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ABS TRACT 

Airborne imaging spectrometer-1 (AIS-1) d a t a  were 
obta ined  f o r  t h e  Ruby Mountains of southwestern Montana, 
an area of amphibolite-grade metamorphic rocks t h a t  have 
moderate rangeland vege ta t ion  cover. Although rock 
exposures are sparse and patchy a t  t h i s  s i t e ,  s o i l s  are 
v i s i b l e  through t h e  vege ta t ion  and t y p i c a l l y  comprise 
20-30 percent  of t h e  s u r f a c e  area. Channel-averaged low- 
pass s p a t i a l l y  f i l t e r e d  d a t a  were used t o  cons t ruc t  
band-depth images f o r  d i agnos t i c  s o i l / r o c k  absorp t ion  
bands. S e t s  of t h r e e  such images were combined t o  
produce color-composite band-depth images. This  
r e l a t i v e l y  s imple approach d id  not  r e q u i r e  ex tens ive  
c a l i b r a t i o n  e f f o r t s  and was e f f e c t i v e  f o r  d i scern ing  a 
number of s p e c t r a l l y  d i s t i n c t i v e  rocks and s o i l s ,  
inc luding  s o i l s  having high t a l c  concent ra t ions .  The 
r e s u l t s  show t h a t  t h e  h igh  s p e c t r a l  and s p a t i a l  
r e s o l u t i o n  of AIS-1 and f u t u r e  sensors  holds  
cons iderable  promise f o r  mapping mineral  v a r i a t i o n s  i n  
s o i l ,  even i n  moderately vege ta ted  areas. 

INTRODUCTION 

The Ruby Mountains i n  southwestern Montana are under la in  by Pre -  
cambrian metasedimentary rocks.  Many d i f f e r e n t  l i t h o l o g i e s  are p resen t ,  
inc luding  dolomi t ic  and c a l c i t i c  marbles, hornblende gne i s s ,  as w e l l  as 
o t h e r  v a r i e t i e s  of gne i s s  and s c h i s t ,  vo lcanic  f lows,  diabase d ikes ,  and 
al luvium (Heinr ich,  1960). Numerous mineral species having d i agnos t i c  
near - inf ra red  s p e c t r a l  absorp t ion  f e a t u r e s  occur  i n  t h e  a r e a  (Table 
1). The rangeland vege ta t ion ,  inc luding  g ras ses ,  fo rbs ,  and shrubs ,  
comprise 70-80% of t h e  s u r f a c e  cover ,  s o i l s  t h e  o the r  20-30%. 

t h e  use of AIS-1 d a t a  f o r  d e t e c t i n g  minerals present  i n  metamorphic 
rocks and t o  develop image processing techniques f o r  dea l ing  wi th  
moderate amounts of rangeland vege ta t ion  and l imi t ed  rock exposures. 
Absorption-band-depth (ABD) images provided a r e l a t i v e l y  s i m p l e  but 
e f f e c t i v e  approach f o r  i d e n t i f y i n g  a number of rocks and minerals  
present  along t h e  AIS-1 f l i g h t  l i n e s .  

The chief  o b j e c t i v e s  i n  s e l e c t i n g  t h i s  s tudy  a r e a  were t o  assess 

DATA COLLECTION AND ANALYSIS 

Four f l i g h t  l i n e s  of AIS-1 d a t a  were acquired i n  J u l y  1985 covering 
approximately 100 km of groundtrack. This  paper focuses  on a po r t ion  of 
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one of t h e  f l i g h t  l i n e s ,  n e a r l y  6-km i n  l e n g t h  along an a r e a  w i t h  about 
300 m of r e l i e f ,  which was sampled i n t e n s i v e l y  d u r i n g  August 1986. 
F i g u r e  1 i s  a g e o l o g i c  map f o r  t h e  area covered by t h e  6 km d a t a  set .  

