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Fol lowing  t h e  d i s c o v e r y  o f  s u b s t a n t i a l  amounts o f  Ti3+ i o n s  
i n  o range  s o i l  74220 ( l ) ,  w e  have a t t empted  t o  e s t a b l i s h  t h e  
p re sence  of t h i s  reduced  o x i d a t i o n  s t a t e  o f  t i t a n i u m  i n  pyroxenes  
from Apol lo  17  r o c k s  70017, 71055, and 74275. W e  p r e s e n t  h e r e  
ev idence  f o r  t r i v a l e n t  t i t a n i u m  i n  t h e s e  Apo l lo  17  pyroxenes ,  
based  on a b s o r p t i o n  s p e c t r a l  measurements,  e l e c t r o n  microprobe 
a n a l y s e s  of pyroxene p h e n o c r y s t s ,  and Mossbauer spec t roscopy  of 
pyroxenes s e p a r a t e d  from c rushed  r o c k .  

Xicroprobe  a n a l y s e s  r e p r e s e n t a t i v e  of t h e  pyroxenes s t u d i e d  
a r e  summarized i n  t a b l e  1. There i s  a  g e n e r a l  t r e n d  o f  d e c r e a s -  
i n g  c r y s t a l l i n i t y ,  i n c r e a s i n g  t i t a n i u m  c o n t e n t ,  and i n c r e a s i n g  
" r e d n e s s "  from cinnamon-brown t o  r e d  i n  t h e  rock  sequence 70017, 
71055, and 74275. The pyroxenes a r e  s u b s i l i c i c ,  b u t  t h e r e  i s  
g e n e r a l l y  s u f f i c i e n t  aluminum p r e s e n t  t o  f i l l  t h e  t e t r a h e d r a l  
s i tes .  A l l  t h e  i r o n  i s  r e p o r t e d  i n  t h e  d i v a l e n t  s t a t e :  Mossbauer 
s p e c t r o s c o p y  o f  t h e  hand-picked pyroxene s e p a r a t e s  f a i l e d  t o  
d e t e c t  any f e r r i c  i r o n ,  which ( i f  p r e s e n t )  must  b e  below t h e  
d e t e c t i b i l i t y  l i m i t  of  1% ~ e ~ +  i n  t h e  t o t a l  Fe. Th i s  e l i m i n a t e s  
t h e  need t o  c o n s i d e r  an acmi t e  ( N a ~ e 3 + ~ i ~ 0 6 )  component. The Na 
and  Mn c o n c e n t r a t i o n s  a r e  g e n e r a l l y  low, b u t  t h e r e  a r e  s i g n i f i -  
c a n t  amounts of C r  i n  t h e  pyroxenes from a l l  t h r e e  rocks .  I n  t h e  
c r y s t a l  chemical  a n a l y s e s  summarized i n  f i g u r e  1, we assume t h a t  
o n l y  ~ 1 3 +  o c c u r s  w i t h  S i  i n  t h e  t e t r a h e d r a l  s i t e s .  Chromium i s  
t h u s  assumed t o  be  c o n t a i n e d  i n  t h e  components R ~ + c ~ s ~ A ~ o ~  and 
NaCrSi206, which a c c o u n t s  f o r  a l l  t h e  sodium and e l i m i n a t e s  con- 
s i d e r a t i o n  of  an  N a ~ i 3 + ~ i 2 0 6  com o n e n t .  T i  (111) and T i  ( I V )  a r e  
t h e n  r e p r e s e n t e d  by components R4+Ti3+SiA1O6 and ~ ~ + ~ i 4 + ~ 1 2 0 6 ,  
r e s p e c t i v e l y ,  co r r e spond ing  t o  t h e  well-known r a t i o s  T i : A 1  = 1:l 
and 1 : 2 ,  r e s p e c t i v e l y  ( 2 ) .  The microprobe d a t a  p l o t t e d  i n  f i g u r e  
1 on t h e  b a s i s  of t h e s e  assumpt ions  and i d e a l i z e d  components f a l l  
between t h e s e  r a t i o s ,  s u g g e s t i n g  t h a t  s i g n i f i c a n t  amounts of  tit- 
anium occur  a s  ~ i 3 +  i o n s  i n  t h e  Apol lo  17 pyroxenes .  

The p r e s e n c e  o f  ~ i ~ +  i o n s  was confirmed by measurements of  
t h e  e l e c t r o n i c  s p e c t r a  i n  t h e  v i s i b l e  r e g i o n .  F i g u r e  2 shows t h e  
spec t rum of an  i n t e n s e  r e d  pyroxene i n  rock  74275. The broad  
i n t e n s e  band c e n t e r e d  around 21,000 cm-1 i s  a t t r i b u t e d  t o  Ti3+ 
i o n s ,  and i s  l o c a t e d  on t h e  a b s o r p t i o n  edge of  an  oxygen += m e t a l  
(Fe2+, ~ i 3 + ,  ~ i 4 + )  cha rge  t r a n s f e r  band c e n t e r e d  i n  t h e  n e a r  
u l t r a v i o l e t  ( 3 )  . The band a t  21,000 cm-1 i n  l u n a r  pyroxenes h a s  
been a t t r i b u t e d  t o  an  Fe2+ + T i 4 +  i n t e r v a l e n c e  cha rge  t r a n s f e r  
t r a n s i t i o n  ( 4 ) .  However, w e  a s s i g n  i t  t o  a  c r y s t a l  f i e l d  t r a n s -  
i t i o n  i n  Ti3+ by ana logy  w i t h  a  s i m i l a r  b road  s p e c t r a l  f e a t u r e  
measured ( 4 ,  5 )  i n  t h e  ~ i ~ +  f a s s a i t e  from t h e  Al l ende  m e t e o r i t e .  
The complimentary c r y s t a l  f i e l d  band around 16,000 cm-1 a r i s i n g  
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from ~ i 3 +  i o n s  i n  t h e  d i s t o r t e d  
obscured by t h e  a b s o r p t i o n  edge 
i o n .  The s p e c t r a l  d a t a  confirm 

pyroxene M 1  si tes ( 6 )  i s  
descending i n t o  t h e  v i s i b l e  reg-  
t h e  evidence c i t e d  e a r l i e r  ( 7 )  

f o r  t r a c e s  bf Ti3+ i o n s  i n  c e r t a i n  Apollo 11 and Apollo 15 
pyroxenes. Work i n  p rogress  i s  aimed a t  e s t a b l i s h i n g  ~ e ~ + / T i 3 +  
r a t i o s  and a s s i g n i n g ,  unambiguously, assignments of e l e c t r o n i c  
t r a n s i t i o n s  from high p r e s s u r e  absorp t ion  spect roscopy of t h e  
lunar  minera l s  (8 )  . 
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Table 1, REPRESENTATIVE ANALYSES FOR APOLLO 17 PYROXENES 
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F i g u r e  1. R e l a t i o n s h i p s  between / 'T i  and A 1  from microprobe d a t a .  
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F i g u r e  2.  Unpolar ized  a b s o r p t i o n  
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