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A s e r i e s  o f  e x p e r i m e n t s  has been c a r r i e d  o u t  t o  d e t e r m i n e  t h e  
d i s t r i b u t i o n  o f  C r  between ch romi te  s p i n e l  and a  h i g h  s i l i c a ,  h i g h  magnesium 
basal  t i c  1  i q u i d .  The s t a r t i n g  m a t e r i a l  was a  s y n t h e t i c  g lass,  hav ing  a  
compos i t ion  ( t a b l e  1 )  r e p r e s e n t a t i v e  o f  t h e  "U-type" l i q u i d s  thought  t o  be 
pa ren ta l  t o  t h e  ch romi te  - b e a r i n g  cumulates o f  t h e  S t i l l w a t e r  and Bushveld 
Complexes [1,21. These exper iments a re  t h e r e f o r e  d i r e c t l y  a p p l i c a b l e  t o  
s t u d i e s  of ch romi te  seams i n  l a y e r e d  i n t r u s i o n s .  

Exper iments were c a r r i e d  out  i n  D e l t e c  v e r t i c a l  gas m i x i n g  furnaces,  
u s i n g  CO/C02 .gas m i x t u r e s  t o  c o n t r o l  oxygen f u g a c i t i e s .  The s t a r t i n g  g lass  
was doped w i t h  20-30% S t i l l w a t e r  b r o n z i t e ,  and e i t h e r  1% Cr203 o r  5% 
S t i  l l w a t e r  chromi te ,  t o  ensure t h e  presence o f  bo th  or thopyroxene and 
ch romi te  as run products .  Sgme exper iments were taken up t o  t h e  l i q u i d u s  o f  
t h e  b u l k  compos i t ion  (1360 C) and coo led t o  t h e  f i n a l  temperature,  w h i l e  
o t h e r s  were taken d i r e c t l y  t o  temperature;  charges were h e l d  a t  t h e  f i n a l  
temperature  f o r  t h r e e  t o  e leven days. 

F i g u r e  1 shows t h e  chrome con ten t  (expressed as wt. % Cr203) o f  t h e  
quenched g lass  f o r  s p i n e l  s a t u r a t e d  runs, as a  f u n c t i o n  o f  temperature  f o r  
runs c a r r i e d  out  a long and between t h e  NNO, QFM, WM and I W  oxygen b u f f e r  
curves.  The bes t  f i t  curves rep resen t  t h e  Cr con ten t  o f  t h e  m e l t  a t  which 
ch romi te  begins t o  c r y s t a l l i z e .  C r  s o l u b i  1  i t y  increases w i t h  temperature  
a1 ong each b u f f e r ,  and increases w i t h  decreas ing oxygen f u g a c i t y  a t  cons tan t  
temperature.  The l a t t e r  e f f e c t  i s  a t t r i b u t a b l e  t o  an i n c r e a s i n g  r a t i o  of 
d i v a l e n t  t o  t r i v a l e n t  chrome i n  t h e  mel t ,  as found by [3]; C r ( I 1 )  i s  
a p p a r e n t l y  much more s o l u b l e .  

The change i n  C r ( I I I ) / C r ( I I )  r a t i o  may be q u a n t i f i e d  by c o n s i d e r i n g  t h e  
exchange r e a c t i o n  * 

Cr20 + A1 203 + Fe203 = Cr2U3 + A1 20 
k me12 s p ~ n e l  s p i n e l  s p i n e l  me1 Q t me1 