Table  1. AIS-1 wavelengths  used i n  g e n e r a t i n g  ABD images 

Channel 
Combination Wavelength 

1 2.151-2.179 p m  s h o u l d e r  1 
2.347-2.366 p m  s h o u l d e r  2 
2.300-2.319 um minimum 

2 2.328-2.347 p m  s h o u l d e r  1 
2.394-2.403 p m  s h o u l d e r  2 
2.366-2.384 p m  minimum 

3 2.123-2.142 p m  s h o u l d e r  1 
2.263-2.282 p m  s h o u l d e r  2 
2.189-2.207 p m  minimum 

2.291-2.310 p m  s h o u l d e r  1 
2.366-2.384 p m  s h o u l d e r  2 
2.338-2.347 p m  minimum 

2.263-2.282 p m  s h o u l d e r  1 
2.347-2.366 p m  s h o u l d e r  2 
2.319-2.328 p m  minimum 

6 2.328-2.338 p m  s h o u l d e r  1 
2.366-2.384 p m  s h o u l d e r  2 
2.347-2.366 urn maximum 

7 2.133-2.151 p m  s h o u l d e r  1 
2.198-2.217 p m  minimum 

The AIS  d a t a  were v e r t i c a l l y  d e - s t r i p e d  

Minerals  d e t e c t e d  

Dolomite, t a lc ,  
t r e m o l i t e ,  Mg-mica 

Talc, t r e m o l i t e ,  
Mg-mi ca 

I l l i t e ,  muscovi te ,  
i l l i t e / s m e c t i t e ,  
v e r m i c u l i t e ,  
k a o l i n i t e  

Calcite,  
a n t i g o r i t e  

Dolomite, t a lc ,  
t r e m o l i t e ,  Mg-mica 

Talc , t r e m o l i t e  

Same minera ls  as 
channel  3 above 

and normalized f o r  
topographic  and a lbedo  e f f e c t s  by u s i n g  a n  e q u a l  energy procedure ( J e t  
P r o p u l s i o n  Labora tory ,  1985).  A 3x3 box f i l t e r  was t h e n  a p p l i e d  t o  
reduce  high-frequency n o i s e  i n  t h e  s p a t i a l  dimension. A r e l a t i v e  
r e f l e c t a n c e  d a t a  set  was g e n e r a t e d  from t h e  b o x - f i l t e r e d  d a t a  by u s i n g  
t h e  whole-image average  spectrum as a d i v i s o r .  ABD images were produced 
by us ing  2 t o  3 channels  from both  s h o u l d e r s  and 2 t o  3 channels  from 
t h e  minimum of each a b s o r p t i o n  f e a t u r e  so  as t o  i n c r e a s e  t h e  s i g n a l  t o  
noise .  The sum of a l l  t h e  channels  f o r  t h e  s h o u l d e r s  was d i v i d e d  by t h e  
sum of t h e  channels  f o r  t h e  minimum t o  produce a n  ABD image. Table  1 
l i s t s  t h e  wavelengths  of channels  used i n  c o n s t r u c t i n g  t h e  ABD images. 

RESULTS AND DISCUSSION 

F i g u r e  1 i s  an  index  map t o  be used i n  c o n j u n c t i o n  w i t h  c o l o r  
s l i d e s  nos.  3 and 4 l o c a t e d  i n  t h e  pocket  a t  t h e  end of  t h e  
proceedings.  The f i r s t  s l i d e  i s  a color-composi te  ABD image genera ted  
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from t h e  box-f i l te red  AIS d a t a  by use of channel combinations 1, 2,  and 
3 i n  t a b l e  1 as r e d ,  green,  and b lue  (RGB), r e spec t ive ly .  Note t h a t  
combinations 1 and 3 both u t i l i z e  channels t h a t  are widely separa ted  i n  
wavelength t o  d e f i n e  t h e  band shoulders .  This  s l i d e  i s  r e f e r r e d  t o  
hencefor th  as t h e  "wide-band'' image. The second s l i d e  uses  channel 
combinations 4 ,  5,  and 2,  as RGB ( t a b l e  1 )  and is  r e f e r r e d  t o  as t h e  
"narrow-band'' image. This  second image was generated from the  box- 
f i l t e r e d  r e l a t i v e  r e f l e c t a n c e  d a t a  set .  

