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In t roduct ion- .  V i s i b l e  and near-IR r e f l e c t a n c e  s p e c t r a  (0.4-2.6vm) f o r  powderedbasa l t s  - 
t y p i c a l l y  have a  p o s i t i v e  continuum s l o p e ,  e s p e c i a l l y  when o l i v i n e  is  p re sen t  (Fig.  1 )  (eg. 
1 ,2 .3 ) .  We have fourid, however, t h a t  many f ine-gra ined  b a s a l t s  have d i s t i n c t i v e  nega t ive  
s p e c t r a l  s l o p e s  i n  t h e  near-IR when observed a s  whole rocks (F ig .  2b-d). Uhi le  t h i s  i s  not  
i n c o n s i s t e n t  wi th  p a r t i c l e - s i z e  e f f e c t s  repor ted  previous ly  ( 4 , 5 ) ,  our d a t a  a r e  more de- 
t a i l e d  and show changes t o  t h e  important  ~ e ~ +  c r y s t a l - f i e l d  ebsorpt ions  of pyroxenes and 
o l i v i n e .  These e f f e c t s  a r e  of importance t o  remote sens ing  of p l ane t a ry  su r f aces .  We a r e  
t h e r e f o r e  s tudy ing  q u a n t i t a t i v e l y  t he  s p e c t r a l  consequences of both minera l  g r a i n  s i z e  and 
phys i ca l  p a r t i c l e  s i z e  f o r  b a s a l t i c  assemblages. 

Data Se t .  A s  p a r t  of a  p r o j e c t  a t  Kilauea volcano we have obta ined  l abo ra to ry  r e f l e c -  
t ance  d a t a  f o r  a  l a r g e  number of t h o l e i i t e  b a s a l t s .  Most of t h i s  d a t a  is  f o r  f r e s h  rock 
s u r f a c e s ;  s e l e c t e d  samples have a l s o  been measured a s  powders. These rocks a r e  mos t lyc rys -  
t a l l i n e  wi th  l i t t l e  o r  no i n t e r s t i t i a l  g l a s s .  Groundmass g r a i n  s i z e s  range from a  few t o  
'L6Qpm. Most pyroxene occurs  i n  t h e  grobndmass wi th  p l ag ioc l a se  ( l a b r a d o r i t e )  and $5 modal 
% opaques. O l iv ine  occurs  as phenocrys ts ,  vary ing  from about 5  t o  20 modal % and from 100 
pm t o  3mm i n  s i z e .  

Mineral  Grain S i z e .  Some b a s a l t i c  rock s u r f a c e s  show c h a r a c t e r i . s t i c s  s i m i l a r  t o  t hose  
observed f o r  p a r t i c u l a t e  samples: compare WC42 powdered (Fig.  l a )  wi th  whole rock (Fig.  
2a) .  I n  sha rp  c o n t r a s t  i s  t h e  d i s t l n c t i v e . s p e c t r a 1  behavior of whole rocks wi th  s i m i l a r  
r e f l e c t a n c e s  f o r  t h e  1- and 2-pm band minima and low r e i l e c t a n c e  i n  between these  two bands. 
To ou r  knowledge b a s a l t  s p e c t r a  of t h i s  type  have not  been previous ly  repor ted .  The whole 
rock spectrum of KDC36 (Fig.  2b) i s  somewhat in termedia te  between t h e  two extremes. These 
d i f f e r e n c e s  a r e  of s p e c i a l  importance because low r e f l e c t a n c e  on t h e  long-wavelength s i d e  
of t h e  pyroxene 1-pm band i s  f r equen t ly  i n t e r p r e t e d  a s  an i n d i c a t i o n  o f . o l i v i n e  (1 ,2 ,3) .  Of 
t hese  rocks ,  KDC34 (Fig .  I d )  conta ins  subs t anc i a1  o l i v i n e  (%20%), while KDC06 (F ig .  l c )  con- 
t a i n s  v i r t u a l l y  none. While some of t h e  observed v a r i a t i o n  i n  t h e  1.1-1.7um region  seems to  
be caused by o l i v i n e ,  t h e  e f f e c t  i s  d i f f e r e n t  and l e s s  obvious than  t h e  "shoulder" normally 
a s soc i a t ed  wi th  pyroxene-olivine mixtures (e .g .  L , 2 , 3 ) .  The phys i ca l  cause of t h i s  nega- 
t i ve ly - s lop ing  spectrum i s  under continued s tudy.  We b e l i e v e  i t  i s  r e l a t e d  t o  s c a t t e r i n g  
d i f f e r e n c e s  caused by v a r i a t i o n  i n  g r a i n  s i z e  and d i s t r i b u t i o n  of groundmass minerals .  This  
i dea  i s  supported by a  comparison of Figs. 1 and 2 ,  which show t h a t  s p e c t r a  of f ine-gra ined  
powders of samples WC42 and KDCO6 a r e  f a r  more s i m i l a r  than f o r  t h e  f r e s h  rocks.  

