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Based on s i m p l e  CIPW norms f o r  t h e  proposed  t e r r e s t r i a l  
upper  m a n t l e  m a t e r i a l ,  it i s  shown t h a t  i f  t h e  moon f i s s i o n e d  
from t h e  e a r t h  and g r a v i t a t i o n a l l y  d i f f e r e n t i a t e d ,  it cou ld  have 
a  7 2  km t h i c k  a n o r t h o s i t e  (An971 c r u s t ,  a  ca l c ium poor ( 3 . 8 %  by 
w e i g h t )  p y r o x e n i t e  upper  m a n t l e  ( 1 0 0  Mg/(Mg+Fe) = 75 t o  80) 
ending  a t  a  d e p t h  o f  313 km and a  d u n i t e  (Fog3-95)  lower  m a n t l e  
below a  dep th  o f  313 km Refinements  o f  t h e s e  s i m p l e  norm models ,  
ba sed  on t h e  c o o l i n g  h i s t o r y ,  c r y s t a l l i z a t i o n  sequence  and  t h e  
v a r i a t i o n s  o f  t h e  1 0 0  Mg/(Mg+Fe) r a t i o  o f  t h e  l i q u i d  and c r y s t a l s  
d u r i n g  t h e  c r y s t a l l i z a t i o n  s equence ,  i n d i c a t e  t h a t  t h e  f i n a l  form 
of  such a  moon cou ld  have t h e  f o l l o w i n g  p r o p e r t i e s :  1) a  p r i m i -  
t i v e ,  cumulate  a n o r t h o s i t e  - minor  t r o c t o l i t e  c r u s t  w i t h  i n t r u -  
s i v e  and e x t r u s i v e  f e l d s p a t h i c  b a s a l t s  and KREEP r i c h  n o r i t e s ;  
t h e  t h i c k n e s s  o f  t h i s  c r u s t  would b e  75 km; 2 )  a  zone i n  t h e  
bo t tom o f  t h e  c r u s t  and t h e  t o p  of  t h e  upper m a n t l e  which i s  r i c h  
i n  KREEP, t h e  i n c o m p a t i b l e  e l e m e n t s ,  s i l i c a ,  and p o s s i b l y  v o l a -  
t i l e s ;  t h i s  zone would be  t h e  s o u r c e  a r e a  f o r  t h e  up land  f e l d -  
s p a t h i c  b a s a l t s ,  KREEP r i c h  n o r i t e s  and KREEP and  s i l i c a  r i c h  
f l u i d s ;  3 )  an  upper  m a n t l e  between t h e  dep ths  o f  75 km and 350 
t o  400 km which c o n s i s t s  o f  p e r i d o t i t e  c o n t a i n i n g  80-85% pyroxene 
( W o l 0 E n ~ ~ - 7 2 F s ~ 8 - 2 2 )  and 15-20% o l i v i n e  ( F 0 7 ~ - 8 0 ) ;  t h e  A1203 
c o n t e n t  o f  t h e  upper  man t l e  i s  ~ 3 % ;  t h e  p e r i d o t i t e  l a y e r  would 
be  t h e  s o u r c e  a r e a  f o r  mare b a s a l t s  a n d ;  4 )  a  lower m a n t l e  
below a  dep th  o f  350 - 400 km which c o n s i s t s  o f  d u n i t e  (Fog3-97) .  

The c o o l i n g  h i s t o r y  o f  such  a  moon i n d i c a t e s  t h a t  t h e  p r imi -  
t i v e  a n o r t h o s i t e  c r u s t  would have  been comple t e ly  formed w i t h i n  
l o 8  y e a r s  a f t e r  f i s s i o n .  The e x t r u s i o n  and i n t r u s i o n  o f  up land  
b a s a l t s  and KREEP r i c h  n o r i t e s  and t h e  metamorphism o f  t h e  
c r u s t a l  r o c k s  v i a  KREEP and s i l i c a  r i c h  f l u i d s  would have  ended 
abou t  4 x  l o 9  y e a r s  ago when c o o l i n g  w e l l  below t h e  s o l i d u s  
r eached  a  dep th  o f  150 km. A s  c o o l i n g  c o n t i n u e d ,  t h e  o n l y  s o u r c e  
o f  magmas a f t e r  4  x  l o 9  y e a r s  ago would have been  t h e  p e r i d o t i t e  
upper  m a n t l e ,  i . e .  t h e  s o u r c e  a r e a  of t h e  mare b a s a l t s  . Ext ru -  
s i o n  o f  mare b a s a l t s  ended when c o o l i n g  below t h e  s o l i d u s  r e a c h e d  
t h e  t o p  o f  t h e  r e f r a c t o r y  d u n i t e  lower m a n t l e  3-3.3 x l o 9  y e a r s  
aeo  . " 

Thus,  it i s  shown t h a t  t h e  c h e m i s t r y , . p r i m a r y  l i t h o l o g y ,  
s t r u c t u r e  and deve lopmenta l  h i s t o r y  o f  a  f l s s i o n e d  moon r e a d i l y  
match t h o s e  known f o r  t h e  r e a l  moon. A s  s u c h ,  t h e  models p r e -  
s e n t e d  i n  t h i s  pape r  s t r o n g l y  s u p p o r t  t h e  f i s s i o n  o r i g i n  o f  t h e  
moon. 
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