Comparing the  wide-band w i t h  t h e  narrow-band images r evea l s  s e v e r a l  
d i f f e rences  t h a t  merit explanat ion.  S i t e  A ( f i g .  1) on t h e  wide-band 
image shows a pronounced orange anomaly t h a t  i s  completely absent  i n  the  
narrow-band image. The anomaly r e s u l t s  from high  d i g i t a l  number (DN) 
va lues  i n  t h e  dolomite and MgOH images (channel combinations 1 and 2 ,  
t a b l e  1) .  However, t h e r e  i s  no dolomite a t  t h i s  l oca t ion .  In s t ead ,  t h e  
high DN va lues  probably r e s u l t  from a s o i l  r i c h  i n  Mg-mica and an 
e s p e c i a l l y  heavy rangeland vegeta t ion  cover. The vege ta t ion  g ives  an 
anomalous "dolomit ic"  component i n  t h e  wide-band image, which i s  
e l imina ted  i n  t h e  narrow-band image. F igure  2 i l l u s t r a t e s  schemat ica l ly  
t h a t  without  a continuum removal, a vege ta t ion  spectrum appears t o  have 
an  absorp t ion  f e a t u r e  a t  2.32 p m .  This  h i g h l i g h t s  a genera l  problem i n  
the  use of widely separa ted  channels t o  d e f i n e  absorp t ion  band 
shoulders--the r e s u l t i n g  ABD images may l o s e  t h e i r  s p e c i f i c i t y  f o r  
d i s t i n g u i s h i n g  materials. On t h e  o t h e r  hand, because t h e  s p e c t r a l  
conten t  i s  less cons t r a ined ,  wide-band images show more s p a t i a l  d e t a i l  
over t h e  e n t i r e  image area. Narrow-band images tend t o  be s p e c t r a l l y  
f l a t ,  except f o r  l o c a l  areas t h a t  e x h i b i t  t h e  absorp t ion  f e a t u r e s  
def ined  by t h e  channel s e l e c t i o n s .  

marble, r e spec t ive ly .  The p r i n c i p a l  absorp t ion  band cen te r s  f o r  t h e s e  
u n i t s  are o f f s e t  by only 20 nm and thus provide a f a i r l y  r igorous  test 
of AIS s p e c t r a l  d i scr imina t ion .  The wide-band image does no t  
d i sc r imina te  s u c c e s s f u l l y  between t h e  two carbonate  minerals .  However, 
t h e  narrow-band image generated from t h e  box-f i l te red  r e l a t i v e  
r e f l e c t a n c e  d a t a  does s e p a r a t e  t h e  c a l c i t i c  (orange p i x e l s )  from t h e  
dolomi t ic  minera ls  (yellow-green p i x e l s ) .  AIS 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  for  p i x e l  b l o c k s  at s i tes  B and C are shown i n  f i g u r e  3. Also 
shown i n  t h e  f i g u r e  is  a n  A I S  r e l a t i v e  r e f l e c t a n c e  spectrum f o r  s i t e  D ,  
which had s u b s t a n t i a l  amounts of t a l c  i n  t h e  s o i l .  The d i agnos t i c  t a l c  
absorp t ion  band a t  2.38 p m  is  apparent i n  t h e  s i t e  D spectrum, as i s  t h e  
MgOH band near  2.31 p m ,  l oca t ed  e s s e n t i a l l y  a t  t h e  same wavelength as 
t h e  major abso rp t ion  band f o r  dolomite.  Because only a few AIS channels 
are s u i t a b l e  f o r  de f in ing  t h e  narrow 2.38-pm f e a t u r e ,  s epa ra t ing  t a l c  
from dolomite provides  a r igorous  t e s t  of t h e  band-depth approach. An 
ABD image was made by use of a l a r g e r  number of channels t o  examine t h e  
t a l c  maximum i n  r e f l e c t a n c e  near  2.34 p m  ( t a b l e  1, channel 6 ) .  
t h i s  f e a t u r e  i s  not very d i s t i n c t  i n  t h e  n a t u r a l  s o i l s  and t h e  image 
showed no improvement. S i t e s  E and F ( f i g .  1 )  are t remol i te -bear ing  
dolomi t ic  marble u n i t s  t h a t  produce a t a l c - l i k e  s i g n a t u r e  on t h e  two 
composite ABD images. Talc and tremolite are very similar i n  t h e  1.2- t o  
2.4-pm wavelength range covered by t h e  AIS d a t a  and cannot be 
d i s t ingu i shed ;  however, they are sepa rab le  i n  t h e  0.4- t o  1.2-pm region. 

