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Analyses of u l t r a m a f i c  l u n a r  g l a s s e s  r e t u r n e d  by Apollo 14  
and Apollo 15 a r e  p l o t t e d  i n  Figures  1 and 2. Three composition- 
a l  groups a r e  recognized:  Group I inc ludes  most Apollo 14  u l t r a -  
mafic  g l a s s e s  and a l l  Apollo 15 green g l a s s e s .  Group I1 analy-  
s e s  a r e  s i m i l a r  t o  those  of Group I except  t h a t  ~ i 0 ~  c o n t e n t s  a r e  
about  1.5X those  of Group I analyses .  Group I11 ana lyses  have 
F € ? / F ~ + M ~  g r e a t e r  than  -43, lower CaO and A l 2 O 3  con ten t s ,  and 
h i g h e r  Ti02 c o n t e n t s  than  Group I. 

A s  noted p r e v i o u s l y  (Bes t  and Minkin, 1972; Ridley  e t  a l . ,  
1973),    pol lo 15 green g l a s s e s  form a homogeneous c l u s t e r  t h a t  
co inc ides  wi th  t h e  more mafic  Apollo 14 g l a s s  ana lyses .  These 
Group I ana lyses  d i s p l a y  a t r e n d  n o t  p r e v i o u s l y  recognized. Com- 
p o s i t i o n a l  v a r i a t i o n  a long t h i s  t r e n d  corresponds t o  a d d i t i o n  o r  
s u b t r a c t i o n  of o l i v i n e  of composition FoG9(Fig. 1 and 2 ) .  The 
t r end  i s  most pronounced when d a t a  from a s i n g l e  l a b o r a t o r y  a r e  
considered;  F igures  1 and 2 i n c l u d e  ana lyses  Trom t h i r t e e n  d i f -  
f e r e n t  l a b o r a t o r i e s .  Sys temat ic  i n t e r l a b o r a t o r y  b i a s e s  on iden- 
t i c a l  s i z e  f r a c t i o n s  of t h e  same s o i l  samples i n c r e a s e  t h e  s c a t -  
t e r  of major element c o r r e l a t i o n s  and completely obscure  r e l a t e d  
minor element t r e n d s .  Group I1 ana lyses  appear  t o  show t h e  same 
o l i v i n e  c o n t r o l  a s  Group I, b u t  t h e r e  a r e  t o o  few ana lyses  t o  be 
c e r t a i n  of t h i s .  There a r e  ve ry  few Group I11 ana lyses  and no 
composi t ional  t r e n d  i s  apparent .  

The assumption t h a t  Group I composi t ional  v a r i a t i o n  i s  in-  
deed caused by o l i v i n e  c o n t r o l  p l a c e s  s t r o n g  c o n s t r a i n t s  on pos- 
s i b l e  modes of  o r i g i n .  The c a l c u l a t e d  low-pressure l i q u i d u s  
o l i v i n e  f o r  t h e  mafic  end of t h e  s e r i e s  i s  Fog3 and f o r  t h e  
o t h e r  end, Fog1. Thus n e i t h e r  s u b t r a c t i o n  of l i q u i d u s  o l i v i n e  
from a l i q u i d  of  Apollo 15 green g l a s s  composition, nor  a d d i t i o n  
of l i q u i d u s  o l i v i n e  t o  t h e  l e s s  mafic  of t h e  Group I compositions 
can account  f o r  t h e  observed v a r i a t i o n .  Such f r a c t i o n a t i o n  a t  
depth  i s  l i k e w i s e  inadequate,  s i n c e  h igh-pressure  experiments  
show t h a t  p r e s s u r e s  a s  h igh  a s  15 k i l o b a r s  do n o t  s i g n i f i c a n t l y  
change t h e  composition of t h e  l i q u i d u s  o l i v i n e .  We t h e r e f o r e  
conclude t h a t  t h e o r i e s  of o r i g i n  by f i r e  f o u n t a i n i n g  (Reid e t  a l .  
1973),  a l a v a  l a k e  (Pr inz  e t  a l . ,  1973),  and equ i l ib r ium p a r t i a l  
me l t ing  a t  depth  (Green and Ringwood, 1973) a r e  incomplete i n  

