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The m i n e r a l o g i e s  o f  two ve ry  f i n e  g r a i n e d  Apol lo  1.7 b a s a l t s  
Nos. 7 0 2 1 5  and 74275 have been examined i n  d e t a i l .  B a s a l t  70215 
i s  a  h i g h - t i t a n i u m  ( 1 3 . 1 %  T i 0 2 ) ,  b a s a l t  [<1% norma t ive  o l i v i n e ,  
1 0 0  Mg/Mg+Fe = 43.6 b u t  b a s a l t  742 75,  w h i l e  o f  s i m i l a r  T i 0 2  
c o n t e n t  (12 .8% Ti02)- i s  more magnesian and o l i v i n e - r i c h  C8% 
normat ive  o l i v i n e ,  1 0 0  Mg/Mg+Fe = 50.51. B a s a l t  70215 c o n t a i n s  
phenoc rys t s  o f  o l i v i n e  w i t h  a  r ange  i n  compos i t ion  fromUOO Mg/ 
Mg+Fehax=74.0 towards  more i r o n - r i c h  r i m s  and a l s o  c o n t a i n s  r a r e  
phenoc rys t s  o f  a  s p i n e l  phase  (48% M T i04  , 3 5 % ,  M C r 2 0 4 ,  1 7 %  
M A 1 2 0 4 )  and o f  a r m a l c o l i t e  C ( 1 0 0  ~ ~ ? ~ ~ + ~ e ) ~ ~ ~ = 4 8 ,  2 . 0 %  A 1 2 0 3 ,  
2 . 1 %  C r 2 0 3 1 .  The b u l k  o f  t h e  rock  c o n s i s t s  o f  quenched,  
s t r o n g l y  zoned o l i v i n e ,  c a l c ium- r i ch  pyroxene zoned t o  Fe - r i ch  
s u b - c a l c i c  py roxenes ,  i l m e n i t e  ( 1 0 0  Mg/Mg+Femax = 1 8  and anor -  
t h i t e .  Expe r imen ta l  s t u d i e s  o f  a  s y n t h e t i c  g l a s s  o f  t h e  com- 
p o s i t i o n  of b a s a l t  70215 showed t h a t  o l i v i n e  and s p i n e l  o c c u r r e d  
i n  t h e  l i q u i d u s  a t  1 1 6 0  + 1 0 ° C  and  were j o i n e d  by a r m a l c o l i t e  
a t  1140 + loOc. The compos i t ion  o f  o l i v i n e  [ l o 0  Mg/Mg+Fe = 741 
and a r m a l c o l i t e  [ l o 0  Mg/Mg+Fe = 5 0 ,  2 .1% A 1 2 0 3 ,  2 . 0 %  C r 2 0 3 1  i n  
a  run  a t  1140°C a r e  i d e n t i c a l  t o  t h o s e  o f  t h e  most magneslan 
phenoc rys t s  of t h e  n a t u r a l  r o c k  and t h e  compos i t ion  o f  t h e  
c o e x i s t i n g  s p i n e l  C60% M2Ti04, 27% M C r 2 0 4 ,  13% M A1204!  i s  
c l o s e  t o  t h e  Mg-rich n a t u r a l  s p i n e l s .  Pyroxene o r  p l a g ~ o c l a s e  
do n o t  c o e x i s t  w i t h  o l i v i n e ,  s p i n e l  o r  a r m a l c o l i t e  o f  t h e s e  
compos i t ions  i n  t h e  e q u i l i b r i u m  m e l t i n g  expe r imen t s  b u t  b o t h  
p h a s e s ,  c o e x i s t i n g  w i t h  o l i v i n e  and a r m a l c o l i t e ,  a r e  p r e s e n t  a t  
l l O O ° C .  The combinat ion of e x p e r i m e n t a l  and m i n e r a l o g i c a l  d a t a  
demons t r a t e s  t h a t  b a s a l t  70215 compos i t ion  e x i s t e d  a s  a  l i q u i d  
c o n t a i n i n g  r a r e  o l i v i n e  and v e r y  r a r e  s p i n e l  and a r m a l c o l i t e  
c r y s t a l s  a t  >1140°C and was r a p i d l y  quenched from t h a t  tempera-  
t u r e .  

