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THE ISOTOPIC ABUNDANCE RATIO AND ASSAY ANALYSIS OF 

SELECTED ELEMENTS I N  APOLLO 1 4  SAMPLES; I .  L. Ba rnes ,  B, S .  
C a r p e n t e r ,  E. L. Ga rne r ,  J .  W .  Graml ich ,  E .  C .  Kuehner,  L. A .  
Machlan,  E. J .  M a i n e t h a l ,  J .  R .  Moody, L. J .  Moore, T. J .  Murphy, 
P. J .  P a u l s e n ,  K .  M .  S a p p e n f i e l d ,  W .  R .  S h i e l d s ,  N a t i o n a l  Bureau 
o f  S t a n d a r d s .  

We a r e  r e p o r t i n g  o u r  r e s u l t s  o b t a i n e d  on two samples  
r e t u r n e d  by t h e  Apo l lo  1 4  m i s s i o n .  One of t h e s e  was a sample  of 
t h e  l a r g e  b r e c c i a ,  14321 ,221  and  t h e  o t h e r  a sample  of s o i l ,  
14163,159.  The d e s c r i p t i o n  of t h e s e  samples  h a s  been  p u b l i s h e d  
by L .E .P .E .T . [ l ] .  

The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was t o  o b t a i n ,  on t h e  
same sample ,  p r e c i s e  and a c c u r a t e  i s o t o p i c  r a t i o s  as w e l l  as 
i s o t o p e  d i l u t i o n  a s s a y s  f o r  a  v a r i e t y  of e l e m e n t s .  The e l e m e n t s  
chosen  were ,  f o r  t h e  most p a r t ,  t h o s e  f o r  which w e l l  c h a r a c -  
t e r i z e d  r e f e r e n c e  s t a n d a r d s  were a v a i l a b l e .  

Al though t h e  i n v e s t i g a t i o n  f o r  a l l  t h e  e l e m e n t s  t o  b e  d e t e r -  
mined i s  n o t  y e t  comple ted  we r e p o r t  h e r e  t h e  i s o t o p i c  r e s u l t s  
f o r  Pb, U ,  Th, Rb, S r  and Cu and t h e  a s s a y  r e s u l t s  f o r  t h e s e  
e l e m e n t s  a s  w e l l  a s  f o r  F e ,  T i ,  N i ,  B ,  Cd and Ag. 

[l] The Lunar  Sample P r e l i m i n a r y  Examina t ion  Team, " P r e l i m i n a r y  
Examina t ion  o f  Lunar samples  from Apol lo  1 4 " ,  S c i e n c e ,  173, 
681-694 ( 1 9 7 1 ) .  

T a b l e  1. I s o t o p i c  Compos i t i ons .  

Sample 321 Sample 163  ~ e r r e s  t r i a l a  

Lead b  
208/206 0.98837 0.94909 
207/206 0 .54773  0  -73775 
204/206 0.001755 0.001945 

Blank 7 .72  ngC 5 .63  ng 

Uranium 238/235 137 .80  137.82 137 .88  + .20  
234/235 0.007469 0.007465 0.007495+.00004 

Rubidium 85/87 2.5916 2.5921 2 .59265 + .0017 

S t r o n t i u m  88/86 8 .3752 8.3752 
87/86 0  -70799 0.71485 
84/86 0 .05655 0 .05651  

Copper 63/65 2 .2458 2.2417 2.2440 + .0021  
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pi 4" 
T a b l e  1. I s o t o p i c  C o m p o s i t i o n s  ( c o n t i n u e d ) .  

NOTES : a NBS C e r t i f i e d  v a l u e s .  
Normal  l a b o r a t o r y  l i m i t s  a r e  208/206 + . l o % ,  207/206 

T a b l e  2 .  C o n c e n t r a t i o n  A n a l y s i s .  

Lead  
B l a n k  

Uranium 
B l a n k  

Thor ium 
B l a n k  

Rubid ium 
B l a n k  

S t r o n t i u m  
B l a n k  

C o p p e r  
B l a n k  

I r o n  ( a s  F e )  

T i t a n i u m  

N i c k e l  

Boron  

Cadmium 

S i l v e r  

Sample  3 2 1  

3 . 3 0 6  ppma 
0 . 0 2 1  pprn 

5 . 7 7 8  PPm 
0 . 0 0 0 1  pprn 

5 . 9 6 4  PPm 
0 . 0 0 3 1  ppm 

1 2 0 . 2 9  pprn 
0 . 1 1 7  pprn 

7 7 . 9 1  PPm 
0 . 1 4  pprn 

Sample  1 6 3  

9 . 7 5 7  PPm 
0 .014  pprn 

3 . 6 5 0  P P ~  
0 .0008  ppm 

1 3 . 2 1  pprn 
0 . 0 0 0 1  pprn 

1 5 . 4 1  pprn 
0 . 0 0 3 1  pprn 

1 8 5 . 5 0  P P ~  
0 . 1 1 7  ppm 

9 . 9 8 1  PPm 
0 . 0 3 4  ppm 
9 . 8 6  ppmc 

7 . 7 3 6 ~ ~  

0 . 9 7 8 % ~  

333 ppmd 

2 . 1 9  ppme 

( 0 . 3 '  
7 

0 .018  ppmC 

a pprn = gm/gm. 
P r o c e d u r e  s u b s e q u e n t l y  c h a n g e d ,  c u r r e n t  S r  b l a n k  0 . 0 0 2 .  