where A1 O 3  i n d i c a t e s  " f r e e "  network-modi fy ing  A1 i n  t h e  m e l t  a f t e r  a l l o w i n g  21 f o r  comp e x i n g  o f  A1 t o  fo rm NaAlO and KA102 ( f o l l o w i n g  t h e  t w o - l a t t i c e  
model f o r  s i l i c a t e  m e l t  s t r u c t u r e  ~ 4 3 ) .  Th i s  approach i s  designed t o  reduce 
t h e  e f f e c t  o f  changing m e l t  composi t ion.  The e x p e r i m e n t a l l y  determined 
d i s t r i b u t i o n  c o e f f i c i e n t  K t D  f o r  t h i s  r e a c t i o n  i s  p l o t t e d  aga ins t  r e c i p r o c a l  
temperature  i n  f i g u r e  2, i n  which a l l  Cr i s  expressed as C r ( I I 1 ) .  K t D  i s  
t h e r e f o r e  an apparent  value;  t h e  r a t i o  o f  t h i s  va lue t o  t h e  t r u e  K  f o r  t h e  
t r i v a l e n t  Cr o n l y  i s  t hen  equal t o  t h e  r a t i o  o f  C r ( I I 1 )  t o  t o t a l  er i n  t h e  
me l t  (assuming t h a t  a l l  t h e  C r  i n  t h e  s p i n e l  i s  C r ( I I 1 ) .  The coherence o f  a l l  
t h e  exper imenta l  p o i n t s  a t  and above t h e  WM b u f f e r  suggests t h a t  e s s e n t i a l l y  
a l l  of t h e  C r  i n  t h e  m e l t  f o r  t hese  runs i s  as C r ( I I 1 ) .  The reg ress ion  l i n e  
i n  f i g u r e  2  t h e r e f o r e  g i ves  t h e  t r u e  K  , enab l i ng  t h e  mole f r a c t i o n  of 
C r ( I I 1 )  t o  t o t a l  C r  t o  be c a l c u l a t e d  f o r  a h  t h e  reduced runs. The r e s u l t s  of 
t h i s  c a l c u l a t i o n  are p l o t t e d  i n  f i g u r e  3. The p r o p o r t i o n  o f  C r ( I I 1 )  decreases 
s y s t e m a t i c a l l y  w i t h  l ower  oxygen f u g a c i t y ,  and i s  dependent o n l y  ( w i t h i n  
exper imenta l  u n c e r t a i n t y )  on oxygen f u g a c i t y  r e l a t i v e  t o  t h a t  o f  QFM a t  any 
temperature.  

C r y s t a l  1  i z a t i o n  of t h i c k ,  massive chromi te  seams requ i  res  a  mechanism 
f o r  pushing a  magma suddenly i n t o  a  f i e l d  o f  supersa tu ra t i on  w i t h  respect  t o  
Cr. E i t h e r  r a p i d  c o o l i n g  o r  r a p i d  o x i d a t i o n  o f  a  chromi te  - s a t u r a t e d  l i q u i d  
cou ld  achieve t h i s  r e s u l t .  M i x i n g  o f  two magmas o f  c o n t r a s t i n g  redox s t a t e  
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may be a  p o t e n t i a l  mechanism. M i x i n g  o f  two cogene t i c  ch romi te  - s a t u r a t e d  
l i q u i d s  a t  d i f f e r e n t  t e m p e r a t u r e s  a l o n g  t h e  I W  b u f f e r  c o u l d  p r o d u c e  
s u p e r s a t u r a t i o n ,  owing t o  t h e  sense o f  c u r v a t u r e  o f  t h e  ch romi te  s a t u r a t i o n  
surface,  b u t  t h i s  mechanism would n o t  opera te  a t  QFM, where t h e  s a t u r a t i o n  
sur face i s  1  i near  w i t h  temperature.  
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represent 2 x standard e r r o r  of mean probe determinat ion. 
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FIGURE 2. Apparent d i s t r i b u t i o n  c o e f f i c i e n t  K '  f o r  Cr - 
A1 - Fe3+ exchange between sp lne l  and melt. D~eg ress ion  
l i n e  i s  f o r  W and above (c losed symbols) only. 

FIGURE 3. Calculated r a t i o  o f  C r ( I I 1 )  t o  t o t a l  Cr 
f unc t i on  o f  oxygen fugac i t y  ( r e l a t i v e  t o  t h a t  o f  
b u f f e r  a t  temperature o f  each experiment). 
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