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The i n f r a r e d  s p e c t r a  o f  Mars o b t a i n e d  from the ISM 
i n s t r u m e n t  on  board the PHOBOS 2 m i s s i o n  h a v e , b e e n  a n a l y z e d  b y  
means o f  G-mode, a powerful  s t a t i s t i c a l  m u l t l f a c t o r l a l  method 
( 1 ) .  The  ISM d a t a  a r e  t y p i c a 1 - Z ~  m u 4 t i v a r i a t e ;  i n  f a c t ,  i n  each  
mapped a r e a ,  for a g i v e n  s p a t l a l  p l x e l  the spec t rum i s  measured 
1n 128 c h a n n e l s  i n  the wavelength  range  f r o m  0.76 t o  3.14 
m l c r o n s  ( 2 , 3 ) .  The s p e c t r a  o f  the selected a r e a s  a r e  arranged i n  
a m a t r l x  N x M ,  where N i s  the number o f  f fsamples '  ( s p a c e  p l x e l s )  
and M the number o f  ~ v a r ~ a b l e s u  (spectrum c h a n n e l s ) .  The G-mode 
a l g q r i t h m  a l l o w s  lfhomogeneousu c l a s s e s  t o  be i d e n t i f i e d  on the 
b a s l s  o f  a n , i t e r a t i v e  r o c e d u r e .  The classifications 1s based  on 
an hypothesis t e s t :  t R e c r i t i c a l  v a l u e  i s  r e p r e s e n t e d  i n  terms 
o f  Q ,  the s e c u r i t y  v a l u e ,  i .  the p r o b a b i l i t  t h a t  a Sam l e  
b e l o n g i n g  t o  a g i v e n  c l a s s  f k  n o t  a s s i g n e d  % it h e  
c l a s s l f l q a t i o n .  F o r  exam l e ,  a Q v a l u e  o f  2.58 c o r r e s p o n  s t o  a 
p r o b a b l l l t y  o f  99 .5 ,  w h i f e  for Q=3 .O* it i s  o f  99 .8;  t h u s ,  a 
s m a l l e r  Q v a l u e  w i l l  g i v e  a more d e t a l l e d  classification. 

The main advanta  es o f  th is  method can be t h u s  summarized: 
1) the method r e p r e s e n  !! s a s y n t h e t 4 c  way t o  r e p r e s e n t  the d a t a ;  
2 )  it a l l o w s  t o  s e a r c h  for a s p e c l a l  s p e c t r a l  signature w i t h i n  
an o t h e r w i s e  homogeneous group; 3 )  a u t o m a t i c a l  mapping o f  
m i n e r a l o g i c a l  l y  d i f f e r e n t  provinces cou ld  be per formed.  

W e  w i l l  r e p o r t  here on the r e s u l t s  o f  t h e , a p p l i c a t i o n  o f  the 
G-mode c l a s s i f i c a t i o n  method t o  two t e s t  r e g l o n s  f r o m  ISM Mars 
s p e c t r a l  d a t a :  the r e g i o n  o f  Olym u s  ,Mons, and the re ion o f  one 
o f  the c e n t r a l  canyons o f  V a l l e s  R a r l n e r i s ,  Melas C R asma. The 
d a t a  h a v e  been c l a s s i f i e d  on the b a s i s  o f  50 s c t r a l  v a r i a b l e s ,  
f r o m  0.761 t o  2.470 microns  a r r a y  0 o f  the I S r i n s t r u m e n t )  ; the 
s p e c t r a l  c h a n n e l s  rang ing  $ rom 2.514 t o  3.15 microns  have  not 
been used  for the c l a s s l f l c a t i o n  because  t h e y  were found t o  be 
e x c e e d i n g l y  n o i s y .  

The most i m p o r t a n t  f e a t u r e s  o f  the spec t rum have  b e e n  
a u t o m a t i c a l l y  i d e n t i f i e d  b y  the G-mode c l a s s i f i c a t i o n  a s  
f o l l o w s :  1)  Atmos heric e f f e c t s ;  2 )  Albedo e f f e c t s ;  3 )  S lope  
e f f e c t s  (and overa  5 1 shape o f  the s p e c t r u m ) .  