S i t e s  B and C ( f i g .  1 )  con ta in  exposures of ca l c i t i c  and dolomi t ic  

However, 
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Labora tory  s p e c t r a  f o r  s o i l s  i n  t h e  s t u d y  area e x h i b i t  c o n s i d e r a b l e  
s p e c t r a l  v a r i a t i o n  i n  t h e  2.1- t o  2.4-pm wavelength range. 
because t h e  absorb ing  s o i l  minera ls  g e n e r a l l y  are in te rmixed  w i t h  
s p e c t r a l l y  f e a t u r e l e s s  q u a r t z  and f e l d s p a r  i m p u r i t i e s ,  t h e  s p e c t r a l  
d i f f e r e n c e s  between s o i l s  as s e e n  i n  t h e  n o i s y  AIS-1 d a t a  are very  
s u b t l e .  For example, t h e  most pronounced t a l c  a b s o r p t i o n  f e a t u r e  shown 
i n  l a b o r a t o r y  s p e c t r a  f o r  t a l c - r i c h  s o i l s  c o l l e c t e d  from s i t e  D 
( f i g .  1 )  h a s  a t o t a l  band depth  of less t h a n  5 percent  r e f l e c t a n c e .  
Because t h e  ABD images were a b l e  t o  d i s t i n g u i s h  f e a t u r e s  having such low 
s p e c t r a l  c o n t r a s t ,  i t  appears  l i k e l y  t h a t  improved s i g n a l  t o  n o i s e  w i l l  
e v e n t u a l l y  permit  o t h e r  s o i l  types  t o  be d e t e c t e d  i n  areas t h a t  have 
comparable rangeland  v e g e t a t i o n  cover .  Images were produced t o  examine 
s o i l  A l O H  a b s o r p t i o n  bands n e a r  2.2-pm ( t a b l e  1,  channels  3 and 7 ) ;  
however, on ly  broad s u r f a c e  areas e x h i b i t i n g  weak a b s o r p t i o n  were 
d i s c e r n a b l e  ( s i t e  G;  f i g .  1). The s t r o n g e s t  2.2-pm f e a t u r e s  were 
observed f o r  a well-exposed, weathered,  f e l d s p a r - r i c h  pegmati te ,  shown 
i n  t h e  wide-band image a t  s i t e  H ( f i g .  1).  

Simple r a t i o s  of channels  o r  groups of channels  may be b e t t e r  
s u i t e d  f o r  r e s o l v i n g  some s p e c t r a l  f e a t u r e s .  Laboratory s p e c t r a  f o r  
many s o i l s  c o l l e c t e d  i n  t h e  s t u d y  area produced 2.2-pm A l O H  a b s o r p t i o n  
bands t h a t  lacked a s t r o n g  rise from t h e  band c e n t e r  t o  l o n g e r  
wavelengths.  This  c h a r a c t e r i s t i c  shape  probably w a s  caused by t h e  
presence of v e r m i c u l i t e  i n  many s o i l  samples.  Channel combination 7 ,  a 
r a t i o  image of one set  of channels  d i v i d e d  by a n o t h e r  se t ,  improved 
d i s c r i m i n a t i o n  of t h i s  type  of f e a t u r e .  Because of t h e  m i n e r a l o g i c a l  
complexi ty  of t h e  s o i l s  i n  t h e  s t u d y  area, i t  would have been d i f f i c u l t  
t o  p r e d i c t  t h e  form of t h e  2.2-pm s o i l  f e a t u r e  wi thout  f i e l d  sampling. 

However, 

CONCLUSIONS 

Absorption-band-depth images c r e a t e d  from r e l a t i v e  r e f l e c t a n c e  
AIS-1 d a t a  provide  a s imple  but  e f f e c t i v e  approach f o r  d i s t i n g u i s h i n g  
some metamorphic rocks  and minera ls .  The u s e  of such images r e q u i r e s  
t h a t  assumptions be made r e g a r d i n g  t h e  a b s o r p t i o n  f e a t u r e s  p r e s e n t  i n  a 
s t u d y  area. Such assumptions can be mis leading ,  e s p e c i a l l y  i n  
s i t u a t i o n s  i n v o l v i n g  complex minera l  mix tures  t h a t  produce u n f a m i l i a r  
s p e c t r a l  r e f l e c t a n c e  curves.  On t h e  o t h e r  hand, narrow ABD images are 
ext remely  s p e c i f i c  and may f a c i l i t a t e  t h e  d i g i t a l  enhancement of s u b t l e  
s o i l  s p e c t r a l  f e a t u r e s  i n  rangeland-type v e g e t a t e d  areas. 
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F i g u r e  1. Geologic  map of t h e  Ruby Mountains s tudy  area. 
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F i g u r e  2.  Schematic diagram showing F igure  3. AIS s p e c t r a  produced 
from t h e  r e l a t i v e  r e f l e c -  
tance d a t a  set f o r  f i e l d  
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