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E a r l i e r  a n a l y s i s  ( 1 )  o f  t h e  ma jo r  ox ide,  s i d e r o p h i l e  element ( N i  and Co), 
and i n c o m p a t i b l e  element (Ba and t h e  REE) da ta  f o r  t h e  mare b a s a l t s  suggested 
t h e  f o l l o w i n g  model o f  t h e  f o r m a t i o n  o f  t h e i r  magmas: The p r imary  magmas 
formed by o l i v i n e  c o n t r o l  l ed ,  30f2% p a r t i a l  m e l t i n g  o f  sha l l ow  ($200 km), o l i -  
v i n e  dominated, d e n s i t y  graded source reg ions.  The magmas rose t o  t h e  c r u s t -  
m a n t l e  boundary where t h e y  poo led i n  magma chambers. As t h e  p r imary  magmas 
coo led i n  t h e  chambers, t h e y  l o s t  0-30% 01 i v i n e  o r  30% 01 i v i n e  + 0-30% pyro-  
xene by f r a c t i o n a l  c r y s t a l  1  i z a t i o n ,  and ga ined most o f  t h e i r  incompat i  b l e  e l -  
ements by t h e  a s s i m i l a t i o n  o f  0-10% o f  UrKREEP r e s i d u a l s  ( r e s i d u a l s  f rom t h e  
p a r t i  a1 , f r a c t i o n a l  remel t i  ng of UrKREEP) f rom t h e  chamber w a l l  s. T h i s  model 
accounts f o r  t h e  wide v a r i a t i o n s  i n  t h e  o l i v i n e  and i l m i n i t e  con ten ts  o f  t h e  
mare m a t e r i a l s ,  t h e i r  v a r i e d  Ba, REE, N i ,  and Co d i s t r i b u t i o n  p a t t e r n s  and 
concen t ra t i ons ,  and o t h e r  c h a r a c t e r i s t i c s .  

As an ex tens ion  and t e s t  o f  t h i s  model, I have expanded t h e  m o d e l l i n g  des- 
c r i b e d  i n  ( 1 )  t o  i n c l u d e  t h e  d a t a  f o r  A) a d d i t i o n a l  i ncompa t ib le  elements f o r  
which d i s t r i b u t i o n  c o e f f i c i e n t s  a r e  a v a i l a b l e  [K, Rb, and Sr ]  and B)  t h e  Rb-Sr 
and Sm-Nd i s o t o p i c  systems. I have a l s o  taken  i n t o  account t h e  e f f e c t s  on t h e  
t r a c e  element c o n c e n t r a t i o n s  i n  t h e  b a s a l t s  by A) t h e  i n c o r p o r a t i o n  o f  smal l  
amounts LO- lo%]  o f  t rapped  m e l t  i n  t h e  cumu la t i ng  c r y s t a l s  which formed t h e  
d e n s i t y  graded l a y e r s  o f  t h e  source reg ions  and 0 )  t h e  r e m e l t i n g  and s imul tane-  
ous d e p o s i t i o n  of c r y s t a l s  f rom t h e  convec t i ng  magma system [magma ocean] as 
t h e  b a s a l t  source r e g i o n  and c r u s t  formed. The l a t t e r  was achieved by t h e  de- 
velopment o f  a  new s e t  o f  t r a c e  element d i s t r i b u t i o n  equat ions.  

