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The fer romagnet ic  resonance d e t e c t e d  i n  l u n a r  samples thus  f a r  examined 
has been shown ( 1 , 2 , 3 )  t o  c o n s i s t  of two main components w i t h  a  v a r i e t y  of 
Linewidths, l ineshapes  and i n t e n s i t i e s .  A narrower component cen te red  a t  
about 34013 G ( a t  X-band f requency)  and w i t h  a  l inewid th  of 550-1000 G,  
va ry ing  from s i t e  t o  s i t e ,  i s  due t o  m e t a l l i c  Fe which i s  s p h e r i c a l  i n  
shape and in . superparamagne t i c  and single-domain s t a t e s  ( ~ e O ( s p  4- s d ) ) ( 3 ) .  
A broader component extending from z e r o  f i e l d  t o  about  10,000 G i s  due t o  
multidomain and/or non-spher ica l  m e t a l l i c  Fe (F~O(MD) ) ( 1,2) . The narrower 
component i s  found t o  predominate i n  lunar  s o i l s  (< 1 mm.) and i n  low meta- 
morphic grade b r e c c i a s ,  i n  c o n t r a s t  t o  t h e  broader  component found i n  h i g h l y  
metamorphosed rock  samples. A r e c e n t  annea l ing  experiment c a r r i e d  o u t  on 
a  lunar  f i n e s  sample has  shown t h a t  t h e  r a t i o  of FeO ( s p  + s d j / ~ e ~  (MD) f o r  
a  lunar  sample dec reases  w i t h  i n c r e a s i n g  temperature and l e n g t h  of h e a t i n g  (3).  
This experiment confirms t h a t  a  c o r r e l a t i o n  which we have p r e v i s o u l y  shown t o  
e x i s t  between t h e  fe r romagne t i c  resonance s p e c t r a l  f - ea tu res  and t h e  meta- 
morphic grade of  the  sample a s  de f ined  by Warner ( 4 )  i s  a  combined r e s u l t  of 
g r a i n  growth and deformat ion of s p h e r i c i t y  of f ine -g ra ined  m e t a l l i c  Fe caused 
by h e a t i n g .  This  g e n e r a l  c o r r e l a t i o n  can now be used a s  a  b u i l t - i n  geo the r -  
mometer f o r  probing t h e  thermal  h i s t o r y  of lunar  b r e c c i a  and r o c k  samples. 

F igure  1 shows a  number of s o i l s ,  b r e c c i a s  and rocks  and t h e i r  ass igned 
annea l ing  temperatures ,  a s  de r ived  from t h e  fer romagnet ic  resonance s p e c t r a  
of the  m e t a l l i c  i r o n  p r e s e n t .  The samples were sub jec ted  t o  no t r ea tment  
o t h e r  than ESR examination.  The temperatures  were ass igned  by analogy w i t h  
the  behavior  of f i n e s  75081,78 which was examined a f t e r  s tepwise  annea l ing  
i n  t h e  6000-1025O~ range i n  t h e  l a b o r a t o r y .  The s p e c t r a l  f e a t u r e s  shown by 
the  v a r i o u s  n a t i v e  lunar  samples i n  F i g .  1 appear g e n e r a l l y  t o  be due t o  t h e  
format ion of multidomain FeO (MD) from FeO ( s p  + sd)  dur ing  t h e  annea l ing  
p rocess .  

The s p e c t r a l  changes may be summarized a s  fo l lows :  1) below 6 0 0 ' ~  a  
narrow component a t  3400 G w i t h  a  d e t e c t a b l e  z e r o - f i e l d  component v a r i e d  
wi th  samples; 2) a t  6000-700°C t h e  z e r o - f i e l d  component i n c r e a s e s ;  3) between 
7 0 3 ~ - 8 0 0 0 ~ ,  accompanied by a  broad peak a t  6000 G ;  between 800°-900°C the  
narrow component d iminishes  and t h e  6000 G and z e r o - f i e l d  components predom- 
i n a t e .  Above LoOOOC t h e  narrow component a t  3400 G i s  e n t i r e l y  rep laced  
by the  broad component extending from z e r o - f i e l d  t o  6000 G ,  accompanied by 
a  second peak a t  8000 G .  
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Table 1 summarizes a classification of some lunar breccia and rock 
samples on the basis of annealing temperatures, as estimated from their 
ferromagnetic resonance spectral features. 

The nondestructive ferromagnetic resonance method thus appears to 
provide a route to the rapid classification of lunar samples based on their 
thermal history as derived from their superparamagnetic, single-domain and 
multidomain metallic Fe contents. 
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Figure 1. Correlation 
between ferromagnetic 
resonance and annealing 
temperature of lunar 
metallic Fe phases. 
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Table 1. Classification of Some Lunar Breccia and Rock 
Samples According to Their Annealing Temperature of 
Metallic Fe Phases 

Sample Warner ' s Grade Annealing ~em~erature~ 

15498, 49; 14310, 66  LOW^ 600 - 7o0°c 
a 

Medium 

Melt Rock 
b 

a. Defined by Warner (4) for the Apollo 14 breccias. 
b. Defined by Warner, et. al. (5). 
c. Obtained by comparison of ferromagnetic resonance spectral features 

with those observed for a fines sample 75081, 78 annealed in the 
temperature range of 600-1025~C (3). Data for the Apollo 14 samples 
estimated on the spectra given by Weeks (6). 
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