
SOLAR, SPALLOGENIC AND RADIOGENIC RARE GASES I N  
APOLLO 17 SOILS AND BRECCIAS. 

H . H i n t e n b e r g e r ,  H.W.Weber a n d  L . S c h u l t z ,  M a x - P l a n c k - I n s t i t u t  
f u r  Chemie ( O t t o - H a h n - I n s t i t u t )  M a i n z ,  Germany 

R a r e  gas c o n c e n t r a t i o n s  and  i s o t o p i c  c o m p o s i t i o n  o f  f o u r  
A p o l l o  17 s o i l s  ( 72701125 ,  7426019,  75061121  a n d  75081172 )  a n d  
two  b r e c c i a s  (79035115  and  79135132 )  h a v e  been  d e t e r m i n e d  mass 
s p e c t r o m e t r i c a l l y .  The r e s u l t s  a r e  g i v e n  i n  Tab.1.  I n  a d d i t i o n  
t o  o u r  r e c e n t l y  p u b l i s h e d  a n a l y s e s  o f  d i f f e r e n t  g r a i n  s i z e  
f r a c t i o n s  f r o m  o r a n g e  s o i l  74220147 and  t h e  r e f e r e n c e  s o i l  
74241124 ( 1 )  we h a v e  measu red  t h e  r a r e  gases  o f  a  s u i t e  o f  g r a i n  
s i z e s  f r o m  7426019,  t h e  s e c o n d  r e f e r e n c e  s o i l  t o  74220147 
( T a b . 2 )  and  f r o m  75081172.  

The e l e m e n t a l  r a r e  gas r a t i o s  v a r y  f r o m  s o i l  t o  s o i l  as  a  
f u n c t i o n  o f  t h e r m a l - a n d  i r r a d i a t i o n  h i s t o r y  as w e l l  as  t h e i r  
m i n e r a l o g y .  F o r  t r a p p e d  g a s e s  t h e  r a t i o  R ( 3 6 ) = A r 3 6 / K r 8 4  i s  r e 1  a -  
t i v e l y  c o n s t a n t  ( 9(36)=IR(36)max-R(36)minJ : R ( 3 6 ) m i n )  = 0 . 4 7 )  
compared t o  l a r g e  v a r i a t i o n s  o f  t h e  r a t i o s  R ( 2 0 ) = N e 2 0 / K r 8 4  and  
R ( 4 ) = H e 4 / K r 8 4  ( $ (20 )=1 .7 ;  C ( 4 ) = 4 . 4 ) .  The v a r i a t i o n s  o f  t h e  
r e l a t i v  abundances  o f  t h e  1  i g h t  r a r e  gases  a r e  caused  t o  a  l a r g e  
e x t e n d  b y  d i f f u s i o n  l o s s e s .  As a  r u l e ,  samp les  w i t h  h i g h  T i 0 2  
c o n t e n t s  ( 2 )  show l a r g e  ( H e 4 l K r 8 4 ) - a n d  ( N e 2 0 l K r 8 4 ) - r a t i o s ,  
r e f l e c t i n g  t h e  h i g h e r  r e t e n t i v i t y  o f  i l m e n i t e  f o r  l i g h t  r a r e  
gases  ( 1 )  ( 3 ) .  

The i s o t o p e  r a t i o s  ( A r 3 6 l A r 3 8 )  and  ( N e 2 0 l N e 2 2 )  a r e  c o n s t a n t  
w i t h i n  +2%. The r a t i o  ( ~ r 4 0 / ~ F r 3 6 )  o f  t h e  s u r r b c e  c o r r e l a t e d  
a r g o n  i s c t o p e s  , h o w e v e r ,  shows 1  a r g g C v a r i a t i o n s  be tween  0 . 7 7  i n  
75081172 and  7.6 i n  74241124 and  t h e  r a t i o  ( H e 4 l H e 3 )  v a r i e s  
a l s o  b e t w e e n  2740 and  3260 i n  t h e  c o r r e s p o n d i n g  sampf&s .  
R a d i o g e n i c  A r 4 0  a n d  He4 l i b r a t e d  f r o m  l u n a r  m a t e r i a l  and  ad - 
s o r b e d  o n  t h e  h i g h l y  damaged g r a i n  s u r f a c e s  o r  i n c o r p o r a t e d  
by some o t h e r  mechan ism i n t o  t hem may e x p l a i n  t h e  c o r r e l a t i o n  
be tween  ( A r 4 0 / A r 3 6 ) S C  a n d  (He4 /He3 ) t r .  

