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CHEMICAL COMPOSITION OF LUNAR ANORTHOSITES AND THEIR PARENT 

LIQUIDS. N.  J. Hubbard, P. W. Gast ,  and C .  Meyer, Jr., NASA Manned 
Spacecra f t  Center ,  Houston, Texas 77058. 

Two chemical ly  d i s t i n c t  t y p e s  of l u n a r  a n o r t h b s i t e s  and r e l a t e d  h igh  A 1  
b a s a l t i c  rocks  have been found i n  t h e  l u n a r  samples. The most common t y p e  of 
a n o r t h o s i t e  has  low K concen t ra t ions ,  i s  exempli f ied  by t h e  Apollo 1 5  speci-  
men 15415, and i s  chemically s i m i l a r  t o  t h e  t y p e  desc r ibed  by Wood e t  a l .  
(1970) i n  t h e  Apollo 11 s o i l .  There i s  evidence f o r  a  second t y p e  of l u n a r  
a n o r t h o s i t e  c h a r a c t e r i z e d  by high K concen t ra t ions  ( ~ i g .  1) and con ta in ing  
minor minera l s  such a s  z i r c o n ,  a p a t i t e ,  i l m e n i t e  and K-feldspar  a able 1 and 
F ig .  1). The minera l  assemblages of t h e  high K groups suggest  t h a t  t h e y  were 
de r ived  from KREEP b a s a l t s .  

O u r  i s o t o p e  d i l u t i o n  d a t a  (Table 2 and Fig .  2 )  show: 1) t h a t  Eu and Sr  
v a l u e s  a r e  r e l a t i v e l y  cons tan t  except f o r  one high K sample (12033,97,7) 
which has much h igher  Eu and Sr  c o n t e n t s  and 2 )  t h a t  abundances of Ba and t h e  
t r i v a l e n t  r a r e  e a r t h s  va ry  markedly. The second c h a r a c t e r i s t i c  i s  r e l a t e d  t o  
minera log ica l  p u r i t y ,  a s  i l l u s t r a t e d  by p l o t t i n g  Ce v s  Mg ( ~ i ~ .  3 ) .  

Samples 15415 and 12033,97,7 a r e  n e a r l y  pure  p l a g i o c l a s e  and we assume 
t h a t  t h e i r  chemical  composition i s  t h a t  of l i q u i d u s  p l a g i o c l a s e s .  We can 
c a l c u l a t e  some chemical  c h a r a c t e r i s t i c s  of t h e i r  pa ren t  l i q u i d s  us ing  l i q u i d /  
p l a g i o c l a s e  d i s t r i b u t i o n  c o e f f i c i e n t s  measured on c o e x i s t i n g  p l a g i o c l a s e  
phenocrysts and b a s a l t  g l a s s  o r  f i n e  g ra ined  mat r ix  from oceanic r i d g e  
b a s a l t s  ( l a s t  two columns Table 2 )  except f o r  Eu  r re en e t  a l . ,  1971) .  The 
c a l c u l a t e d  r a r e  e a r t h ,  Ba and Sr  p a t t e r n s  a r e  shown i n  Fig .  4  a long w i t h  t h e  
p l a g i o c l a s e  d a t a  from which t h e y  were c a l c u l a t e d  and t h e  p a t t e r n  f o r  KREEP 
b a s a l t  g l a s s  from 12033 s o i l .  The c a l c u l a t e d  p a t t e r n  f o r  t h e  low K anortho- 
s i t e s  i s  u n l i k e  t h a t  o f  any l u n a r  b a s a l t  observed t o  d a t e  and i s  e s s e n t i a l l y  
c h o n d r i t i c  i n  r e l a t i v e  abundances a l though much h igher  i n  concen t ra t ions .  I n  
p a r t i c u l a r  t h e  c a l c u l a t e d  Eu anomaly i s  ve ry  smal l  and may r e a l l y  be non- 
e x i s t e n t .  Conversely, t h e  KREEP a n o r t h o s i t e  fragment appears  t o  have 
c r y s t a l l i z e d  from a  l i q u i d  w i t h  s u b s t a n t i a l  Eu and Sr anomalies and wi th  much 
h igher  r a r e  e a r t h  and Ba c o n c e n t r a t i o n s ,  s i m i l a r  t o  t h a t  observed f o r  KREEP 
b a s a l t  g l a s s .  

Hubbard and Gast (1971) have suggested t h a t  t h e  KREEP t y p e  of b a s a l t  was 
produced by 1-3% p a r t i a l  mel t ing o f  a shal low p r i m i t i v e  l a y e r  ( < l o 0  km deep)  
i n  t h e  moon t h a t  was s u b s t a n t i a l l y  enr iched ,  r e l a t i v e  t o  chondr i t es ,  i n  
r e f r a c t o r y  t r a c e  elements,  Ca and Al. They f u r t h e r  suggested t h e  p l a g i o c l a s e  
i s  a  major component of t h a t  r e g i o n  of t h e  moon. We suggest  t h a t  t h e  pa ren t  
l i q u i d  c a l c u l a t e d  f o r  t h e  low K a n o r t h o s i t e s  was produced by much more exten- 
s i v e  mel t ing of a s i m i l a r  f e l d s p a r  r i c h  region.  

J. A. Wood, J. S. Dickey, U. B. Marvin, B. N. Powell, Geochim. Cosmochim. Acta 
Z ( supp l .  1 1 ,  965 (1970).  
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TABLE 1. Mineral Assemblages and K20 Contents of 
Plagioclases  from Anorthosi t ic  Coarse Fines: 

H i h K T  e 
98% Plagioclase An85; 1% Zircon, 0.5% Whitlockite,  0.5% 

Pyroxene. K20 = 0.15%. 
12033,85c 99% Plagioclase An80, 1% Olivine Fa30, 1% Ilmenite .  

K20 = 0.20%. 
*12033,97,7 100% Shocked Plagioclase An88, small patches of high K content.  

K20 = 0.30%. 

-2 90% Plagioclase An95, 9% Olivine ~ a 4 0 ,  1% Orthopyroxene. 
K20 = 0.04%. 

*10085,11,146 White fragment donated by Elber t  King. Not analyzed by 
microprobe. See Table 2 f o r  p a r t i a l  chemical ana lys is .  

*10085,11,47 White fragment donated by Elbert  King. Not analyzed by 
microprobe. See Table 2 f o r  p a r t i a l  chemical ana lys is .  

10085,87, I 100% Plagioclase.  K20 = 0.01%. 
10085,87, J 80% Plagioclase An95, 20% low Ca Clinopyroxene. K20 = 0.01%. 

*Samples t h a t  were analyzed by isotope d i l u t i o n .  See Table 2. 
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Fig. 2 
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Fig. 4. 
o l d c a l  and Isoto?ic Data f o r  Lmar Anorthosites and Related Frag.cnts 

Page Of 
10385 11 47 10585 11,115 12033.97,7 14161.35 ,I 15415 , l l  L i q u i d / P l ~ g i o c l x e  

5.2'rg 38.2 w 11.1 53 .3  90.9 ~g Distribution C c e f f i c i e n u  

lam 0.118 
Ce " 1 . 3  9.59 12 .8  3.33 0.32 0 .35  27 - 18  
tid " 0.74 5.51 5.61 1 .87  0 .20  0.175 33 - 22 

Lvrlucs bracket those of G m  s t  el. (10). 
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