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The Apollo 15 Lunar Surface Magnetometer has observed mag- 
n e t i c  f i e l d  o s c i l l a t i o n s  which,at  frequencies above about 5  mHz, 
and i n  the  plane tangent  t o  t he  lunar  sur face ,  a r e  predominantly 
f l uc tua t ions  i n  a  northwest-southeast d i r e c t i o n  (1). With the  
Apollo 15 s i t e  l oca t ed  on t h e  southeast  margin of Mare Imbrium, 
t h i s  d i r e c t i o n  i s  roughly toward the  cen te r  of t h e  Imbrium basin .  
The Apollo 15 p o l a r i z a t i o n  phenomenon, and a  s imi l a r  but  weaker 
one a t  t he  Apollo 1 2  s i t e  f a r  t o  t he  south of Mare Imbrium ( 2 ) ,  
have been i n t e r p r e t e d  a s  a  poss ib l e  regional  inf luence of t h e  I m -  
brium s t r u c t u r e  on lunar  magnetic induction (1). We presen t  pre-  
l iminary model ca l cu l a t i ons  which show t h a t  induct ion i n  an e lec-  
t r i c a l  conduct ivi ty  anomaly assoc ia ted  with t he  Imbrium bas in  can 
q u a l i t a t i v e l y  expla in  t he  observed d i r e c t i o n a l  charac te r  of mag- 
n e t i c  f l u c t u a t i o n s  a t  both t h e  Apollo 15 and 1 2  s i t e s .  

The Imbrium e l e c t r i c a l  conduct ivi ty  anomaly i s  modelled by a  
sphe r i ca l  cap cu r r en t  l aye r  of a r b i t r a r y  s i z e ,  e l e c t r i c a l  con- 
d u c t i v i t y  - th ickness  product a & ,  and depth (a-b) beneath t he  
lunar  surface .  External  magnetic f i e l d s  uniform i n  space and 
o s c i l l a t o r y  i n  time with c i r c u l a r  frequency rn induce eddy cu r r en t s  
i n  the  cap. The ex t e rna l  f i e l d s  can be e i t h e r  p a r a l l e l  o r  per-  
pendicular  t o  t h e  cap a t  i t s  cen te r .  Induced magnetic f i e l d s  a r e  
confined t o  t h e  lunar  volume which i s  assumed nonconducting ex- 
cept  f o r  the  cap. The major r e s u l t  of these  model induction ca l -  
cu l a t i ons  i s  t h a t  the  t angen t i a l  lunar  sur face  magnetic f i e l d  
component which po in t s  t o  t he  cap cen te r  can be anomalously l a r g e  
over the  edge of the  cap i f  the  ex t e rna l  d r iv ing  f i e l d  has the  
p a r a l l e l  o r i e n t a t i o n .  This magnetic f i e l d  anomaly can be a t t r i -  
buted t o  a  concentra t ion of c i rcumferen t ia l  eddy cur ren ts  toward 
the  ou te r  margin of t h e  cap. 

Figure 1 shows t h i s  component of sur face  magnetic f i e l d  nor- 
malized with  respec t  t o  t h e  corresponding component of t h e  ex- 
t e r n a l  d r iv ing  f i e l d ,  i . e .  t h e  magnitude of t h e  t r a n s f e r  funct ion 
1 ~ 1 ~  a s  a  funct ion of angular d i s tance  from above the  cap cen te r  
180 -8 f o r  var ious  cap depths below the  sur face  and f o r  a  cap of 
hal f -angle  25' wi th  wpotia=6.87 (v  i s  the  magnetic permeabi l i ty  
and a  i s  the  lunar  r a d i u s ) .  Figure 2 i s  a s imi l a r  p l o t  with wpo8a 
as  t he  parameter and a  cap depth of 100km. The magnetic f i e l d  
anomaly over t he  cap edge i s  narrower and l a r g e r ,  t he  nearer  t he  
cap t o  t h e  surface .  The magnitude of  t he  magnetic f i e l d  anomaly 
increases  wi th  couofia f o r  a  given cap depth below the  surface .  

The 1mbrium s t r u c t u r e  could be a  s i t e  of e l e c t r i c a l  conduc- 
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tivity in excess of the global lunar conductivity or it could be 
a hole in an otherwise conducting Moon.  ith her type of conduc- 
tivity anomaly would produce induced magnetic fields with the 
observed directional character. Although we have not yet attemp- 
ted to quantitatively model the observations it seems as though 
the conductivity anomaly must be deep, i.e. at a depth of about 
100 km, if the regional induction is to be felt at the Apollo 12 
site. A more conducting structure at the Imbrium location might 
be associated with magma production at depth subsequent to the 
Imbrium impact event and the rise of such magma to fill the basin 
perhaps preferentially beneath the basin margins. A less con- 
ducting Imbrium site could be the result of the violent fractur- 
ing of a large region around the impact, leaving, to this day, 
circumferential cracks at great depth. Whatever the physical 
nature of the Mare Imbriurn conductivity anomaly, it is certain 
from the observations that eddy currents flow preferentially in 
a direction which is circumferential to Imbrium at the Apollo 15 
site. 
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