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RESUMO 

A s  ocor rênc ia s  molibdeniferas de Campo Formoso-Carnaiba e\ 
I taberaba  são r e l ac ionadas  a g ran i  t o s  peraluminosos transamazônicos e 
i n t r u r i v o s  em f ormações Arqueanas e/ou do ProterozÓico i n f e r i o r .  E s t a s  
oco r rênc ia s  consti tuem as maiores concentrações de molibdênio conhecidas 
no estado da Bahia. O plÚton de Campo Formoso r ep resen ta  uma i n t r u s & .  
m u l t i f á s i c a ,  homogênea em composição, com um f a c i e s  equ iva len te  no 
maciço de Carnqiba. I n t e n s a s  a l t e r a ç õ e s  d e u t e r i c a s  - h id ro te rma i s  
associadas a um impor tan te  enxame pegmatit ico,  testemunham as condiçzes 
de sa tu ração  em f l u i d o  do magma pa ren ta l .  Ao c o n t r á r i o ,  o l eucogran i to  
de I t a b e r a b a  (maciço de Pedra d'Águs) ap resen ta  uma composição 
heterogênea com c o n t a t o s  d i fusos  e muitos enc laves  de g r a n u l i t o s ;  as 
a l t e r a ç õ e s  pós-magmáticas l i m i  tam-se a uma s i l i c i f i c a ç ã o  d i f u s a .  E s t a s  
c a r a c t e r i s t i c a s  mostram que o g ran i to  de Ped& d'Águs f o i  gerado por um 
magma pobre em agua, possuindo uma f r a c a  mobilidade e uma l e v e  
diferenciaçgo.  Enquanto as ocorrências  são r e l ac ionadas  a g r a n i t ó i d e s ,  
apresentam d i f e r e n ç a s  maiores: - a molibdenita de I t a b e r a b a  encontra-se 
t a n t o  em forma de manchas ou disseminações no g r a n i t o  como em veio de 
quar tzo  ou e m  zonas de s i l i c i f i c a ç ã o  d i f u s a ,  sem concentração 
s i g n i f i c a t i v a ;  - em Campo Formoso - Carnaiba, a mol ibdeni ta  l o c a l i z a - s e  
em v e i o s  pegmat i t icos  i n t r a g r a n i t i c o s ,  ou em concentrações m a i s  
importantes ,  n a  zona que borde ja  o g r a n i t o ,  em veios '  pegmatóides 
esmera ld i fe ros  i n t r u d i n d o  s e r p e n t i n i t o s .  N o  caso dos pegmatoides 
esmeraldiferos ,  6 ev iden te  que. o f l u o r ,  bor6 e b e r i l i o  estavam p resen te s  
na f a s e  f l u i d a  associada.  E s t e s  componentes (F,B) produzem magmas 
r e s i d u a i s  r i c o s  em a l b i t a  normativa mas também uma depolimerizaçao e 
c r i a ç ã o  de complexos capazes de ca r r ega r  elementos l i t o f i l o s  cpmo 
molibdênio. N o s  g r a n i t o s  pobres em F e B, como no caso de I t abe raba ,  

r e s i d u a l  s i l i c a t a d o ,  h id ra t ado  e a l c a l i n o ,  que gerou um import 
volume de f a s e  vapor ,  onde o F, B ,  Be e Mo s e  par t ic ionaram, respons  
provavelmente p o r  a impor tan te  f r a tu raçã0  do g r a n i t o  e 'do 

Enriquecimentos mol ibdeni fe ros  em leucossomas g r a n i  t i c o s  assoc iad  
migmatitos Arqueanos da r e g i ã o  de Queimadas permitem d i s c u t i r  a o 
do molibdênio. 

INTRODUCTION 

Precambrian s h i e l d s  of B r a z i l  enclose the  most impor tan t  
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d,cposits of,  this c o u n t r y  (Beurlen and Cassedanne) 1981: Damasceno, 1982 ;  
Schobbenhaus e t  a l . ,  1 9 8 4 ) .  Among these  m i n e r a l i z a t i o n s ,  molybdenum ore 
depos:ts a r e  absent  and most of the  B r a z i l i a n  occurrences of molybdenite 
a r e  l inked  t o '  g r a n i  t o i d  and i t s  a s s o c i a t e d  hydrothermal a l t e r a t i o n s ,  
c a l c - s i l i c a t e  bands-Skarn type-,  and metamorphosed volcano-sedimentary 
s e r i e s .  A l l  these  prdspec ts  a r e  r e l a t e d  t o  Precambrian rocks and c l o s e l y  
assoc ia ted  with var ious ' .episodes of g r a n i t i z a t i o n  developed during the  
Transamazonic orogeny .or- t h e  B r a z i l i a n  cyc le  (F ig .  1 ) .  The s i n g l e  
B r a z i l i a n  product ion i s  re1,ated t Ô  t h e  occurrence of  Pindobaçu (Bahia 
S t a t e )  which h a s  produced í r i  the.p'el"iod 1 9 7 0  - 1 9 8 6 ,  135 . tons of M O ;  

t h i s  d i s t r i c t  corresponds t o  t h e  famous emerald prospec t ing  p i t s  of 
Carnaiba (Moreira and Santana,  1982 ;  Couto and A l m e i d a ,  1 9 8 2 ,  Rudowski 
e t  a l . ,  1 9 8 7  a , b ) .  

