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I t  i s  now g e n e r a l l y  conceded t h a t  t h e  fo rma t ion  o f  t h e  l u n a r  h igh lands  and 
the  accompanying Ca-A1 r i c h  a n o r t h o s i  t i c  rocks r e s u l t e d  f rom a  p e r i o d  o f  i n -  
tense h e a t i n g  app rox ima te l y  c o i n c i d e n t  w i t h  t h e  f o r m a t i o n  o f  t h e  Moon i t s e l f !  ,2 
The c l a s s i c a l  source  o f  t h e  r e q u i r e d  thermal  energy i s  hypothes ized t o  be f rom 
r a p i d  a c c r e t i o n  o f  t h e  Moon i t s e l f . 3 , 4 , 5  Such a  model p e r m i t s  t h e  subsequent 
h e a t i n g  a s s o c i a t e d  w i t h  t h e  f o r m a t i o n  o f  t h e  mar ia  t o  take p l a c e  i n  a  n a t u r a l  
manner f o l l o w i n g  t h e  inward d r i f t  o f  t h e  thermal  peak and an accompanying i n -  
crease i n  tempera ture  due t o  l o n g - l i v e d  r a d i o i s o t o p e s ,  p r o v i d e d  however t h a t  
such iso topes a r e  n o t  f i r s t  l o s t  t o  t h e  su r face  d u r i n g  t h e  i n i t i a l  m e l t i n g .  

A l though t h e  a c c r e t i o n a l  hypo thes i s  can e x p l a i n  b o t h  t h e  f i r s t  and second 
stage thermal events ,  t h e  l a r g e  i n i t i a l  heat  p u l s e  r e q u i r e d  f o r  t h e  f i r s t  m e l t -  
i n g  i m p l i e s  a  ve ry  s h o r t  t ime  f o r  t he  fo rma t ion  o f  t h e  Moon. For  example, f o r  
u n i t y  emmiss i v i t y  iE = " 

, a  s t a r t i n g  temperature To = 100°C, and a  constant  
mass f l u x ,  h = 10- gm cmm2-sec, a  f i n a l  s u r f a c e  temperature,  Tf = 6000C i s  a t -  
t a i n e d  i n  r = 56.5 x  103 y r s .  The tempera ture  i s  increased t o  1800°C f o r  h-10- '  
gm cm-2-sec, i m p l y i n g  a  t ime  o f  560 y r s  f o r  ti cons tan t  and 192 y r s  f o r  h p ropo r -  
t i o n a l  t o  t he  g r a v i t a t i o n a l  p o t e n t i a l .  ( l n  t h e  l a t t e r  case, t ime  i s  measured 
f rom h a l f  r ad ius ;  i f  s t a r t e d  a t  ze ro  r a d i u s ,  t ime becomes i n f i n i t e  f o r  t h i s  mass 
l a w . ) ~ o m e  inc rease  i n  t h e  temperature a t t a i n e d  o r  a1 t e r n a t i v e l y  an i nc rease  i n  
t he  p e r m i s s i b l e  t ime  i s  gained f o r  s m a l l e r  E , b u t  t h i s  i s  n o t  a  s i g n i f i c a n t  
a i d .  

A1 1 these c a l c u l a t i o n s  a r e  based upon m a t e r i a l  fa1  1 i n g  upon t h e  Moon w i t h  
escape v e l o c i t y .  Lower v e l o c i t i e s  a r e  a n t i c i p a t e d  i f  m a t e r i a l  i s  c o l l e c t e d  from 
ad jacen t  o r b i t s ;  o n l y  i f  c r o s s i n g  o r b i t s  a r e  admi t t ed  w i l l  t h e r e  be a  substan- 
t i a l  inc rease i n  t h e  impact energy, and such o r b i t s  seem a r t i f i c i a l  f o r  a  con- 
densing s o l a r  system. I n  any event  such impacts would dec re te  a  s i g n i f i c a n t  
f r a c t i o n  o f  t h e  m a t e r i a l  a l ready  r e s i d i n g  on the  Moon, so the  n e t  mass f l u x  
would be reduced, i n c r e a s i n g  t h e  a c c r e t i o n  t ime a t  t h e  expense o f  f i n a l  temper- 
a t u r e .  The background temperature c o u l d  be r a i s e d  b u t  t h i s  would cause d i f f i -  
c u l t y  w i t h  s imple  models f o r  t he  second (mar ia)  thermal  s tage.  

