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JUSTIFICATION 
Remotely sensed thermal  i n£  r a r e d  s p e c t r a l  d a t a  have g r e a t  p t e n t i a l  t o  

improve rock type d i s c r i m i n a t i o n  i f  t h e  f a c t o r s  t h a t  c o n t r o l  thermal i n f r a r e d  
s p e c t r a l .  r e f l e c t i o n  and emiss ion  can be b e t t e r  unders tood.  Improved rock type  
d i s c r i m i n a t i o n  i n  t u r n  l e a d s  t o  b e t t e r  and more e f f i c i e n t  geo log ic  mapping 
which i s  c a r r i e d  ou t  i n  t h e  e x p l o r a t i o n ,  assessment  and documentat ion of 
minera l  r e sources  and g e o l o g i c  hazards .  Geologic map; a l s o  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  unders tanding  of t h e  n a t u r a l  h i s t o r y  of t h e  e a r t h  and 
ne ighbor ing  p lanetary  bod ie s .  

The p a r t i c u l a r  g o a l  is  t o  s tudy t h e  s p e c t r a l  emiss ion  and r e f l e c t i o n  
behavior  of rock m a t e r i a l s  ( r o c k s ,  rock weather ing  products and s o i l s )  a s  a 
f u n c t i o n  of e a r t h - l i k e  environment and occurance .  Some of t h e  impor tant  
envi ronmenta l  v a r i a b l e s  t h a t  i n f l u e n c e  t h e  e a r t h ' s  near  s u r f a c e  thermal regime 
and hence i t s  thermal  emis s ion  a r e  sky  t empera tu re ,  sky f i e l d  of  view, 
microc l imato logy,  time of day and season of t he  year .  In  a d d i t i o n ,  chemica l  
and phys i ca l  f a c t o r s ,  minera logy,  p r t i c l e  s i z e ,  s u r f a c e  roughness ,  presence  
of  d e s e r t  v a r n i s h  and rock weather ing ,  play a r o l e .  

APPROACH 

The approach invo lves  both f i e l d  and l a b o r a t o r y  i n v e s t i g a t i o o s .  The 
f i e l d  work is  d iv ided  between a i r b o r n e  and ground based s t u d i e s .  Remotely 
sensed  mid- inf rared  s p e c t r a l  d a t a  of t he  e a r t h  can  be acqu i r ed  by t h e  a i r b o r n e  
Thermal I n f r a r e d  MuZtis pect r a l  Scanner (TIMS) (Kahle and Goetz 1983; P a l l u c o n i  
and k e k s ,  1985). TIMS measures normal s p e c t r a l  r ad i ance  of t h e  e a r t h ' s  
s u r f a c e .  It has  s i x  channe l s  from 8 t o  1 2  pn and i s  flown i n  a  NASA Lear 
J e t .  (With in  t h i s  range t h e  t r ansmis s ion  of t h e  e a r t h ' s  atmosphere is  good 
and i n t e n s e  a b s o r p t i o n  f e a t u r e s  a r e  present  i n  s u r f a c e  s i l i c a t e  m a t e r i a l s . )  
Computer image enhancement r e sea rch  i s  a s i g n t f i c a n t  p a r t  of TIMS 
i n v e s t i g a t i o n s .  

h e  ground based f i e l d  work is c a r r i e d  o u t  wi th  t h e  P o r t a b l e  F i e l d  
Emission Spectrometer  (PFES) which is used t o  make normal s p e c t r a l  r a d i a n c e  
measurements from 3 t o  14 ~m. This JPL-bui l t  ins t rument  i s  mounted and 
c a r r i e d  by backpack. The PFES h a s  a  s p e c t r a l  r e s o l u t i o n  of approximate ly  
. 2  pm which makes i t  an impor tant  t o o l  t h a t  can be used i n  i n t e r r : ~ .  t i n g  TIMS 
d a t a .  

However, some s c i e n t i f i c  q u e s t i o n s  i n  t h i s  s u b j e c t  r e q u i r e  t h e  k ind  of 
exper imenta l  c o n t r o l  t h a t  can only  be providsd in t h e  l a b o r a t o r y .  For 
example, t h e  i n f l u e n c e  of e a r t h - l i k e  near  s u r f a c e  thermal  g r a d i e n t s ,  d e s e r t  
v a r n i s h ,  rock we ' h e r i n g ,  p a r t i c l e  s i z e  and s u r f a c e  roughness on t h e  s p e c t r a l  
emis s ion  of rock nnterials ~ e e d s  t o  be unders tood and can  only be s t u d i e d  i n  



a n  environment  t h a t  i s  f r e e  from v a r i a t i o n s  i n  sky  t empera tu re ,  
microc l imoto logy,  and sky f i e l d  of view and une f f ec t ed  by t h e  season  of t h e  
y e a r  or t h e  t i m e  of day.  

The re fo re ,  w e  a r e  deve lop ing  thn c a p a b i l i t y  t o  measure i n  t h e  l a b o r a t o r y  
t h e  normal l p e c t r a l  r a d i a n c e  o r  rock m a t e r i a l s  a t  ambient tempera tures  (-. 
2 0 ' ~ ) .  ' Ihis i n v o l v e s  t h e  c a r e f u l  d e s i g n  and c o n s t r u c t i o n  of a sample 
a c c e s s o r y ,  c a l l e d  t he  e m i s s i v i t y  co ld  box, f o r  a commercial F o u r i e r  Transform 
i n f r a r e d  s p e c t r o m e t e r  t h a t  a l l ows  c o n t r o l  and s t a b i l i z a t i o n  of  sample 
t c q p e r a t u r e  w h i l e  s h i e l d i n g  i t  from bactcground r a d i a t i o n ,  (Brown and Young, 
1975; Aronson and E n s l i e ,  1973; Logan and  Hunt, 1970; Conel,  1969; L o w  and 
Coleman, 1966; Lyon, 1965).  A schemat ic  diagram of the  sample acces so ry  i s  
shown i n  F igu re  1. 