Phys i ca l  P a r t i c l e  S ize .  Spect ra  f o r  whole rocks and t h e  l a r g e r  p a r t i c l e  s i z e f r a c t i o n s  
show continuum and band depth c h a r a c t e r i s t i c s  s i g n i f i c a n t l y  d i f f e r e n t  from those  observed 
f o r  f i n e  powders. S i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  f o r  a l l  rock specimens between phys i ca l  
p a r t i c l e  s i z e  and continuum s lope .  S imi lar  e f f e c t s  have been shown by Adams and F i l i c e  (4) 
and Ross e t  al. ( 5 ) .  To quan t i fy  t hese  d i f f e r e n c e s  we have def ined  a  number of parameters,  
shown schemat ica l ly  i n  Fig.  3. The upper continuum s lope  i s  de f ined  by t h e  s t r a i g h t  l i n e  
connecting r e f l e c t a n c e  maxima A and C. The lower continuum s lope  is defined by t h e s t r a i g h t  
l i n e  connecting band minima B and D (not  n e c e s s a r i l y  band c e n t e r s ) .  Band depth is def ined  
a s  (1-BIB') i n  t h e  1-pm region  and (1-D/D1) i n  t h e  2-pm region .  Re la t i onsh ips  be tweenthese  
two s l o p e s  and p a r t i c l e  s i z e  i s  shown i n  Fig.  4.  For both t h e  upper and lower s lope  t h e  
t rend  i s  toward i n c r e a s i n g  s l o p e  f o r  sma l l e r  p a r t i c l e  s i z e s ;  t h e  change is  most pronounced 
f o r  s i z e s  l e s s  than  about 355pm. The upper continuum s lopes  f o r  whole rock s p e c t r a  a r e  
s i m i l a r  t o  those  f o r  l a r g e  p a r t i c l e  s i z e s ;  t h i s  va lue  is  nega t ive  f o r  many of t h e  rock sam- 
p l e s .  I n  c o n t r a s t ,  f o r  p a r t i c l e  s i z e s  of 100-200p ( the  s i z e  of powders t y p i c a l l y  s tudied) ,  
t h e  upper s l o p e  i s  p o s i t i v e  i n  a l l  cases.  The p o i n t  is  t h a t  l abo ra to ry  s p e c t r a  of powdered 
samples a r e  not  always d i r e c t l y  comparable t o  remotely-sensed da t a .  

There is a l s o  a  c o r r e l a t i o n  between phys i ca l  p a r t i c l e  s i z e  and t h e  depths of pyroxene 
F'e2+ c r y s t a l - f i e l d  absorpt ions  nea r  1 and 2pm (Fig.  5 ) .  For t h e  samples s tud i ed  t h e r e  i s  a  
s i z e  f o r  which 1-pm band depth is  a  maximum; t h i s  occurs  a t  vary ing  p a r t i c l e  s i z e s ,  b u t  i n  
every ca se  l e s s  than  about 300pm. Sand depth decreases  wi th  p a r t i c l e  s i z e  beyond t h i s  
maximum. Note t h a t  band depth f o r  whole rock samples does not  always p l o t  along t h e  t r end  
f o r  t h e  l a r g e r  p a r t i c l e  s i z e s ,  but  f r equen t ly  i n s t ead  a t  some value  nea re r  t h e  maximum. ' 

Curves f o r  t h e  2-pm band do not  show c l e a r  maxima; i n s t ead  hand depth  gene ra l ly  i nc reases  
wi th  i nc reased  p a r t i c l e  s i z e ,  p a r t i c u l a r l y  f o r  f i n e  powders. The band depths  f o r  t h e  whole 
rock s p e c t r a  a r e  s i m i l a r  t o ,  b u t  not  d i r e c t  e x t r a p o l a t i o n s  o f ,  t h e  d a t a  f o r  t h e  l a r g e r  
p a r t i c l e  s i z e s .  

References:  1 )  Adams, J . B .  (1974) JGR 79, 4329-4336. 2) Gaffey, M . J .  (1976) JGR 81, 
905-920. 3) Singer ,  R.B. (1981) JCR 86, 7967-7982. 4) Adams, J.B. and A.L. F i l i c e  (1967) 
JGR 72, 5705-5715. 5)  Ross e t  dl. (1969) I c z r u s  ll, 46-54. -- 

O Lunar and Planetary Institute a Provided by the NASA Astrophysics Data System 



Spect ra l  R e f l e c t a n c e  of B a s a l t s  

S i n g e r ,  R . B .  and B l a k e ,  P . L .  

WAVELENGTH (UM) 

LT C 0.10 

V) 
0.00 

0.5 1.0 1.5 2.0 2.5 

WAVELENGTH CUM) 

0" - ..* 

P 
Q) e 

FIGURE S 

" 1 " " 1 " " 1  

FIGURE 4 

UPPER 

, 0.00 

.#.. 

a 600. 1000. WROCK 
PARTICLE SIZE ()IM) 

,o.ol/. . . . I . .  . . I . . . . 11  
0. 600. 1000. WROCK 

PARTICLE SIZE V)M) 

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