, The scope of t h i s  paper  i s ;  t o  p r e s e n t  t h e  main occurrences 
from the  Bahia S t a t e  inc luding  Pindobaçu'molyBdenum-emerald prospect ing 
p i t s  r e l a t e d  t o  t h e  emplacement of a transamazonian g r a n i t o i d  inkruding 
b a s i c  ahd  u l t r a b a s i c  sequences,  l t a b e r a b a  prospec t ing  f i e l d ,  a t y p i c a l  
orthomagmatic minera l iza t ion  and f i n a l l y ,  t h e  molybdenum ore  assoc ia ted  
t o  leucosome v e i n s  occurr ing  i n  Queimadas migmatites.  The d e s c r i p t i o n  of 
these d i f f e r e n t s  t y p e s  of m i n e r a l i z a t i o n  w i l l  a l low us t o  approach t h e  
condi t ions  of. concent ra t ion  and depos i t ion  of molybdenite apparent ly  
p r e v a i l i n g  along processes  of d i f f e r e n t i a t i o n ,  segrega t ion  and 
c r y s t _ a l l i s a t i o n  w i t h i n  magmas and i t  a s s o c i a t e d  hydrotermal system. 
Therefore ,  t h i s  should c o n t r i b u t e  t o  the  understanding of the  mechanism 
of o r e  formation and t o  the  establ ishment  of hypothes is  about i t s  
o r i g i n .  

- 

I 

THE c m o  FORMOSO mu PINDOBAÇU MINING DISTRICTS: 
THE PROSPECTING PITS OF SOCOTÓ AND CARNAíBA 

The Pro terozoic  g r a n i t e  m a s s i f s  of  Campo Formoso and Carnaiba 
in t ruded  a t  1 . 9  G.Y i n  t h e  volcano-sedgmentary t e r r a n e s  of  the S e r r a  da 
Jacobina and t h e  gneiss ic-migmati t ic  Archean basement ( f i g .  2 ) .  

The Campo Formoso g r a n ï t o i d  complex p r e s e n t s  an e l l i p t i c  form 
and a concent r ic  s t r u c t u r e  formed by a p e r i p h e r i c  coarse-grained 
t w o - m i c a  g r a n i t e  (Y11 and a c e n t r a l  f ined-grained t o  p o r p h y r i t i c  
two-mica g r a n i t e  ( q 2 ) .  The Carnaiba m a s s i f  occurs  i n  an ant i form 
s t r u c t u r e  deve loped- in  t h e . i n t e r c a Z a t e d  q u a r t z i t e s  and u l t r a m a f i c  rocks 
from t h e  S e r r a  de Jacobina,  and it forms a s u b c i r c u l a r .  pluton.  
Petrographic  d e s c r i p t i o n s  of t h e s e  g r a n i t e s  have previous ly  been given 
by Rudowski e t  al.  (1987  a , b )  and show t h e  s i m i l a r i t y  between-- t h e  d . 2  
Campo Formoso fac ies  and the Carnaiba g r a n i t e .  . - 

These two g r a n i t i c  massifs a r e  c h a r a c t e r i z e d  by t h e  presence 
of Be, Mo, W m i n e r a l i z a t i o n s ,  ocur r ing  i n  t h e  emerald prospec t ing  p i t s  
of SocotÓ and Carnaiba.  The emerald and green b e r y l  minera l iza t ion  i s  
contained i n  f l u o r - r i c h  p h l o g o p i t i t e s  r e s u l t i n g  from metas+omatic 
t ransformation developped i n  u l t r a b a s i c  rocks from p l a g i o c l a s i c  ( a l b i t e ,  
o l i g o c l a s e ) ,  q u a r t z  2 p l a g i o c l a s e ,  tourmaline 2 p l a g i o c l a s e ,  
quartz-veins .  Local ly ,  i n t e r c a l a t e d  t r e m o l i t i c  and t a l c o s e  formations 
are found sometimes wi th  disseminated s c h e e l i t e  m i n e r a l i z a t i o n .  

I n  t h e  SocotÓ prospec t ing  f i e l d  (F ig .  2 a > ,  the  occurrrences of 
s e r p e n t i n i t e s  a r e  observed as imbricated s t r u c t u r e s  i n  t h e  g n e i s s i c  
Archean basement. The u l t r a b a s i c  horizon,  o r i e n t e d  N 1 5 0 - 1 8 0  , dipping 50 
t o  80 t o  the. n o r t h e a s t ,  p r e s e n t s  an extension of 2 . 5  Km and a width of 
0.5 Km, I n . t h i s  area, f a c i e s  equiva len t  of  Campo Formoso g r a n i t i c  
complex are not  found. The molybdenite m i n e r a l i z a t i o n  j s  occasional  and 

O 

O 

i t  i s  o f t e n  encountered i n  p h l o g o p i t i t e s  from the. deepest  l e v e l s  of t h e  
mining d i s t r i c t  (Momona prospec t ing  p i t ) .  Rare c r y s t a l s  of molybdenite 
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( 0 . 5  cm l o n g ) ,  fryrii.(>. : tr i t i  chalcopyr i te  can be a l s o  observed i n  
aplopegmati t i c  v e i n s  f v o m  : I  hc ,.: 2 Campo Formoso g r a n i t e ,  along with 
g a r n e t ,  potash f e l d s p a r ,  m i k c o v i  L i , ,  b i o t i t e  and quar tz .  

