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The Rb-Sr i n t e r n a l  i sochron age of t h e  Fra  Mauro b a s a l t  14310 i s  
3.93 f 0.06 AE. The age of t h i s  sample resembles t h e  h igh  temperature  
3 9 ~ r - ~ O ~ r  ages  of low K mare b a s a l t s  from t h e  Sea of T r a n q u i l l i t y ,  but  i s  
s i g n i f i c a n t l y  g r e a t e r  than those  of t h e  mare b a s a l t s  c o l l e c t e d  from t h e  
Apollo 12 and 15 miss ions .  The h igh  i n i t i a l  8 7 ~ r / 8 6 ~ r  r a t i o  (0.70033 f 
0.00019) sugges t s  e i t h e r  d e r i v a t i o n  from source  m a t e r i a l  which had a  h igh  
Rb/Sr r a t i o  s i n c e  n e a r  t h e  t ime of t h e  moon's format ion,  o r  contamination 
wi th  h igh ly  d i f f e r e n t i a t e d  Rb r i c h  m a t e r i a l s  a t  t h e  time of volcanism. The 
abundances o f t h e  t r a c e  elements K ,  Rb and B a a r e  a l s o  d i s t i n c t  from those  
of t h e  known mare b a s a l t s .  From t h e  combined t r a c e  element d a t a  and Rb/Sr 
s y s t e m a t i c s ,  t h e  most reasonable  i n t e r p r e t a t i o n  l e a d s  t o  t h e  conclus ion t h a t  
l u n a r  b a s a l t s  a r e  i n  genera l  de r ived  from source  reg ions  of low Rb/Sr r a t i o ,  
but  a r e  contaminated i n  varying degrees  wi th  e a r l y  formed m a t e r i a l s  con ta in ing  
high abundances of K ,  Rb, Ba and o t h e r  incompat ible  t r a c e  elements.  

Three s o i l  samples from t h e  Apollo 14 miss ion a l s o  show high abundances 
of t h e s e  t r a c e  elements r e l a t i v e  t o  t h e  s o i l s  from e a r l i e r  Apollo miss ions .  
However, model ages  of t h e  Apollo 14 s o i l s  range from 4.4-4.5 AE., i n  agree- 
ment w i t h  model ages  f o r  s o i l s  obta ined from o ther  s i t e s  on t h e  moon. A 
d e t a i l e d  s tudy of v a r i o u s  s i z e  f r a c t i o n s  from s o i l  sample 14149 shows t h a t  
t h i s  h igh t r a c e  element abundance p a t t e r n  i s  common t o  a l l  s i z e  f r a c t i o n s .  
The element abundances of K and Rb show a  spread of -20-50% but  Sr and Ba 
vary by only  about 10% i n  t h e  v a r i o u s  s i z e  f r a c t i o n s .  From our l each ing  
experiments and o t h e r  s t u d i e s  of Apollo 11 and 12 s o i l s ,  we had p rev ious ly  
concluded t h a t  an e x o t i c  component con ta in ing  h igh ly  rad iogen ic  Sr and r i c h  
i n  K ,  Rb, Ba should be u b i q u i t o u s l y  d i s t r i b u t e d  i n  t h e  l u n a r  s o i l s .  This  is 
confirmed i n  t h e  case  of t h e  Apollo 14 s o i l s .  F u r t h e r ,  t h i s  component is  
i n v a r i a b l y  p resen t  n o t  only i n  d i f f e r e n t  Apollo 14 s o i l s ,  bu t  i n  t h e  v a r i o u s  
s i z e  f r a c t i o n s  a s  w e l l .  I f  t h e  e x o t i c  component had been t ranspor ted  over 
long d i s t a n c e s  and mixed wi th  t h e  s o i l s ,  we would expect a  g r a i n  s i z e  
dependency, which i n  t h i s  c a s e  i s  no t  observed. A reasonable  i n t e r p r e t a t i o n  
i s  t h a t  e i t h e r  a  wholesale  t r a n s p o r t  of m a t e r i a l  occurred i n  a  c o l l i s i o n  
event  (Imbrium Basin excava t ion?)  and t h a t  t h e  s o i l  was produced l o c a l l y  
by l u n a r  s u r f i c i a l  degrada t ion  p rocesses  o r  t h a t  t h e  e x o t i c  component was 
admixed i n t o  t h e  Fra  Mauro b a s a l t s  a t  t h e  t ime of t h e i r  genes i s  and provided 
" i n  s i t u "  source m a t e r i a l  f o r  t h e  format ion of t h e  s o i l s .  

