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T h i r t y - o n e  c r y s t a l l i n e  rocks  f rom t h e  A p o l l o  15 m i s s i o n  were analyzed 
f o r  REE, and, i n  some cases, f o r  major  and o t h e r  t r a c e  elements. We were 
seeking g e n e t i c  r e l a t i o n s h i p s  among these rocks  s i m i l a r  t o  those found f o r  
t e r r e s t r i a l  igneous rocks  (e.g., Steens Mountain b a s a l t s ,  Helmke and Haskin, 
[ I ] ,  submarine b a s a l t s ,  Kay e t  a l . ,  [ 2 ]  ) .  A l l  m a t e r i a l s  analyzed have 
t y p i c a l  d e p l e t i o n s  of  Eu (except  f o r  p l a g i o c l a s e  separated f rom sample 
15085). The b a s a l t s  do n o t  appear t o  be s imp ly  r e l a t e d  t o  each o t h e r  by 
o r d i n a r y  processes o f  igneous f r a c t i o n a t i o n .  

Four samples have c o n c e n t r a t i o n s  o f  t r a c e  elements t h a t  a r e  
c h a r a c t e r i s t i c  o f  KREEP. T h e i r  average t r a c e  element concen t ra t  ions a r e  
g i ven  i n  Table 1 .  The range o f  concen t ra t i ons  extends t o  about 20% above 
and below t h e  mean f o r  REE (except  EU) and most o f  t h e  o t h e r  t r a c e  elements. 
Unless o the rw ise  s p e c i f i e d ,  these fou r  b a s a l t s  a r e  excluded f rom t h e  
d i scuss ions  below. 

The samples o f  mare b a s a l t  f rom A p o l l o  15 have h i g h e r  concen t ra t i ons  
o f  FeO, MgO, Mn, and C r  and lower  concen t ra t i ons  o f  CaO, NazO, K20, and 
r a r e - e a r t h  elements (REE) than samples o f  mare b a s a l t  f rom Apo l l os  11, 12, 
and 14. The A p o l l o  15 mare b a s a l t s  can be d i v i d e d  i n t o  two groups on 
t h e  b a s i s  of  t h e i r  normat ive  compos i t ions .  One group i s  q u a r t z  normat ive  
and has a low c o n c e n t r a t i o n  o f  FeO. The o t h e r  i s  o l i v i n e  normat ive  and 
has a h i g h  c o n c e n t r a t i o n  o f  FeO. The average major  and t r a c e  element 
concen t ra t i ons  f o r  t h e  two groups a r e  g i v e n  i n  Tab le  1 .  The o v e r a l l  range 
i n  REE concen t ra t i ons  f o r  a l l  27 b a s a l t s  i s  j u s t  over a f a c t o r  o f  2. The 
range f o r  t h e  i n d i v i d u a l  groups i s  about  t h e  same. There i s  a sys temat ic  
d i f f e r e n c e  i n  c o n c e n t r a t i o n s  o f  FeO between the  q u a r t z  normat ive  ( 2 1 % )  
and 01 i v i n e  normat ive  ( 2 2 2 % )  groups. 

The t r a c e  element data  a l l o w  t h a t  t h e  samples o f  o l i v i n e  normat ive  
b a s a l t  cou ld  be f rom d i f f e r e n t  p o r t i o n s  o f  a s i n g l e  l ava  f l o w .  A t  l e a s t  
two, and p o s s i b l y  t h r e e ,  pa ren t  magmas a r e  r e q u i r e d  t o  account f o r  the  
samples o f  t h e  q u a r t z  normat ive  group, on t h e  bas i s  o f  t h e i r  c o n c e n t r a t i o n  
r a t i o s  o f  Sm t o  Eu. W i t h i n  each group, t h e  composi t ions o f  t he  samples 
appear t o  be r e l a t e d  by c r y s t a l l i z a t i o n  of  o l i v i n e  o r  pyroxene. 

Cons ider ing  o r d i n a r y  processes o f  igneous f r a c t i o n a t i o n  on ly ,  t h e  
v a r i a t i o n  o f  t h e  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu f o r  t h e  samples o f  mare 
b a s a l t  can be produced o n l y  by plagioclase-liquidequilibrium. However, 
t h e  l i q u i d s  t h a t  produced these b a s a l t s  a r e  no t  s a t u r a t e d  w i t h  p l a g i o c l a s e  
( ~ u m p h r i e s  e t  a l . ,  [ 3 ] ) .  