O f  s p e c i a l  i n t e r e s t  a r e  t h e  two  r e f e r e n c e  s o i l s  74241124 and  
7426019 t o  t h e  o r a n g e  s o i l  74220147:  B o t h  e x h i b i t  h i g h  He41He3 
and  A r 4 0 l A r 3 6  r a t i o s ,  t h e i r  n o b l e  gas c o n c e n t r a t i o n s  i n  b u l k  
and  g r a i n  s i z e  s a m p l e s  a r e  v e r y  s i m i l a r .  From t h e  g r a i n  s i z e  
a n a l y s e s  we d e t e r m i n e d  t h e  r a d i o g e n i c  and  s p a l l o g e n i c  gas 
components  ( T a b . 3 ) .  It f o l l o w s  t h a t  t h e  e x p o s u r e  age o f  t h e  
r e f e r e n c e  s o i l s  w i t h  a b o u t  200 my i s  h i g h  compared  t o  t h e  
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S O L A R ,  S P A L L O G E N I C  A N D  R A D I O G E N I C  RARE G A S E S  

Hintenberger,H. et a 1  . 

T a b l e  1: R a r e  gar  c o n c e n t r a t i o n s  i n  cm3 STP/g i n  b u l k  m a t e r i a l  o f  f i n e r  a n d  b r e c c l a r  f r o m  A p o l l o  17 m i s s i o n .  

E r r o r s  I "  i s o t o p e  r a t i o s  21. e r r o r s  i n  c o n c e n t r a t i o n s  o f  He, He and A r  abou t  31, o f  K r  and Xe a b o u t  105 

Sample w e l g h t r  between 0.5 - 2.1 mg. 

N U C ~  i d e s  

and 72701.25 74220,47 74241.24 74260 - 9  75061.21 75081.72 7 9 0 3 5 , l i  7913b,32 

R a t i o s  

'He 2 . 8 1 . 1 0 - ~  4 . 8 5 . 1 0 - ~  4 . 9 1 . 1 0 - ~  4.63.10-5 4 . 1 4 . 1 0 - ~  6 . 8 2 . 1 0 - ~  6 .68 .  4 . 3 3 . 1 0 . ~  

4 ~ e  8 . 0 1 . 1 0 - ~  1 . 4 2 6 . 1 0 - ~  1 . 5 7 3 . 1 0 - ~  1 . 4 2 0 . 1 0 - ~  1.086.10- '  1 . 8 4 5 . 1 0 - ~  1 . 8 8 2 . 1 0 - ~  1 . 2 9 5 . 1 0 - ~  

3 6 ~ r  3.81.  1 . 6 5 3 . 1 0 - ~  1.593. 1 . 7 0 8 . 1 0 - ~  1 . 6 7 6 . 1 0 ~ ~  3 . 7 2 . 1 0 ~ ~  4 . 1 0 . 1 0 - ~  4 .46 .  

3 8 ~  r 7.24.  3.14. 3.06. 3.27. 3 . 1 7 . 1 0 - ~  7 . 0 2 . 1 0 - ~  7.84. 8.51.  

'OAr 4 . 1 5 . 1 0 - ~  1 . 0 6 1 . 1 0 - ~  1.197.10 '3 1.232.10- '  1 . 5 6 5 . 1 0 - ~  3 . 0 5 . 1 0 ' ~  9 . 1 9 . 1 0 - ~  1 . 2 1 7 . 1 0 - ~  

" ~ r  2  .O. 8.5. l o - '  7.2 7 . 1 . 1 0 . ~  9 .4 .  1 . 9 . 1 0 ' ~  1 .9 .  1 .7 .  

1 3 2 ~ e  2 . 2 .  l o - '  1 .8.  l o - '  1.5. 1 . 2 . 1 0 - ~  1.2.  2 . 6 . 1 0 - ~  4.4.  l o - '  5 .0 .  

