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Ana lys is  o f  t h e  s p e c t r a l  p r o p e r t i e s  o f  r e f l e c t e d  1  i g h t  ( s p e c t r a l  
r e f l e c t a n c e )  o f  p l a n e t a r y  sur faces i s  t h e  c h i e f  means by which su r face  
minera logy and p e t r o l o g y  can be remote ly  sensed. We w i l l  demonstrate t h e  use 
o f  mu1 t i v a r i  a t e  techniques,  such as p r i n c i p a l  components a n a l y s i s  (PCA) , as 
descr ibed i n  ( I ) ,  on 1  abora tory  r e f 1  ectance spect ra  o f  1  unar samples. 

Our a n a l y s i s  i s  performed on approximately 280 l u n a r  s o i l  and rock 
samples obta ined a t  9  s i t e s  by Apo l l o  and Luna sample r e t u r n  missions.  
These samples i n c l u d e  whole s o i l  s  as we1 1  as magnetic and s i z e  separates. 
These spect ra  a r e  taken  f rom 350 t o  2500 nm a t  10  nm r e s o l u t i o n  on a  
modi fi ed Beckman DK-2A spectrophotometer w i t h  a  ha1 on-coated i n t e g r a t i n g  
sphere. For comparison, we a l s o  analyze 20 t e l e s c o p i c  spect ra  (2,3) o f  t h e  
Copernicus c r a t e r  and surrounding mar ia  and rays. The data were taken a t  8  
km s p a t i a l  r e s o l u t i o n  and 20 nm s p e c t r a l  r e s o l u t i o n  between 700 and 2000 nm. 

Since t h e  spect ra  i n  general represent  i n t i m a t e  minera l  mix tures ,  t h e  
s p e c t r a l  r e f l e c t a n c e s  a r e  model'ed by a  non l i nea r  combinat ion o f  t h e  
r e f l e c t a n c e s  o f  t h e i r  components (endmembers). Therefore, t h e  f i  r s t  s t e p  i n  
t h e  a n a l y s i s  i s  t o  conver t  t h e  r e f l e c t a n c e  spect ra  i n t o  s i n g l e - s c a t t e r i n g  
a1 bedo spect ra  by t h e  method descr ibed i n  (4). Next we perform PCA on t h e  
complete data s e t  i n  o rde r  t o  determine: 

1 )  How many 1  i n e a r l y  independent sources o f  v a r i a t i o n  e x i s t  i n  t h e  spect ra? 
2) What 1  i k e l y  endmembers a re  be ing  mixed? 
3) What phys i ca l  processes a re  e f f e c t i n g  t h e  mix ing? 
4) What spec t ra l  bandpasses a re  opt imal  l y  d i  sc r im i  n a t i n g  between endmembers 

from remote ly  sensed data? 
The l u n a r  sample spect ra  a r e  sampled a t  on l y  30 even ly  spaced 

wavelengths between 700 and 2000 nm f o r  PCA. I n  Fig. 1 we show t h e  r e s u l t s  
o f  t h e  a n a l y s i s  f o r  t h e  280 1  unar sample spectra. L i k e l y  endmembers a r e  
chosen from t h e  l u n a r  samples themselves. Two c r i t e r i a  were used t o  s e l e c t  
endmembers : 
1 The endmembers must be l o c a t e d  a t  a  ve r tex  i n  t h e  PCA p l o t s .  
2  1 The endmember must be r e a l i z a b l e  f rom a l l  a v a i l a b l e  in format ion .  

As i n d i c a t e d  i n  Fig.  1, t h e  endmembers chosen i n  t h i s  a n a l y s i s  were a  
mare b a s a l t  (10020) , anor thos i  t e  (15415), t h e  pyroxene f r a c t i o n  o f  (12063), 
an a g g l u t i n a t e  (15221, magnetic separa te) ,  and an opaque ( t e r r e s t r i a l  
magnet i te ) .  The f i  r s t  t h r e e  o f  t hese  endmembers a re  l u n a r  ro'ck chips.  These 
endmembers account f o r  99.994% o f  t h e  var iance among t h e  l u n a r  sample 
spec t ra  analysed. Although several  endmember combinations cou ld  have 
accounted f o r  e q u a l l y  l a r g e  var iances i n  t h e  data s e t ,  t h e  e igenvectors  o f  
t h e  endmembers a1 one c l o s e l y  match those de r i ved  from t h e  e n t i r e  data set. 
A d d i t i o n a l  s p e c t r a l  v a r i a t i o n s  a r e  p o s s i b l y  due t o  p a r t i c l e  s i z e  d i f f e r e n c e s  
among t h e  samples as w e l l  as sys temat ic  e r r o r s  i n  t h e  spectrophotometer. 
Ax is  1 o f  Fig.  1 i s c o r r e l a t e d  w i t h  a1 bedo ( t h e  r e l a t i v e  p ropor t i ons  o f  mare 
b a s a l t  and a n o r t h o s i t e )  and a x i s  2  w i t h  spec t ra l  s lope ( r e f l e c t i n g  
aggl u t i n a t e  abundance). 
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An independent a n a l y s i s  o f  t h e  t e l e s c o p i c  data i s  performed us ing  
endmembers f rom t h e  l u n a r  s p e c t r a l  data se t .  These endmembers a l s o  
c l o s e l y  match p a t t e r n s  o f  v a r i a t i o n  f o r  t h e  t e l e s c o p i c  da ta  se t .  Resu l t s  
from t h e  PCA a n a l y s i s  i n d i c a t e  t h a t  both 1  i near ( 5 )  and n o n l i n e a r  s p e c t r a l  
m i x i n g  of endmembers i s  a  dominant source o f  v a r i a t i o n  i n  t h e  data set .  

I n  conc lus ion ,  our  a n a l y s i s  o f  30-point  l u n a r  spect ra  gave us 
q u a n t i t a t i v e  i n f o r m a t i o n  rega rd ing  composi t ion,  t ype  o f  mix ing ,  and o t h e r  
e f f e c t s  (such as p a r t i c l e  s i z e )  t h a t  determine t h e  dominant s t r u c t u r e  o f  t h e  
r e f l e c t a n c e  data. Th i s  p rov ided a  t e s t  o f  t h e  methodology descr ibed i n  ( 1 )  
by compari ng abundance determi  n a t i o n s  w i t h  known mix tures .  
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F ig.  1. Spectra of 280 l u n a r  sample spect ra  r o t a t e d  t o  t h e  t h r e e  p r i n c i p a l  
axes d e f i n e d  by PCA. Endmembers chosen from t h i s  data s e t  a re  labe led .  
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