The Pindobaçu mining d i s t r i c t  is developed around t h e  Carnaiba 
g r a n i t e  with its famous emerald prospec t ing  p i t s .  The emerald bear ing 
rocks  a r e  s i m i l a r  t o  those of  SocotÓ but  t h e  d i s t r i c t  appears more 
complex and i n t e r e s t i n g .  

The mining d i s t r i c t  is divided i n t o  two main subareas  (Fig.  
2b):  the  prospec t ing  p i t s  of CarFaiba 'de C i m a  (Trecho Velho, Trecho 
Novo, Trecho da Bica and Trecho da Cabra) ,  s i t u a t e d  at 1.000 m above s e a  
l e v e l ,  and those of Carnaiba de Baixo, l o c a t e d  a t  an a l t i t u d e  of 550 t o  
600 m (developed i n  roof pendants i n  the  g r a n i t e :  Bode, Gavião, Lagarta  
prospec t ing  p i t s ,  or i n  country rock t e r r a n e s  around the  g r a n i t e :  
Marota, B r a Ú l i a  and Formiga prospec t ing  p i t s ) .  The emerald 
m i n e r a l i z a t i o n  i s  encountered mainly i n  p l a g i o c l a s e ,  quar tz -p lag ioc lase  
or q u a r t z  v e i n s  c r o s s c u t t i n g  the u l t r a b a s i c  formations,  o r i e n t e d  N 5 0  to 
95' and dipping 40 t o  80° t o  North-Northeast. Two k inds  of v e i n s  a r e  O 

d i s t i n g u i s h e d  by t h e  prospec tors :  the  f r a c t u r e  v e i n s  c a l l e d  "fr inchav1 
and c o n t a c t  v e i n s  "esteira". The second one corresponds t o  t h e  
m i n e r a l i z a t i o n  developed a t  the  c o n t a c t  zone between q u a r t z i t e  and the 
i n t e r c a l a t e d  s e r p e n t i n i t e s  (Trecho novo, B i c a  and Cabra) ,  and i t  assumes 
t h e  main product ion of t h e  Pindobaçu emerald depos i t .  

Five d i f f e r e n t  types  of molybdenite m p e r a l i z a t i o n s  occur  i n  
the  Pindobaçu d i s t r i c t :  - disseminat ions  ( c r y s t a l s  up t o  2 c m )  i n  j o i n s  
of aplopegmatite re la ted  t o  t h e  Carnaiba g r a n i t e  a long with yellow bery l  
and su lphides  (Bode Prospec t ing  p i t ) *  --# i n t e n s e  m i n e r a l i z a t i o n s  
( c r y s t a l s  up t o  1 cm l o n g )  i n  p lag ioc lase- r ich  dykes (Marota prospec t ing  
p i t )  - molybdenite-bearing q u a r t z  v e i n s  a s s o c i a t e d  with yellow b e r y l ,  
f l u o r o a p a t i t e ,  muscovite ( B r a Ú l i a )  . - molybdenite emerald- bear ing  q u a r t z  
v e i n s  enr iched i n  p l a g i o c l a s e  (Trecho Velho). It c h a r a c t e r i z e s  the  s o  
c a l l e d  'vfr inchal l  i. e f r a c t u r e  v e i n s ,  which can be v e r t i c a l  with an 
average width of 0.5m. 

I n  t h i s  case, no l i t h o l o g i c a l  c o n t r o l  as i n  t h e  l ' e s t e i r a l l  v e i n  
can be allowed. The emerald i s  3of good q u a l i t y  but  the  molybdenite 
(crystals up t o  2 cm) i s  ,mÓre abundant. This  type of  ve in  is a l s o  c a l l e d  
by the  prospec tors  'Iveio de estanho" i..e " t i n  vein" ( i n  r e l a t i o n  with 
the  m e t a l l i c  aspec t  of molybdenite record ing  t i n ) .  - 
molybdenite-tourmallne-plagioclasic vein  (Marota, B r a Ú l i a )  or 
molybdenite-plagioclase-pale green b e r y l  ve in  (Marota, Bode), (Photo 1). 

I n  all c a s e s ,  molybdenite . m i n e r a l i z a t i o n  can occur  i n  t h e  
p h l o g o p i t i t e  cock r e l a t e d  t o  i t s  adjacent  v e i n  (Photo 2 ) .  