These d i f f i c u l t i e s  suggest a  c l a s s  o f  h e a t i n g  based upon eddy c u r r e n t s  
f l o w i n g  i n  t h e  p r i s t i n e  Moon. The source o f  t h e  e l e c t r i c a l  i n d u c t i o n  l i e s  i n  
t u r b u l e n t  magnet ic  f i e l d s  c a r r i e d  o u t  f rom the  s o l a r  atmosphere by a  T  T a u r i -  
1 i k e  plasma o u t f l o w ,  s i m i l a r  i n  many respects  t o  p rev ious  c a l c u l a t i o n s  we have 
done f o r  m e t e o r i t e  pa ren t  body hea t i ng6 .  The p r i n c i p l e  d i f f e r e n c e  i s  t h a t  i n  
t h e  p resen t  case a l l  c u r r e n t s  c l o s e  i n  t h e  i n t e r i o r  o f  t h e  Moon, so t h e  h e a t i n g  
i s  independent o f  s o l a r  system background temperature.  The r e q u i  rement f o r  r a p i d  
s o l a r  s p i n  remains; t h e  magnet ic  t u rbu lence  i s  mode l led  by a  power law w i t h  
s p e c t r a l  index -2 rem in i scen t  o f  t h e  spectrum o f  p e r i o d i c  s t e p  f u n c t i o n s  s i m i -  
l a r  t o  s e c t o r  s t r u c t u r e  i n  t h e  present -day  s o l a r  wind,  b u t  t he  power i s  l o 6 - l o 7  
t imes the  p resen t  va lue .  Magnet ic  back pressure  i s  accounted f o r  as p r e v i o u s l y  
and a  s t r o n g  plasma f l o w  tends t o  c o n f i n e  t h e  induced f i e l d s .  

An i n i t i a l  tempera ture  o f  300-4000C i s  requ i  red  f o r  t he  process t o  " i g n i t e "  
u s i n g  t y p i c a l  rock  c o n d u c t i v i t i e s .  T h i s  pe rm i t s  a  h e a t i n g  r a t e  i n  excess o f  t h e  
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losses  t o  space v i a  r a d i a t i o n .  The tempera ture  a t t a i n e d  i s  s u f f i c i e n t  f o r  a  
"runaway" t o  occur  and t h e  tempera ture  f i n a l  l y  r i s e s  r a p i d l y .  A  t y p i c a l  case 
f o r  a  Moon w i t h  an e l e c t r i c a l  c o n d u c t i v i t y  s i m i l a r  t o  o l i v i n e  w i t h  a  Fa Fo 
r a t i o l o f  7.6% i s  shown i n  F i g .  1 .  More recen t  c o n d u c t i v i t y  measurementss~gwould 
a l t e r  t h e  t imes and t h e  lower  temperature l i m i t  b u t  t h e  q u a l i t a t i v e  f e a t u r e s  
o f  t he  mechanism would remain. 

The conc lus ions  t o  be drawn a r e  t h a t  t h e  a n o r t h o s i t i c  h i g h l a n d  f o r m a t i o n  
can be accounted f o r  by m e l t i n g  o f  t h e  s u r f a c e  o f  t h e  Moon d u r i n g  an e a r l y  hea t  
pu l se  f rom e l e c t r i c a l  i n d u c t i o n .  T h i s  re laxes  the a c c r e t i o n a l  t ime requirement 
by 2-4 o rde rs  o f  magnitude; t h e  l onges t  d u r a t i o n  o f  a c c r e t i o n  and h e a t i n g  i s  
determined by t h e  l u n a r  heat  l o s s  r a t e  d u r i n g  the  h e a t i n g  and d e t a i l s  o f  t h e  

6 T  T a u r i  parameters e n t e r e d  i n t o  t h e  c a l c u l a t i o n .  A  h e a t i n g  t ime o f  10 y r s  seems 
p o s s i b l e ;  c a l c u l a t i o n s  a r e  i n  p rogress  t o  examine the  l onges t  t ime bound p e r -  
m i s s i b l e .  

