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Many workers have p resen ted  models of l u n a r  e v o l u t i o n  
which invo lve  an i n i t i a l l y  c o l d  moon and which was heated  
from t h e  o u t s i d e  dur ing  t h e  t e rmina l  s t a g e s  of l u n a r  a c c r e t i o n .  
We have examined a model which has t h e  fo l lowing c o n s t r a i n t  
imposed on it. 

1. The presence  of a  well-defined c r u s t a l  s t r u c t u r e ,  
implying d i f f e r e n t a t i o n  of a t  l e a s t  t h e  o u t e r  15C k i lomete r s .  
(1) 

2 .  The se i smic  evidence f o r  a  c o r e  which w i l l  n o t  
t r a n s m i t  S-waves implying p a r t i a l  me l t ing  a t  a  depth  of about  
1,000 k i lomete r s .  ( 2 )  

3. Heat flow obse rva t ions  which imply t h a t  t h e  g l o b a l  
h e a t  flow i s  about  30 e r g s / c m 2  sec. ( 3 )  

4 .  The p resence  of mascons and low o r d e r  g r a v i t y  
harmonics implying t h a t  t h e  o u t e r  p a r t  of t h e  moon a t  l e a s t  
has been r e l a t i v e l y  r i g i d  s i n c e  3 by. ago. 

5. The d e l a y  of up t o  500 m i l l i o n  y e a r s  i n  t h e  t ime 
between t h e  g i a n t  impact and subsequent  mare f i l l i n g .  

6 .  The p resence  of a  magnetic remanence i n  most r e t u r n e d  
l u n a r  samples and l u n a r  magnetic anomalies implying t h e  
presence of an a n c i e n t  magnetic  f i e l d .  Th i s  may be due t o  an 
e a r l y  dynamo, t o  t r a n s i e n t  phenomena a s s o c i a t e d  wi th  shock 
o r  t o  a c o l d  l u n a r  i n t e r i o r  c a r r y i n g  t h e  menlory of an a n c i e n t  
f i e l d .  I n  t h i s  l a t t e r  c a s e  t h e  moon would have warmed up a f t e r  
most of t h e  a c t i v i t y  of mare formation and l o s t  t h i s  memory. 
W e  have chosen t o  cons ide r  t h e  i m p l i c a t i o n s  of  t h i s  model f o r  
t h e  o r i g i g  of t h e  f i e l d .  This  keeps much of t h e  i n t e r i o r  
below 770 C ,  t h e  Cur ie  p o i n t  of i r o n ,  f o r  t h e  f i r s t  1 - l . 4  by. 
Of i t s  h i s t o r y .  1 4 )  

I f  we cons ide r  t h e s e  c o n s t r a i n t s  we a r e  f aced  w i t h  a 
maze of c o n f l i c t i n g  requi rements ,  which a t  f i r s t  g lance  appear  
t o  be mutual ly exc lus ive .  

We have fol lowed t h e  procedures used by o t h e r s  i n  develop- 
i n g  a  model of thermal  evo lu t ion .  ( 5 )  Th i s  model invo lves  an 
i n i t i a l  thermal ,  a c c r e t i o n a l  p u l s e  on t h e  o u t e r  p a r t  of t h e  
moon a s  shown i n  f i g u r e  1. The K/U r a t i o  was chosen t o  be  
2,000, corresponding t o  l u n a r  va lues  and a v a r i e t y  of e v o l u t i o n  
models c a l c u l a t e d  on t h e  assumption t h a t  thermal  t r a n s p o r t  i s  
by conduction and by r a d i a t i o n  and by convect ion i n  t h e  f l u i d  
s t a t e .  The uranium c o n c e n t r a t i o n  and l a t t i c e  c o n d u c t i v i t y  
were pe rmi t t ed  t o  vary  and t h e  s o l i d u s  of a  model l u n a r  
pyroxeni te  was chosen. 

