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Labora to ry  Measurements - The e l e c t r i c a l  c o n d u c t i v i t y  of  s i x  Apol lo  l u n a r  
rocks  w i t h  ~ e ~ +  c o n t e n t s  from 4  t o  20 wt.% h a s  been measured i n  t h e  tempera- 
t u r e  r ange  20 C t o  1000 C .  Both d-c and low f requency a-c (nominally 5  H z )  
measurements were made u s i n g  a  t h r e e - e l e c t r o d e  t echn ique .  For a l l  samples 
s t u d i e d ,  t h e  e l e c t r i c a l  c o n d u c t i v i t y  was observed  t o  depend i n  a complex 
f a s h i o n  on t h e  f u r n a c e  atmosphere and on p r i o r  thermochemical  t r e a t m e n t s ;  
however, r e p r o d u c i b l e  d a t a  could  b e  o b t a i n e d  f o r  s p e c i f i e d  s e t s  of  cond i t ions .  
Th i s  dependence was most  s e v e r e  f o r  t h e  more porous  o r  c racked samples and 
was a p p a r e n t l y  a s s o c i a t e d  w i t h  chemica l  a l t e r a t i o n  of  sample s u r f a c e  r e g i o n s .  
Mossbauer spec t roscopy  c o r r o b o r a t e d  t h e  expec ta t ion2y3  t h a t  t h e  changes i n  
c o n d u c t i v i t y  were  a s s o c i a t e d  w i t h  changes i n  t h e  v a l e n c e  and d i s t r i b u t i o n  of 
i r 0 n . l  The c o n d u c t i v i t y  was lowes t  f o r  samples measured i n  r educ ing  atmos- 
phe re  (He-H2 m i x t u r e s )  and a f t e r  r e d u c t i o n  a t  h i g h  t empera tu re s .  Furthermore, 
d a t a  o b t a i n e d  under  t h e s e  c o n d i t i o n s  were  v e r y  s imilar  t o  d a t a  ob ta ined  during 
t h e  i n i t i a l  h e a t i n g  o f  Sam l e s  and a r e  cons ide red  t o  b e  most  r e p r e s e n t a t i v e  
of p r i s t i n e  l u n a r  samples.! These d a t a  can  be  d e s c r i b e d  a n a l y t i c a l l y  by one 
o r  two e x p o n e n t i a l  te rms.  The pa rame te r s  o b t a i n e d  by a  l e a s t  s q u a r e s  f i t  a r e  
p r e s e n t e d  i n  Tab le  I and t h e  r e s u l t s  a r e  shown i n  F i g u r e  1. (The dashed por- 
t i o n s  of  t h e  cu rves  r e p r e s e n t  e x t r a p o l a t i o n s  of t h e  d a t a  beyond t h e  a c t u a l  
measured r ange  u s i n g  pa rame te r s  from Tab le  I . )  Data r e p o r t e d  by Olhoe f t  e t  
a14 a r e  i n  r e a s o n a b l e  agreement w i t h  t h e s e  r e s u l t s .  

P e t r o g r a p h i c  a n a l y s e s  of l u n a r  samples i n d i c a t e  t h a t  t h e  b u l k  d-c e l e c -  
t r i c a l  c o n d u c t i v i t y  w i l l  be  de termined by t h e  s i l i c a t e  phases ,  i n  p a r t i c u l a r ,  
by m i n e r a l s  from t h e  pyroxene and f e l d s p a r  s e r i e s .  The d a t a  i n  F i g u r e  1, 
p a r t i c u l a r l y  when compared w i t h  r e s u l t s  f o r  o t h e r   silicate^,^,^ i n d i c a t e  
t h a t  t h e  dependence o f  t h e  e l e c t r i c a l  c o n d u c t i v i t y  on i r o n  c o n t e n t  i s  s u f f i -  
c i e n t l y  s t r o n g  t h a t  i t  makes any dependence on s t r u c t u r e  of secondary  impor- 
t ance .  ( I r o n  c o n t e n t s  a r e  denoted  by t h e  p a r e n t h e t i c a l  numbers i n  F i g u r e  1 . )  
T h i s  o b s e r v a t i o n  s u g g e s t s  t h a t  t h e s e  r e s u l t s  can b e  used i n  c o n j u n c t i o n  w i t h  
l u n a r  c o n d u c t i v i t y  p r o f i l e s  t o  e s t i m a t e  l u n a r  i n t e r i o r  t empera tu re s .  

