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A b s o r p t i o n  bands  of  pyroxenes dominate  v i s i b l e  and n e a r - i n f r a r e d  r e f l e c -  
t a n c e  s p e c t r a  of l u n a r  m a t e r i a l s  (1) .  P o s i t i o n s  and i n t e n s i t i e s  of pyroxene 
a b s o r p t i o n  f e a t u r e s  are s e n s i t i v e  t o  composi t ion ,  and observed  r e f l e c t a n c e  
s p e c t r a ,  t h e r e f o r e ,  may b e  r e l a t e d  t o  a v e r a g e  pyroxene composi t ion .  I n t e r p r e -  
t a t i o n  of  d i f f u s e  r e f l e c t a n c e  s p e c t r a  must  b e  based ,  i n  p a r t ,  on c o r r e l a t i o n s  
between compos i t i on  and a b s o r p t i o n  s p e c t r a  of  m i n e r a l s .  F e a t u r e s  of  s i n g l e -  
c r y s t a l  p o l a r i z e d  a b s o r p t i o n  s p e c t r a  o f  pyroxenes have  been r e p o r t e d  by many 
i n v e s t i g a t o r s  (2 ) .  V a r i a t i o n s  have  been no ted  among s p e c t r a  from pyroxenes  of  
d i f f e r e n t  compos i t i ons ,  b u t  t h e  q u a n t i t a t i v e  n a t u r e  of  t h e s e  v a r i a t i o n s  h a s  
n o t  been comple t e ly  documented. C o n t r o v e r s y  e x i s t s  o v e r  t h e  o r i g i n  o f  s e v e r a l  
a b s o r p t i o n  f e a t u r e s ,  and l i t t l e  a t t e n t i o n  h a s  been devoted  t o  t h e  e f f e c t s  of  
zoning ,  e x s o l u t i o n ,  o r  c a t i o n  o r d e r i n g  on t h e  s p e c t r a  of  pyroxenes.  I n  t h i s  
s t u d y  we r e p o r t  q u a n t i t a t i v e  v a r i a t i o n s  o f  pyroxene a b s o r p t i o n  s p e c t r a  w i t h  
compos i t i on ,  zon ing  and e x s o l u t i o n .  

P o l a r i z e d  a b s o r p t i o n  s p e c t r a  of  f i f t e e n  l u n a r  pyroxenes and s y n t h e t i c  
o r t h o f e r r o s i l i t e ,  FeSi03, were  measured  on p o l i s h e d ,  o r i e n t e d  s i n g l e  c r y s t a l s  
u s i n g  t e c h n i q u e s  of  Mao and B e l l  (3) .  Composi t ions  of  t h e s e  specimens and 
e i g h t e e n  p r e v i o u s l y  d e s c r i b e d  pyroxenes a r e  d i s t r i b u t e d  ove r  much of t h e  
pyroxene q u a d r i l a t e r a l ,  and have  s i g n i f i c a n t  chromium (0.0 t o  1.5% Cr2O3) and 
t i t a n i u m  (0.0 t o  5.3% Ti02)  v a r i a t i o n s  a s  w e l l .  

Major  f e a t u r e s  i n  a l l  l u n a r  pyroxene s p e c t r a  a r e  i n t e n s e  a b s o r p t i o n  bands 
a t  1 pm and 2  ym, a  s h a r p  peak o r  d o u b l e t  a t  505 nm, and a n  i n t e n s e  a b s o r p t i o n  
edge  below 700 nm. A d d i t i o n a l  weaker  peaks i n  t h e  v i s i b l e  r e g i o n  of  many 
pyroxene s p e c t r a  a r e  peaks a t  425 and 550 nm, and broad  a b s o r p t i o n  maxima a t  
460-480 and 630-660 nm. The a b s o r p t i o n  spec t rum of FeSi03 p r o v i d e s  unambigu- 
ous ass ignment  of  f e a t u r e s  due t o  ~ e ~ +  i n  o c t a h e d r a l  c o o r d i n a t i o n .  Maxima a t  
1 and 2  pm, and 430, 460-480, 505, and 550 nm are observed  i n  t h e  f e r r o s i l i t e  
spec t rum and a r e ,  t h e r e f o r e ,  a s s i g n e d  t o  ~ e ~ +  c r y s t a l  f i e l d  e f f e c t s  (4). 

