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R e g o l i t h i c  h i s t o r y  of  Mare T r a n q u i l l i t a t i s  h a s  been s t u d i e d  u s i n g  r a r e  
gas  mass s p e c t r o m e t r i c  and m i n e r a l o g i c a l  t echn iques .  Gra in  s i z e - o r d i n a t e  
i n t e r c e p t  a n a l y s i s  was a p p l i e d  t o  b o t h  i l m e n i t e  and p l a g i o c l a s e  s e p a r a t e s  
and t o  b u l k  s o i l  from t h e  <1 mm f i n e s  sample 10084,48. Although a l l  t h e  
r a r e  gases  were examined o n l y  a rgon  and a s s o c i a t e d  K d a t a  w i l l  b e  d i s c u s s e d  
h e r e .  

From t h e  d a t a  (Tab le  1 )  and t h e  fo l lowing  d i s c u s s i o n  i t  appea r s  t h a t  
t h i s  Apollo 11 s o i l  c o n s i s t s  p r i m a r i l y  o f  two components. The f i r s t ,  l o c a l l y  
d e r i v e d ,  forms 65-75% of t h e  p r e s e n t  day r e g o l i t h  and shows t h a t  a major 
o u t g a s s i n g  even t  o c c u r r e d  approximate ly  2 . 8  AE ago ( 1  AE = 109 y r )  . The 
second component d e r i v e d  from l u n a r  terra r e g i o n s  and c o n t r i b u t e s  t h e  re- 
maining 25-35% of t h e  s o i l .  It e x h i b i t s  a K-Ar a g e  of  4.0* 0 . 2  AE which 
p r e d a t e s  t h e  t o t a l  s o i l  age  (Tab le  1 )  as w e l l  as t h e  Apol lo  11 b a s a l t s .  

I t  i s  known t h a t  t h e  Apol lo  11 rocks  and s o i l s  are r i c h  i n  t i t a n i u m  and 
hence i l m e n i t e .  The terra r e g i o n s  on t h e  o t h e r  hand a r e  r i c h  i n  a n o r t h o s i t e  
and poor i n  i l m e n i t e .  Assuming r e p r e s e n t a t i v e  v a l u e s  of  Apol lo  11 r o c k s  and 
Apollo 16 rocks  and s o i l s  as end p o i n t  c o n t r i b u t i o n s ,  chemica l  b a l a n c e s  of  
t h e  major  metal o x i d e s  ( e .g .  A1,0, ,  FeO, T i Q )  c o n s i s t e n t l y  y i e l d  t h e  
70-30 s p l i t  no ted  above.  

F i g .  2  shows t h e  K-Ar i s o c h r o n  f o r  s i x  i l m e n i t e  s i z e  f r a c t i o n s  between 
4  and 147 microns .  ( I n  t h i s  method of p l o t t l n g  t h e  s l o p e  y i e l d s  d i r e c t l y  
t h e  r a t i o  of  ( 4 0 ~ r r a d i o  enic)  /K and t h e r e f o r e  t h e  age . )  The d a t a  c l o s e l y  
f o l l o w  t h e  2 .8  AE b e s t  f i t  i s o c h r o n  w i t h  t h e  s i n g l e  e x c e p t i o n  of a ( n o t  
shown) c o a r s e r  f r a c t i o n  which f a l l s  below t h e  i s o c h r o n  and i n d i c a t e s  a 
younger K-Ar age .  Although n o t  v e r y  n o t i c e a b l e  i n  t h e  f i g u r e  t h e r e  may b e  
a  s l i g h t  tendency f o r  t h e  f i n e r  f r a c t i o n s  t o  r i s e  above t h e  i soch ron .  I n  
F i g  1 t h e  p l a g i o c l a s e  d a t a  from e i g h t  s i z e  f r a c t i o n s  between 4  and 250 
microns a r e  p l o t t e d .  Here, excep t  f o r  a  c o a r s e r  f r a c t i o n  which a l s o  a p p e a r s  
young, t h e  d a t a  s c a t t e r s  randomly around a b e s t  f i t  i s o c h r o n  n e a r  4 .0  AE. 
A s  i s  seen  from t h e  t a b l e  t h e  b u l k  s o i l  h a s  a n  age  i n t e r m e d i a t e  t o  t h e s e  
two components. 

