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Hydrothermal   mineral   deposi ts   including  poly-  
metalLic  (Cu,  Fe, Pb, Zn; a s s o c i a t e d  Ag, Au) s u l f i d e s  
a r e  formed by p r e c i p i t a t i o n  from  hot  aqueous  (hydro- 
t h e r n a l )   s o l u t i o n s   t h a t   c o n v e c t   t h r o u g h   s e a f l o o r  
sp read ing   cen te r s   d r iven  by volcanogenic   hea t   sources .  
Approxina te ly  50 s i t e s  of h y d r o t h e r s a l   m i n e r a l  
d e p o s i t s   i n c l u d i n g   p o l y m e t a l l i c   s u l f i d e s   a r e   p r e s e n t l y  
known a long   the   approximate ly  54,000 icm l e n g t h  of t he  
g lobe-enc i rc l ing   sys tem of ocean ic   r i dges  and r i f t s  
tha t   ex tend   th rough alL the  major   ocean  basins  as 
s e a f l o o r   s p r e a d i n g   c e n t e r s .  The form  of   the  deposi ts  
is c l o s e l y   r e l a t e d   t o   t h e i r   g e o l o g i c   s e t t i n g .  S t ra t i -  
form  su l f ide   bodies  may form  under  conditions of 
r e s c r i c c e d   o c e a n i c   c i r c u l a t i o n  a t  an  ear ly   scage of 
opening of an  ocean  basin  about a slow-spreading 
c e n t e r ,   e x e m p l i f i e d  by d e p o s i t s   i n   b a s i n s  of t he  2ed 
Sea.   Disseminated  and  stockwork  sulfides may form 
benea th   t he   s ea f loo r   where   ho t   (350 ' ) ,   a c id i c ,  
reducing   pr imary   hydro thermal   so lu t ions  rnix wi th   co ld ,  
a lka l ine ,   ox id i z ing   no rma l   s eawa te r   t ha t   pene t r a t e s  
downward t h r o u g h   f r a c t u r e s   i n   t h e   o c e a n i c   c r u s t ,  
exempl i f ied  by depos i t s   benea th   the   s low-spreading  
Mid-Atlant ic   Ridge.   Hassive  sulf ide  deposi ts  may form 
on the   s ea f loo r   where   p r i s a ry   hydro the rma l   so lu t ions  
d i scha rge   d i r ec t ly   f rom  ven t s   i n to   no rma l  seawater, 
exempl i f ied  by depos i t s   nea r   t he   ax i s  of t h e   f a s t -  
sp read ing  East P a c i f i c  Rise. 

Nearly  two-thirds of t he  54,000 km l eng th  of the  
g lobe-enc i rc l ing   sys tem of oceanic   r idges  and r i f t s  
a r e   s low-sp r sad igg   (ha l f - r a t e  < 2 cm/yr)  and  are 
l o c a t e d   i n   t h e   A t l a n t i c  Ocean a;;d Indian  Ocean (F ig .  
1). S y s t e m a t i c   i n v e s t i g a t i o n s   f o r   h y d r o t h e r s a l  mine- 
r a l i z a t i o n  were  performed  along 1800 km-long p o r t i o n s  
of the  ?Ed-Atlantic  Ridge ( U R )  c r e s t   b e t w e e n   l a t i t u d e  
10' and 27"N i n   t h e   c e n t r a l   N o r t h   A t l a n t i c ,  and t h e  
Carlsberg  Ridge (CR) c r e s t   b e t v e e n   l a t i t u d e  5'5 and 
10CN i n   t h e   n o r t h w e s t   I n d i a n  Ocean. C r i t e r i a  
developed  and  appl ied  to   locate   hydrothermal   mineral i -  
z a t i o n   i n c l u d e   c h a r a c t e r i s t i c   s e a f l o o r   m o r p h o l o g y ,  

def in i t ive   magnet ic   s igna ture ,   composi t ion   and   mine-  
ra logy  of sed iments   and   rocks ,   and   cer ta in  water 
p r o p e r t i e s  ( 3He ; near-bot tom water tempera ture) .  The 
two s low-sp read ing   ocean ic   r i dges   i nves t iga t ed   exh ib i t  
a s e g m e n t e d   s t r u c t u r e   v i t h   l i n e a r   s e c t i o n s  of r i f t  