I m p l i c a t i o n s  f o r  Lunar I n t e r i o r  Temperatures - The e l e c t r o m a g n e t i c  r e sponse  
of t h e  moon a s  measured by s u r f a c e  and o r b i t i n g  magnetometers h a s  been  ana- 
l yzed  t o  y i e l d  e l e c t r i c a l  c o n d u c t i v i t y  p r o f i l e s  of t h e  l u n a r  i n t e r i ~ r . ~ , '  

6 The most d e t a i l e d  of  t h e s e  r e c e n t  p r o f i l e s  i s  from a n  a n a l y s i s  by Dyal e t  a l .  
of  n i g h t s i d e  d a t a .  The t empera tu re  band shown d o t t e d  i n  F i g u r e  2  was o b t a i n e d  
by a  comparison of  t h e  e r r o r  l i m i t s  of t h e  n i g h t s i d e  c o n d u c t i v i t y  p r o f i l e  
w i t h  l u n a r  sample c o n d u c t i v i t y  d a t a  from F i g u r e  1. (The lower t empera tu re  
v a l u e s  i n  F i g u r e  2  cor respond t o  d a t a  f o r  t h e  samples w i t h  t h e  l a r  e r  Fe con- 
t e n t s . )  From whole-moon m a g n e t i z a t i o n  measurements, P a r k i n  e t  al. '  have  de- 
duced t h a t  f o r  a  l u n a r  i n t e r i o r  composed of  pyroxene ( o l i v i n e )  t h e  i r o n  con- 
t e n t  i s  approximate ly  1 3  (5)  wt.%. The cross-ha tched r e g i o n  i n  F i g u r e  2 was 
ob ta ined  by comparing t h e  l o g a r i t h m i c a l l y  averaged e r r o r  l i m i t s  from t h e  
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F i g u r e  1. F i g u r e  2. 

n i g h t s i d e  p r o f i l e 6  w i t h  t h e  c o n d u c t i v i t y  d a t a  f o r  l u n a r  samples 15418 and 
15058 (7 and 1 6  wt.% Fe,  r e s p e c t i v e l y ) .  Also shown i n  F i g u r e  2 a r e  t h e  
tempera ture-depth  p o i n t s  e s t a b l i s h e d  by P a r k i n  e t  a l G 8  from whole-moon mag- 
n e t i z a t i o n  d a t a  and by Latham e t  a l e 9  from s e i s m i c  d a t a  assuming a p a r t i a l l y  
mol ten  zone f o r  t h e  l u n a r  a s t h e n o  phere .  (The dashed l i n e  i n  F i g u r e  2 i s  t h e  
s o l i d u s  f o r  a n  anhydrous b a s a l t .  l b )  S i m i l a r  a n a l y s e s  of  two-shel l  conduc- 
t i v i t y  p r o f i l e s  produce e s t i m a t e s  of  t empera tu re s  f o r  0.55 5 R/Rm 5 0.9 of 
1000 t o  1200 C when c o n d u c t i v i t y  d a t a  f o r  t h e  two samples named above were  
used and of 900 t o  1400 C when d a t a  of a 1 1  samples were used .  Except f o r  t h e  
lowes t  p a r t  of each  band, t h e s e  t empera tu re s  i n v o l v e  e x t r a p o l a t i o n  of meas- 
u red  d a t a  and a r e  most c o n s i s t e n t  w i t h  r e c e n t  "hot" moon models. 10  
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