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The p o t e n t i a l  f o r  composi t ional  a n a l y s i s  of t h e  l u n a r  s u r f a c e  by i n f r a -  
r ed  spectroscopy h a s  long been recognized.  D i f f i c u l t i e s  i n  t h e  i n t e r p r e -  
t a t i o n  of l a b o r a t o r y  d a t a  l e d  t o  t h e  development of a  new t h e o r y ( l )  of t h e  
emit tance s p e c t r a  o f  mineral  powders which h a s  r e s u l t e d i n e x c e l l e n t  agrezment 
between exper imental  measurements and t h e o r e t i c a l  s imula t ions .  ( 2 )  This 
e f f o r t  u t i l i z e d  a  s m a l l  number of model minerals  a s  l i t t l e  d a t a  on t h e  
o p t i c a l  cons tan t s  of minerals  i n  t h e  i n f r a r e d  reg ion  was a v a i l a b l e .  

I n  o r d e r  t o  a s c e r t a i n  t h e  degree  of d i a g n o s t i c  informat ion t h a t  would 
be a v a i l a b l e  i n  t h e  a c t u a l  l u n a r  c a s e ,  we then undertook a  program of 
measurements of t e r r e s t r i a l  analogs  of l u n a r  s o i l s .  (3) This  program 
included emit tance measurements us ing  our Michelson i n t e r f e r o m e t e r  spec t ro -  
meter and t h e o r e t i c a l  p r e d i c t i o n s  based on t h e  a l ready  developed computer 
model, us ing t h e  o p t i c a l  cons tan t s  of t h e  r e l e v a n t  minera l  s p e c i e s .  I n  most 
cases  these  o p t i c a l  c o n s t a n t s  had t o  be developed dur ing  t h e  work due t o  t h e  
l a c k  p rev ious ly  mentioned. We ob ta ined  o p t i c a l  cons tan t s  f o r  d u n i t e ,  
bytowni te ,  a u g i t e ,  i l m e n i t e  and a  mare g l a s s  analog dur ing  t h i s  work. Data 
were obta ined by r e f l e c t a n c e  measurements on homogeneous samples and 
reduced by a  computer program t h a t  f i t s  t h e  d a t a  t o  Lorentz  l i n e  
parameters.  ( 4 )  Using t h e s e  o p t i c a l  cons tan t s  , t h e o r e t i c a l  s imula t ions  were 
made and compared w i t h  t h e  exper imental  d a t a .  The r e s u l t s  i n d i c a t e d  t h a t  
f o r  r e l a t i v e l y  coarse  p a r t i c l e s ,  theory and experiment compare very w e l l ,  
bu t  f o r  f i n e  p a r t i c l e s  t h e  f i t  i s  rendered u n s a t i s f a c t o r y  i n  reg ions  of h igh 
p a r t i c l e  t ransparency owing t o  d i f f i c u l t i e s  i n  o b t a i n i n g  a p p r o p r i a t e  va lues  
of t h e  absorp t ion  index by our  method. We b e l i e v e  t h i s  d e f e c t  can be  
remedied by measuring t ransmi t t ance  s p e c t r a  of t h i n  s e c t i o n s  of t h e  r e l e v a n t  
minerals  i n  such t r a n s p a r e n t  regions .  