F igures  2,  3, and 4 show a few of t h e  r e s u l t s .  I n  f i g u r e  
2 t h e  h e a t  flow va lue  impl ies  t h a t  t h e  o v e r a l l  uranium con- 
c e n t r a t i o n  i s  around 50-70 ppb and t h e  l a t t i c e  c o n d u c t i v i t y  
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around 9  x l o 3  ergs/cm s e c  deg. I n  f i g u r e  3, t h e  r a d i u s  of t h e  
p a r t i a l l y  molten core  i s  g iven  and assuming it i s  between 500 
and 1000 k i lomete r s  an accep tab le  band can be  de f ined .  F i n a l l y  
i n  f i g u r e  4 t h e  accep tab le  r eg ion  t o  keep t h e  moon below t h e  
Cur ie  p o i n t  a t  1 by. i s  shown. The only  reg ion  i n  which a l l  
t h r e e  of t h e s e  c o n s t r a i n t s  can be met i s  f o r  a  U c o n t e n t  of 
about  50 ppb and a  c o n d u c t i v i t y  of 9  x 105.  Moreover t h e  
i n i t i a l  tempera ture  chosen must be very c l o s e  t o  OOC wi th  only  
a  smal l  s u r f a c e  p u l s e ,  r each ing  t h e  mel t ing  p o i n t ,  b u t  n o t  
p e n e t r a t i n g  t o  g r e a t  depth .  

A moon which had a  h i s t o r y  of t h i s  type  would s t i l l  have 
a  r a t h e r  s p e c i f i c  d i f f i c u l t y  i n  t h a t  t h e  o u t e r  p a r t s  would coo l  
r a p i d l y  and it would be d i f f i c u l t  t o  g e n e r a t e  t h e  mare b a s a l t s .  
One method of c r e a t i n g  t h e  b a s a l t s  i s  t o  cons ide r  t h e  thermal  
e f f e c t  of a  g i a n t  impact. Th i s  would tend t o  remove t h e  
r a d i o a c t i v i t y  from t h e  v i c i n i t y  of t h e  b a s i n  ( s i n c e  t h i s  i s  
concen t ra ted  i n  t h e  upper l a y e r s )  and t o  g e n e r a t e  a  thermal ly  
i n s u l a t i n g  e j e c t a  b l a n k e t .  Temperature d i f f e r e n c e s  up t o  
5 0 0 ~ ~  a t  a  depth  of 100-200 k i lomete r s  can be  a t t a i n e d  i n  t h i s  
way i n  t h e  r i n g  surrounding t h e  e j e c t a  b lanke t .  This  e f f e c t  
could l e a d  t o  t h e  g e n e r a t i o n  of b a s a l t  a t  depth  beneath t h e  
h ighlands  ( 6 )  whi le  al lowing t h e  impact s i t e  t o  cool  and be- 
come s t r o n g  enough t o  s u s t a i n  t h e  g r a v i t y  e f f e c t  due t o  t h e  
loading by b a s a l t .  This  can a l s o  account f o r  t h e  nega t ive  
r i n g s  surrounaing t h e  nlascons. The l a r g e  nega t ive  g r a v i t y  
anomaly a s s o c i a t e d  wi th  Mare O r i e n t a l e  i n  t h i s  model (7 )  i s  
due t o  t h e  f a c t  t h a t  by t h e  t i m e  t h i s  impact formed (3.6 by.) 
t h e  c r u s t  had cooled enough t o  become r i g i d  s o  t h e r e  was 
l i t t l e  i s o s t a t i c  compensation and l i t t l e  b a s a l t  formed. 

There a r e  many p o s s i b l e  thermal  e v o l u t i o n  models f o r  t h e  
moon. This  i s  only  one of t h e s e ,  b u t  it can account  f o r  many 
of t h e  observed c o n s t r a i n t s  by having a  r e l a t i v e l y  coo l  moon 
which had only  a  t h i n  molten l a y e r  e a r l y  i n  t ime ana has  only  
r e c e n t l y  beconie warm enough i n  t h e  deep i n t e r i o r  t o  approach 
t h e  mel t ing  p o i n t .  
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