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Vis ib le - in f ra red  r e f l e c t a n c e  s p e c t r a  a r e  used t o  de te rmine  minera log ica l  
composi t ions  and c l a s s i f i c a t i o n  of  s u r f a c e  m a t e r i a l  of minor p l a n e t s  and Lunar 
near-s ide  s u r f a c e  (1,2). Some models have been proposed t o  r e l a t e  t h e  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  of mix tu res  from knowing t h o s e  of end members (3). Major 
c o n t r o l l i n g  f a c t o r s  governing t h e  r e f l e c t a n c e  s p e c t r a  of minera l  mix tu res  a r e  
i n t e n s i t y  of c r y s t a l  f i e l d  absorp t ions ,  g r a i n  s i z e s ,  and minor opaque mine- 
rals. Although e f f e c t s  of  each f a c t o r  on two-components mix tu res  have been 
s t u d i e d  (1,4), few measurements were s y s t e m a t i c a l l y  made f o r  three-components 
mix tu res  w i t h  v a r i e t y  of g r a i n  s i z e s  (5,6). 

We r e p o r t  r e s u l t s  of r e f l e c t a n c e  s p e c t r a  f o r  powdered mix tu res  of o l i v i n e  
(Ol), orthopyroxene (Opx), and c l i n o p y r o x e n e  (Cpx), f o r  f o u r  d i f f e r e n t  g r a i n  
s i z e s .  Fig.1 shows  v a l u e s  o f  m i x i n g  r a t i o s  and g r a i n  s i z e s  u s e d  i n  t h i s  
measurement  f r o n !  0.35 t o  2.5 p m  w i t h  a n  i n t e g r a t i n g  s p h e r e  (4).  Powders  of  
01, Opx and Cpx a r e  separa ted  from a block of s p i n e l  l h e r z o l i t e  (Kilborn ho le ,  
New Mexico), i n  which va lues  of Fe/(Fe+Mg) a r e  about  0.17 f o r  t h r e e  minera ls .  
A b s o l u t e  v a l u e s  o f  r e f l e c t a n c e  i n c r e a s e  and a b s o r p t i o n  peak w i d t h s  become 
na row as g r a i n  s i z e  d e c r e a s e s  (Fig.2). Presence of s m a l l  amount of cr3+ and 
TiZ+ i n  pyroxenes causes  s m a l l  absorp t ion  peaks i n  t h e  v i s i b l e  range and makes 
r e f l e c t a n c e  s p e c t r a  complex (6). 

Because  r e l a t i v e  r e f l e c t a n c e  s p e c t r a  a r e  more  r e l i a b l e  i n  t h e  a c t u a l  
remote  sens ing  obse rva t ions ,  measured s p e c t r a l  r e f l e c t a n c e  is  normal ized t o  
t h a t  a t  1.5 p m  (Fig.3). To t e s t  t h e  p r e d i c t a b i l i t y  o f  t h e  m i x i n g  r a t i o s  f r o m  
t h e  r e f l e c t a n c e  s p e c t r a  of mixtures  (an i n v e r s e  problem), r e l a t i v e  r e f l e c t a n -  
ces a r e  used.  I n  c a s e  of  01, Opx and Cpx m i x t u r e s ,  r e l a t i v e  r e f l e c t a n c e  a t  
1.0, 1.3, 2.0 and 2.3 p m  c a n  b e  good i n d i c a t o r s  t o  i d e n t i f y  t h e  m i x i n g  r a t i o  
(Fig.4). Contour l i n e s  i n d i c a t e  10 % d i f f e r e n c e  of r e l a t i v e  r e f  l ec tances .  

Fig.5 i n d i c a t e s  v a r i a t i o n s  o f  r e l a t i v e  r e f l e c t a n c e  a t  1.0 p m  as a 
f u n c t i o n  of g r a i n  s i z e ,  i n  which open squares  a r e  t h e  mean of averaged va lue  
and  measured  one. S o l i d  s y m b o l s  i n d i c a t e s  t h o s e  o f  01 ,  Opx and Cpx end 
members. A l l  measured va lue  of mix tu res  f a l l  between Opx and Cpx curves. 

By u s i n g  e r r o r  a n a l y s i s ,  t h e  p r o b a b i l i t y  o f  e r r o r  i n  t h e  e s t i m a t i o n  of  
m i x i n g  r a t i o  c a n  b e  c a l c u l a t e d  f o r  e a c h  g r a i n  s i z e .  Fi3.6 shows  th:? : ?c r : ) r  
p r o b a b i l i t y  f o r  01:32<:C2:<=3 :1:2 ~ n i r t u r e s  f o r  t w o  d i f f e r e , l t  gi-:lill . ; ~ L c  3 5 ,  t r l  

which "true" r e l a t i v e  r e f l e c t a n c e  s p e c t r a  of t h e  ;aeasure:i ~ n i x t : l c e  s r s  r,olnpared 
w i t h  t h e  c a l c t l l a t : ~ d  s p ? c t r a  f ro:n t h r e e  end members. Coonto:~r l i n e s  i n d i c a t e  5% 
i n t e r v a l  and s h a d e d  a r e a  i s  s reg i : ,o  of 35 % c ~ ~ f i t i e n c e ,  s o  t h a t  t h e  e r r o r s  
are l a r g e r  i n  s m a l l e r  g r a i n  s i z e  i n  t h e  mixing r a t i o  es t t ;a r?e  qr..)c:.+d;lre. 
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