These r e s u l t s  a r e  i n t e r p r e t e d  t o  mean t h a t  t h e r e  w a s  a major  r e g o l i t h -  
forming e v e n t ( s )  i n  t h e  Mare abou t  2 .8  AE ago which produced t h e  b u l k  of 
t h e  s o i l  now seen  a t  t h e  Apollo 11  s i t e .  The p o s s i b l e  tendency no ted  f o r  t h e  
f i n e r  s i z e  f r a c t i o n s  of  i l m e n i t e  t o  i n c r e a s e  i n  age  towards t h e  t o t a l  s o i l  
age  may b e  due t o  t h e  p r e s e n c e  of o l d e r  i l m e n i t e  g r a i n s  which escaped heavy 
o u t g a s s i n g  i n  t h i s  even t  and have  been  c o n c e n t r a t e d  i n  t h e  f i n e r  f r a c t i o n s  
by p r o g r e s s i v e  comminution. The p l a g i o c l a s e  f r a c t i o n  i s  viewed a s  ( a )  re -  
cording.  e v e n t s  which occu r red  i n  t h e  l u n a r  t e r r a  about  4 . 0  AE ago and 
(b)  hav ing  been  t r a n s p o r t e d  t o  i t s  p r e s e n t  p o s i t i o n  i n  t h e  Mare w i t h  minimal 
l o s s  of r a d i o g e n i c  a rgon.  Pe rhaps ,  w i t h  t h e  h i g h  r e t e n t i v i t y  of plag-  
i o c l a s e  f o r  r a d i o g e n i c  a rgon  (1-3) and t h e  f a c t  t h a t  t h e r e  e x i s t  h igh land  
r e g i o n s  l e s s  t han  50 km from t h e  Apol lo  11 s i t e ,  t r a n s p o r t a t i o n  w i t h  low 
gas  l o s s  i s  n o t  a  d i f f i c u l t  problem. 

The s u r f a c e  c o r r e l a t e d  t r apped  a rgon  i s o t o p i c  r a t i o s  a r e  a l s o  of  i n t e r e s t  
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(Table 1 ) .  Within t h e  l i m i t s  of exper imenta l  e r r o r  t h e  t rapped 38/36 r a t i o  
is  cons tan t  a t  0.1890 f o r  a l l  components. The trapped 40136 r a t i o s ,  however, 
va ry .  The i l m e n i t e  and t h e  s o i l  v a l u e s  of 0.677 and 0.89 a g r e e  w i t h  e a r l i e r  
work on 10084 ( 4 ) .  The p l a g i o c l a s e  t rapped 40136 v a l u e  shows a large(-5%) 
s c a t t e r  around 0.90. A s  would b e  expected t h e  proposed l o c a l l y  der ived 
i l m e n i t e  has  a w e l l  de f ined  r a t i o  whi le  t h e  p o s t u l a t e d  o l d e r  and more he t -  
erogeneous p l a g i o c l a s e  has  a l e s s  p r e c i s e  (and a l s o  h igher )  va lue .  Whether 
t h e s e  d i f f e r e n c e s  a r e  due t o  minera log ica l ,  geographical  o r  s e c u l a r  v a r i -  
a t i o n s  remains an  i n t e r e s t i n g  problem. 
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Table  1 

Component K-@~fge (40/36)TR (38/36)TR 
I l m e n i t e  2.80 '-12 0.6773f0.0062 0.18858 '0.00043 
T o t a l  S o i l  3.40 f .12 0.893 +0.011 0.18951 '0.00043 
P l a g i o c l a s e  4.00 '.I5 0.90% '0.05 0.18837 +0.00067 
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