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INTRODUCTION. The p o t e n t i a l  s i g n i f i c a n c e  of an  Fe-rich s u l f i d e  phase i n  
magma pe t rogenes i s  and i n  p l a n e t a r y  d i f f e r e n t i a t i o n  p rocesses  is  recognized 
but  n o t  w e l l  understood (1) p a r t l y  because of t h e  l a c k  of exper imental  d a t a  
on s i l i c a t e - s u l f i d e  systems. For example, some b a s a l t s  on t h e  e a r t h  a r e  very 
c l o s e  t o  s a t u r a t i o n  w i t h  an Fe-rich s u l f i d e  when extruded (3) bu t  t h e  a f f e c t  
of t h e  v a r i o u s  i n t e n s i v e  parameters on t h e  s o l u b i l i t y  of S  i n  b a s a l t i c  mel t s  
is no t  w e l l  known. A s  a  r e s u l t ,  i t  i s  no t  c l e a r  whether FeS is  a  r e s i d u a l  
phase i n  t h e  source  reg ions  of t h e s e  m a g m a s ,  o r  whether FeS f r a c t i o n a t i o n  
occurred as t h e  magmas moved t o  t h e  s u r f a c e .  There is a l s o  t h e  unsolved pro- 
blem regard ing  t h e  presence of l i g h t  elements i n  t h e  c o r e s  of t e r r e s t r i a l  
type  p l a n e t s .  S u l f u r  has  been proposed as one of t h e  elements l i k e l y  t o  be 
p resen t  i n  t h e  e a r t h ,  t h e  Moon and i n  Mars (3 ,4 ,5)  but  t h e  b a s i c  s u l f i d e -  
s i l i c a t e  element p a r t i t i o n i n g  d a t a  requ i red  t o  test t h i s  hypothesis  i s  
l ack ing .  Two s e t s  of experiments are desc r ibed  h e r e  which a t tempt  t o  answer 
some of t h e  above ques t ions .  

BASALT-C-0-F~-S EXPERIMENTS. The i n i t i a l  set-up of experiments i n  t h i s  
system (Table 1 )  c o n s i s t s  of a  mixture  of b a s a l t  ( g l a s s  o r  p a r t l y  c r y s t a l -  
l i n e )  + FeS + minor FeC03 surrounding a  t h i n  s t r i p  of Fe- fo i l ,  a l l  i n  a  spec- 
pure  g r a p h i t e  c o n t a i n e r  s e a l e d  i n  P t .  These samples were run i n  an i n t e r -  
n a l l y  heated p r e s s u r e  v e s s e l  i n  t h e  range 1 a t m  t o  5  kb and 1050' t o  1250'~.  - 
Most experiments were above t h e  b a s a l t  l i q u i d u s .  The r e s u l t i n g  assemblage i n  
each case  was a  s i l i c a t e  melt  mass i n  t h e  g r a p h i t e  n e a r l y  surrounded by l ens -  
shaped FeS-rich masses (Fig .  1 ) .  The FeS commonly conta ined one o r  more 
s p h e r i c a l  b l e b s  of Fe-metal (Fig .  2 ) .  Very smal l  (<IOU) s p h e r u l e s  of FeS and 
Fe a l s o  occur  s c a t t e r e d  through t h e  s i l i c a t e .  The morphology of t h e  phases 
produced i n  t h e s e  experiments c l e a r l y  i n d i c a t e s o t h a t  t h e  Fe-metal a s  w e l l  as 
t h e  s u l f i d e  and s i l i c a t e  were molten above 1150 C .  Th i s  i s  w e l l  below t h e  
two-liquid f i e l d  i n  t h e  Fe-S-0 system ( 6 ) ,  but  t h e  l i q u i d  s t a t e  of Fe i s  con- 
s i s t e n t  w i t h  Fe-C phase r e l a t i o n s  (7 )  which i n d i c a t e  an  Fe-rich e u t e c t i c  
conta ining 4.2 wt% C a t  1 1 5 3 ~ ~ .  W e  have confirmed t h i s  obse rva t ion  wi th  our  
own 1 a t m  experiments.  