Some v a r i a t i o n  o f  t h e  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu may be t h e  
r e s u l t  o f  sampling. Four o f  t h e  samples were pyroxene v i t r o p h y r e s  i n  
which c r y s t a l l i z a t i o n  o f  p l a g i o c l a s e  never s t a r t e d  ( A l b e e e t  a l . ,  [ 4 ] ,  
Wiegand,[5] ) ;  t h e r e f o r e ,  s e l e c t i v e  sampling would be expected t o  have 
l i t t l e  o r  no e f f e c t  upon t h e  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu i n  those samples. 
The range o f  values o f  t h e  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu f o r  t h e  samples o f  
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pyroxene v i t r o p h y r e s  i s  s i m i l a r  t o  t h a t  f o r  t h e  o t h e r  samples o f  mare b a s a l t .  
Thus, t h e  f o u r  v i  t r o p h y r e s  a lone  r e q u i  r e  more than one pa ren t  magma. The 
v a r i a t i o n  o f  t h e  c o n c e n t r a t i o n  r a t i o  o f  Sm t o  Eu i s  g r e a t e r  than can 
reasonably be expected i f  o n l y  o l i v i n e  and p y r o x e n e - l i q u i d  e q u i l i b r i a  a r e  
cons idered.  

A mechanism t h a t  would produce v a r i a t i o n s  i n  t h e  c o n c e n t r a t i o n  r a t i o s  
o f  Sm t o  Eu l i k e  those observed would be t h e  a s s i m i l a t i o n  o f  r e l a t i v e l y  
smal l  amounts o f  a  m a t e r i a l  w i t h  h i g h  c o n c e n t r a t i o n s  o f  REE except  f o r  Eu 
i n t o  t h e  l i q u i d  t h a t  produced t h e  b a s a l t s .  KREEP i s  an example o f  such a  
m a t e r i a l .  I n  o r d e r  f o r  KREEP t o  be t h e  a s s i m i l a t e d  c o n s t i t u e n t ,  i t s  
r e l a t i v e  enr ichment i n  t h e  l i g h t  R E E  would have t o  be compensated by a  
l i g h t  R E E  d e p l e t i o n  i n  t h e  o t h e r  c o n s t i t u e n t s  o f  t h e  magma. Such a  
d e p l e t i o n  i s  c h a r a c t e r i s t i c  o f  A p o l l o  1 1  B b a s a l t s ,  and would be an 
expected product  o f  m e l t i n g  o f  a  m a f i c  cumulate.  

Tab le  1 .  Mean compos i t ions  o f  A p o l l o  15 c r y s t a l l i n e  rocks .  

01 i v i n e  no rma t i ve  b a s a l t s  Quar t z  no rma t i ve  basa l  t s  

S i02  45.8 Quartz - S i02 49.2 Q u a r t z  2.6 

~ 1 ~ 0 ~  8.35 l l r nen i te  3.8 A1203 9.62 l l m e n i t e  2.8 

T i 0 2  2.65 Or thoc lase  0.5 T i 0 2  2.0 Or thoc lase  0 .5  

MnO 0.283 A l b i t e  2.5 MnO 0.269 A l b i t e  3.0 

FeO 22.9 A n o r t h i t e  22.4 FeO 20.4 A n o r t h i t e  25.8 

MgO 1 0 .  D iops ide  22.4 MgO 8.62 D iops ide  20.2 

CaO 9 .74  Hypersthene 38.2 CaO 9.86 Hypersthene 44.8 

Na20 0.271 01 i v i n e  10.1 Na20 0 . 3 3 4 O l i v i n e  - 

Sum 100.3 100.4 
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Tab le  1 (cont inued)  

01 i v i n e  
basal t s  

4.87 
13.5 
10.4 
3.53 
0.893 
5.1 
0.80 
5.38 
1 . o  
3.1 
2.27 
0,319 

52.6 
45.2 

2.6 
4430 
2190 

Quar t z  
basa 1 t s  

6.11 
16.8 
11.6 
4.1 1 
1.02 
5.5 
0. go 
6.03 
1.2 
3.5 
2.73 
0.394 

46.7 
43.4 

2.8 
3480 
21 30 

KREEP 
basa 1 t s  

81.5 
198 
132 
38.4 

2.81 
43.5 

7.3 
49.8 
10.6 
2 7 
24.9 

3.82 
2 7 
29 
2 9 - 
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