'He13He 2870 2940 3200 3070 2620 2710 2820 2990 

2 0 ~ e / 2 2 ~ e  12 .88  12.91 12.56 12.55 13.18 12.86 12.92 12 .91  

Z 2 ~ e 1 2 1 N e  30.3 27 .9  30.9 30.4 29.0 30.4 28 .5  28 .5  

3 6 ~ r / 3 8 ~ r  5.26 5.26 5 . 2 1  5 .22  5.29 5.30 5.22 5.24 

4 0 ~ ~ / 3 6 ~ r  1.089 6.45 7.51 7 .21  0.934 0.820 2.24 2.73 

4 ~ e 1 2 0 ~ e  48 .5  91 .1  102.0 8 9 . 1  87.0 79.2 60.7 4 7 . 1  

2 U ~ e / 3 6 ~ r  4 .37  9.47 9 . 6 8  9.33 7.45 6.26 7.56 6.17 

3 6 ~ r / 8 4 ~ r  1910 1940 2220 2410 1780 1960 2160 2620 

8 4 ~ r / 1 3 2 ~ e  9 . 1  4 .7  4 .7  5.9 8.1 7.3 4.3 3.4 

number o f  
a l i a u o t s  

3  3  4  3  4  3  3  

T a b l e  2:  R a r e  g a s  c o n c e n t r a t i o n s  i n  cm3 S T P l g  i n  g r a i n  s i z e  f r a c t i o n s  o f  f i n e s  f r o m  A p o l l o  17  s a m p l e  7 4 2 6 0 . 9 .  

E r r o r s  i n  i s o t o p e  r a t i o s  2%. e r r o r s  i n  c o n c e n t r a t i o n s  o f  He ,  Ne a n d  A r  a b o u t  34 ,  o f  K r  a n d  Xe a b o u t  1 0 4 .  

S a m p l e  w e i g h t s  b e t w e e n  0 . 5  - 2 .9  mg. 
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SOLAR, SPALLOGENIC AND RADIOGENIC RARE GASES 

H i n t e n b e r g e r , H .  e t  a1 . 

e x p o s u r e  age o f  t h e  o r a n g e  s o i l  ( - 3 0  my ) .  On t h e  o p p o s i t e ,  t h e  
gas r e t e n t i o n  a g e s o f  t h e  r e f e r e n c e  s o i l s  a r e  <500 my, s m a l l  i n  
a n y  c a s e  compared  t o  t h e  gas r e t e n t i o n  age o f  t h e  o r a n g e  s o i l  
( 3 . 5  + . 3 )  ( 1 ) .  One can  assume t h a t  d u r i n g  an e v e n t  w h i c h  
r e d u c e s  t h e  r a d i o g e n i c  A r 4 0  by a  c o n s i d e r a b l e  amount ,  t h e  
t r a p p e d  gases  a r e  l o s t  o r  a t  l e a s t  s t r o n g l y  d e p l e t e d .  Thus ,  
t h e  l o w  gas r e t e n t i o n  age  i n d i c a t e s  t h a t  t h e  t r a p p e d  gases  i n  
t h e  r e f e r e n c e  s o i l s  a r e  t h e  r e s u l t  o f  a  r e l a t i v e  r e c e n t  so1arwi;ld 
i r r a d i a t i o n .  The h i g h  A r 4 0 1 A r 3 6  a n d  He4/He3 r a t i o s  c a n ,  t h e r e f o r e  
n o t  be  a t t r i b u t e d  t o  a  s o l a r  i r r a d i a t i o n  a t  a  v e r y  e a r l y  
d a t e  ( 4 ) .  

B o t h  a n a l y s e d  b r e c c i a s  a p p e a r  as l i t h i f i e d  s o i l s  because  t h e  
m a t r i x  o f  t h e s e  s t o n e s  i s  m a t u r e d  w i t h  t r a p p e d  s o l a r  w i n d  
r a r e  gases .  
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T a b l e  3 :  C o n c e n t r a t i o n r  (cm3 S T P I g )  and i s o t o p e  r a t i o s  o f  t r a p p e d ,  r p a l l o g r n i c  and r a d l o g e n l c  
r a r e  q a r  n u c l i d e s  o f  l u n a r  f i n e r .  
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