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G r a v i t a t i o n a l ,  t opograph ic ,  l i b r a t i o n a l ,  compos i t i ona l  & s e i s m i c  d a t a  
may a l l  be used  t o  p l a c e  bounds on models of  t h e  i n t e r n a l  d e n s i t y  s t r u c t u r e  
of t he  moon. We have c o n s i d e r e d  a  sequence of models of i n c r e a s i n g  complex- 
i t y  i n  an  e f f o r t  t o  i n c o r p o r a t e  a l l  o f  t h e  above d a t a  t y p e s .  We have con-  
c luded  t h a t  t h e  c r u s t  of t h e  moon d e v i a t e s  from i s o s t a t i c  e q u i l i b r i u m ,  even  
f o r  t h e  low deg ree  harmonics ,  and t h a t  t h e  l u n a r  i n t e r i o r ,  below the  c r u s t ,  
i s  inhomogeneous t o  a  g r e a t e r  e x t e n t  t h a n  can  be accounted  f o r  by s e l f  
compress ion .  

The s i m p l e s t  model we have cons ide red  c o n s i s t s  of two c o n c e n t r i c  s p h e r -  
i c a l  s h e l l s  w i t h  a  d e n s i t y  po i n  t h e  o u t e r  s h e l l ,  a  d e n s i t y  c o n t r a s t  Ap 
a c r o s s  t h e  i n t e r f a c e  a t  a  normal ized  r a d i u s  of R i / R o  = 5 .  We f i r s t  impose 
a  weak compos i t i ona l  c o n s t r a i n t  i n  suppos ing  t h a t  2 . 7  s po 5 po + Ap 
5 5 . 4  gm ~ m - ~ ,  where t h e  lower bound co r r e sponds  roughly  t o  a n o r t h o s i t e  and 
t h e  upper  bound t o  a  Fe - FeS e u t e c t i c  composi t ion  a t  t he  l u n a r  c e n t r a l  
p r e s s u r e  (-50 kb) . (1)  These bounds a r e  shown by t h e  do t -dash  ( -  ,-) l i n e  i n  
f i g u r e  1. I f ,  i n  a d d i t i o n  we c o n s t r a i n  our  model t o  have t h e  observed  mean 
d e n s i t y  = 3.3433 f 0,0015 and d i s a l l o w  d e n s i t y  i n v e r s i o n s ,  t h e  envelope  
of a c c e p t a b l e  d e n s i t y  p r o f i l e s  i s  g iven  by t h e  dashed ( - - )  l i n e  i n  F i g .  1. 
Recent  d e t e r m i n a t i o n s  of t h e  g r a v i t a t i o n a l  harmonic C20 = (-202.72 f 1.48)  
x (2)  and t h e  l i b r a t i o n a l  pa rame te r s  @ = (631.27 * 0.03)  x and 
y = (227.39 + 0.42)  x (3)  e n a b l e s  a  c a l c u l a t i o n  of t h e  s p h e r i c a l l y  
symmetric moment of  i n e r t i a  

When our  model i s  s u b j e c t e d  t o  t h i s  c o n s t r a i n t ,  t h e  r e s u l t i n g  d e n s i t y  bounds 
a r e  g iven  by t h e  s o l i d  l i n e  i n  F i g .  1. The d e n s i t y  i s  t h u s  q u i t e  w e l l  con-  
s t r a i n e d  i n  t h e  o u t e r  800 km of t h e  moon. 

The nex t  s t e p  i s  t o  a l l o w  t h e  model t o  d e p a r t  from s p h e r i c a l  symmetry 
i n  o r d e r  t o  match t h e  e n t i r e  i n e r t i a l  t e n s o r ,  t h r e e  moments and t h r e e  prod-  
u c t s  of i n e r t i a ,  r a t h e r  t h a n  j u s t  t h e  ave rage  moment. To do t h i s ,  we i n -  
c l u d e  f i r s t  and second deg ree  s p h e r i c a l  harmonics d e s c r i b i n g  t h e  shape of 
t h e  n e a r l y  s p h e r i c a l  s h e l l s .  The 8  harmonics ( 3  f i r s t  d e g r e e ,  5  second 
deg ree )  of t h e  o u t e r  l a y e r  a r e  known from t h e  observed topography (4) b u t  
t he  8 harmonics of  t h e  c r u s t - m a n t l e  i n t e r f a c e  must be de termined  by con-  
s t r a i n i n g  the  i n e r t i a  t e n s o r  of  t h e  model t o  t h e  observed  v a l u e s .  The f i r s t  
deg ree  harmonics a r e  a l s o  c o n s t r a i n e d  t o  coun te r -ba l ance  the  c e n t e r - o f -  
f i g c r e  o f f s e t  of t h e  o u t e r  l a y e r .  Such a  model has  11 pa rame te r s  b u t  o n l y  
10 c o n s t r a i n t s .  However, we have some a  p r i o r i  knowledge abou t  each  of t h e  
pa rame te r s ,  and t h i s  makes t h e  sys tem e f f e c t i v e l y  over -de termined ,  and we 
can  perform a  weighted  l e a s t - s q u a r e s  i n v e r s i o n .  

Two impor tan t  r e s u l t s  f o l l o w  from t h i s  s o l u t i o n .  F i r s t ,  t h e  c r u s t a l  
c o n f i g u r a t i o n  de termined  i s  no t  i n  i s o s t a t i c  e q u i l i b r i u m .  The f a c t  t h a t  

even  t h e  second deg ree  harmonics a r e  n o n - i s o s t a t i c  h a s  profound i m p l i c a t i o n s  
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f o r  t h e  thermal  & dynamical  h i s t o r y  of  t h e  moon. The second f e a t u r e  of n o t e  
i s  t h a t  t h e  c r u s t a l  t h i c k n e s s  de termined i n  t h i s  way i s  g r e a t e r  by 30-50Xthan 
the mean c r u s t a l  t h i c k n e s s ,  though t h e  d e n s i t i e s  a r e  abou t  what would be 
expec ted  from compos i t i ona l  s t u d i e s .  The mean c r u s t a l  t h i c k n e s s ,  69 km, i s  
de termined by f i n d i n g  t h e  c r u s t - m a n t l e  topography t h a t  matches the  t w e l f t h -  
o r d e r  Bouguer g r a v i t y  f i e l d  & y i e l d s  t h e  c o r r e c t  s e i s m i c  dep th  i n  Mare 
Cognitum (5)  . 

The i n f e r e n c e  i s  t h a t  i t  i s  n o t  p o s s i b l e  t o  match t h e  10 c o n s t r a i n t s  
d i s c u s s e d  above and t h e  known c r u s t - m a n t l e  boundary dep th  w i t h  a  model t h a t  
c o n t a i n s  on ly  t h e  c r u s t - m a n t l e  d e n s i t y  c o n t r a s t .  A deeper  d e n s i t y  c o n t r a s t  
i s  r e q u i r e d ;  t h i s  c o n c l u s i o n  cannot  be reached u s i n g  t h e  mean moment of  
i n e r t i a  and mass c o n s t r a i n t  a l o n e .  The s e n s i t i v i t y  of  t he  model t o  c o r e  
parameters  i s  b e i n g  i n v e s t i g a t e d .  
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