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A weathered b a s a l t i c  t ephra  from Hawaii was found by Evans 
and Adams (1) t o  have s p e c t r a l  c h a r a c t e r i s t i c s  s i m i l a r  t o  s u r f i -  
c i a 1  d e p o s i t s  a t  t h e  Viking 1 lander  s i t e ,  based on comparisons 
of l a b o r a t o r y  s p e c t r a l  r e f l e c t a n c e  curves and Viking l ander  mult i -  
s p e c t r a l  images. From l a b o r a t o r y  I R  spectroscopy ( 2 . 5  - 50 u m ) ,  
X-ray d i f f r a c t i o n ,  X-ray f luorescence  (XW) and microprobe d a t a  
it can be shown t h a t  t h e  weathered p o r t i o n  of t h e  Hawaiian t ephra  
c o n s i s t s  of i r o n  a l lophane,  a s o l i d i f i e d  amorphous g e l .  The 
weathered p o r t i o n  of t h e  Hawaiian sample, however, has over  t h r e e  
t i m e s  a s  much A 1 2 0 3  a s  t h e  mar t ian  s o i l s  analyzed by t h e  Viking 
X R F  experiment.  We have i n v e s t i g a t e d  t h e  r e f l e c t a n c e  p r o p e r t i e s  
of s y n t h e t i c  samples and have found t h a t  i ron-  and s i l i c a - b e a r i n g  
s y n t h e t i c  g e l s ,  inc lud ing  those  wi th  no A1203 have g e n e r a l l y  s i m -  
i l a r  o p t i c a l  p r o p e r t i e s ,  and reproduce t h e  Hawaiian sample and 
V L 1  s p e c t r a l  curves.  

The Viking lander  cameras obtained images between 0.4 and 
1.1 pm, and i n  t h i s  wavelength region t h e  s p e c t r a l  r e f l e c t a n c e  
curves a r e  dominated by absorp t ion  f e a t u r e s  a r i s i n g  from f e r r i c  
i r o n .  The r e f l e c t a n c e  spectrum of a pure iron-hydroxide g e l  i s  
shown i n  Figure  1, and i s  compared wi th  s p e c t r a  of hemat i te  and 
of g o e t h i t e .  The ~ e ~ +  charge- t rans i t ion  absorp t ion  band i n  hema- 
t i t e  i s  a t  approximately 0.87 pm; i n  t h e  s p e c t r a  of g o e t h i t e  and 
of t h e  g e l  t h e  band i s  broader  and i s  s h i f t e d  t o  longer  wave- 
l eng ths .  The s p e c t r a  of g o e t h i t e  and t h e  iron-hydroxide g e l  d i f -  
f e r  i n  t h e  0.7 um r eg ion ,  and OH and Hz0 v i b r a t i o n a l  bands a t  1 . 4  
and 1 .9  pm a r e  p r e s e n t  only i n  t h e  g e l  spectrum. 

I n  Figure  2 w e  show t h e  s;?ectrum of a s y n t h e t i c  g e l  c o n s i s t -  
ing  of s i l i c a  and iron-hydroxide. The a d d i t i o n  of s i l i c a  
i n c r e a s e s  t h e  o v e r a l l  r e f l e c t a n c e  and subdues t h e  Fe3+ band a t  
0.89 p. Nei ther  t h e  g o e t h i t e  nor t h e  amorphous iron-hydroxide 
g e l  provide a good match t o  t h e  r e f l e c t a n c e  spectrum of t h e  
Hawaiian t ephra  sample (Fig.  2 )  i n  t h e  wavelength reg ion  imaged 
by t h e  Viking cameras. However, a good match t o  t h e  Hawaiian 
sample and t h e  VL1 s i t e  i s  obta ined from t h e  s o l i d i f i e d  s y n t h e t i c  
g e l  of s i l i c a  and i r o n  hydroxide. The main d i f f e r e n c e s  between 
t h e  composition of t h e  Hawaiian tephra  sample and t h e  mar t ian  
s o i l s  analyzed by t h e  Viking X R F  experiment i s  t h a t  t h e  A1203 
con ten t  of t h e  t ephra  i s  18 .1  w t %  compared wi th  5 .7  w t %  f o r  mar- 
t i a n  s o i l  ( 2 ) .  From Figure  2, however, it appears  t h a t  t h e  V L 1  
s i t e  s p e c t r a  can be modeled by m a t e r i a l s  having no AL03,  and, 
we expect  t h a t  t h e  o p t i c a l  e f f e c t s  of A 1 2 0 3  a r e  minor i n  t h e  0.4 - 
1.1 pin region f o r  Fe 3+-bearing g e l s .  

Although t h e  Fe 3+-bearing s i l i c e o u s  g e l s  s a t i s f a c t o r i l y  model 
c e r t a i n  p a r t s  of t h e  V L 1  s u r f a c e  w e  have n o t  y e t  completed our 
comparisons wi th  o t h e r  a r e a s  and wi th  t e l e s c o p i c  s p e c t r a .  We 
no te  however, t h a t  S inger  (3 )  found t h a t  a f r e s h  Hawaiian b a s a l t  
coated wi th  m a t e r i a l  t h a t  i s  apparent ly  i d e n t i c a l  t o  t h e  weathered 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



MARTIAN WEATHERING PRODUCTS 

Evans, D.L. and Adams, J . B .  

t ephra  sample has  a  r e f l e c t a n c e  spectrum very s i m i l a r  t o  t e l e -  
scop ic  s p e c t r a  of mar t ian  da rk  a r e a s .  

Chemical models of t h e  mar t i an  s u r f a c e  m a t e r i a l s  based on 
Viking XRF and biology experiment d a t a ,  and evidence based on 
s u r f a c e  morphology, i n d i c a t e  t h a t  l i q u i d  water  may have been 
i n p o r t a n t  f o r  weathering on Mars a t  some time i n  t h e  p a s t  ( e .g .  
4 ,  5) o r  poss ib ly  a t  t h e  p r e s e n t  ( 6 ) .  Given t h e  presence of 
l i q u i d  water  a t  some t i m e ,  our  d a t a  imply t h a t  t h e  s u r f a c e  of 
Mars may have abundant t e r r e s t r i a l - t y p e  amorphous weathering pro- 
duc t s .  Since amorphous fe r r i c - i ron-bear ing  g e l s  can s a t i s f y  t h e  
c o n s t r a i n t s  provided by s p e c t r a l  r e f l e c t a n c e  d a t a ,  mixtures  of 
c r y s t a l l i n e  phases,  where c l a y  i s  a p r i n c i p a l  component ( e , q .  
2 ,  4 ) ,  a l though n o t  excluded, may no t  be requi red  t o  e x p l a ~ n  Vik- 
ing  XRF d a t a .  
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Figure 1. Ref lec tance  
s p e c t r a  of ( a )  hemat i t e ,  
(b)  a  s o l i d i f i e d  a-vorphous 
g e l  of i r o n  hydroxide, and 
( c )  g o e t h i t e  . 
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