the ultr a ma f i c

massif (Motta e t aI ., 19 72) . The s e d ep osit s h ave be e n n ame d

according to loc al n ame s . The mo s t famo u s o re dep o sits. kno wn

as Jacubas , are not b e ing c urrent l y mi ned, si nc e t hes e de pos i ts

have small r es erv e s a n d a h i gh c on t e n t of s i l ic a a nd ox i d iz e d

copper, which cause p r o bl e ms d ur i n g the o r e dr e s sing p r o ce s s o

The biggest a n d th e mo st im port ant d e p osit s of th e are a be l o ng

to Companh ia Ní que l Tocant in s a nd als o r e pres e nt th e t otal

reserves wh ich occur in t he Co r r i o l a , Co r r e go da Fa ze nda ,

Vendinha , Angiquinho a n d Ribe ir ã o do En gen ho d ep o sit s .

The total nickel re s erve s o f the s e d e po s it s a re 3 3 mi l li o n t o n s

of ore with 1 ,45 \ Ni, Th e t o tal n i c kel r e s erv e s o f t he

Ni quelãndia district i s a b ou t 60 mill ion t on s of o re with 1 ,4 5\

Ni .

There a re two d i fferen t t y p e s of ni c ke l o r e i n Ni q u e lãndia ; the

garnieritic and the o x id i z e d o res . Th e garnieri ti c ore i s

f ormed by the decompos ition o f p yro xeni t e s whi c h c on t ai n O,OS\
Ni . The oxidi zed ore i s formed by th e decomposi ti on of

peridotite and dun ite s whi ch pr i mar i l y c ontain 0 , 30 \ Ni .

The garnieritic ore, d espit e having o r ig i na ted f rom rocks of

lower nickel c o n t e n t than tho se whi ch or i ginat ed t he o xidi zed

o r e , has a higher nicke l cont ent than the o xid i zed or e . Thi s

i nversion of the nickel c on t e n t in the ga rnier iti c o r e co u l d b e

explained as a re sult of the c o n t r i bu t i o n o f diss o lve d n i c kel
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f rom la te ra l wat e r f low.

The r e a re tw o t ypes o f l a t e r i t i c ore depos i ts i n Nique l â nd ia :

1. Ore de po s i t s o f the pi roxen ite -pe r ido t ite su b zone .

2 . Or e depo sit s of th e pe r i do t i te - dun i t e s ubz one .

The depo si t s of t he piroxe n i te - pe ridot it e s ub zo nes a re i n t he

ha ng i ng va l leys , whi ch were prese rve d be c a us e t hey were no t

e roded by deg rada tion proc e s s es.

The o re deposi t s o f the pe r ido t i te -d un i te s ub zone were produ ced
by weat hering of t he o l ivi ne ri c h u l trama f i c rock s .

I n the Ang iqui nho ope n p i t , where a t yp i ca l deposi t o f t he

peridotite - dunite s u bz one oc cur s , t he dept h of superge ne

alterati on e x t e nd s about 80 m be low t he s urface . Se ve n zones of

super gen e a l te r a t io n can be r e co gn i ze d : " canga" (l imo n ite ­

goeth ite zone ) , r e d g rai ne d a nd nod ula r laterite, red-b rown

clay, ox idized o re , ga rnie r i ti c o re , j as p i l i t e a nd a l te red

pe rid o tit e .

The di s t r ibu t io n of Ni, Co a nd Cu g r ades a nd th e i r re latio ns h ip

t o t he lat erit e pr ofile are il lustrat ed in the Ta ble s 1 and 2 .

Conc entrat i ons o f Cu a nd Co o cc u r in l a t e r it e p ro fi l e s thro gh out

the Ni qu e l â nd i a a rea .

The co ppe r c once n t r a t i on tend s t o gr a de a s t he n i c kel does ,
whil e t he h i gh c ob a l t co ncen t ra t io ns occ u r ma inl y on t he top o f

t he n i c ke l o r e zo ne , wit h dec rea si ng coba lt con te n t a t depth .

Enri chment o f co ba l t , which in the l a t er i t i c p rofi le c ommonly
appear s as soc ia te d wi t h Mn ox i de, fo rms ha rd co nce nt r a tions o f

as bo l a n .
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