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Fragments of aluminous mare b a s a l t s  from t h e  Apollo 14 s i t e ,  e s p e c i a l l y  
from b r e c c i a  14321 . have been s t u d i e d  e x t e n s i v e l y  (1-3). Despi te  
s i m i l a r i t i e s  i n  pe t rograph ic  f e a t u r e s  and major element chemis t ry ,  a t  l e a s t  
f i v e  chemical groups of mare b a s a l t s  a r e  w e l l  def ined by t h e i r  t r a c e  element 
abundance3 ( 1 ) .  We a r e  con t inu ing  our  Rb-Sr i s o t o p i c  s t u d i e s  of t h e s e  rocks  
i n  an a t tempt  t o  c o n s t r a i n  t h e i r  magmatic h i s t o r y  and p e t r o g e n e t i c  r e l a t i o n s .  
New d a t a  r epor ted  h e r e i n  a r e  from a combined sample of s e v e r a l  smal l  group 1 
b a s a l t s  (14321 ; 93 mg) and a "group O n  b a s a l t  (14321. 1383; 472 mg). The 
samples were crushed i n  a boron ca rb ide  mortar  and p e s t l e  and s ieved w i t h  
nylon sc reen .  Af te r  o b t a i n i n g  whole rock samples, p lag ioc lase -  and 
pyroxene-enriched subsamples were separa ted  magnet ica l ly ;  a d d i t i o n a l  
subsamples of d i f f e r e n t  d e n s i t i e s  were obta ined by heavy-liquid separa t ion .  

14331 - G r o u ~  L Basalt: The Rb-Sr i sochron  diagram f o r  t h i s  rock  is 
shown i n  Figure 1 .  The f i v e  d a t a  p o i n t s  d e f i n e  a n  i sochron  y i e l d i n g  a n  age 
of 4.12 f 0.08 b.y. f o r  ( 8 7 ~ b ) = 0 . 0 1 3 9  (b.y.)-1 ( o r  4.03 -k 0.08 b.y. f o r  

),(87~b)=0.0142 (b .y .  ) - I ) .  1(Sr)=0.69939+ 4 -- similar t o  i n i t i a l  r a t i o s  found 
i n  o t h e r  A-14 mare b a s a l t s ,  e .g . ,  14053 ( 4 ) .  The rock does not  appear t o  be 
shocked o r  o therwise  d i s t u r b e d ;  t h u s ,  we b e l i e v e  t h i s  age t o  be t h e  
c r y s t a l l i z a t i o n  age of t h e  b a s a l t .  

14121. 1181 - " G r o u ~  O n  Tr idvmite  F e r r o b a s a l t :  The Rb-Sr i sochron  
diagram f o r  t h i s  rock i s  shown i n  Figure  2 .  The t h r e e  d a t a  p o i n t s  d e f i n e  an  
i sochron  age of 4.05 * 0.05 b.y. f o r  r ( 8 7 ~ b ) = 0 . 0 1 3 9  (b.y.)-1 ( o r  3.96 4 0.05 
b.y. f o r  X(87Rb)= 0.0142 (b.y.)-1. I ( S r ) = 0 . 6 9 9 7 2 k 8 ,  s i g n i f i c a n t l y  h igher  
than f o r  most A-14 mare b a s a l t s .  Again, l a c k  of t e x t u r a l  d i s tu rbance  l e a d s  
u s  t o  be l i eve  t h a t  t h i s  d a t e  r e p r e s e n t s  t h e  c r y s t a l l i z a t i o n  age of t h e  
v o l c a n i c  rock.  