L iquid  n i t r o g e n  w i l l  be used t o  c o n t r o l  t h e  t empera tu re  of t h e  wa l l s  of 
the  c o l d  box and d ry  gaseous  n i t r o g e n  w i l l  c o n t r o l  the  sample tempera ture .  
The t empera tu re  of t h e  gaseous  n i t r o g e n  w i l l  be c o n t r o l l e d  by a l i q u i d  ba th .  
A s e p a r a t e  l i q u i d  b a t h  w i l l  be used t o  c o n t r o l  t h e  tempera ture  of gaseous 
n i t r o g e n  t h a t  p l r g e s  t h e  spectrome t e r '  s o p t i c  bench. 

h e  cold  box w i l l  t ake  t h e  place of the  s p e c t r o m e t e r ' s  s o u r c e  m i r r o r  
d u r i n g  t h e  measurement oE sample r ad i ance .  F lodi f ica t ions  t o  t h e  spec t rome te r  
t h a t  a l l ow  t h i s  a r e  a l r e a d y  complete .  Furthermore,  t h e  spec t rome te r ' s  
s t a n d a r d  p y r o e l e c t r i c  d e t e c t o r  has  been r ep l aced  by a more s e n s i t i v e  l i q u i d  
n i t r o g e n  cooled mercury-cadmium-telluride d e t e c t o r .  

With t h i s  c o n f i g u r a t i o n  t h e  sample r a d i a n c e  a t  t h e  d e t e c t o r  can he 
c h a r a c t e r i z e d  as 

where L(X,T1) = r a d i a t i o n  a t  d e t e c t o r  

TI = t empera tu re  of sample 

K( A) = i n s t rumen t  r e sonse  f u n c t i o n  

E ( X )  = e m i s s i v i t y  of sample 

W(X,T1) = b l a c k  body r a d i a t i o n  a t  t empera ture  T I  

R(X) = r a d i a t i o n  r e f l e c t e d  by sample 

S(X) = background r a d i a t i o n  

then  by making t h e s e  a d d i t i o n a l  measurements ,  



where T2 = temperature of sample d i f f e r e n t  from T1 

TLN2 = temperature of l i q u i d  n i t r o g e n  

B(X,T1) = r a d i a t i o n  a t  d e t e c t o r  from blackbody a t  

temperature T1 

t h e  sample e m i s s i v i t y  can be c a l c u l a t e d  a s  fo l lows.  

All  values i n  equat ion 5 a r e  e i t h e r  measured o r  c a l c u l a t e d  from Plank's Law 
once t h e  temperature of t h e  sample i s  known. 

techniques w i l l  be used t o  determine the  sample's temperature.  
F i r s t ,  thermocouples w i l l  be loca ted  on o r  n e a r  the  t o p  and bottom s u r f a c e s  of 
the  sample. Second, t h e  su r face  temperature w i l l  be computed from t h e  
rad iance  a t  t h e  sample's Chr i s t i ansen  frequency (Conel, 1969; Arenson e t  a l . ,  
1969). 

RESULTS 

An example of TIMS d a t a  from Death Val ley ,  C a l i f o r n i a  i s  g iven i n  Figure 
2. These images show v a r i a t i o n  i n  emit tance  ac ross  pa r t  of the  Panamint 
Mountains, v a l l e y  f l o o r  and part  of the Funeral  Mountains. The l i g h t  a r e a s  
i n d i c a t e  high emit tance  and the  dark  low e m i t t ~ n c e .  The values  u p n  which t h e  
images a r e  based were c a l c u l a t e d  from Platik's Law and TIMS da ta .  These d a t a  
have been used t o  make l i t h o l o g i c  m a p  of bedrock and a l l u v i a l  f ans  i n  Death 
Valley (Kahle and Goetz, 1983; G i l l e s p i e ,  Kahle and Pa l lucon i ,  1984). 

Figure 3 shows PFES d a t a  from Death Valley.  The s i l i c a t e  absorp t ion  
doub le t  from 8 t o  10 pm can be c l e a r l y  seen i n  the  q u a r t z i t e  sp2ctt-a. This 
f e a t u r e  is  only h in ted  a t  i n  the spe.ctra of the  volcanic  rocks.  The presence 
of t h e  absorp t ion  f e a t u r e s  a t  6.5 and 11.5 c l e a r l y  i n d i c a t e  t h e  carbonate  
na tu re  of the dolomite example. 

FUTURE PROSPECTS 

We w i l l  e v a l u a t e  t h e  geologic  u t i l i t y  of m u l t i s p e c t r a l  thermal i n f r a r e d  
d a t a  us ing TIMS, and we w i l l  determine the l i t h o l o g i e s  t h a t  can be e f f e c t i v e l y  
d i sc r imina ted  on the  b a s i s  of TIMS measurements, e i t h e r  a lone  o r  i n  
combination with o t h e r  remotely sensed da ta  s e t s .  Our l a b o r a t o r y  s t u d i e s  w i l l  
be d i r e c t e d  towards understanding the  s p e c t r a l  emission behavior of Earth 
s u r f a c e  m a t e r i a l s  so  a s  t o  optimize the  i n t e r p r e t a t i o n  of TIMS d a t a .  
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