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The n a t u r a l  remanent m a g n e t i z a t i o n  (NRM) of a p a r t i c u l a r  l u n a r  sample i s  
predominantly c o n t r o l l e d  by t h r e e  f a c t o r s ;  t h e  magnet ic  c h a r a c t e r i s t i c s  of 
t h e  c a r r i e r s  of NRM, t h e  mechanism of m a g n e t i z a t i o n  and t h e  ambient f i e l d  i n  
which t h e  m a g n e t i z a t i o n  was acqu i r ed .  Each of t h e s e  t h r e e  f a c t o r s  may i n  
c e r t a i n  i n s t a n c e s  b e  a f f e c t e d  by impact  p rocesses .  We h a v e  unde r t aken  a 
v a r i e t y  of expe r imen ta l  s t u d i e s  t o  a s s e s s  t h e  p robab le  impor tance  of t h e  
e f f e c t  of shock upon t h e  magnet ic  c h a r a c t e r i s t i c s  of t h e  c a r r i e r s  of l u n a r  
NRM and t o  c a l i b r a t e  f i e l d  and shock l e v e l  dependence of t h e  shock remanent 
m a g n e t i z a t i o n  (SRM) . 

I n  o r d e r  t o  c h a r a c t e r i z e  t h e  magnet ic  c a r r i e r s  of remanence i n  l u n a r  
samples ,  we have  r e l i e d  p r i m a r i l y  upon t h e i r  s a t u r a t i o n  m a g n e t i z a t i o n  ( J s ) ,  
s a t u r a t i o n  remanent m a g n e t i z a t i o n  (IRMs) , i n i t i a l  s u s c e p t i b i l i t y  (x,) , coer- 
c i v e  f o r c e  (Hc) and remanent c o e r c i v i t y  (HRC) . I n  p a r t i c u l a r  we have  found 
t h a t  p l o t s  of  IRM,/Js a g a i n s t  xo / JS  r e v e a l  a p r o g r e s s i v e  i n c r e a s e  of g r a i n  
s i z e  of t h e  f e r r o m a g n e t i c  i r o n  from t h a t  i n  t h e  s o i l s  and unannealed b r e c c i a s ,  
through annealed  b r e c c i a s  t o  t h a t  i n  i gneous  rocks .  Thus i n  a s s e s s i n g  t h e  
e f f e c t  of shock upon t h e  magnet ic  c h a r a c t e r i s t i c s  of t h e  f e r r o m a g n e t i c  mater- 
i a l ,  w e  compare shocked m a t e r i a l  w i t h  i t s  unshocked ana logue  i n  terms of 
t h e s e  h y s t e r e s i s  pa rame te r s .  To d e s c r i b e  t h e  shock remanent m a g n e t i z a t i o n  
(SRM) a c q u i r e d  i n  t h e  exper iment ,  i ts  a l t e r n a t i n g  f i e l d  (AF) and the rma l  de- 
magne t i za t ion  c h a r a c t e r i s t i c s  h a v e  been  determined.  

Three  types  of  m a t e r i a l  have  been used i n  t h e  s tudy .  F i r s t ,  a r t i f i c i a l -  
l y  shocked l u n a r  samples were used  t o  p rov ide  t h e  c a l i b r a t i o n  of shock e f f ec t s .  
Second, i n d i v i d u a l  hand-picked s o i l  p a r t i c l e s ,  which can b e  compared magneti- 
c a l l y  w i t h  l a r g e  samples  of s imi lar  rock  t y p e  have  been used t o  o b t a i n  a n  es- 
t i m a t e  of t h e  magnet ic  e f f e c t s  of  t h e  comminution p rocess .  T h i r d ,  samples 
from t h e  LONAR impact  c r a t e r  have  been used t o  p r o v i d e  n a t u r a l l y  shocked and 
c o n t r o l  b a s a l t i c  m a t e r i a l .  