The molybdenite m i n e r a l i z a t i o n  i s  always a s s o c i a t e d  t o  a 
f r a c t u r e  v e i n  type b u t  rarely with t h e  c o n t a c t  v e i n  type.  A t  the  s c a l e  
of  t h e  d i s t r i c t ,  a . v e r t i c a l  r e p a r t i t i o n  of the  m i n e r a l i z a t i o n  i s  
observed with a notab ly  enrichment of molybdenite and q u a r t z  near  t o  t h e  
g r a n i t e  (Marota, B r a Ú l i a ,  Bode, Trecho Velho) and a , d e c r e a s e  i n  t h e  
q u a n t i t y  and q u a l i t y  of  emerald. Marota 'prospect ing p i t  i s  an 
i l l u s t r a t i v e  example: t h e  emerald product ion i s  i n s i g n i f i c a n t  and the  
p i t s  a r e  t h e  deepest  i n  t h e  a r e a  (80-100m). They show the  presence of 
numerous f i n e  t o  coarse-grained p l a g i o c l a s i c  v e i n s  wi th  important  
molybdenite disseminat ions.  Sometimes, m i l l i m e t r i c  t o  c e n t i m e t r i c  
molybdenite v e i n s  c o n s t i t u t e  r i c h  o r e  zones. 

A d r e s s i n g  u n i t  f o r  t h e  recovery of molybdenite w a s  b u i l t  ì n  
Marota by t h e  Elec t rometa l  A ç o s  f i n o s  Company. A f l o t a t i o n  c e l l  wi th  a 
c a p a c i t y  of  200 Kg/hour assumes a maximum product ion of  1.5 tons/month 
of concent ra te  (Danese, 1987) .  For i n s t a n c e ,  t h e r e  is no molybdenum 
e x p l o i t a t i o n  and t h e  molybdenite is brought by t h e  p r o s p e c t o r s  (,lU.S$/Kg 
of molybdenite, november, 1987); no e x p l o r a t i o n  program f o r  molybdenite 
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is planned but  Pindobaçu mining d i s t r i c t  assumes the  t o t a l  molybdenum 
b r a z i l i a n  product ion.  

THE ITABERABA PROSPECTING FIELD 

The region around l t a b e r a b a  c i t y  i s  loca ted  on the  l i m i t '  
between t h e  Archean g r a n u l i t i c  Jequié  c r a t o n i c  nucleous and the  
Transamazonic Salvador-Juazeiro Mobile b e l t .  The t r a n s i t i o n  between 
these  two geotec tonic  domains i s  marked by changes i n  t h e  l i t h o l o g i e s  
and s t r u c t u r a l  t r ends ,  and by the  e f f e c t s ' i n  t he  e a r l y  P ro te rozo ic ,  of 
an i n t e n s i v e  g r a n i t i z a t i o n  t o  which t h e  molybdenite occurrences a r e  
r e l a t e d .  

The l a r g e s t  g r a n i t i c  bodies  a r e . t h e  Pedra d'Águs and I t a b e r a b a  
massifs, along wi th  o the r  minor i n t r u s i o n s  ( f i g .  3 ) .  Host rocks inc lude ,  
t o  the  E a s t  , an assemblage of gne i s ses ,  l ep tyni . tes ,  mafic-ul t ramafic  
rocks and g r a n u l i t e s  s t rong ly  a f f e c t e d  by ana tex i s ,  and, t o  t h e  South 
and West, a r e a s  of l o c a l l y  migmatized g r a n u l i t e s  and charnocki tes .  S m a l l  
l enses  of b io t i te -garne t -cord ier i te -green  s p i n e l - s i l l i m a n i t e  -gne i s ses  
can be found, a s  wel l  as d i a t e x i c  bodies .  The reg ion  su f fe red  a t  least  
three  deformational  events  (Fbrnandes and Sabaté ,  1987) ,  t he  l a s t  one 
( r epor t ed  as Fn+l) being respons ib le  f o r  t h e  N-S t o  "E-SSW f o l d s  and 
assoc ia ted  axial plane g n e i s s i c  banding. 

f o u r  molybdenite occurrences have been recognized (F ig .  3 ) .  
Three of them a r e  l inked  t o  minor aplo-pegmatit ic bodies  i n t r u s i v e  
e i t h e r  i n  g r a n u l i t e s  or i n  t h e  I t a b e r a b a  m a s s i f .  The most express ive  
molybdenite prospect  i s  loca ted  i n  t h e  Pedra d'Águs massif .  

The Pedra d'Águs massif  i s  a s m a l l  e l l i p t i c a l  body of 
ho lo l eucoc ra t i c  medium-grained g r a n i t e .  It conta ins  qua r t z ,  sod ic  
o l igoc la se  mesoper th i t ic  zoned o r thoc la se  p a r t i a l l y  rep laced  by 
microc l ine ,  sccessory  b i o t i t e  and ga rne f ,  remnants of orthopyroxene, 
b i o t i t e  and brown oxides.  Accessory minerals '  include z i r con ,  a p a t i t e ,  
a l l a n i t e ,  magnetite and p y r i t e .  

This  g r a n i t i c  massif i s  in t ruded  i n  a p a r t l y  concordant 
fash ion  i n  g r a n u l i t e s  and g r a n u l i t i c  me ta t ex i t e s ,  and i t s  magmatic 
p re fe r r ed  o r i e n t a t i o n ,  which i s  def ined  by al-ignments of q u a r t z ,  
f e l d s p a r s  and mafics ,  has  been fo lded  still under magmatic cond i t ions  
during t h e  Fn+l ,deformation.  Metr ic  t o  cen t ime t r i c  s c h l i e r e n  enc laves  
and nodules of b i o t i t e - g r a n u l i t e s  and . garnet-cordierite-sillimanite- 
green s p i n e l  gne isses  a re  common and l o c a l l y  the  propor t ion  of t h i s  
ma te r i a l  is  h igh ,  s o  t h a t  t h e  g r a n i t e  t akes  a migmati t ic  appearance,  
e s p e c i a l l y  at  the  southwestern bovder. 

