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This  s tudy was undertaken i n  an e f f o r t  t o  determine t h e  ages of 
format ion  of t h e  l u n a r  b r e c c i a s  sampled and of t h e  o lde r -genera t ion  
c l a s t s  conta ined t h e r e i n .  

Table 1 r e p o r t s  d a t a  f o r  two b r e c c i a s  from t h e  Apollo 14 s i t e .  
Sample 14321 i s  a polymict  b r e c c i a ,  con ta in ing  microbreccia and b a s a l t  
c l a s t s .  A subsample, 14321,184, has been s t u d i e d  i n  c o l l a b o r a t i o n  wi th  
a consortium headed by G .  Goles. Three genera t ions  of c l a s t s  have been 
i d e n t i f i e d  ( 1 ) .  Grieve and o t h e r s  (2) sugges ted  a temperature f o r  t h e  
f i n a l  l i t h i f i c a t i o n  of 14321 w e l l  below 70CI0c, and Williams ( 3 )  pro-  
posed a peak temperature dur ing  l i t h i f i c a t i o n  of about 1030°-10500C, i n  
the  Imbrium e j e c t a  b lanke t .  

This  b a s a l t  c l a s t ,  a s  w e l l  a s  o t k r s  i n  14321 a r e  of a  mare a f f i -  
n i t y ,  but  a r e  r i c h e r  i n  A 1  and incompatible elements and poorer  i n  Fe 
and T i  than  t y p i c a l  mare b a s a l t s  (compare ( 4 ) ,  ( l ) ,  and ( 5 ) ) .  The 
mineral  i sochron obta ined f o r  t h e  b a s a l t  c l a s t  14321,184-55 y ie lds+an  
age of 4.07'0.10 b.y. w i t h  an i n i t i a l  S r  i s o t o p i c  r a t i o  of 0.69961- 
0.00014+(2C e r r o r s ) .  Papanas tas iou  and lqasserburg ( 6 )  r e p a r t e d  an age 
of 3.95-0.34 b.y. and Compston and o t h e r s  (7) r epor ted  4.15-0.10 b e y .  
on o t h e r  b a s a l t  c l a s t s  from 14321. Th i s  age must p reda te  t h e  format ion  
of 14321, and t h e r e f o r e ,  presumably the  Imbrium even t .  

The analysed microbreccia  c l a s t s  (of t h e  l a t e s t  genera t ion  p r i o r  
t o  assemblage of 14321),  f a l l  d i s t i n c t l y  above t h e  b a s a l t  i sochron ,  
thereby p rec lud ing  i s o t o p i c  e q u i l i b r a t i o n  a t  t h e  time 14321 was formed. 

Sample 14066 i s  a l s o  a polymict b r e c c i a .  A subsapple 14066,21 
has been s t u d i e d  i n  c o l l a b o r a t i o n  wi th  a consortium headed by J .  
Reynolds and C .  Alexander. Williams ( 3 )  proposed a peak temperature of 
about l l O O ° C  f o r  t h e  f i n a l  l i t h i f i c a t i o n .  While t h e  l i g h t  c r y s t a l l i n e  
fragments from 14066 a r e  q u i t e  r i c h  i n  Rb and K ,  14066 is somewhat l e s s  
enr iched i n  REE t h a n  t h e  microbreccia c l a s t s  from 14321 (8 ) .  I n d i v i -  
d u a l  c l a s t  #17 ( l a t e s t  genera t ion)  was removed from 14066,21. Frag- 
ments of c r y s t a l l i n e  rock have been hand-picked from t h i s  c l a s t .  A 
l i g h t - c o l o r e d  fragment and two d e n s i t y  s e p a r a t e s  a r e  a l l  q u i t e  r ad io -  
gen ic  (0.7282-0.7377). Measurements were a l s o  made on hand-picked 
dark  fragments and on a p iece  of c l a s t  #17 (2 .01  IJR) . 