T-I (Sr)  Re la t ions  and Pe t roaenes i s :  T (age)  vs.  I ( S r )  d a t a  f o r  i n t e r n a l  
(minera l )  i sochrons  of A-14 b a s a l t s  a r e  d i sp layed  i n  Figure  3. L i t e r a t u r e  
d a t a  f o r  a group 3 b a s a l t  ( 4 ) ,  f o r  a n  A-14 o l i v i n e  b a s a l t  (51,  and f o r  A-14 
KREEP b a s a l t s  ( 6 )  a l s o  a r e  included.  Basa l t  r e p r e s e n t a t i v e  o f  group 4 has  
y e t  t o  be analyzed a t  a  p r e c i s i o n  comparable t o  t h e  graphed d a t a .  Aluminous 
mare b a s a l t s  a t  the  A-14 s i t e  a r e  much o l d e r  than those  found a t  t h e  A-12 ( 7 )  
and Luna-16 s i t e s  ( 8 ) .  Our con t inu ing  d a t a  i n d i c a t e  t h a t  t h e  A-14 b a s a l t s  
r e p r e s e n t  t h e  o l d e s t  mare b a s a l t s  recovered from t h e  Moon. The age d a t a  show 
mare b a s a l t  a c t i v i t y  from 3.96 t o  4.33 b.y. i n  t h e  Fra Mauro Region. The 
chemically grouped A-14 aluminous mare b a s a l t s  a r e  mainly d i s t i n g u i s h a b l e  
from each o t h e r  i n  terms of t h e i r  T and I ( S r )  parameters  and r e p r e s e n t  a t  
l e a s t  t h r e e  rock u n i t s ,  c o n s i s t e n t  w i t h  t h e  chemical c l a s s i f i c a t i o n  of ( 1 ) .  
The t r i d y m i t e  f e r r o b a s a l t ,  i n fo rmal ly  r e f e r r e d  t o  a s  a "group O n  rock owing 
t o  i ts enr iched REE c o n c e n t r a t i o n s  ( 9 ) ,  and t h e  o l i v i n e  b a s a l t  (51,  do not  
appear t o  be r e l a t e d  t o  t h e  f i v e  groups of ( 1 )  wi th  r e s p e c t  t o  T-I r e l a t i o n s .  
I ( S r )  va lues  f o r  t h e  rocks  p l o t t e d  f a l l  i n t o  t h r e e  r e a d i l y  d i s t i n g u i s h a b l e  
c a t e g o r i e s :  h i g e s t  I -- t h e  t r i d y m i t e  f e r r o b a s a l t ;  in te rmedia te  I -- b a s a l t  
from groups 1-3; and lowest  I -- group 5 b a s a l t  and t h e  o l i v i n e  b a s a l t .  
Viewed a s  a coherent  chemical s e t  of rocks ,  however. it i s  noteworthy t h a t  
the  y o u p s  of rocks  proposed by ( 1 )  have a w e l l  def ined time- averaged 
8 7 ~ b /  6 ~ r  r a t i o  of about 0.06,  s i m i l a r  t o  t h e  whole-moon value  proposed by 
( 10) .  These groups of b a s a l t  t h u s  could have evolved from a common, 
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undepleted source  and extruded a t  d i f f e r e n t  t imes ,  e a r l y  i n  t h e  h i s t o r y  of 
mare b a s a l t  volcanism. The v a r i a t i o n s  of t r a c e  element abundances i n  t h e  
basalts could be due t o  s l i g h t  d i f f e r e n c e s  i n  t h e  degrees  of r t i a l  mel t ing.  r However. t h e  low I ( S r )  o l i v i n e  b a s a l t  evolved i n  a low 87Rb/ 6 ~ r  environment 
("0.03) similar t o  t h e  A-1 1 and A-12 mare b a s a l t s ,  sugges t ing  cumulate 
sources  f o r  t h e s e  low I ( S r )  rocks .  [Young aluminous mare b a s a l t s  such a s  
12038 and L-16 B-1 were der ived from sources  of even lower 8 7 R b / 8 6 ~ r  r a t i o  
("0.01)]. The i s o t o p i c  d a t a  i n d i c a t e  t h a t  t h e  h igh I ( S r )  t r i d y m i t e  
f e r r o b a s a l t  was not  genera ted from t h e  same source  m a t e r i a l  from which t h e  
lower I ( S r )  b a s a l t s  were der ived.  However, t h e  i s o t o p i c  d a t a  do not r u l e  ou t  
t h e  p roduc t ion  of  t h e  t r i d y m i t e  f e r r o b a s a l t  and t h e  i n t e r m e d i a t e  I ( S r )  group 
basalts by a s s i m i l a t i o n  of e x i s t i n g  KREEPy source  rock i n t o  a low I ( S r )  
b a s a l t i c  magma. 
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