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G la s s  f r agmen t s  i n  t h e  l u n a r  r e g o l i t h  have f r o z e n  ev idence  of t h e i r  p r e -  
v i o u s  l i q u i d  s t a t e  and c o n t a i n  keys  t o  t h e  oxygen f u g a c i t y  and compos i t i on  
of t h e i r  p a r e n t  r ocks  o r  s o i l s  a t  t he  i n s t a n t  of c o o l i n g  ( 1 ) .  A p p r o p r i a t e  
s i l i c a t e  l i q u i d s  and t h e i r  g l a s s e s  have h i g h  s o l u b i l i t i e s  f o r  i ons  o f  i r o n  
and t i t a n i u m  i n  v a r i o u s  o x i d a t i o n  s t a t e s  t h a t  c r y s t a l s  c anno t  accommodate, 
and t h e r e f o r e  a r e  b e t t e r  samples  f o r  d e t e r m i n i n g  t h e  chemica l  envi ronment  
of t h e  moon's s u r f a c e  a t  t h e  t ime  of t h e i r  f o r m a t i o n .  

I t  has  been demons t r a t ed  t h a t  t he  a b r u p t  f r e e z i n g  i s  a  d i r e c t  quench of  
compos i t i on ,  oxygen f u g a c i t y ,  and t e m p e r a t u r e  a s  a  11 t h r e e  v a r i a b l e s  a r e  
changing  r a p i d l y  ( 2 ) ,  s o  knowledge of t h e i r  i n t e r r e l a t i o n s h i p s  can  be used  
i n  t h e  i n t e r p r e t a t i o n  of l u n a r  g l a s s e s .  

I n  t h e  p r e s e n t  s t u d y  g l a s s  f r agmen t s  from s o i l  samples  from a l l  o f  t h e  
Apol lo  s i t e s  have been  ana lyzed  c h e m i c a l l y ,  and t h e i r  c r y s  t a l - f  i e l d  s p e c t r a  
measured .  A s t u d y  of s y n t h e t i c  g l a s s e s  h a s  been  conducted s i m u l t a n e o u s l y  i n  
which t h e  oxygen f u g a c i t y ,  t empe ra tu re ,  and compos i t i on  a t  t he  quench were  
d e t e r m i n e d .  Comparison of o p t i c a l  s p e c t r a  makes i t  p o s s i b l e  t o  r e l a t e  t h e  
e x p e r i m e n t a l  c o n d i t i o n s  t o  t h o s e  a t  t h e  Apo l lo  s i t e s .  

The compos i t i ons  of t h e  s y n t h e t i c  g l a s s e s  a r e  g i v e n  i n  Table  1 .  They 
were s e l e c t e d  a s  f o l l o w s :  

OG - e q u i v a l e n t  t o  orange  g l a s s  sampled a t  
e v e r y  Apo l lo  s i t e ;  i n t e r s e c t i o n  of t he  
chemica l  j o i n s  FOG-TI02 and TOG-FeO; 

FOG - i d e n t i c a l  t o  OG e x c e p t  t i t a n i u m  f r e e ;  
TOG - i d e n t i c a l  t o  OG e x c e p t  i r o n  f r e e ;  

F3T1 - 113 a l o n g  j o i n  FOG-OG; 
F ~ T ~  - 213 a l o n g  j o i n  FOG-OG;  
FlT3 - 113 a l o n g  j o i n  TGG-OG; 
F2T3 - 213 a l o n g  j o i n  TOG-OG. 

The compos i t i ons  f a l l  on t he  p l a n e  A1203 + CaO + MgO + S i 0 2  a s  i t  i n t e r -  
s e c t s  components FeO and Ti02  i n  t h e  s i x  component sy s t em.  The sys tem i s  
c l o s e  t o ,  b u t  i n  no c a s e  i d e n t i c a l  w i t h ,  ave rage  l u n a r  b a s a l t  compos i t i on .  

The compos i t i ons  ("end members") OG,  FOG, TOG were s u b j e c t e d  t o  a  range  
of oxygen f u g a c i t i e s  a t  1 4 0 0 ° ~  a s  shown i n  Table  2 ,  t o  p r o v i d e  t h e  extreme 
range of fo rma t ion  of  l u n a r  c o l o r e d  g l a s s e s .  The i n t e r m e d i a t e  compos i t i ons  
F3T1, F3T2, F1T3, and F2T3 were s t u d i e d  a t  - l o g  PO2 = 0 . 7  ( a i r )  and 
- l o g  PO2 = 9 . I .  The l a t t e r  oxygen f u g a c i t y  i s  deemed "average" f o r  t he  
l u n a r  r e g o l i t h .  

The r e s u l t s  of t h i s  s t u d y  show the  l i m i t s  of oxygen f u g a c i t y  i n  t h e  l u n a r  
s o i l s  from the  Apo l lo  s i t e s .  They i n d i c a t e  a l s o  t he  compos i t iona  1 v a r i a t i o n s .  
The ranges-both  of oxygen f u g a c i t y  and compos i t ion- for  each  s i t e  a r e  r e -  
l a t e d  t o  o p t i c a l  s p e c t r a ,  which may be u s e f u l  i n  t he  i n t e r p r e t a t i o n  of  t e l e -  
s c o p e  s p e c t r a  of  t he  moon's s u r f a c e .  The p r e s e n t  d a t a  a r e  used t o  d i s -  
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t i n g u i s h  " r e g o l i t h "  p r o c e s s e s  t h a t  may have a l t e r e d  t h e  i n t r i n s i c  oxygen 
f u g a c i t y  of  l a v a s  t h a t  o r i g i n a t e d  i n  t h e  moon's i n t e r i o r .  

Table  1. Composi t ions of  s y n t h e t i c  g l a s s e s  

FOG TOG 

Table  2 .  F u g a c i t y  a£ Oxygen, S y n t h e t i c  Composi t ion,  a t  1400°C 

- l o g  PO2 Composi t ion (See Table 1)  

0 . 7  0 G FOG F3T1 F3T2 
6 . 6  0 G FOG 

l T 3  F2T3 

7 . 5  0 G FOG 
9 . 1  0 G FOG 

1 0 . 0  OG FOG 
F3T1 F3T2 l T 3  F2T3 

11 .6  0 G FOG 
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