v a l l e y   a l t e r n a t i n g   w i t h   r i d g e - r i d g e   t r a n s f o r m   f a u l t s  
a t  an  average  spacing of 75 km. The i n v e s t i g a t i o n s  
r e v e a l e d   h y d r o t h e r m a l   m i n e r a l   d e p o s i t s   t h a t  were 
concen t r a t ed  by h i g h - i n t e n s i t y   h y d r o t h e r m a l   a c t i v i t y  
a t   l o c a l i z e d  s i tes  of anomalously  high  thermal  
g r a d i e n t s  and p e r m e a b i l i t i e s   w i t h i n   t e c t o n i c   s e t t i n g s  
r e l a t e d   t o   t h e   s e g m e n t e d   s t r u c t u r e   o f   t h e   r i d g e s  as 
fo l lows:  (1) The w a l l   a l o n g   l i n e a r   s e c t i o n s  of t h e  
r i f t   v a l l e y  where  normal f a u l t s   a c t  as c o n d u i t s   f o r  
deep- sea t ed ,   l ong- l ived   hydro the rma l   ac t iv i ty ,   w i th  
depos i t i on   o f   d i s semina ted ,   s tockwork ,  and poss ib ly  
m a s s i v e   p o l y m e t a l l i c   s u l f i d e s   i n f e r r e d   b e n e a t h   t h e  
s e a f l o o r   a s  a consequence of subsurface  mixing of 
high-ismperature   hydrothermal   solut ions  with  normal  
seawater, d e p o s i t i o n  of Fe-t4n oxides ,   hydroxides   and  
s i l i c a t e s  as l aye red   bod ie s  a t  t h e   b a s a l t / s e a w a t e r  
i n t e r f a c e ,  and p r e c i p i t a t i o n  of f e r r i c   h y d r o x i d e  
pa r t i c l e s   f rom  the   d i scha rg ing   so lu t ion   r educed   i n  
tempera ture  and d e p l e t e d   i n   m e t a l s ;   e x a m p l e s   a r e   t h e  
TAG Hydrothermal   F ie ld   and   f ive   addi t iona l   candida te  
si tes i d e n t i f i e d   a l o n g   t h e  MAR. ( 2 )  The i n t e r s e c t i o n  
o f   t h e   r i f t   v a l l e y   w i t h   r i d g e - r i d g e   t r a n s f o r m   f a u l t s  
where   th inning   of   oceanic   c rus t   and   fau l t ing   has  
exposed  disseminated  and  stockwork Cu-Fe s u l f i d e s ;  
examples  occur i n   t h e  Vema and Romanche f r a c t u r e   z o n e s  
of  the HAR and t h e   V i t y a z   f r a c t u r e   z o n e  of t he  CK. 
( 3 )  Tne a x i a l  zone of t h e   r i f t   v a l l e y   c o n s t i t u t e s   a n  
i n a d e q u a t e l y   e x p l o r e d   p r o v i n c e   w i t h   t h e   p o s s i b i l i t y  
for   the   occur rence   o f   mass ive   su l f ides .   Evidence  
p r e s e n t e d   i n d i c a t e s   t h a t   e x t e n s i v e   h y d r o t h e r m a l  
m i n e r a l i z a t i o n   o c c u r s  on s lox - sp read ing   ocean ic   r i dges  
b u t ,   u n l i k e   t h a t  on i n t e r m e d i a t e -   t o   f a s t - s p r e a d i n g  
r i d g e s   i n   t h e   P a c i f i c  Ocean,  the  bulk of the   h igh-  
t e m p e r a t u r e   m i n e r a l i z a t i o n   o c c u r s   b e n e a t h   t h e  
s e a f l o o r .  
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Fig. 1: World map showing   boundar i e s   o f   l i t hosphe r i c   p l a t e s   (d ive rgen t   p l a t e   boundar i e s  are s e a f l o o r   s p r e a d i n g  
c e n t e r s ) ,   l o c a t i o n s   o f  known hydro the rma l   depos i t s   (do t s )  a t  s e a f l o o r   s p r e a d i n g   c e n t e r s ,   a n d   b e l t s   o f  
oceanic   c rus t   exposed  on l a n d   ( o p h i o l i t e s )   ( f r o m   b n a ,  1982, MTS Journa l ,  V. 16, No. 3).  
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