1. A r t i f i c i a l  Shock Experiments .  I n  earlier exper iments  s o i l  samples 
were  shocked t o  50 ,  75, 100 and 250 kb u s i n g  a modif ied  f l y i n g  p l a t e  t echn i -  
que and t h e  magnet ic  c h a r a c t e r i s t i c s  of  t h e  samples were found t o  b e  markedly 
changed. I n  t h e  50 ,  75 and 100 kb samples t h e  c o e r c i v e  f o r c e  (Hc) and s a t u -  
r a t i o n  remanence (IRMs) i n c r e a s e d  s u b s t a n t i a l l y .  I n  t h e  250 kb sample t h e s e  
parameters  d i d  n o t  change b u t  a d d i t i o n a l  f i n e  i r o n  was produced.  These ex- 
per iments  were c a r r i e d  o u t  i n  t h e  e a r t h ' s  f i e l d  and remanence of 10-3 t o  
10 '4~auss  cm3g'1 was gene ra t ed .  Th i s  remanence e x h i b i t e d  a l t e r n a t i n g  f i e l d  
(AF s t a b i l i t y )  similar t o  p a r t i a l  t he rma l  remanence (pTRM), The shock reman- 
ence  (SRM) however had more d i s t r i b u t e d  b lock ing  t empera tu re s ,  s u g g e s t i n g  in -  
homogeneous h e a t i n g .  

Powdered samples p repa red  from 12053, have  now been  s u b j e c t e d  t o  75 kb 
shock. A s p e c t a c u l a r  i n c r e a s e  i n  s a t u r a t i o n  remanence and remanent c o e r c i v i t y  
was observed when t h e s e  pa rame te r s  were compared w i t h  t h o s e  of t h e  s t a r t i n g  
m a t e r i a l .  The remanent m a g n e t i z a t i o n  a c q u i r e d  is  r e l a t i v e l y  s o f t  and hence  
u n l i k e  t h a t  of t h e  pTRM-like shock remanence acqu i r ed  by t h e  s o i l .  I t  may b e  
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d i s t i n c t i v e  of  an  i s o t h e r m a l  t y p e  of  shock remanence. The c h a r a c t e r i s t i c s  
e x h i b i t e d  by t h e  powdered rock  a r e  n o t  u n l i k e  t h o s e  of a number o f  l u n a r  sam- 
p l e s .  The s i m p l e s t  e x p l a n a t i o n  o f  t h e  d i f f e r e n c e  between t h e  shock remanence 
of  t h e  s o i l  and t h a t  of  t h e  powdered rock  i s  r e l a t e d  t o  the p r e s e n c e  i n  t h e  
former only  of n e a r  supe rpa ramagne t i c  i r o n  w i t h  low b l o c k i n g  t empera tu re s .  
Thus, i t  a l o n e  a c q u i r e s  pTRM i n  t h e  low t empera tu re s  t o  which t h e  samples are 
h e a t e d  i n  t h e  shock  exper iment .  These exper iments  are b e i n g  con t inued  w i t h  
s o l i d  rock  samples.  With t h e  u s e  of  an a i r  gun they  w i l l  b e  ex tended t o  c a l i -  
b r a t e  f i e l d  and stress dependence of  shock remanence i n  t h e  low stress, low 
f i e l d  r eg ion .  