A t  5  kb,1220 + 1 0 ° C , o l i v i n e  and s p i n e l  o c c u r  i n  t h e  l i q u i d u s  
b u t  a t  1 2 0 0 ° C  s p i n e l  i s  a b s e n t  and o l i v i n e ,  i l m e n i t e  and sub- 
c a l c i c  c l i nopyroxene  (5% C a O ,  2 .2% A1203, 2 .1% T i 0 2 )  o c c u r  
t o g e t h e r  w i t h  l i q u i d .  A t  8  k b ,  1 2 6 0 0 C ,  s u b - c a l c i c  c l i nopyroxene  
(5 .4% CaO, 2 . 6 %  A 1 2 0 3 ,  2 . 2 %  Ti0  1 i s  t h e  l i q u i d u s  phase  and 
c l i nopyroxene  r e m a n s  t h e  l i q u i 8 u s  phase  a t  1 0  kb , (6 .7% C a O  , 
3.4% A 1 2 0  , 2 . 2 %  T i 0 2 )  and 15 k b ,  134OoC ( 1 0 . 1 %  CaO, 4.7% A1203 
2 .4% T ~ o ~ ? .  

B a s a l t  74275 i s  a l s o  a f i n e - g r a i n e d  b a s a l t  w i t h  r a r e  
o l i v i n e  phenoc rys t s ,  some c o n t a i n i n g  s p i n e l  i n c l u s i o n s ,  i n  a 
quench assemblage o f  zoned py roxene ,  a r m a l c o l i t e ,  i l m e n i t e ,  
o l i v i n e  and p l a g i o c l a s e .  The compos i t ionof  o l i v i n e  phenoc rys t  
c o r e s  v a r i e s  up t o  1 0 0  Mg/Mg+Fe = 79.5 (Ti02 = 0 . 3 % ,  C r 2 0 3  0 . 3 % ,  
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C a O  0 . 3 % ) ,  t h e s e  o l i v i n e s  b e i n g  t h e  most magnesian y e t  
obse rved  i n  mare b a s a l t  s ample s ,  i n c l u d i n g  o l i v i n e  v i t r o p h y r e s  
such  a s  12009, 1 2 0 2 2 .  The most magnesian s p i n e l  c r y s t a l s  a r e  
i n c l u d e d  i n  o l i v i n e  a t  compos i t ion  ( 1 0 0  Mg/Mg+Fe = 75) and t h e  
ev idence  from t h e  rock  s u g g e s t s  t h a t  o l i v i n e  may have c r y s t a l l -  
i z e d  a l o n e  o v e r  t h e  c o m p o s i t i o n a l  r ange  1 0 0  Mg/Mg+Fe = 79.5+75 
b e f o r e  b e i n g  j o i n e d  by s p i n e l  ( 1 0 0  Mg/Mg+Fe = 28 .5 ;  4 0 %  M2Ti04, 
41% M C r 2 0 4  1 9 %  M A 1 2 0 4 ) .  A r m a l c o l i t e  ( ( 1 0 0  Mg/Mg+FeImax = 4 4 ,  
2 .3% A1203 1 . 9 %  Cr2?3)  i s  v a r i a b l e  i n  compos i t ion  and does n o t  
o c c u r  i n c l u d e d  w i t h l n  c o r e s  o f  o l i v i n e  phenoc rys t s  - it i s  
p robab ly  b e s t  a s s i g n e d  t o  t h e  quench r a t h e r  t h a n  phenoc rys t  
phase  o f  c r y s t a l l i z a t i o n .  Although no e x p e r i m e n t a l  s t u d i e s  have 
y e t  been c a r r i e d  o u t  on t h e  compos i t ion  o f  b a s a l t  74275, t h e  
phase  r e l a t i o n s h i p s  obse rved  f o r  70215 and Apol lo  1 7  Orange 
Glass compos i t i ons  and t h e  v a l u e  f o r  Kg= (Fe/Mg)ol /  (Fe/Mg) Liq. 
= 0 . 2 7  e s t a b l i s h e d  f o r  h i g h  t i t a n i u m  b a s a l t s  from t h e s e  
s t u d i e s  a l l o w  t h e  p r e d i c t i o n  t h a t  o l i v i n e  w i t h  1 0 0  Mg/Mg+Fe = 
79 - 79.5 w i l l  b e  t h e  l i q u i d  phase  ( a t  > 1 2 0 0 0 C )  f o r  b a s a l t  
74275 a t  a t m o s p h e r i c  p r e s s u r e .  The d a t a  on samples  70215 and 
74275 demons t r a t e  t h a t ,  i f  t h e s e  samples  a r e  d e r i v e d  from l a v a  
f l ows  and a r e  n o t  impact  m e l t s ,  h i g h l y  o l i v i n e - n o r m a t i v e  and 
r e l a t i v e l y  magnesian l i q u i d s  c o n t a i n i n g  up t o  a t  l e a s t  1 2  .5  - 
13% Ti02  e x i s t e d  a s  l a v a  f l ows  ( T > 1 1 5 0  C) a t  t h e  l u n a r  s u r f a c e .  
