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The l a t e - s t a g e  l i q u i d s  produced d u r i n g  l u n a r  magmatic p r o c e s s e s  a r e  
h i g h l y  e n r i c h e d  i n  t h e  r a r e  e a r t h  e l emen t s  (REE). A c h a r a c t e r i s t i c  s u i t e  of 
REE-rich phases  ( i n c l u d i n g  a p a t i t e ,  w h i t l o c k i t e ,  monazi te ,  z i r c o n o l i t e ,  
t r a n q u i l l i t y i t e ,  b a d d e l e y i t e  and z i r c o n  [ I ]  c r y s t a l l i z e  from t h e s e  l i q u i d s  
and may cause  m o d i f i c a t i o n  of t h e  REE f r a c t i o n a t i o n  p a t t e r n s  w i t h i n  t h e s e  
l i q u i d s .  Up t i l l  now FEE f r a c t i o n a t i o n  p a t t e r n s  have  been de termined f o r  
c o - e x i s t i n g  REE-rich phases  of  only  3  of t h e  7  p e t r o g r a p h i c a l l y  d e f i n e d  
l u n a r  rock  groups d e f i n e d  from c l a s t s  i n  Apol lo  14 and 15  b r e c c i a s  [2 ] :  

Group 2: Mare b a s a l t s  10047 and 14072. [F igs .  1 & 21. 

Group 4: Monzonite c l a s t s  (numbers 1 and 2) i n  b r e c c i a  14305. [ F i g .  3 1 .  

Group 6: R e c r y s t a l l i z e d  b r e c c i a s  14305 and KREEP-rich 65015. [ F i g s .  4  & 51. 

A p a t i t e s  and W h i t l o c k i t e s :  For rocks  w i t h  co -ex i s t i ng  a p a t i t e s  and 
w h i t l o c k i t e s  ( i . e .  14072; monzonite  c l a s t  and m a t r i x  of b r e c c i a  14305;65015) 

bo th  have s imi lar  and r e l a t i v e l y  f l a t  REE f r a c t i o n a t i o n  p a t t e r n s  which a r e  a l s o  
p a r a l l e l  t o  t h e  p a t t e r n s  of t h e  h o s t  t o t a l  rock .  The major  d i f f e r e n c e  
between c o - e x i s t i n g  a p a t i t e  and w h i t l o c k i t e  p a t t e r n s  i s  t h e  very marked 
n e g a t i v e  Eu anomaly found i n  w h i t l o c k i t e s  w h i l e  t h e  a p a t i t e s  show e i t h e r  a  
very s m a l l  o r  v i r t u a l l y  ze ro  Eu anomaly. A d i f f e r e n t  s e t  of c o n d i t i o n s  h a s  
a p p a r e n t l y  o p e r a t e d  d u r i n g  t h e  c r y s t a l l i z a t i o n  of 10047. I n  t h i s  rock  
v i r t u a l l y  a l l  t h e  ca lc ium phosphate  p r e s e n t  i s  a p a t i t e  i n  which t h e  REE 
f r a c t i o n a t i o n  p a t t e r n  i s  d i f f e r e n t  from a l l  o t h e r  a p a t i t e s  s t u d i e d  (which 
co-exis ted  w i t h  major  w h i t l o c k i t e ) ,  hav ing  a  c e n t r a l l y  humped p a t t e r n  and a  
marked n e g a t i v e  Eu anomaly. A p a t i t e  shows t h e  most v a r i a t i o n  of any REE- 
r i c h  phase s t u d i e d .  

Z i r c o n o l i t e :  Z i r c o n o l i t e s  were s t u d i e d  i n  10047, m a t r i x  of 14305 and KREEP- 
r i c h  65015. A l l  show REE f r a c t i o n a t i o n  p a t t e r n s  which r i s e  s t e e p l y  from La 
t o  Sm, have a marked n e g a t i v e  Eu anomaly and then  remain v i r t u a l l y  f l a t  from 
Gd t o  Lu. 

T r a n q u i l l i t y i t e :  Only one g r a i n  was measured from 10047. The b a s i c  p a t t e r n  
i s  l i k e  t h a t  f o r  z i r c o n o l i t e ,  p l u s  a p o s i t i v e  P r  anomaly. 

Badde ley i t e :  B a d d e l e y i t e  g r a i n s  were  ana lysed  i n  10047, 14072 and 65015. 
The accuracy  i s  l i m i t e d  by t h e  low abundance of t h e  l i g h t  REE1s b u t  t h e  
g e n e r a l  p a t t e r n  i n d i c a t e s  a con t inued  enr ichment  from t h e  l i g h t e s t  t o  t h e  
h e a v i e s t  REE1s. Badde ley i t e  i n  65015 seems t o  have  a  p o s i t i v e  Eu anomaly. 

Zi rcon:  Z i r cons  have  been  ana lysed  from t h e  monzonite  ( c l a s t  1)  and t h e  
r e c r y s t a l l i z e d  m a t r i x  i n  14305. Both z i r c o n s  show FEE f r a c t i o n a t i o n  
p a t t e r n s  which a r e  r a t h e r  s i m i l a r  t o  b a d d e l e y i t e  p a t t e r n s .  

Monazite: Monazite is a  r a r e  c o n s t i t u e n t  of t h e  m e s o s t a s i s  a r e a s  of t h e  
10047 [ I ] .  It shows a REE f r a c t i o n a t i o n  p a t t e r n  which is  g r o s s l y  d i f f e r e n t  
from t h e  t r e n d  of most o t h e r  REE-rich phases  i n  t h a t  t h e  l i g h t  FEE'S are 
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h i g h l y  e n r i c h e d  r e l a t i v e  t o  t h e  heavy FEE'S w h i l e  a d i s t i n c t l y  n e g a t i v e  Eu 
anomaly i s  a l s o  observed .  

The l i m i t e d  d a t a  a v a i l a b l e  show d i f f e r e n c e s  i n  REE f r a c t i o n a t i o n  
p a t t e r n s  observed  f o r  t h e  FEE-rich phases  p r e s e n t  i n  t h e  l u n a r  rocks  and 
t h e s e  d i f f e r e n c e s  s u g g e s t  p o s s i b l e  mechanisms f o r  d e r i v i n g  e i t h e r  l a t e - s t a g e  
c r y s t a l l i z i n g  l i q u i d s ,  o r  e a r l y - s  t a g e  p a r t i a l  m e l t  l i q u i d s  e x h i b i t i n g  a 
v a r i e t y  of  REE f r a c t i o n a t i o n  t r e n d s .  
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F ig .  1 

F i g .  2 

t E=-x--x,x ,x-x-\x/~x 

101 ..11-- lo1 
Y La Ce Fr Nd Sm Eu Gd Tb Dy Ho Er Trn Yb iu Y La Ce Pr Nd Sm Eu Gd Tb Dy !lo Er Tin Yb Lu 
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Recrystallized matrix 
Fig. 4 1L305.77 

1 o1 
Y La Ce Pr Nd Srn Eu Gd Tb C-y Ho Er. l'rn Yo iu Y La Cr Pr Nd jm Eu Gd Tb Dy Ho Er Trn Yb Lu 
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