2. Hand-Picked S o i l  P a r t i c l e s  (-10086,30) . The s t u d y  of i n d i v i d u a l  s o i l  
p a r t i c l e s  p e r m i t s  a d i r e c t  o b s e r v a t i o n  o f  t h e  magnet ic  e f f e c t s  of t h e  commi- 
n u t i o n  p r o c e s s  o r  by comparison of  igneous  s a i l  p a r t i c l e s  w i t h  t h e i r  p a r e n t  
t ype .  I t  a l s o  makes a v a i l a b l e  such  i n t e r e s t i n g  p a r t i c l e s  as g l a s s y  agg lu t e -  
n e t s  and orange  s o i l  g l a s s e s  f o r  magnet ic  s t u d i e s .  I n d i v i d u a l  f i n e  b a s a l t ,  
c o a r s e  b a s a l t ,  b r e c c i a ,  m i c r o b r e c c i a ,  and g l a s s y  a g g l u t i n a t e  p a r t i c l e s  vary-  
i n g  i n  mass from .0001 t o  .003g w e r e  s e p a r a t e d  by D r .  G.  E g l i n t o n  and were  
s t u d i e d  i n  o u r  l a b o r a t o r y .  C r i t i c a l  magnet ic  c h a r a c t e r i s t i c s  were  observed  
and t h e  NRM of i n d i v i d u a l  p a r t i c l e s  s t u d i e d .  A l l  p a r t i c l e s  e x h i b i t e d  s t r o n g  
s a t u r a t i o n  i s o t h e r m a l  remanence and h i g h  remanent c o e r c i v i t y  (HRC v a r i e d  from 
350 t o  900 o e ) ,  Even igneous  f r agmen t s  e x h i b i t e d  remanent c o e r c i v i t i e s  as 
h i g h  as 700 o e  which is  f a r  g r e a t e r  t han  t h o s e  of t h e  p a r e n t  rock  t y p e ,  A l l  
p a r t i c l e s  c a r r i e d  NRM. The i n t e n s i t y  v a r i e d  from t o  1 0 - 6 ~ a u s s  cm3g-1. 
The AF s t a b i l i t y  of  NRM w a s  ve ry  v a r i a b l e  w i t h  one m i c r o b r e c c i a  a lmost  un- 
touched by demagne t i za t ion  t o  900 oe ,  w h i l e  o t h e r  samples  dec reased  s h a r p l y  
i n  low f i e l d s  of LOO o e ,  s o  t h a t  demagnet iza t ion  had t o  b e  t e rmina ted .  
Although complete t he rma l  demagne t i za t ion  remains t o  b e  c a r r i e d  o u t ,  i t  is 
a l r e a d y  c l e a r  t h a t  the remanence i s  n o t  e n t i r e l y  a low t empera tu re  pTRM. I t  
t h e r e f o r e  appea r s  t h a t  t h e  p r o c e s s  of  comminution which g i v e s  rise t o  s o i l  
profoundly  alters t h e  c h a r a c t e r i s t i c s  of t h e  c a r r i e r s  o f  NRM i n  t h e  i n d i v i d u a l  
p a r t i c l e s .  I t  is p o s s i b l e  t h a t  t h e  p rocess  a c t u a l l y  g e n e r a t e s  magne t i za t ion  
s i n c e  t h e  NRM of i gneous  f ragments  i n  t h e  s o i l  appears  t o  b e  l a r g e  compared 
w i t h  t h o s e  of e q u i v a l e n t  igneous  rock  samples ,  Such remanence would add 
a n o t h e r  l u n a r  magnet ic  p u z z l e ,  s i n c e  u n l e s s  i t  was g e n e r a t e d  d u r i n g  t h e  e a r l y  
h i s t o r y  of t h e  moon, the o r i g i n  of  t h e  n e c e s s a r y  magnet ic  f i e l d  i s  obscure .  