F i n a l l y  these c a l c u l a t i o n s  suppor t  t h e  hypothes is  t h a t  the  Sun passed 
th rough a  T  T a u r i - 1  i ke  phase p r i o r  t o  a r r i v a l  o n t o  the  main sequence, b u t  sub- 
sequent t o  o r  i n  c o n j u n c t i o n  w i t h  t h e  f o r m a t i o n  o f  t h e  p l a n e t s .  Th i s  i s  c o n s i s -  
t e n t  w i t h  t he  known h i g h  s p i n  r a t e  o f  e a r l y  s t e l l a r  o b j e c t s l o ,  and the  e x i s -  
tence o f  paleomagnetism i n  some m e t e o r i t e s  which suggests t h e  presence o f  a  
magnet ic  f i e l d  o f  0.1-1 gauss i n  t h e  e a r l y  s o l a r  sys teml l -15 .  Fu r the r ,  t h e  u b i -  
qu i  tous presence o f  magnet ic  f i e l d s  on t h e  ~ o o n l 6  p r o v i d i n g  an a l t e r n a t e  r o u t e  
o f  magne t i za t i on  t o  t h e  dynamo hypo thes i s17  i n  i t s e l f  demands the  e x i s t e n c e  o f  
a  magnet ic  f i e l d  o f  t h e  same o r d e r  o f  magnitude. Such a  f i e l d  i s  e n t i r e l y  con- 
s i s t e n t  i n  magnitude w i t h  t h a t  r e q u i r e d  f o r  l u n a r  c r u s t a l  hea t i ng ,  f i t s  q u i t e  
w e l l  t h e  f i e l d  s t r e n g t h  p o s t u l a t e d  f o r  t h e  seat  o f  t he  c u r r e n t  system hypothe- 
s i z e d  f o r  h e a t i n g  o f  m e t e o r i t e  p a r e n t  bod ies .  Con jec ture  i s  conta ined i n  these 
comments t h a t  t h e  Sun was endowed w i t h  a  quadrupole dynamo, f o r  i n  t h a t  way a  
magnet ic  f i e l d  o f  cons tan t  p o l a r i t y  c o u l d  be ma in ta ined  i n  t h e  e q u a t o r i a l  p l a n e  
o f  t h e  Sun w h i l e  a  s o l a r  w ind  was f l o w i n g ,  thereby  s u p p l y i n g  the  background 
f i e l d  f o r  i m p r i n t i n g  pa leomagnet iza t ion .  
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TElvlPERATURE PROFILES FOR 
ELEClRICALLY HEATED MOON Fig. l .Development o f  t h e r m a l  s p i k e  f o r  

200  r a  moon accumula t ing  i n  37,600 y r s  
a t  cons tan t  mass r a t e  f r o m  a  s o l a r  
n e b u l a  a t  O'C. F i n a l  a c c r e t i o n a l  
tempera ture  i s  400°c, ~ = 1 ,  s o l a r  
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- s p i n  r a t e  c e n t r i f u g a l l y  l i m i t e d  a t  
198  t i m e s  t h e  p r e s e n t  v a l u e  and 
pho tospher i c  magnet ic  f i e l d  23 
gauss. The runaway p r o p e r t y  i s  
demonstrated b y  t h e  p r i m a r y  r i s e  

: ::::I; t a k i n g  p l a c e  i n  t h e  l a s t  105 y r s  . 
~ = 3 . 7 x l o ~ y r  

~ = 1 0 5 y r  
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Temperatures w e l l  above 1200°C a r e  
e a s i l y  o b t a i n e d  s h o r t l y  a f t e r  t h e  
l a s t  t i m e  e n t r y  shown. 