Molybdenite mine ra l i za t ion  w a s  first repor ted  by Se ixas  e t  a l .  
(1975).  It occupies  a maximum a r e a  o f  0.2 Km',  t o  t he  E a s t  of Pedra 
dI5gua f a r m  ( f i g .  3) .  Ore enrichment occurs  i n - g r a n i t e ,  g r a n u l i t i c  and 
k l lnz ig i t ic  s c h l i e r e n  and nodules ,  and f i n a l l y ,  i n  qua r t z .ve ins .  
- I n  the  g r a n i t e ,  quartz-molybdenite enrichment i s  observed as 

m i l l i m e t r i c  t o  cent imet r ic -s ized  d i f f u s e  disseminat ions e longated  
p a r a l l e l  t o  the  magmatic p re fe r r ed  o r i e n t a t i o n .  Non m e t a l l i c  minera ls  
a r e  b i o t i t e  and garne t .  

- Cent imet r ic  t o  met r ic  nodules ,  s c h l i e r e n  and enclaves of b i o t i t e  
g r a n u l i t e s  and k i n z i g i t e s  con ta in  a l s o  s m a l l  molybdenyte c r y s t a l s  , 
l o c a t e d  mainly i n  h i o t i t e - r i c h  bands,  or i n  marginal quar tz -garne t  
pockets  or envelopes.  
Quar t z  ve ins  vary  i n  th ickness  from a f e w  mi l l ime te r s  t o  8 cm, w i t h  a 
l e n g t h  up t o  1 . 5  m. Most of t h e  v e i n s  a r e  concordant t o  t h e  N30-N50° 
t r end  of tHe syn-Fn+l magmatic o r i e n t a t i o n .  Some of them show 
boudinage or c lose  f o l d s  whose a x i a l  p l anes  a r e  a l s o  concordant.  Vein 
t r e n d s  vary,  from N10-N120°(Fig.3), t h i n  v e i n s  l y i n g  at low m g l e  t o  

- 
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the  Fn+l d i r e c t i o n  show c l e a r  evidence of t r a n s p o s i t i o n  a t  the 
c r y s t a l  scale. I n  t h i s  case ,  the general  t rend  of t h e  v e i n  i s  
preserved; it g e t s  discont inuous and i n d i v i d u a l  c r y s t a l s  get! p a r a l l e l  
t o  the  g r a n i t e  flow s t r u c t u r e .  Mineral paragenesis  i n  t h e -  v e i n s  
include q u a r t z ,  molybdenite and minor b i o t i t e  (Photo 3 ) .  Although 
K-feldspar i s  not present  i n s i d e  t h e  v e i n s ,  i t  can occur  at t h e i r  
borders  as coarse c r y s t a l s .  Dynamite s h o t s  which exposed unweathered 
rock down t o  20 cm allowed Barros (1979) t o  estimate r e s e r v e s  of 
0.17% of molybdenite. 

Three o t h e r  molybdenite occurrences can be repor ted  from t h e  
I taberaba  region (Fig.  3); at 2.5 km SSE From the Pedra d 'kgua f a r m ,  i n  
the Fazenda Lagedinho and f i n a l l y  on the  Piranhas River.  Occurrences II 
and III (Fig.  3 )  correspond t o  molybdenite-bearing coarse-grained 
g r a n i t e  dykes concordant wi th in  the m e t a t e x i t i c  g r a n u l i t e s ;  occurrence 
I V  (Fig.  4 )  c o n s i s t s  of a cent imet r ic  aplopegmatoid body i n t r u d i n g  t h e  
porphyroid I taberaba g r a n i t e .  

- 

THE QUEIMADAS MOLYBDENITE-BEARING MIGMATITE 

t o  t h e  
Cycle 

N-Nl5' 
quar tz  

a 

This  migmatite belongs t o  the  Archean basement and s p e c i a l l y  
Ser r inha  c ra ton  which w a s  re juvenated during the  Transamazonic 
Fig.  1). 

The migmatite e x h i b i t s  a g n e i s s i c  t e x t u r e ,  f o l i a t e d  along a 
d i r e c t i o n  and dipping 75-80 W. the  mineralogical  composition i s  
f e l d s p a r ,  b i o t i t e ,  opaques. G r a n i t i c  pink mobi l iza tes  are found 

as concordant ve in  or as d iscordant  f ine-grained mobil izate  v e i n s ,  or 
f i l l i n g  open sigmoid f r a c t u r e s  (Sabaté e t  al . ,  1987).  