t h a t  they  f a i l  t o  account f o r  t h e  sys temat ic  composi t ional  v a r i -  
a t i o n  shown by Group I g l a s s e s .  
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Equi l ibr ium c r y s t a l - l i q u i d  f r a c t i o n a t i o n  can account  f o r  t h e  
observed t r e n d  o n l y  i f  o l i v i n e  ( F o ~ ~ )  i s  p r e f e r e n t i a l l y  added t o  
o r  removed from a  mixture  of  o l i v i n e ,  pyroxene, and l i q u i d .  A l -  
t e r n a t i v e l y ,  mechanical mixing of o l i v i n e  ( ~ 0 6 9 )  w i t h  o t h e r  com- 
ponents  ( n o t  e q u i l i b r i u m  l i q u i d s )  i s  requi red .  I t  has  been sug- 
ges ted  (Rid ley  e t  a l . ,  1973) t h a t  t h e  u l t r a m a f i c  g l a s s e s  a r e  
samples of t h e  l u n a r  i n t e r i o r  excavated by c r a t e r i n g  events .  I f  
t h e i r  source  i s  w i t h i n  t h e  mafic  cumulate complementary t o  t h e  
f e l d s p a t h i c  c r u s t ,  t h e  REE p a t t e r n  r e q u i r e s  t h a t  accumulation of 
t h e  p a r e n t  rock preceded f e l d s p a r  p r e c i p i t a t i o n .  

The vapor condensat ion  hypo thes i s  proposed by C a v a r r e t t a  e t  
a l .  (1973) t o  e x p l a i n  t h e  major element homogeneity of Apollo 15 
green g l a s s e s  f a i l s  t o  account  f o r  t h e  v a r i a t i o n  shown by c l o s e l y  
s i m i l a r  Apollo 14  analyses .  Furthermore, t h e  c o r r e l a t i o n  of t h e  

- - 

c o n t e n t s  of c e r t a i n  v o l a t i l e  t r a c e  elements  wi th  i n c r e a s i n g  
sphere  s i z e  noted by C a v a r r e t t a  e t  a l .  i s  e q u a l l y  w e l l  expla ined 
a s  a  r e s u l t  of d i f f e r e n t i a l  v o l a t i l i z a t i o n .  

The u l t r a m a f i c  g l a s s e s  a r e  s i m i l a r  i n  major element compo- 
s i t i o n  (Marvin e t  a l . ,  1972) and i n  REE p a t t e r n  (Ridley  e t  a l . ,  
1973) t o  howardite  me teor i t e s .  I n  a d d i t i o n  t o  t h e  smal l  com- 
p o s i t i o n a l  d i f f e r e n c e s  noted by   id ley e t  a l . ,  t h e  average MnO 
c o n t e n t  f o r  howardi tes  i s  about  2.5X t h a t  i n  t h e  u l t r a m a f i c  
g l a s s e s .  However, t h e  L e T e i l l e u l  m e t e o r i t e  and t h e  g l a s s  
spheres  r e c e n t l y  r e p o r t e d  i n  Kapoeta (Brownlee and Rajan, 1973) 
a r e  almost  p e r f e c t  matches t o  Group I ana lyses  (Fig.  1 and 2 ) .  

- 

These genera l  chemical s i m i l a r i t i e s  and t h e  remarkable morpho- 
l o g i c a l  and chemical  correspondence of t h e  green g l a s s  spheres  
i n  Kapoeta and t h e  l u n a r  green g l a s s e s  sugges t  t h a t  t h e  r e l a -  
t i o n s h i p  between t h e  howardites  and t h e  l u n a r  u l t r a m a f i c  g l a s s e s  
may be more than c o i n c i d e n t a l .  I£  t h e  u l t r a m a f i c  g l a s s e s  a r e  
remnants of howardi te  impacts on t h e  moon, it would h e l p  e x p l a i n  

- 

t h e  u b i q u i t y  of u l t r a m a f i c  g l a s s e s  d e s p i t e  l a c k  of e q u i v a l e n t  
l u n a r  rock types.  Whatever t h e  green g l a s s  provenance, a d d i t i o n  
o r  s u b t r a c t i o n  of  o l i v i n e  i s  r e q u i r e d  t o  e x p l a i n  t h e  composi- 
t i o n a l  v a r i a t i o n .  

REFERENCES. Best  and Minkin (1972),  The Apollo -- 15 Lunar 
Samples, L.S.I. publ. ,  p. 34. Brownlee and Rajan (1973),  Sc i -  
ence 182, p. 1341. C a v a r r e t t a  e t  aL (1972),  The Apollo -- 15 Lu- 
n a r  Samples, L.S.I. publ . ,  p. 202. Green and Ringwood (1973),  -- 
E.P.S.L. 19, p. 1. Marvin e t  a l .  (1972),  Lunar Science 111, 
L.S.I. publ. ,  p. 507. P r i n z  e t  a l .  (1973),  EOS 54 P-  6 0 3 .  
~ e i d  e t  al. (19734, EOS 54, p. 606. Ridley, e t  xiT: (19731, 
P,E.P.I. Z, P- 13  

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



U L T W F I C  GLASSES 

Stolper, Edward, et al. 

Figure 1. 
SI ICA ? 

LEGEND t 
GROUP I 

APOLLO 14 0 
APOLLO 15 e 

GROUP II A 
GROUP I l l  o 
HOWARD ITE + 

F i g u r e  2, 

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