3.  Lonar Samples. Lonar c r a t e r  is i n  t h e  Buldana D i s t r i c t  of Maharasht ra  
I n d i a  i n  t h e  Deccan t r a p s .  I t  is  180Qm a c r o s s  and 150m deep. Samples h a v e  
been  o b t a i n e d  from the c r a t e r  r i m  b a s a l t s ,  from d r i l l  h o l e s  w i t h i n  t h e  c r a t e r  
and from t r e n c h e s  c u t  i n  e j e c t a  m a t e r i a l  w i t h i n  lOOm of t h e  c r a t e r  r i m .  Many 
of  t h e  samples were o b t a i n e d  f o r  u s  by D r .  J .  F red r iks son .  The m a j o r i t y  of  
the r im  b a s a l t s  s t u d i e d  c a r r y  s t a b l e  NRM which appea r s  t o  b e  t h e  pr imary  NRM 
of  the l a v a  and u n a f f e c t e d  by t h e  impact .  They s e r v e  as c o n t r o l  samples.  I n  
c o n t r a s t ,  a  b a s a l t  f rom t h e  d r i l l  h o l e  e x h i b i t e d  s o f t  NRM similar t o  t h e  i so -  
t he rma l - l i ke  shock  remanence c a r r i e d  by the powdered l u n a r  sample 1205 3,35. 
A b r e c c i a  from t h e  d r i l l  h o l e  had a low i n t e n s i t y  of NRM which was u n s t a b l e  
i n  d i r e c t i o n .  Glass from t h e  e j e c t a  e x h i b i t e d  s t r o n g  and s t a b l e  NRM. The 
NRM of the b a s a l t s  from t h e  t r e n c h  i n  the e j e c t a  had r a t h e r  low NRM compared 
w i t h  the c o n t r o l  b a s a l t s  , a l though  some c a r r i e d  NRM i n d i s t i n g u i s h a b l e  f r o m  
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t h a t  of t h e  c o n t r o l  samples, The e j e c t a  from this c r a t e r  c a r r i e s  a  wide va r i -  
e t y  of NRM; some samples suck a s  t h e  g l a s s  have NRM which is  c l e a r l y  due t o  
t h e  impact,  b u t  t h e  NRM of some b a s a l t s  is  apparen t ly  unaf fec ted  by t h e  impad. 
The d i r e c t i o n s  of magne t i za t ion  w i t h i n  t h e  e j e c t a  a r e  n o t  coheren t ,  b u t  vary  
from sample t o  sample. Work is con t inu ing  t o  a s s e s s  t h e  e f f e c t  of shock upon 
t h e  c h a r a c t e r i s t i c s  of t h e  c a r r i e r s  of NRM i n  t h e s e  rocks ,  A t  t h i s  p o i n t  it 
is c l e a r  t h a t  a  v a r i e t y  of rocks  a r e  a v a i l a b l e  a t  t h i s  si te which may throw 
l i g h t  on l u n a r  impact p rocesses ,  An important  p re l iminary  i n d i c a t i o n  is  t h a t  
the e j e c t a  m a t e r i a l  is n o t  coheren t ly  magnetized, s o  t h a t  i n d i v i d u a l  l a r g e  
fragments c a r r y  a record  of earlier h i s t o r y  and t h e  e j e c t a  does n o t  g i v e  rise 
t o  a s u b s r a n t i a l  magnetic anomaly. 

These s t u d i e s  r e v e a l  t h a t  impact r e l a t e d  shock can have a  profound 
e f f e c t  on the magaetic c h a r a c t e r i s t i c s  of c a r r i e r s  of NRM and t h a t  i n  some 
i n s t a n c e s  i t  can g e n e r a t e  NRM. I n  the l u n a r  samples, t h e  major e f f e c t  a p e a r s  
t o  b e  an inc reased  c a p a b i l i t y  t o  c a r r y  remanence and hardening of t h e  c a r r i e r s .  
The i n c r e a s e  of remaneat c o e r c i v i t y  of t h e  12053,35 powder on shocking t o  75 
kf, was p a r t i c u l a r l y  remarkable,  a s  was t h e  magnitude of SRM i t  acquired.  Tke 
AF demagnetization o£ t h e  SRM of t h e  sample is similar t o  t h a t  of a  number of 
lunar  samples. I n d i v i d u a l  s o i l  p a r t i c l e s  e x h i b i t  magfietic c h a r a c t e r i s t i c s  
which sugges t  t h a t  t h e  p rocess  of comminution involves  s i m i l a r  e f f e c t s  t o  
those  of t h e  exper imenta l  shock. For example, t h e  remanent c o e r c i v i t y  (HRC) 
and s a t u r a t i o n  remanence (IFQk) of igneous fragments i n  t h e  s o i l  i s  l a r g e  
compared w i t h  those  of t h e  p a r e n t  rock types .  These samples a l s o  appear t o  
have anomalously l a r g e  NRM. The samples from Lonar c r a t e r  gave evidence of 
t h e  s o f t e r  i so the rmal  type  of  shock remanence i n  b a s a l t s .  E j e c t a  shows very 
v a r i a b l e  WRM i n  i n d i v i d u a l  l a r g e  fragments and is no t  coheren t ly  magnetized. 
These r e s u l t s  suggest  t h a t  t h e  r o l e  of shock i n  determining t h e  magnetic 
c h a r a c t e r i s t i c s  and indeed t h e  NRM of c e r t a i n  l u n a r  samples may have been 
s e r i o u s l y  underes t imated i n  t h e  p a s t .  
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