The basalt-C-0-Fe-S experiments do n o t  s i g n i f i c a n t l y  change t h e  conclu- 
s i o n s  reached i n  recen t  exper imental  s t u d i e s  (8,9) a s  regards  S s o l u b i l i t y  
i n  b a s a l t s .  The s o l u b i l i t y  is  (a )  s t r o n g l y  a  f u n c t i o n  o f  FeO i n  t h e  mel t  and 
(b) i t  remains e s s e n t i a l l y  cons tan t  w i t h  i n c r e a s i n g  p r e s s u r e  i n  t h e  system. 
The temperature  e f f e c t  cannot be eva lua ted  from t h e s e  experiments,  bu t  
Danckwerth (9) has  found it t o  be very complex. Poss ib ly  a  more important  
outcome of t h e s e  experiments is t h e  observa t ion  t h a t  t h e  M.P. of Fe-metal 
c o e x i s t i n g  wi th  g r a p h i t e  and an FeS r i c h  phase i s  lowered t o  l e s s  than 1150°C 
(from 1320'~) because t h e  metal  c o n t a i n s  4  w t %  C (along wi th  1% o r  l e s s  of S, 
P  and S i ) .  It would appear  t h a t  a t  a p p r o p r i a t e l y  low f o 2 ' s ,  and a t  l e a s t  a t  
low p r e s s u r e s  such as t h o s e  i n  t h e  Moon and some m e t e o r i t e  pa ren t  bod ies ,  
s i g n i f i c a n t  amounts o f  C and some S i  and P a s  w e l l  a s ' s  and 0  (1)  could have 
been removed w i t h  s e p a r a t i o n  of a  metal  phase dur ing e a r l y  mel t ing even t s .  

BASALT-H-0-Fe-S EXPERIMENTS. I n  an a t tempt  t o  e v a l u a t e  t h e  r o l e  of H on 
s u l f u r  s o l u b i l i t y  i n  b a s i c  magmas, experiments have been done on t h e  same two 
b a s a l t s  s t u d i e d  i n  t h e  H-free system and on a  n a t u r a l  d a c i t e  (Table 1 ) .  These 
experiments were a l s o  done w i t h  excess  Fe and FeS, bu t  i n  s e a l e d  P t  capsu les  
p rev ious ly  s a t u r a t e d  w i t h  Fe. The f H  was c o n t r o l l e d  e x t e r n a l l y  by a C-CH, 
assemblage. The phases  produced i n  a a d i t i o n  t o  s i l i c a t e s  were two Fe-Pt 
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a l l o y s  w i t h  compos i t i ons  c l o s e  t o  t h o s e  d e f i n e d  by t h e  s o l v u s  i n  t h i s  sys -  
t e m  ( 7 ) ,  a n  Fe- r ich  s u l f i d e  and a vapor .  

The impor tance  o f  t h e s e  expe r imen t s  (Tab le  1 )  i s  t h a t  t hey  ( a )  demonst- 
rate hydrothermal  s i l i ca t e  m e l t - s u l f i d e  expe r imen t s  can be  done (b)  i n d i -  
cate t h a t  t h e  p r e s e n c e  o f  H produces  abou t  a 50% i n c r e a s e  i n  t h e  amount o f  
s u l f u r  i n  a b a s a l t i c  m e l t  r e l a t i v e  t h a t  i n  s i m i l a r ,  b u t  d r y ,  m e l t  sy s t ems ,  
( c )  show t h a t  amphibole can  be  s t a b l e  up t o  1 0 7 0 ~ ~  a t  2 kb ,  which i s  2000 
above t h e  breakdown t e m p e r a t u r e  when P = 0 . 6  PF. 
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TABLE 1: SILICATE-SULFIDE-Fe-METAL EXPERIMENTS 

# s t a r t i n g 1  T P  Time 
M a t e r i a l  OC Kb h r s .  - -  - - -  

System C-0-S 

System H-0-S 

46B 1 1080 2.0 3 

69B 3  950 2.0 5  

45 1 1070 2.0 3 

products2  - Composition i n  wtX 
S i l i c a t e  Melt Fe Metal  

FeO S  -- 

1 4 . 3  .23  Olv. ,  Fe,  FeS, G 

14.6 .05 Pyx.,  P l a g . ,  G 

1 2 .  .05 Olv . ,  Amph., Fe,  FeS, G 

1 S t a r t i n g  M a t e r i a l s  a r e  (1) An evolved  b a s a l t ,  1 0 8 0 ~ ~  dry  l i q u i d u s ,  FeO= 1 2 . 0 ,  Si02= 54. 
(2)  A n a t u r a l  p r i m i t i v e  t h o l e i i t e  (Do8) and (3)  A M t .  S t .  Helens d a c i t e .  

2 Products  a l s o  i n c l u d e d  an FeS-rich mel t  which s e p a r a t e d  i n t o  FeS and Fe meta l  dur ing  
t h e  quench. The s c a l e  of s e p a r a t i o n  makes a n a l y s i s  by microprobe ex t remely  d i f f i c u l t .  

F i g u r e s  1 and 2: Assemblage i n  e x p e r  iment  !/ 3%. 
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