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INTRODUCTION. Recent ly ,  we have r e p o r t e d  ( 1 )  p re l iminary  d a t a  
i n d i c a t i n g  t h a t  a s i g n i f i c a n t  f r a c t i o n  of t h e  i r o n  i n  t h e  Orguei l  m e t e o r i t e  
(USNM-234), a type  I carbonaceous chondr i t e ,  is superparamagnetic.  Th i s  
impl ies  a d i s t r i b u t i o n  of sub-domain p a r t i c l e s  of s u f f i c i e n t l y  smal l  s i z e  ( 5  
300 1) t h a t  a t  h igher  t empera tu res  atomic magnetic moments r e l a x  f a s t e r  than 
t h e  nuc lea r  Larmor p r e c e s s i o n ,  and t h e  6-peak Zeeman s p l i t t i n g  observed i n  the  
Mossbauer spectrum c o l l a p s e s  t o  a two-peak paramagnetic spectrum. The 
s i g n a t u r e  f o r  superparamagne>ism, i n  c o n t r a s t  t o  the  o rd ina ry  magnetic 
t r a n s i t i o n  a t  t h e  Cur ie  o r  Nee1 p o i n t ,  i s  t h a t  t h i s  t r a n s i t i o n  t a k e s  p l a c e  
over  a wide range of t empera tu res  a s  a r e s u l t  of an exponen t i a l  dependence on 
a range of p a r t i c l e  volumes (magnetic an i so t ropy  energy).  ( 2 , 3 )  

A superparamagnetic component r e q u i r e s  an exp lana t ion  of i t s  o r i g i n ,  
p o s s i b l y  a s  a r e s u l t  of aqueous a c t i v i t y  a f t e r  t h e  format ion of t h e  p a r e n t  
body ( 3 )  o r  perhaps  a s  a vapor phase condensate from t h e  s o l a r  nebula  (5).  A s  
proposed by Cameron ( 6 ) ,  superparamagnetic p a r t i c l e s  might be c o r e s  of 
i n t e r s t e l l a r  g r a i n s  inc luded  a t  t h e  time of a c c r e t i o n  of t h e  p a r e n t  body. 

We r e p o r t  here  on a d d i t i o n a l  d a t a  and a n a l y s i s  confirming t h e  occurrence 
of superparamagnetism i n  t h e  Orguei l  m e t e o r i t e ,  and on new d a t a  (7)  sugges t ing  
t h e  e x i s t e n c e  of superparamagnetism i n  t h e  T i e s c h i t z  me teor i t e  (provided by E. 
King), an  u n e q u i l i b r a t e d  o r d i n a r y  chondr i t e .  Although a s i m i l a r  s tudy  of the  
Allende m e t e o r i t e ,  a type  I11 carbonaceous chondr i t e ,  f a i l e d  t o  r e v e a l  t h e  
presence of superparamagnetism, t h e  r e s u l t s  f o r  Orgueil  and T i e s c h i t z  suggest  
t h a t  superparamagnetism i n  m e t e o r i t e s  may occur more widely than h e r e t o f o r e  
a p p r e c i a t e d ,  and is  a phenomenon worthy of sys temat ic  i n v e s t i g a t i o n .  

RESULTS. I n  t h i s  s t u d y ,  a s  i n  ~ e f . ( l ) ,  Mossbauer s p e c t r a  were c o l l e c t e d  
f o r  a s e r i e s  of t empera tu res  down t o  20K, obta ined wi th  an A i r  Products  
closed-cycle r e f r i g e r a t o r .  The Orgueil  d a t a  a r e  p resen ted  i n  Figure  1. They 
show a gradual  dec rease  i n  t h e  paramagnetic component of the  spectrum n e a r  0 
m m / s  below W O K  accompanied by an i n c r e a s e  i n  t h e  magnetic component. The 
s p e c t r a  of Fig.  1 were f i t  t o  a sum of 6-peak, 3:2:1:1:2:3 Zeeman s p e c t r a  
(magnetic component), a 2-peak, 1 : l  Fe3+ component ( t h e  two s t r o n g  c e n t r a l  
peaks a t  room tempera tu re )  and a weaker 2-peak, Fe2+ component. The f i t  shows 
t h a t  t h e  sum of magnetic + Fe2+ a r e a s  is  roughly cons tan t  a t  N 86% over  t h e  
temperature range,  i n d i c a t i n g  t h a t  a s  temperature dec reases ,  a p o r t i o n  of t h e  
3+ i r o n  i n  t h e  m e t e o r i t e  sample g radua l ly  conver t s  from a paramagnetic s t a t e  
(random al ignment)  t o  a magnetic s t a t e  ( o r i e n t e d ) .  A s  s t a t e d  e a r l i e r ,  t h i s  i s  
t h e  t y p i c a l  s i g n a t u r e  f o r  superparamagnetism ( 3 ) .  From Figure  2,  we e s t i m a t e  
t h e  superparamagnetic component t o  be 20-25% of the  t o t a l  i r o n  c o n t e n t  i n  the  
Orguei l  me teor i t e .  

