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The e x i s t e n c e  of an t i fe r romagne t ic  u i n e r a l s  such a s  i l m e n i t e ,  
f e r r o s i l i t e ,  and u l v o s p i n e l  i n  l u n a r  rocks  has  been w e l l  e s t a b l i s h e d .  
P i c k a r t  and Alper in  (1) observed an t i fe r romagne t ic  o r d e r i n g  i n  t h e i r  neutron- 
d i f f r a c t i o n  s t u d i e s  of some Apollo 1 2  rock  specimens. Nagata e t  a1.(2) found 
two an t i fe r romagne t ic  t r a n s i t i o n s  a t  4 1  K and 56 K on t h e  bu lk  f i n e s  of 
Apollo 1 4  and 1 5  rocks  (3), b u t  were unable  t o  observe a n  an t i fe r romagne t ic  
t r a n s i t i o n  i n  f i n e s  and rock  from t h e  Apollo 1 2  mission (4). Also, previous  
magne t ic - suscep t ib i l i ty  measurements which we made on a wide v a r i e t y  of 
i n d i v i d u a l  l u n a r  g l a s s  spheru les  from 4.2 t o  300 K d i d  n o t  d i r e c t l y  r e v e a l  
any an t i fe r romagne t ic  (16el)  t r a n s i t i o n s  which might be  due t o  mineral  
i n c l u s i o n s  w i t h i n  t h e  g l a s s  mat r ix  (5,6).  I n d i r e c t l y ,  however, we w e r e  a b l e  
t o  i n f e r  t h e  presence of an t i fe r romagne t ic  i n c l u s i o n s  i n  t h e  g l a s s  from our  
previous  measurements because t h e  experimental  magne t ic - suscep t ib i l i ty  d a t a  
could b e s t  be f i t t e d  t o  a n  express ion that contained t h e  sum of temperature- 
dependent and temperature-independent paramagnetism and a n  an t i fe r romagne t ic  
term. The l a s t  term was s i g n i f i c a n t  i n  almost a l l  t h e  specimens s tud ied .  
I n  t h e  p r e s e n t  s tudy of 1 3  g l a s s  specimens, f i v e  i n d i v i d u a l  g l a s s  spheru les  
had r e l a t i v e l y  l a r g e  an t i fe r romagne t ic  terms and were s e l e c t e d  f o r  f u r t h e r  
examination. Care fu l  s u s c e p t i b i l i t y  measurements were then made a t  c l o s e l y  
spaced temperature i n t e r v a l s  from 4 t o  80  K i n  a n  a t t empt  t o  observe t h e  
Ngel t r a n s i t i o n s  d i r e c t l y .  A t  least seven d i f f e r e n t  t r a n s i t i o n s  were 
observed i n  t h e  f i v e  g l a s s  specimens. With t h e  except ion of a t r a n s i t i o n  
t h a t  corresponded t o  i l m e n i t e  i n  one specimen, t h e  observed t r a n s i t i o n s  d id  
no t  correspond t o  any t r a n s i t i o n s  i n  known an t i fe r romagne t ic  minerals .  The 
l a r g e  number of u n i d e n t i f i a b l e  &el temperatures  can be explained i f  t h e  
an t i fe r romagne t ic  mineral  i n c l u s i o n s  a r e  members of a s o l i d - s o l u t i o n  series. 
Thus, f o r  example, t h e  observed &el temperature of a given member of t h e  
MgSi03-CaSi03-FeSi03 s e r i e s  may be s i g n i f i c a n t l y  s h i f t e d  from that of FeSi03, 
t h e  an t i fe r romagne t ic  end member of t h e  mineral  s e r i e s .  

It i s  i n t e r e s t i n g  t h a t  t h e  one type of g l a s s  i n  which a l a r g e  i l m e n i t e  
t r a n s i t i o n  might be  expected is  t h e  orange g l a s s  from Shorty c r a t e r .  McKay 
and IIeiken (7)  r epor ted  f i n d i n g  i l m e n i t e  i n  specimens of orange g l a s s  from 
t h e  same l o c a t i o n .  The orange g l a s s  c o n t a i n s  both  high i r o n  and t i t an ium,  
bu t  apparen t ly  t h i s  p a r t i c u l a r  specimen c o n t a i n s  ve ry  l i t t l e  i lmeni te .  Only 
a ve ry  weak t r a n s i t i o n  was found i n  t h i s  sample a t  56 K, t h e  temperature 
of i lmeni te .  

Although t h e  &el temperature of t e r r e s t r i a l  i l m e n i t e  i s  wel l  known, it 
was thought a d v i s a b l e  t o  r e p e a t  t h e  measurement on l u n a r  i lmeni te .  I n  
a d d i t i o n  t o  t h e  well-known t r a n s i t i o n s  a t  55-56 K, t h e  l u n a r  i l m e n i t e  a l s o  
showed t r a n s i t i o n s  a t  11.3 K and a t  4.3 K. Contrary t o  d a t a  i n  t h e  
l i t e r a t u r e ,  t h e  11.3 K t r a n s i t i o n  was a l s o  found i n  terrestrial i lmeni te .  A 
very  weak t r a n s i t i o n  was suggested a t  4.3 K, but ,  i f  p r e s e n t ,  it w s  s e v e r e l y  
masked by t h e  s t r o n g  paramagnetic component a t  t h i s  temperature. 
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To make s u r e  t h a t  t h e  two low-temperature t r a n s i t i o n s  can be a s c r i b e d  t o  
i l m e n i t e  r a t h e r  than i m p u r i t i e s ,  a s tudy  i s  a l s o  being made of h igh-pur i ty  
s y n t h e t i c  i lmeni te .  
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