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ABSORPTION SPECTRA AND BULK CHEMICAL COMPOSITIONS OF ACHONDRITIC 
POLYMICT BRECCIAS WITH REFERENCE TO CHARACTERIZATION OF THE SURFACE OF 
VESTA-LIKE ASTEROIDS. T. ~ o ~ a m a l ,  T. ~ i r o i l ,  M. ~ i ~ a m o t o ~  and H. ~ a k e d a l ,  
IMineral .  I n s t . ,  F a c u l t y  of S c i . ,  Univ. of Tokyo, Hongo, Tokyo 113 
2 ~ o l l e g e  of A r t s  and S c i . ,  Univ. of Tokyo, Kornaba, Tokyo 153, Japan.  

A s t e r o i d  4  Ves ta  shows r e f l e c t a n c e  s p e c t r a  similar t o  t h o s e  of t h e  HED 
a c h o n d r i t e s  (howard i t e s ,  e u c r i t e s ,  d i o g e n i t e s ) .  Gaffey (1)  observed t h a t  
two a r e a s  of t h e  Ves ta  s u r f a c e  g i v e  r e f l e c t a n c e s  s i m i l a r  t o  d i o g e n i t e  and 
o t h e r  a r e a s  a r e  covered  by e u c r i t i c  l a v a s .  Th i s  o b s e r v a t i o n  i m p l i e s  t h a t  
t h e  s u r f a c e  m i n e r a l  assemblages may depend on t h e  t e r r a i n  u n i t s  of t h e  
s u r f a c e  of Vesta and t h a t  t h e  v a r i a t i o n  of t h e  t e r r a i n  u n i t  may be  exp la ined  
by impacts  i n t o  t h e  l a y e r e d  c r u s t  model of t h e  HED a c h o n d r i t e  p a r e n t  body 
proposed by Takeda ( 2 ) .  We examined t h e  wavelength p o s i t i o n  of a b s o r p t i o n  
bands around 900nm seen  i n  t h e  s p e c t r a  of t h e  HED a c h o n d r i t e s  t o  b e t t e r  
unders tand  t h e  t e r r a i n  u n i t s  of Ves ta  on t h e  b a s i s  of  r e f l e c t a n c e  s p e c t r a .  

We measured s p e c t r a l  t r a n s m i t t a n c e s  of 15 t h i n  s e c t i o n s  of t h e  HED 
a c h o n d r i t e s  t o  deduce t h e  r e l a t i o n s h i p  between t h e  wavelength p o s i t i o n  of 
a b s o r p t i o n  maxima around 900nm of pyroxene and t h e  Mg/Fe r a t i o  of  t h e  b u l k  
chemical  composi t ions  ana lyzed  by H. Haramura. Measurements were made a t  
t h e  wavelength of eve ry  0.5nm i n  t h e  Visible-Near i n f r a r e d  r e g i o n  (350-2550 
nm), and d e t a i l e d  measurements were made every  0.0625nm i n  t h e  r e g i o n  from 
800nm t o  1050nm by u s i n g  a Beckman W-5240 spec t rophotometer  which h a s  a 
wavelength r e s o l u t i o n  of  b e t t e r  t h a n  0.3nm i n  t h e  nea r  i n f r a r e d  r eg ion .  The 
wavelength p o s i t i o n  of t h e  a b s o r p t i o n  maxima around 900nm was determined 
from t h e  d e t a i l e d  s p e c t r a .  

Although t h e  HED a c h o n d r i t e s  c o n t a i n  more than  92 v o l %  of pyroxenes and 
f e l d s p a r s  ( 3 ) ,  f e l d s p a r s  have o n l y  weak a b s o r p t i o n  bands around 1.2 um.  
Small amounts of o l i v i n e s  do n o t  a f f e c t  t h e  wavelength p o s i t i o n  o f -  t h e  
a b s o r p t i o n  bands by pyroxenes (4 ) .  Therefore ,  t h e  HED a c h o n d r i t e s  could  be  
c h a r a c t e r i z e d  by t h e  a b s o r p t i o n  bands of pyroxene around 900nm. The 
a b s o r p t i o n  of pyroxene i s  due t o  ~ e ~ + ,  and t h e  more FeO o r  CaO a r e  con ta ined  
i n  pyroxene, t h e  l o n g e r  t h e  wavelength p o s i t i o n  of t h e  a b s o r p t i o n  bands 
w i l l  be  ( 5 ) .  

R e p r e s e n t a t i v e  s p e c t r a  of d i f f e r e n t  c l a s s e s  of t h e  HED a c h o n d r i t e s  a r e  
compared i n  F ig .  1. D e t a i l e d  s p e c t r a  show t h a t  d i f f e r e n t  c l a s s e s  of t h e  HED 
a c h o n d r i t e s  g i v e  d i f f e r e n t  wavelength p o s i t i o n s  of t h e  a b s o r p t i o n  bands.  
Because a lmost  a l l  of MgO and FeO i n  t h e  bu lk  composit ion of t h e  HED 
a c h o d r i t e s  a r e  con ta ined  i n  pyroxenes,  we p l o t t e d  t h e  wavelength p o s i t i o n s  
of  ttke a b s o r p t i o n  bands around 900nm v e r s u s  t h e  Mg/(Mg+Fe) r a t i o  of t h e  bu lk  
composi t ions  o .  t h e  HED a c h o n d r i t e s  (F ig .  2 ) .  There i s  a p o s i t i v e  c o r r e l a -  
t i o n  between t h e  wavelength p o s i t i o n s  of t h e  a b s o r p t i o n  bands and t h e  
Mg/(Mg+~e) r a t i o .  

Our r e s u l t s  s t r o n g l y  sugges ted  t h a t  t h e  Mg/Fe r a t i o  of t h e  s u r f a c e  
composi t ion  of Ves ta  can be e s t i m a t e d  on t h e  b a s i s  of t h e  wavelength 
p o s i t i o n s  of t h e  a b s o r p t i o n  bands around 900nm by u s i n g  t h e  p o s i t i v e  
c o r r e l a t i o n  seen  i n  Fig.  2. We can a l s o  e s t i m a t e  t h e  c l a s s  of t h e  HED 
a c h o n d r i t e s  cor responding  t o  t h e  s p e c t r a l  r e f l e c t a n c e  of t h e  t e r r a i n  of t h e  
Ves ta  s u r f a c e .  The s u r f a c e  of a s t e r o i d s  a r e  thought  t o  be  covered w i t h  
m a t e r i a l s  s i m i l a r  t o  polymic t  b r e c c i a .  According t o  t h e  l a y e r e d < c r u s t  model 
( 2 ) ,  howard i t e s  a r e  r i c h e r  i n  MgO and c o n t a i n  deeper components t han  
polymic t  e u c r i t e s .  D e t a i l e d  s t u d i e s  on t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  
Ves ta  s u r f a c e  w i l l  g i v e  u s  i n fo rma t ion  on t h e  d i s t r i b u t i o n  of t e r r a i n  u n i t s  
i n  te rms of t h e  m e t e o r i t e  c l a s s e s  and s u r f a c e  b r e c c i a t i o n  p r o c e s s e s  of Vesta 
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and to te@t the layered crust model. 
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Comparison of transmittance 
spectra (350-2550nm) of 
different types of the HED 
achondrites. 

F390727 : howardite 
EET83228: polymict eucrite 
Y792769 : polymict eucrite 

X : DIQGENITES 
n : HOWARDITES 
e :  EUCRITES 
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