The concordant mobi l iza tes  e x h i b i t  a coarse pegmatoid t e x t u r e  
composed of q u a r t z ,  p l a g i o c l a s e ,  K-feldspar, magnet i te  and sometimes 
bordered by b i o t i t e  accumulations. The presence of molybdenite, 
previously recorded by Sabaté e t  al ,  (1987)., is not  cons tan t  f o r  a l l  t h e  
veins .  The minera l iza t ion  i n  one v e i n  c o n s i s t s  of r e g u l a r  disseminated 
f l a k e s  of molybdenite ( 3  t o  5 m m )  without o t h e r  su lphides  (Photo 4 ) .  

We can a l s o  note  the  development of a l a t e  f r a c t u r i n g  event 
c r o s s c u t t i n g  the  migmatites and the  mobi l iza tes ,  and c h a r a c t e r i z e d  by a 
cha lcopyr i te  quar tz  i n f i l l i n g .  The molybdenite-bearing mobi l iza te  v e i n s  
are not deformed and they c o n s t i t u t e  a t  the  moment, a unique molybdenum 
Archean minera l iza t ion  i n  Bahia. 

O 

The Campo Formoso - Carnaiba and I t a b e r a b a  molybdenum 
occurrences are a s s o c i a t e d  wi th  Pro terozoic  peraluminous g r a n i t e s  
i n t r u s i v e  i n  Digmat i t ic  t o  g r a n u l i t i c  Archean formations and they  
c o n s t i t u t e  t h e  major concent ra t ions  of molybdenum known i n  Bahia.  The 
Campo formoso pluton i s  homogeneous i n  composition and does not  p r e s e n t  . 
b a s i c  enclaves or m a t e r i a l  of i t s  o r i g i n a l  source.  I t  r e p r e s e n t s  a 
multiphase i n t r u s i o n  where t h e  magmatic d i f f e r e n t i a t i o n  induced a 
r e g u l a r  v a r i a t i o n  i n  time of i t s  composition with equiva len t  f a c i e s  
found i n  Carnaiba g r a n i t e .  These leucograni tes  are a f f e c t e d  by i n t e n s e  
deuteric-hydrothermal a l t e r a t i o n s  and by t h e  emission of a dyke s w a r m  of 
pegmatices, t e s t i f y i n g  o f  the  s a t u r a t e d  f l u i d  condi t ions  of t h e i r  p a r e n t  
magma. 

On t h e  o t h e r  hand, t h e  I t a b e r a b a  leucograni te  p r e s e n t s  an 
heterogeneous composition, d i f f u s e  c o n t a c t s  and metr ic  enc laves  or 
s e p t a s  of the  g r a n u l i t i c  rocks  and a l s o  of t h e  r e s t i t e  minera ls .  NO 
magmatic d i f f e r e n t i a t i o n  is observed and tardi-magmatic phenomena are 
l i m i t e d  t o  a d i f f u s e  s i l i c i f i c a t i o n .  These f e a t u r e s  show t h a t  t h i s  
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muscovite-free leucograni te  w a s  generated by €3 O-poor magma, possessing 
a weak mobi l i ty  and unable t o  d i f f e r e n t i a t e .  

Although the ore  depos i t s  a r e  r e l a t e d  t o  g r a n i  t o i d s ,  t h e r e  
e x i s t  major d i f f e r e n c e s :  the Pedra d'Águs molybdenite i s  found as specks 
and d isseminat ions  i n  the  g r a n i t e ,  as wel l  as i n  qllartz ve in  or 
assoc ia ted  t o  d i f f u s e  s i l i c i f i c a t i o n ;  t h i s  i n d i c a t e s  t h a t  d e p o s i t i o n  of 
molybdenite began during the  magmatic u n t i l  l a t e  magmatic s t a g e s  but  
without  major concentrat ion.  I n  Campo Formoso and Carnaiba,  molybdenite 
is found seldomly i n  pegmati t ic  v e i n s  of t h e  g r a n i t e s ,  meanwhile, the  
economically most important type d e p o s i t  i s  r e l a t e d  t o  green-beryl 
pegmatoid ve ins ,  corresponding t o  d e s i l i c a t e d  Pegmatites ( G i u l i a n i  and 
Couto, 1988) i n t r u d i n g  s e r p e n t i n i t e  formations,  as w e l l  as muscovite 
q u a r t z  v e i n s  (exocontact molybdenite concent ra t ions) .  Carnaiba 
molybdenite d i s t r i c t  forms a very  uncommon d e p o s i t  because i t  i s  
d i r e c t l y  a s s o c i a t e d  t o  emerald minera l iza t ion .  I n  the case  of t h e  
Pegmatites involved i n  emerald formation,  i t ’  i s  clear  t h a t  f l u o r i n e ,  
boron p l u s  beryl l ium were p r e s e n t  i n  t h e  a s s o c i a t e d  f l u i d .  Such 
components are g e n e r a l l y  encountered with chemical ly  s p e c i a l i s e d  Sn-W-Mo 
g r a n i t e s  (Tischendorf ,  1977).  E f f e c t s  of  such components as F and B w i l l  
produce a t  the  magmatic s t a g e  r e s i d u a l  magmas r i c h  i n  normative a lb i t e  
with both a depression of s o l i d u s  and l i q u i d u s  temperature (Pichavant  
and Manning, 1984; Manning and Pichavant ,  1987) .  