Owing t o  e a r l y  r e p o r t s  ( 5 y  6, of t h e  very low c o n t r a s t  i n h e r e n t  i n  t h e  
l u n a r  spectrum, and r e c o g n i t i o n  t h a t  c o n t r a s t  r educ t ion  would occur because 
of t h e  high g l a s s  c o n t e n t ,  t h e  presence of many very  smal l  m e t a l l i c  
p a r t i c l e s  i n  t h e  l u n a r  a g g l u t i n a t e s ,  and t h e  f i n e  p a r t i c l e  n a t u r e  of 
t h e  l u n a r  s o i l s ,  we began a s tudy  of t h e  l u n a r  s o i l s  themselves t o  
e s t a b l i s h  t h e  degree t o  which exper imental  measurements made from o r b i t  
could be expected t o  d e r i v e  p l a n e t a r y  mineralogy. 
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Our f i r s t  measurements were made on sample 10084. This sample, when 
measured under an atmosphere of dry  n i t r o g e n ,  shows an average emit tance 
va lue  of about 0.9 between 300 and 1200 wave numbers, which is t h e  reg ion  of 
t h e  d i a g n o s t i c  f e a t u r e s  f o r  s i l i c a t e  minera l s .  Three bands can r e a d i l y  be  
seen i n  t h e  s i l i c o n  oxygen s t r e t c h i n g  and s i l i c o n  oxygen bending p o r t i o n s  of 
t h i s  spectrum. These bands have very  low c o n t r a s t  ( l e s s  than -02 emit tance 
u n i t s )  b u t  a r e  r e a d i l y  measured by o u r  apparatus  even i n  observa t ion  t imes of 
l e s s  than 20 minutes.  Bands a r e  cen te red  a t  1100 cm-l, 850 cm-l, and 500 cm-' 
wi th  t h e  high frequency band be ing  very  weak. Beyond 1170 cm-l a s t eady  
emit tance decrease  t o  about 1400 cm-l, which is t h e  h i g h e s t  frequency i n  our  
d a t a ,  is  observed. This  is due t o  t h e  i n c r e a s i n g  t ransparency of t h e  i n d i -  
v i d u a l  s i l i c a t e  p a r t i c l e s  beyond t h e  "Chris t iansen reg ion . "  The presence of 
t h e  t h r e e  bands i n d i c a t e d  above confirms t h e  p r e d i c t i o n s  we made some t e n  
y e a r s  ago(7) t h a t  d i a g n o s t i c  informat ion would n e c e s s a r i l y  be p r e s e n t  even i n  
t h e  s p e c t r a  of f i n e  powders, and t h e  low c o n t r a s t  shows why t h e r e  is  d i f f i c u l t y  
i n  observing emi t t ance  f e a t u r e s  through t h e  e a r t h ' s  atmosphere. The 1170 cm-l 
" k r i s t i a n s e n  frequency" is i n  accord wi th  an  u l t r a m a f i c  composit ion(8) f o r  
t h e  Apollo 11 s o i l .  I n  a d d i t i o n ,  a comparison of t h e  d a t a  from sample 10084 
wi th  our  analog r e s u l t s  sugges t s  s e v e r a l  pre l iminary conclus ions .  F i r s t ,  t h e  
spectrum is similar t o  our  analog mixtures  i n  p o s i t i o n  of f e a t u r e s  b u t  of 
lower c o n t r a s t .  The reduced c o n t r a s t  may be  expla ined by t h e  presence of 
a g g l u t i n a t e s .  Our analog work i n d i c a t e d  t h a t  a band near  830 cm-l a r i s e s  
from f i n e  p a r t i c l e  f e l d s p a r  w h i l e  t h e  1100 cm-l band comes from pyroxenes. 

We then made measurements on sample 67711. I n  t h i s  c a s e  t h e  d a t a  a r e  
q u i t e  similar t o  o u r  analog r e s u l t s  f o r  f e l d s p a r .  The average emit tance of 
t h i s  spectrum is s i m i l a r  t o  t h a t  f o r  10084, b u t  t h e  c o n t r a s t  i s  about f i v e  
t i m e s  a s  g r e a t .  This  is  t o  be  expected from such an immature s o i l  owing t o  
t h e  l a c k  o f  s u b s t a n t i a l  a g g l u t i n a t e s .  Both t h e  g l a s s  and smal l  m e t a l l i c  
p a r t i c l e s  p resen t  i n  a g g l u t i n a t e s  a r e  expected t o  reduce t h e  s p e c t r a l  c o n t r a s t  
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