The r e f i n e d  c a l c u l a t i o n s  show t h a t  t h e  proposed model successfu l  1  y  ac- 
counts  f o r  t h e  c o n c e n t r a t i o n s  and d i s t r i b u t i o n  p a t t e r n s  o f  t h e  12 i n c o m p a t i b l e  
elements s t u d i e d  and t h e  Rb-Sr and Sm-Nd i s o t o p i c  r a t i o s  o f  almost a l l  mare ba- 
s a l t s .  F u r t h e r ,  t h e  model a l s o  accounts f o r  t h e  sys temat ic  decrease o f  t h e  Ni 
con ten ts  o f  t h e  p y r o c l a s t i c  g lasses w i t h  i n c r e a s i n g  T i 0  con ten t  observed by 
Delano [see F i g .  6.24 o f  ( 2 ) ] .  The l a t t e r  i s  an e f f e c t  o? t h e  r e m e l t i n g  o f  t h e  
c r y s t a l s  a long t h e  bottom o f  t h e  convec t i on  c e l l s  as model led by t h e  newly de- 
veloped d i s t r i b u t i o n  equat ions.  The model c a l c u l a t i o n s  a l  so show t h a t  t h e  S r  
and Eu con ten t  o f  t h e  magmas were m a i n l y  c o n t r o l l e d  by t h e  amounts of Sr  and 
Eu i n  t h e  source reg ions  and t h e r e f o r e  these two elements a c t  as source r e g i o n  
t r a c e r s .  I n  c o n t r a s t  and as shown e a r l i e r  ( I ) ,  t h e  amounts and d e p l e t i o n  p a t -  
t ens  o f  t h e  remain ing 10 i n c o m p a t i b l e  elements s t u d i e s  a re  c o n t r o l l e d  by A) 
t h e  amount o f  UrKREEP a s s i m i l  a t e d  by t h e  p r imary  magmas and B) t h e  degree o f  
p a r t i  a1 , f r a c t i o n a l  remel t i  ng t h e  UrKREEP had undergone. These r e s u l t s  i n d i -  
c a t e  t h a t  t h e  Rb-Sr sys temat ics  a r e  c o n t r o l l e d  by a  complex i n t e r p l a y  o f  t h e  
Rb-Sr c o n c e n t r a t i o n s  and e v o l u t i o n  i n  b o t h  t h e  source reg ions  and i n  t h e  
UrKREEP r e s i d u a l s ,  w h i l e  t h e  Sm-Nd sys temat i cs  a r e  m a i n l y  c o n t r o l  l e d  by t h e  
Sm-Nd c o n c e n t r a t i o n s  and e v o l u t i o n  i n  t h e  UrKREEP r e s i d u a l s .  D e s p i t e  these  com- 
p l e x i t i e s ,  t h e  model successufu l  l y  accounts f o r  t h e  i s o t o p i c  sys temat i cs  o f  
b o t h  of t hese  systems. 

Examples o f  t hese  new r e s u l t s  a r e  g iven i n  F igs .  1 and 2. F i g .  1 d e p i c t s  
t h e  observed and model d i s t r i b u t i o n  p a t t e r n s  o f  t h e  i ncompa t ib le  elements o f  5  
r e p r e s e n t a t i v e  mare u n i t s .  A l so  shown i n  F ig .  1 a r e  t h e  observed and model pa t -  
t e r n s  o f  KREEP and t h e  average h igh land  a n o r t h o s i t e ;  t h e  l a t t e r  i s  impor tan t  
s i n c e  any successfu l  model o f  t h e  mare b a s a l t  source r e g i o n  and mare b a s a l t  
genesis must be a b l e  t o  e x p l a i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  cogene t i c  h igh land  
rocks .  F i g .  2 g i ves  an example o f  t h e  observed and model i n i t i a l  values o f  t h e  
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8 7 ~ r / 8 6 ~ r  vs 1 4 3 ~ d / 1 4 4 ~ d  f o r  3  mare u n i t s .  The success o f  t h e  proposed model 
i n  accoun t ing  f o r  t h e  expanded s e t  of data,  e s p e c i a l l y  t h e  i s o t o p i c  data ,  adds 
cons ide rab le  suppor t  t o  t h e  proposed model. 
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F ig .  1. Observed (con t inuous  l i n e s )  and mod- F i g .  2. Observed ( f i l l e d  c i r c l e s  
e l  ( f i l l e d ,  p a r t i a l l y  f i l l e d ,  and open c i r -  w i t h  e r r o r  b a r s )  and model ( X ' s )  
c l e s )  i ncompa t ib le  element d i s t r i b u t i o n  pa t -  
t e r n s  f o r  5 mare u n i t s ,  KREEP, and anortho- i n i t i a l  8 7 ~ r / 8 6 ~ r  vs 1 4 3 ~ d / 1 4 4 ~ d  
s i t e s .  va lues f o r  3  mare u n i t s .  
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