I n  consequence, m e l t  v i s c o s i t y  decreases, d i f f u s i o n  rate 
i n c r e a s e s  and a reorganisa t ion  of t he  chemical c rys ta l lography of  t h e  
m e l t  components promotes a depolymerisat ion and c r e a t i o n  of complexes 
espec ies  i n  t h e  m e l t  (Manning, 1981);  Such F, B‘and Be-Cl  complexes w i l l  
be favourable  f o r  the t r a n s p o r t  of l i t h o p h i l e  elements as Mo and W which 
are i n t i m a t e l y  a s s o c i a t e d  with emerald minera l iza t ion .  

The  importance and the  t iming of the vapour phase during vapour 
genera t ion  may be e s s e n t i a l  i n  the  precipitation o f  massive e c o n m i c  
minera l iza t ion .  Thus, the w a t e r  contenC of the  magma appears  c r i t i ca l  
for vapour phase formation and exolu t ion .  I n  the  F, B ,  water-poor 
I t a b e r a b a  g r a n i t e ,  the  volume and t h e  mechanical s t r e n g h t  of  t h e  vapour 
phase i s  small and i n  consequence t h e  M o  m i n e r a l i z a t i o n s  appear as i n  
miaro les ,  s m a l l  v e i n l e t s  and disseminated i n  the  h o s t  g r a n i t e .  On t h e  
o t h e r  hand, Carnaiba minera l iza t ions  express  the  presence of a hydrous 
a l k a l i c  s i l i c i c  melt  which generated an important  volume of vapour phase 
where F ,  B, B e ,  M o  have been p a r t i t i o n e d ,  respons ib le  probably f o r  t h e  
important f r a c t u r a t i o n  i n  the  g r a n i t e  and i t s  surroundings,  provoking 
the development of a huge hydrothermal convective system around t h e  
g r a n i t e  ( G i u l i a n i  and Couto, 1988) and Be, Mo and W m i n e r a l i z a t i o n  
depos i t ion  Furthermore, the i n t e n s e  Carnaiba m i n e r a l i z a t i o n s  and i t s  
assoc ia ted  stockwork l e a d  us t o  cons ider  t h a t  t h e  vapour phase has  
evolved e a r l y  i n  t h e  magma h i s t o r y .  

The o r i g i n  o f  Mo i n  t h e  magma remains a ques t ion  of academic 
i n t e r e s t  and a source of c o n t r o v e r s i a l  debate  as i n  t h e  case  of t h e  
Colorado Mineral B e l t  (Wallace e t  a l . ,  1978; Routhier ,  1980; Lehmann, 
1987) .  I n  a d d i t i o n  to t h e  Pro terozoic  molybdenum occurrences of B a h i a ,  
molybdenite a l s o  occurs  i n  leucosomes r e s u l t i n g  from t h e  i n j e c t i o n  of 
g r a n i t i c  material i n t o  Archean migmatites as i n  Queimadas. T h i s  type of 
enrichment l e t  us  t o  consider  t h a t  Mo can be preconcentrated i n  t h e  
Archean c r u s t  and r e a c t i v e d  during t h e  formation of g r a n i t i c  m e l t s .  
These mel t s  according t o  Col lerson and Fryer  (1978) would be enriched i n  
v o l a t i l e s  (CO F, C l  and S O  ) and a b l e  t o  form s o l u b l e  complexes wi th  
incompatible elements i n  t h e  source as heavy REE, U ,  Th and a l s o  Mo. I n  
conclusion,  a geochemical h e r i t a g e  i n  t h e  sense of Archean rocks  
preenriched i n  molybdenum i s  advanced and, appears  o f  first importance 
i n  the  g e r a t i o n  of these  Pro terozoic  l e u c o g r a n i t e s  of Bahia. 
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Following t h i s  p o s s i b i l i t y ,  t he  g r a n i t o i d s  can have a Mo 
s p e c i a l i z a t i o n .  The a c q u i s i t i o n  of t h i s  meta l logenet ic  po ten t i a1  will 
depend on seve ra l  f a c t o r s  as mainly the  degree of  p a r t i a l  mel t ing of the  
source rocks i. e degree of s t a b i l i t y  of the '  metal-halogen bear ing  
minerals .  