These l a v a s  were n o t  s a t u r a t e d  i n  p l a g i o c l a s e  , pyroxene , i l m e n i t e  
o r  a r m a l c o l i t e  a t  o r  n e a r  t h e  l u n a r  s u r f a c e  and a r e  n o t  r e s i d u a l  
l i q u i d s  from n e a r - s u r f a c e  f r a c t i o n a l  c r y s t a l l i z a t i o n .  The l a v a s  
were s a t u r a t e d  i n  o l i v i n e  ( 1 0 0  Mg/Mg+Fe = 74-79) a l o n e  o r  
o l i v i n e  + Ti -Cr - sp ine l  on e x t r u s i o n .  

The Apo l lo  17 Orange Glass  compos i t ion2  h a s  o l i v i n e  ( 1 0 0  Mg 
/Mg+Fe = 81)  on t h e  l i q u i d u s  a t  1330 + 10oC, a t  a tmosphe r i c  
p r e s s u r e  and o l i v i n e  c r y s t a l l i z e s  a l o n e  ( o r  w i t h  r a r e  s p i n e l  a t  
T < 1 2 0 0 ° ~ )  t o  1150 + lOoC where o l i v i n e  ( 1 0 0  Mg/Mg+Fe = 7 2 )  i s  
j o i n e d  by a r m a l c o l i t e  (100 Mg/Mg+Fe = 47; 1 . 6 %  A1203;2.6% Cr203) 
A t  t h i s  t e m p e r a t u r e  Orange Glass  i s  30 + 3% c r y s t a l l i z e d  and t h e  
l i q u i d  matches some Apol lo  1 7  and Apo l lo  11 b a s a l t s  i n  major  
e lement  compos i t ion .  O l i v i n e  remains  t h e  l i q u i d u s  phase  w i t h  
i n c r e a s i n g  p r e s s u r e  b u t  a t  2 0  kb o l i v i n e  i s  fo l l owed  by o r t h o -  
pyroxene and a t  25 kb o r t h o  yroxene i s  t h e  l i q u i d u s  phase .  The 8 or thopyroxene  a t  25 kb 1480 C ,  h a s  1 0 0  Mg/Mg+Fe = 81 .1 ,  1.1% Ti9 
2 . 1 %  A 1 2 0 3 ,  and 2 .4% CaO and i s  e i t h e r  accompanied by s u b - c a l c i c  
c l i nopyroxene  on t h e  l i q u i d u s  o r  j o i n e d  by c l i nopyroxene  
s l i g h t l y  below t h e  l i q u i d u s .  The occu r r ence  o f  o r thopyroxene  on 
t h e  l i q u i d u s  o f  Apo l lo  17  Orange Gla s s  compos i t ion  a t  20-25 kb 
f i r m l y  e s t a b l i s h e s  a  l i n k  w i t h  Apol lo  1 2  and 15 mare b a s a l t s  
and w i t h  Apo l lo  15 Green Glass  compos i t ion  p a r t i c u l a r l y  i n  
con f i rming  t h e  s i g n i f i c a n c e  o f  1 0 0  Mg/Mg+Fe v a l u e s  o f  80 
f o r  t h e  s o u r c e  r e g i o n s  o f  mare b a s a l t s  o f  b o t h  h i g h  T i  and low Ti 
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c h a r a c t e r  and t h e  r o l e s  o f  o r thopyroxene ,  s u b - c a l c i c  c l i n o p y r o -  
xene and o l i v i n e  as t h e  major  phases  o f  t h e  s o u r c e  r e g i o n .  From 
t h e  Apo l lo  1 7  Orange Glass s t u d i e s ,  it i s  p r o b a b l e  t h a t  b a s a l t  
74275 w i l l  have o l i v i n e  + or thopyroxene  a s  l i q u i d u s  phases  a t  
1 2  - 15  kb.  

Expe r imen ta l  phase  r e l a t i o n s h i p s  and m i n e r a l  chemica l  d a t a  
show t h a t  70215, 74275 and Orange Gla s s  a r e  n o t  s imp ly  r e l a t e d  
by n e a r  s u r f a c e  c r y s t a l  f r a c t i o n a t i o n  ( o l i v i n e  + s p i n e l  + 
a r m a l c o l i t e )  b u t  r e p r e s e n t  d i f f e r e n t  magma b a t c h e s ,  d e r i v e d  
p robab ly  from an o l i v i n e  p y r o x e n i t e  s o u r c e  b u t  w i t h  d i f f e r e n t  
d e p t h s  of magma s e g r e g a t i o n  a n d / o r  deg rees  o f  p a r t i a l  m e l t i n g .  
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