C D e t e r m i n e d  b y  s p a r k  s o u r c e  mass s p e c t r o m e t r y .  
D e t e r m i n e d  by d i f f e r e n t i a l  p o l a r o g r a p h y  . 
D e t e r m i n e d  by  n u c l e a r  t r a c k  c o u n t i n g .  

F o r  t h o s e  e l e m e n t s  f o r  w h i c h  i s o t o p i c  c o m p o s i t i o n s  h a v e  
b e e n  m e a s u r e d  t h u s  f a r  a number h a v e  c o m p o s i t i o n s  w h i c h  a r e  
c o n s i d e r e d  t o  Ee e s s e n t i a l l y  c o n s t a n t  i n  n a t u r e .  T h e s e  a re  
u r a n i u m ,  t h o r i u m ,  r u b i d i u m  a n d  c o p p e r .  I n  e a c h  c a s e  t h e  
m e a s u r e d  r a t i o / s  a r e ,  w i t h i n  e x p e r i m e n t a l  e r r o r  e q u a l  t o  
t h o s e  f o u n d  p r e v i o u s l y  i n  t e r r e s t r i a l  m a t e r i a l s .  

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



THE ISOTOPIC ABUNDANCE RATIO AND 

I .  L.  Ba rnes  

p. Y3 
A small c o r r e c t i o n  f o r  t h e  b l a n k  l e a d  (208=52.34%, 207= 

22.0876, 206=24.14%, 204=1.42%( and t h e  r e m a i n i n g  l e a d  c o r r e c t e d  
f o r  l e a d  o f  t r o i l i t e  c o m p o s i t i o n  as l i s t e d  by Oversby[4] .  The 
r e s u l t i n g  compos i ton  as w e l l  as t h e  a p p a r e n t  l ead-uran ium a g e s  
a r e  l i s t e d  i n  T a b l e s  3 and 4 .  

T a b l e  3 

Atom P e r c e n t  

Sample No. 20 8 20 7  206 20 4 
( a f t e r  b l a n k  c o r r e c t i o n )  

( a f t e r  t r o i l i t e  c o r r e c t i o n )  

T a b l e  4 

Sample No. 
Apparent  Age (BY) 

206/238 207/235 

The rub id ium and  s t r o n t i u m  d a t a  a l s o  p e r m i t  t h e  c a l c u l a t i o n  o f  a 
model age  w i t h  some a s s u m p t i o n s  abou t  t h e  8 7 ~ r / 8 6 ~ r  i n i t i a l  
v a l u e .  P a p a n a s t a s s i o u  and Wasserburg have r e c e n t l y  p u b l i s h e d [ 5 ]  
d a t a  f o r  i n i t i a l  v a l u e s  o f  t h e s e  two samples  of  0 .69942 ( b a s a l t  
c l a s t )  and  0 .69898 (BABI) f o r  t h e  f i n e s .  Us ing  t h e s e  v a l u e s  
"ages"  o f  4.18 BY and  4.60 BY a r e  o b t a i n e d  f o r  321  and 163  
r e s p e c t i v e l y .  Thus t h e  Rb-Sr age s  a r e  c o n s i s t e n t l y  l ower  i n  
t h i s  c a s e  a s  h a s  been  shown g e n e r a l l y .  T h i s  i s  p a r t i c u l a r l y  
c o n c l u s i v e  s i n c e  b o t h  " ages "  i n  t h i s  c a s e  were d e t e r m i n e d  on t h e  
i d e n t i c a l  sample  f r a c t i o n .  Both samples  show d i s c o r d a n t  l e a d -  
uranium-thor ium a g e s .  A l i n e  j o i n i n g  t h e  two i n t e r s e c t s  t h e  
c o n c o r d i a  l i n e  a t  4 .75 BY. 

[ 4 ]  Oversby,  V.M. ,  "The I s o t o p i c  Composi t ion of Lead i n  I o n  
M e t e o r i t e s " ,  Geochim. e t  Cosmochim. Ac t a ,  34 65-75 ( 1 9 7 0 ) .  

[5] P a p a n a s t a s s i . ~ ~ ,  D .  A .  and  G .  J .  ~ a s s e r b u r ~ , " ~ b - ~ r  Ages o f  
Igneous  Rocks f rom t h e  Apo l lo  1 4  M i s s i o n  and  t h e  Age o f  t h e  
F r a  Mauro Fo rma t ion , "  E a r t h  P l a n e t .  S c i .  L e t t e r s ,  12, 
36-48 ( 1 9 7 1 ) .  
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