Addit ional  and f u r t h e r  geochemica: d a t a  on the  metal  and 
halogen conten t  of these  l eucogran i t e s  and \assoc ia ted  Archean rocks w i l l  
a l low us  t o  confirm the  ex i s t ence  of  a r eg iona l  molybdenum anomaly, bu t  
a l s o  t o  fol low the  d i f f e r e n t  magmatic evolu t ion  h i s t o r y  and the  
d i f f e r e n t  degree of p a r t i a l  mel t ing  o f ' t h e  source rocks,  impl ica ted  i n  
t h e  formation of Campo Formoso - Carnaiba and I t abe raba  leucograni tes .  
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Figure  1 : The B?azi l ian s h i e l d  wi th  t h e  l o c a l i z a t i o n  of  t h e  main occur rences  of mo- 
lybdenum..l- : Pre -Bras i l i ano  c r a t o n s ;  2 : B r a s i l i a n o  cycle-PlLd b e l t s ;  3 : Phanero- 
z o i c  cove r s ;  5 : molybdenum o c c u r r e n c e s  wi th  : 1 - Lavras  do 
São Gabr ie l ,  mina da Palma, Passo do Iro (RS); 3 - Lavras  do S u l  
morro do B&J (SCh 5 - Poços de  Caldas  (PE) ;  6 - Pindobaçu, Carna 
raba,  Pedra d'Agua (BA) ;  8 - Queimadas (BA); 9 - F r e i  Kart inho,  
1 0  - Pedra l a v r a d a  ( R N ) ;  11 - C u r r a i s  Nowos (RN); 12 - Boa Vista ,  Serra Guariba ( R R ) ;  
13 - Boa Vis ta ,  Serra do mel ( R R ) ;  14 - Boa Vista, S e r r a  do Banco, Fazenda Morenbha 
(RR) ;  15 - S e r r a  dos Cara j a s ,  Salobo (PA). STATES : RS - Rio Grande do Sul ;  SC -'San- 
t a  C a t a r i n a ;  MG - Kinas Gerais; BA - Bahia; RN - Rio Grande do Norte; RA - Roraima 
t e r r i t o r y ;  PA - Parà; 5 : t h e  d i f f e r e n t  Prè-Brasil ianm c r a t o n s  wi th  : A - Amazohic; 
B - São Luis;  C - São r r a n c i s c o ;  D - Luis  A l & ;  E - Rio d e  l a  P la t a .  
Data s y n t h e t i z e d  from Damasceno (1982); Sa' (1983); Schobbenhaus e t  a l .  (1984); Saba- 
t é  e t  al. (1987). 
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F i q u r e  3 : G e o l o g i c a l  s k e t c h  map of I t a b e r a b a  r e g i o n  wi th  ' the  Pedra d*Agua l e u c o g r a n i  
t e  and i t s  main molybdenum occurrences.  1 -g ranu l i t e s ,  c h a r n o c k i t e s  and m e t a t e x i t i c  
g r a n u l i t e s ;  2 - k i n z i g i t e s ;  3-migmati tes ,  l e p t i n i t e s  and b i o t i t e - g r a n u l i t e s ;  4- d i a t e x i  
tes; 5- f i n e - g r a i n e d  f a c i e s  of I t a b e r a b a  g r a n i t i c  m a s s i f ;  molybdeni te  o c c u r r e n c e s  : 
8: Fazenda Pedra  dlAgua; 9: Fazenda Pedra d'dgua Sul; 10: Fazenda Lagedinho; 11: Rio 
P i r anhas ;  12: a p l i t i c  body; 13: p e g m a t i t i c  body; 14: a p l o p e g m a t i t i c  body; 15: minera-' 
l i z e d  area o f  Fazenda Pedra d'tfgua; 16-aplopegmati t ic  dykes; 1 7 - s t r u c t u r e  p l anes ;  18- 
l i n e a t i o n ;  1 9 - a t t i t u d e ;  20-road. 
I n  t h e  l e f t  hand of t h e  drawing, d i s t r i b u t i o n  of t h e  q u a r t s  v e i n  t r e n d s  f rom t h e  Pe- 
d r a  d*Agua l e u c o g r e n i t e .  

-- -. . - 

240 

i 

P h o t o  1: 1 
a l b i t e - o l j  
nafba d e  E 

.*-; 
B c -  r 

i c t  - - 
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ua l e u c o g r a n i  
l e t a t e x i t i c  
IS; 4- d i a t e x i  
: c u r r e n c e s  : 
mho; 11: Rio 
I; 15: minera- 
’e p l a n e s ;  18- 

from t h e  Pë- 

, .. , ... 

p h o t o  1: T y p i c a l  p a r a g e n e s i s  o f  a molybdeni te  pegmatoid vein.  No : molybdeni te ;  i d  : 
a l b i t e - o l i g o c l a s e  f e l d s p a r ;  Be : p a l e  g r e e n  b e r y l  (9s). marota p r o s p e c t i n g  p i t s  - Car 
nafba  d e  Baixo mininq d i s t r i c t  - 

Photo 2 : C r y s t a l s  of molybdeni te  (FIO) a s s o c i a t e d  t o  a p h l o g o p i t i t e  zone (Bi) adjac-  
e n t  to a p l a g i o c l a s e  vein.  marota  p r o s p e c t i n g  p i t s  - Carnafba de Baixo mining d i s t r -  
i c t  - 
- 
I 



.- 

- Photo 3 : Aspect o r  a molybdenite-bearing v e i n l e t  o f  Pedra d*Agua l e u c o g r a n i t s .  The 
molybdenite  ( M o ) c r y s t a l l i z e d  on t h e  border o f  t h e  v e i n l e t  composed of quartz  (Qz) and 
, b i o t i t e  ( R i ) .  Fazenda Pedra d ' h u a  m i n e r a l i z e d  arsa. I 

i 

s 

Photo 4 : f lolybdanite-bearing leucosome (Le) c r o s s c u t i n g  t h e  Queimadas migmat i te  ( m i )  
The c r y s t a l  o f  molybdenite  (no) is  s t r a i g h t l y  a s s o c i a t e d  t o  t h e  quartzo-Peldspat ic  
matrix.  Queimadas reqionr  
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