These c l a s t s  from 14066, a s  w e l l  a s  t h e  microbreccia c l a s t s  from 
14321 and b a s a l t  14310 f a l l  on a r e g r e s s i o n  l i n e  on t h e  S r  evo lu t ion  
diagram, w i t h  s l o p e  4.05f 0.10 b. y .  and i n t e r c e p t  0.73046'3.30328. This  
l i n e  i s  d i s t i n c t  from and p a r a l l e l  t o  t h e  b a s a l t  (14321,184-55) minera l  
i sochron.  There i s ,  however, no independent evidence t o  i n d i c a t e  t h a t  
t h i s  s e t  of samples were i n  i s o t o p i c  equ i l ib r ium a t  t h i s  t ime.  I t  i s  
a l s o  d i s t i n c t  from T=I+.3 b.y. and T 4 . 6  b.y. i sochrons .  I n c l u s i o n  of 
t h e s e  samples t h e r e f o r e  i n d i c a t e s  t h a t  no t  a l l  Apollo 14 m a t e r i a l s  l i e  
,ona  s i n g l e  4.3 b.y. i sochron ,  a s  has been i n f e r r e d  by OrNions and 
Pankhurst ( 9 ) .  The more rad iogen ic  c l a s t s  from both  14321 and 14366 
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a r e  KREEP-rich and have a  KREEP REE abundance p a t t e r n .  However, t h e s e  
c l a s t s  a r e  e n r i c h e d  i n  K and Rb by up t o  a  f a c t o r  of 2  above t h a t  r e -  
p o r t e d  by Hubbard and Gast  ( l o ) ,  w i thou t  a  cor responding  i n c r e a s e  i n  
REE, S r ,  o r  Ba c o n c e n t r a t i o n s .  

Table  1 r e p o r t s  d a t a  f o r  s e v e r a l  Apollo 1 5  and 16 s o i l s .  The 
"whole rock" samples  a r e  g e n e r a l l y  l e s s  r a d i o g e n i c  t h a n  Apol lo  12 and 
14  s o i l s  and have model ages  i n d i s t i n g u i s h a b l e  from 4.6 b .y .  Sample 
15271,45 i s  from S t a t i o n  6  a t  t h e  Appenine F ron t  and 15471,25 i s  from 
S t a t i o n  4  a t  Dune C r a t e r .  The samples  f a l l  c l o s e  t o  a  mixing l i n e  
(wi th  r e s p e c t  t o  Rb, Sr,K) w i t h  mare b a s a l t  15555, i n  a  manner con- 
s i s t e n t  w i t h  a n  i n c r e a s i n g  p r o p o r t i o n  of mare b a s a l t  i n  t h e  s o i l  away 
from t h e  F r o n t .  

The Apol lo  16 s o i l s  s t u d i e d  a r e  from S t a t i o n  1. Sample 61241,26 
( < 1 mm) i s  from t h e  upper  gray  s o i l .  61221,23 ( < 1 mm) and 61222,3 
(1-2 mm) a r e  from d a r k e r  s o i l  below t h e  s u r f a c e .  Dark l i t h i c  (rnicro- 
b r e c c i a )  f ragments  (15%) and a n o r t h o s i t e  f ragments  (15%) were hand- 
p icked  from 61222,3. The d a r k  l i t h i c  fra-ments  were c rushed  and p l a -  
g i o c l a s e  c l a s t s  were hand-picked.  A t h i n  s e c t i o n  of one such  fragment  
e x h i b i t s  p l a g i o c l a s e  c l a s t s  i n  a  s u b o p h i t i c  groundmass. 

Both t h e  a n o r t h o s i t e  f ragments  and t h e  p l a g i o c l a s e  c l a s t s  have 
very  low Rb/Sr r a t i o s  and t h e i r  s t r o n t i u m  i s o t o p i c  r a t i o  i s  n e a r  t h e i r  
i n i t i a l  r a t i o .  Presuming an  age of  3 .7 t o  4.6 b.y.  f o r  t h e  ano r tho -  
s i t e  f r agmen t s ,  t h e i r  i n i t i a l  s t r o n t i u m  i s o t o p i c  r a t i o  was 0.6993. 
Th i s  v a l u e  i s  above BABI  and i n d i c a t e s  fo rma t ion  o r  some r e e q u i l i b r a -  
t i o n  s i n c e  4.6 b .y .  The same c a l c u l a t i o n  f o r  t h e  p l a g i o c l a s e  c l a s t s  
from t h e  d a r k  l i t h i c  f ragments  y i e l d s  an i n i t i a l  S r  i s o t o p i c  r a t i o  
0.6999. T h i s  i s  d i s t i n c t  from t h e  a n o r t h o s i t e  and i n d i c a t e s  f o r m a t i o n  
o r  e q u i l i b r a t i o n  i n  a  more r a d i o g e n i c  system. I f  t h e s e  p l a g i o c l a s e  
c l a s t s e q u i l i b r a t e d  w i t h  t h e  r e s t  of t h e  mic rob recc i a  f ragments  d u r i n g  
fo rma t ion ,  t h e n  an age of 3.7 b .y .  i s  i n d i c a t e d .  
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