S y s t e m a t i c  v a r i a t i o n s  i n  t h e  p o s i t i o n s  of  t h e  1 and 2  pm bands w i t h  com- 
p o s i t i o n ,  as p r o j e c t e d  o n t o  t h e  pyroxene q u a d r i l a t e r a l ,  a r e  i l l u s t r a t e d  i n  
F i g .  1, which a g r e e s  w i t h  p r e v i o u s  s e m i - q u a n t i t a t i v e  p l o t s  ( 5 , 6 ) ,  The ene rgy  
of  t h e s e  bands d e c r e a s e s  w i t h  i n c r e a s i n g  F e  and Ca; a d d i t i o n  of  c a l c i u m  and 
i r o n  t o  e n s t a t i t e  i n c r e a s e s  t h e  s i z e ,  and a l t e r s  t h e  d i s t o r t i o n ,  o f  o c t a h e d r a l  
s i t e s ,  t h u s  l ower ing  t h e  t r a n s i t i o n  ene rgy .  

The broad  band a t  640 nm h a s  been  a s s i g n e d  v a r i o u s l y  t o  ~e~~ (7), t i t a n -  
ium (2), and crN (8 ) .  The i n t e n s i t y  o f  t h i s  band c o r r e l a t e s  w e l l  w i t h  C r  3+ 
(F ig .  2) ,  b u t  n o t  w i t h  i r o n  o r  t i t a n i u m .  

The s h a r p  peak a t  505 tnn i s  a  d o u b l e t  i n  most  low-calcium pyroxenes,  b u t  
a  s i n g l e t  i n  a u g i t e s .  T h i s  d i f f e r e n c e  is a s c r i b e d  t o  t h e  lower symmetry of  
t h e  M 1  s i t e  i n  p i g e o n i t e s  and o r thopyroxenes ,  compared t o  a u g i t e s .  The p o s i -  
t i o n  of  t h e  505 nm peak v a r i e s  from 504 nm n e a r  e n s t a t i t e  t o  511 nm n e a r  hed-  
e n b e r g i t e ,  i n  a manner s i m i l a r  t o  t h a t  i l l u s t r a t e d  i n  F i g .  1. 

I n t e n s i t y  of  t h e  broad  maximum a t  460-480 nm c o r r e l a t e s  w i t h  t i t a n i u m  (2) 
b u t  t h e  peak is  a l s o  observed  i n  pu re  FeSiOg. T h i s  f e a t u r e  is ,  t h e r e f o r e ,  
a t t r i b u t e d  t o  a s u p e r p o s i t i o n  o f  i r o n  and t i t a n i u m  a b s o r p t i o n  e f f e c t s .  The 
s l o p e  o f  t h e  a b s o r p t i o n  edge  below 700 nm a l s o  c o r r e l a t e s  w e l l  w i t h  t i t a n i u m  
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F i g u r e  1. P o s i t i o n s  of  t h e  1 and 2  pm a b s o r p t i o n  maxima v s .  compos i t i on ,  
p r o j e c t e d  o n t o  t h e  pyroxene q u a d r i l a t e r a l .  S o l i d  l i n e s  = 1, dashed  = 2 pm. 

- -- 
and T e r r e s t r i a l  M i n e r a l s  (C. ~ a r r ,  e d ) ,  - 
Academic P r e s s ,  91-116. (2) Burns R. G. 

( c a l c u l a t e d  as T i 0  ), i l l u s t r a t e d  i n  F i g .  3. 
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a b s o r p t i o n  edge t o  complex c h a r  e  t r a n s f e r  A-8 
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F i g .  2, 640 nm peak vs Cr203 

- 
A b s o r p t i o n  Edge - 

- 
X - 

- 

X I I 1 I 
0.4 0.8 1 . 2  1 . 6  - 

Weight % T i 0 2  

F i g .  3 .  A b s o r p t i o n  edge v s  T i02  
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