A s i n g l e  sample of a  mare b a s a l t  from t h e  Hadley R i l l e  s i t e  (15555) has  
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been da ted  a t  3.30 AE by bo th  a Rb-Sr i n t e r n a l  i sochron and K-Ar d a t i n g  on a 
p l a g i o c l a s e  s e p a r a t e  from t h e  sample. Both t h e  t r a c e  element p a t t e r n  and t h e  
Rb-Sr sys temat ics  i n  t h i s  sample a r e  h igh ly  reminiscent  of t h e  Apollo 12 
b a s a l t s .  It i s  c l e a r  t h a t  e x t e n s i v e  volcanism lead ing  t o  mare f lood ing  
occurred i n  widely  s e p a r a t e d  reg ions  of t h e  moon between about 3 . 1  and 3.9 AE 
ago. We hypothesize  t h a t  t h e  mare b a s a l t s  may be  products  of t h e  i n t e r n a l  
thermal regimen of t h e  moon, whereas t h e  b a s a l t s  a t  F ra  Mauro may be m e l t s  
produced o r  t r i g g e r e d  by t h e  c o l l i s i o n a l  event  a s s o c i a t e d  wTth t h e  excavat ion 
of t h e  Imbrium b a s i n .  Th is  would e x p l a i n  t h e  high abundance of elements such 
a s  K ,  Rb and Ba i n  t h e  Fra  Mauro b a s a l t s  a s  r e s u l t i n g  from t h e  f u s i o n  of t r a c e  
element poor s u r f a c e  l a y e r s  and under lying m a t e r i a l  r i c h  i n  t h e s e  elements.  
I n  a model of e a r l y  l u n a r  d i f f e r e n t i a t i o n ,  we had e a r l i e r  proposed t h a t  t h e  
o u t e r  r eg ions  of t h e  moon became minera log ica l ly  and chemical ly  s t r a t i f i e d  
a t  a v e r y  e a r l y  t ime,  producing an o u t e r  l a y e r  of t h e  moon which graded from 
Fe and T i  r i c h  m a t e r i a l s  i n  t h e  lower p a r t s  t o  r e s i d u a l  m a t e r i a l  enr iched i n  
l i t h o p h i l e  elements near  t h e  t o p ,  o v e r l a i n  by an a n o r t h o s i t i c  c r u s t .  A major 
c o l l i s i o n a l  event  such as t h a t  p o s t u l a t e d  f o r  t h e  Imbrium b a s i n  could r e s u l t  
i n  excavat ion and mel t ing  of m a t e r i a l  down t o  t h e  t r a c e  element r i c h  l a y e r ,  
and thus  produce m a t e r i a l s  having t h e  composition of t h e  Apollo 14 b a s a l t i c  
rocks ,  a s  w e l l  a s  t h e  e x o t i c  component p r e s e n t  uniformly i n  t h e  s o i l s  from 
t h e  Frau Mauro reg ion .  I f  t h e  e x o t i c  component i s  tapped from t h e  pre-mare 
basement only i n  a major impact event  such a s  t h e  Imbrium c o l l i s i o n ,  a 
c o r o l l a r y  of t h i s  hypo thes i s  would be t h a t  t h e  e x o t i c  component i n  t h e  s o i l s  
from Apollo 11, 12 and 15 should r e s i d e  p r e f e r e n t i a l l y  i n  t h e  smal le r  s i z e  
f r a c t i o n s ,  a s  a consequence of t r a n s p o r t  from a d i s t a n t  source .  Experiments 
t o  t e s t  t h i s  a r e  c u r r e n t l y  underway and w i l l  be repor ted .  
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