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Lunar s e i s m i c  d a t a ,  d e n s i t y  models and t h e r m a l  c a l c u l a t i o n s  
a r e  combined t o  s p e c i f y  t h e  s t r u c t u r e  and p r o p e r t i e s  o f  t h e  
l u n a r  c r u s t  and man t l e .  The major  s t r u c t u r a l  u n i t s  (60 km-thick 
c r u s t ,  1000 km man t l e  o r  l i t h o s p h e r e  and r e l a t i v e l y  warm a t t e n -  
u a t i n g  700 km i n n e r  r e g i o n )  d e s c r i b e d  i n  t h e  l a t e s t  paper  (Toksbz 
e t  a l . ,  1973) remain unchanged. -- 

U t i l i z i n g  t h e  seismic d a t a  t o  s p e c i f y  t h e  t h i c k n e s s  and 
d e n s i t y  of t h e  l u n a r  c r u s t  and t h e  c a l c u l a t e d  t empera tu re  pro-  
f i l e s  (Toksbz and Solomon, 1 9 7 3 ) ,  s p h e r i c a l l y  symmetric models 
of t h e  d e n s i t y  d i s t r i b u t i o n  i n  t h e  moon a r e  computed t o  s a t i s f y  
t h e  moon's mass and t h e  l a t e s t  v a l u e  f o r  t h e  mean moment o f  
i n e r t i a  I / M R ~  = 0 . 3 9 5  ( W i l l i a m s  -- e t  a l . ,  1973) .  Wi th in  t h e  
p r e s e n t  u n c e r t a i n t i e s  i n  t h e s e  parameters  it i s  n o t  p o s s i b l e  t o  
s p e c i f y  a  un ique  d e n s i t y  model f o r  t h e  l u n a r  i n t e r i o r .  The 
r e l a t i v e  e f f e c t s  on t h e  c a l c u l a t e d  moment of  i n e r t i a  o f  v a r y i n g  
d i f f e r e n t  pa rame te r s  a r e  i l l u s t r a t e d  i n  F i g u r e  1. Among t h e  
a c c e p t a b l e  d e n s i t y  models i s  t h a t  of a  chemica l ly  and mine ra l -  
o g i c a l l y  homogeneous l u n a r  man t l e  w i t h  an ave rage  d e n s i t y  a t  
s u r f a c e  t empera tu re  and p r e s s u r e  o f  p = 3 . 4  t o  3.5 g /cm3 .  The 
average  compress iona l  v e l o c i t y  i n  t h e  l u n a r  man t l e  i s  s t i l l  
u n c e r t a i n ,  w i t h  a  p o s s i b l e  r ange  o f  7.7 t o  8 .3  km/sec. U n t i l  
t h e s e  l i m i t s  a r e  narrowed,  m i n e r a l o g i c  c o n s t r a i n t s  canno t  be  
imposed on t h e  mant le  composi t ion .  On t h e  b a s i s  o f  mass and 
moment of  i n e r t i a  l i m i t s ,  t h e  upper  l i m i t  f o r  t h e  r a d i u s  of  a  
p o s s i b l e  m e t a l l i c  (Fe r i c h )  l u n a r  c o r e  i s  about  500 krn. T h i s  
upper  l i m i t  i s  r a i s e d  t o  700 km f o r  an Fe-FeS c o r e  on t h e  s u l f u r -  
r i c h  s i d e  of t h e  e u t e c t i c  composi t ion  (Solomon, 1 9 7 4 ) .  

The p h y s i c a l  p r o p e r t i e s  o f  t h e  o u t e r  l a y e r  of  t h e  l u n a r  
c r u s t  may p a r t l y  b e  de te rmined  from t h e  s c a t t e r e d  envelope  o f  
s e i s m i c  waves and from t h e  v e l o c i t y  g r a d i e n t s  w i t h  d e p t h .  To a  
maximum dep th  o f  20 km, t h e  c r u s t a l  rocks  c o n t a i n  mic roc racks .  
I f  t h e  mean f r e e  p a t h  i s  d e f i n e d  a s  t h e  d i s t a n c e  ove r  which one 
h a l f  of  t h e  energy i s  s c a t t e r e d  from a  p l a n e  wave, t h e  s u r f a c e  
s c a t t e r i n g  l a y e r  i s  o n l y  a  few mean f r e e  p a t h s  t h i c k .  Most of  
t h e  s c a t t e r i n g  t a k e s  p l a c e  w i t h i n  t h e  upper  5  km of  t h e  l u n a r  
c r u s t .  The seismic Q ,  o r  q u a l i t y  f a c t o r  c o n t r o l l i n g  d i s s i p a t i o n ,  
i s  about  5000 i n  t h i s  l a y e r ,  implying ex t remely  d r y  c o n d i t i o n s .  
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F i g u r e  1 

The e f f e c t  on t h e  mean moment of i n e r t i a  of t h e  moon o f  
v a r i a t i o n  i n  c r u s t a l  t h i c k n e s s  H ,  c r u s t a l  d e n s i t y  p i ,  p o s s i b l e  
t empera tu re  d i s t r i b u t i o n  T ( r ) ,  and o t h e r  f e a t u r e s  of  t h e  
l u n a r  d e n s i t y  d i s t r i b u t i o n .  The observed moment of i n e r t i a  
i s  from S jogren  (1971) and W i l l i a m s  e t  a l .  (1973) . The b a r s  
i n d i c a t e  t h e  l i m i t s  of t h e  moment of  i n e r t i a  changes f o r  
each  se t  o f  pa rame te r s .  
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