The s e c t r a l  s i g n a t u r e  o f  the atmosphere,  and i n  p a r t i c u l a r  
the d e  t i' o f  the 2 microns  C02 band, was found t o  be the main P f e a t u r e .  T h i s  was ev idenced i n  o u r  r e s u l t s  b y  the 
z$%%?icatlon o f  the Mons Olympus r e g i o n  over the whole  

c t rum,  where s e v e n  nhomogeneous~ c l a s s e s  were i d e n t i f i e d  b y  
t e G-mode c l a s s i f i c a t i o n ,  d i f f e r i n g  one from the other m a i n l y  "k 
for the d e  t h  o f  the 2 microns  C 0 2  band, and re f lec t ing  main1 
the a l t i m e f r y  o f  the r e g i o n .  As a second s t e p ,  we have  'removedj: 
the atmos here from o u r  c l a s s i f i c a t i o n  b y  e x c l u d i n g  from o u r  set 
o f  v a r i a  g 4es the s p e c t r a l  channe l s  where the main a t m o s p h e r i c  

c t r a l  s l  n a t u r e s  a r e  e x p e c t e d ;  the exc luded  v a r i a b l e s  r a n  ed  E m  4 .398 go 1 .463  microns  and from 1.914 t o  2.124 m i c r o n s .  ?he 
c l a s s ~ f ~ c a t i o n s  was t h e n  c a r r l e d  o u t  on the b a s l s  o f  the 
r e m a l n l n g  v a q l a b l e s ,  and the nhomogeneousN c l a s s e s  t h u s  found 
r e f l e c t e d  m a l n l y  a l b e d o  d i f f e r e n c e s .  The a l b e d o  maps t h u s  
o b t a l n e d  where found t o  be v e r y  d e t a i l e d  , and the s l m l l a r l t y  
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w i t h  the g e o l o g i c  maps o f  the r e g i o n s  was found t o  be s t r i k i n g :  
d i f f e r e n t  qeOlogic u n i t s  were  i d e n t i f i e d  by the G-mode a s  
d i f f e r e n t  c a s s e s  w i t h  a  h i g h  d e g r e e  o f , p r e c i s l o n .  
a l b e d o  e f f e c t s  were  removed b n o r m a l l z l n g  a l l  s p e c t r a l  da  a  the t o  
a  g i v e n  s p e c t r a l  c h a n n e l ,  w x i c h  c o u l d  be s a f e 1  assumed , t o  be 
away f rom a b s o r  t i on  f e a t u r e s  . The c l a s s i f i c a  ion c a r r l e d  , o u t  R r 
on the d a t a  t u s  n o r m a l i z e d  was found t o  r e f l e c t  m a l n l y  
s i m i l a r i t y  i n  s l o  e and o v e r a l l  sha  o f  the s p e c t r a .  I t  s h o u l d  
be p o i n t e d  o u t  { h a t  s u b c l a s s i f i c a g o n  i s  p o s s i b l e  w i t h  t h i s  
method;  t h u s ,  the i d e n t i f i c a t i o n  o f  groups  c h a r a c t e r i z e d  b y  
s p e c t r a l  f e a t u r e s  o f  interest  for m i n e r a l o g i c a l  l d e n t l f l c a t i o n  

u r p o s e s  c o u l d  be done a u t o m a t i q a l l  b y  s u b c l a s s i f i c a t i o n  o f  the 
Romogeneous c l a s s e s  previously l d e n  F i f l e d .  

F u r t h e r  p o t e n t i a l i t i e s  o f  th i s  method i n c l u d e :  4 )  
i d e n t i f i c a t i o n  o f  r e l a t i o n s h i p s  among v a r i a b l e s  , and p o s s i b l e  
removal  o f  r e d u n d a n t  v a r i a b l e s ;  2 )  i d e n t i f i c a t i o n  o f  
r e l a t i o n s h i p s  among d i f f e r e n t  c l a s s e s ;  3 )  s u b c l a s s i f i c a t i o n ;  4 )  
p o s s i b i l i t  Ir o f  add ing  new samples  t o  the e x l s t i n g  
cl a s s i  f i c a  ion, t h u s  maklng it p o s s i b l e  t o  c a r r y  o u t  comparisons 
among different a r e a s .  

In c o n c l u s i o n ,  we would l i k e  t o  stress o u t  the the G-mode 
s t a t i s t i c a l  method 1s a v e r y  power fu l  tool  t o  c a r r y  o u t  
a u t o m a t i c a l l  m i n e r a l 0  l e a l  ma p lng  from s e c t r a l  f e a t u r e s  
measured b y  YsM. T h i s  w i  1 be app  i e d  extensive y  t o  ISM d a t a  i n  
the n e a r  f u t u r e .  
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