I n  Figure  3, we p r e s e n t  s p e c t r a  from a s i m i l a r  s tudy of the  T i e s c h i t z  
me teor i t e .  I n  t h i s  c a s e  superparamagnetism becomes e v i d e n t  below d40K and 
shows up a s  a dec rease  i n  t h e  Fe2+ paramagnetic peaks accompanied by a broad 
i n c r e a s e  i n  t h e  background curve.  Th i s  i s  shown more c l e a r l y  i n  Fig .  4, where 
d i f f e r e n c e  s p e c t r a  ( r e l a t i v e  t o  100K) a r e  p l o t t e d .  Although the  s i g n a t u r e  i s  
d i f f e r e n t  h e r e ,  it is c o n s i s t e n t  wi th  a superparamagnetic component i n  t h e  
T i e s c h i t z  me teor i t e .  

A s i m i l a r  s e t  of s p e c t r a  ( n o t  shown) obta ined down t o  15K f o r  a sample of 
t h e  Allende m e t e o r i t e  f a i l e d  t o  show any evidence of superparamagnetism. 

CONCLUSIONS. By i n v e s t i g a t i n g  t h e  magnetic n a t u r e  of t h r e e  m e t e o r i t e s  
of t h e  chondr i t e  c l a s s  w i t h  Mossbauer spectroscopy c a r r i e d  o u t  over a range of 
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temperatures ,  we have demonstrated t h e  presence of s u b s t a n t i a l  amounts of 
superparamagnetic p a r t i c l e s  i n  two of t h e s e  meteor i t e s .  These a r e  
f ine-gra ined p a r t i c l e s ,  t h e  exp lana t ion  of whose o r i g i n  w i l l  h e l p  e l u c i d a t e  
p rocesses  of format ion i n  t h e  e a r l y  h i s t o r y  of t h e  s o l a r  system. To t h i s  end, 
a d d i t i o n a l  work is underway i n  our l a b o r a t o r y  employing lower temperatures ,  
e x t e r n a l  magnetic f i e l d s ,  improved computer a n a l y s i s ,  e t c . ,  on t h e s e  and 
a d d i t i o n a l  me teor i t e  samples,  i n  an  e f f o r t  t o  c h a r a c t e r i z e  t h e  i d e n t i t y  and 
n a t u r e  of t h e  superparamagnetic component(s) of m e t e o r i t e s  of t h e  chondr i t e  
c l a s s .  

ACKNOWLEDGMENTS. NASA g r a n t  NAGW-749 (TJw) and t h e  UAB Graduate School 
(MAQ) .  

Refs.: ( 1 )  Wdowiak & A g r e s t i  (1984) Nature 311, 140; ( 2 )  Kundig e t  a l .  (1969) 
Phys. Rev. 142,  327; ( 3 )  van d e r  ~ r a a m 3 m y s .  S t a t .  S o l .  a l e ,  215; (4) -- 
Anders e t  a m 1 9 7 3 )  Sc ience  182,  781 ; ( 5 )  ~an- Morr ish( l979)-~ature  282, 
186; ( 6 )  Cameron i n  I n t e r s t e l l a r  Dust and Rela ted  Topics (1973) (eds .  
Greenberg & Van de H u l s t )  , 545 ; ( m a a s e m  (1986)~.~. Thes i s ,  Univ. of AL. a t  
B'ham. 

FIGURE 1 . 300 K 

Orgue i l  100 
s p e c t r a  

60 

4 0 

3 0 

2 0 

Veloc i ty  (unnls) 
30 

-1 FIGURE 2. 20 
Orguei l  
magnetic 
f r a c t i o n  

-8 -4 0 4 8 
Veloc i ty  (rnrn/s) 

-8 -4 0 4 8 
Veloc i ty  ( m / s )  

F.TGURE 3.  

Ties  c h i  t z  
s p e c t r a  

FIGURE 4. 

T i e s c h i t z  
d i f f e r e n c e  
s p e c t r a  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


