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Due t o  t h e  h i g h  abundance o f  i r o n  p a r t i c l e s  r e l a t i v e  t o  o t h e r  ferromag- 
n e t i c  phases i n  l u n a r  f i n e s ,  t h e  unambiguous i d e n t i f i c a t i o n  o f  ma n e t i c  phases 
o t h e r  than i r o n  has been d i f f i c u l t .  I t  has been s u g g e s t e d ( 1 ~ 2 ~ 3 ~ g )  t h a t  some 
magnet ic  p r o p e r t i e s  may be due t o  s p i n e l  phases c o n t a i n i n g  f e r r i c  ions .  Mag- 
n e t i c  p r o p e r t i e s  o f  a sample o f  74220 have been a t t r i b u t e d  t o  m a g n e t i t e ( 5 ) .  
Hence a compari son o f  t h e  fe r romagne t i c  resonance (FMR) p r o p e r t i e s  o f  74220 
w i t h  those o f  o t h e r  l u n a r  f i n e s  and w i t h  s y n t h e t i c  m a t e r i a l s  c o n t a i n i n g  i r o n  
p a r t i c l e s  w i l l  be o f  v a l u e  i n  t e s t i n g  these suggest ions .  

The FMR spectrum o f  i r o n  p a r t i c l e s  can be separated i n t o  two components, 
one due t o  s i n g l e  domain (SD) p l u s  super-paramagnet ic  (sPM) p a r t i c l e s ,  and t h e  
o t h e r  due t o  mu1 t i doma in  (MD) p a r t i c l e s .  The f i r s t  c l a s s  o f  p a r t i c l e s  (assum- 
i n g  s p h e r i c a l  shapes, random o r i e n t a t i o n ,  and smal l  p a r t  i c l e - p a r t  i c l e  i n t e r a c -  
t i o n s )  have a spectrum w i t h  a maximum a t  g = hv/BH = 2 ,  and a minimum w i d t h  
AH 5/3 ( ~ K / M ~ )  1,000 gauss a t  300K. The a b s o r p t i o n  w i  1 l increase w i t h  
decreas ing  temperatures as s m a l l e r  and s m a l l e r  p a r t i c l e s  have t h e i r  magnet iza-  
t i o n  sa tu ra ted .  The s p e c t r a l  component due t o  MD p a r t i c l e s  w i l l  have a m i n i -  
mum w i d t h  AH % 8,000 gauss and an a b s o r p t i o n  t h a t  decreases w i t h  dec reas ing  
temperature as fewer and fewer p a r t i c l e s  have t h e i r  magne t i za t i on  s a t u r a t e d  
(D .  L. Griscom, p r i v a t e  communicat ion) .  I f  i r o n  p a r t i c l e s  a r e  t h e  o n l y  source 
o f  t h e  FMR spec t ra  o f  l u n a r  f i n e s ,  t h e  temperature dependent p r o p e r t i e s  o f  
these s p e c t r a  a re  p r e d i c t a b l e .  The tempera ture  dependence o f  AH and o f  A H ~ A  
o f  t he  p r imary  component, g = 2, i n  t h e  FMR spectrum o f  s y n t h e t i c  g l a s s  con- 
t a i n i n g  S D  and SPM p a r t i c l e  o f  i r o n  (generous ly  s u p p l i e d  by G .  W.  Pearce, who 
determined p a r t i c l e  s i z e s  (63)  a re  shown i n  F igu re  1 ,b. The s o l  i d  l i n e  drawn 
th rough t h e  d a t a  f o r  AH (T) i s  c a l c u l a t e d  f rom t h e  r e l a t i o n  AH = 5/3 [ ~ K ~ ( T ) / M ~ ( T ) ]  
f o r  which K ~ ( T )  i s  o b t a i n e d  f rom o t h e r  measurements(-/). The s t r a i g h t - 1  i n e  seg- 
ments drawn th rough t h e  d a t a  f o r  A H ~ A  a r e  b e s t  f i t s  t o  t h e  d a t a  over  t h e  t h r e e  
tempera ture  ranges encompassed by t h e  end p o i n t s  o f  t he  segments. These tem- 
p e r a t u r e  dependencies o f  AH and o f  A H ~ A  areexpected f o r  p a r t i c l e s  o f  i r o n  
whose d iameters  range down t o  % 40 a. 

F i g u r e  2 shows t h e  tempera ture  dependence o f  AH o f  t h e  " c h a r a c t e r i s t i c "  
component f o r  t h r e e  A p o l l o  16 samples and one A p o l l o  17 sample. The l i n e  
w id th ,  AH(T), i s  s i m i l a r  f o r  a l l  f o u r  samples. The s t r a i g h t - l i n e  segments 
shown ad jacent  t o  t h e  d a t a  f o r  66081-22-1 a r e  b e s t  f i t s  t o  t h e  da ta  ove r  t h e  
temperature ranges 450 t o  350K (dot -dash) ,  300 t o  150K ( s o l  i d ) ,  and 100 t o  
1.2K (dash).  These show t h a t  i n f l e c t i o n s  i n  AH(T) occur  a t  approx imate ly  350 
and 130K and a r e  e v i d e n t  i n  t h e  d a t a  f o r  t h e  o t h e r  samples. The tempera ture  
dependence o f  AH'A f o r  74220, shown i n  F i g .  3 ,  has a maximum between 350 and 
175K. S i m i  l a r  maximums have been observed f o r  A H ~ A  o f  t h e  " c h a r a c t e r i s t i c "  
component i n  t h e  spectrum o f  A p o l l o  1 1 ,  12, 14, 15, and 16 f i n e s  samples(3,4). 
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A comparison o f  t h e  data i n  the t h ree  f i g u r e s  shows t h a t :  (1) The 1 ine 
w id th ,  AH, o f  the  " c h a r a c t e r i s t i c "  component i s  a f unc t i on  o f  the A 0 1 1 0  s i t e  e from which samples were co l l ec ted  and ranges from 417 t o  950 gauss( 1,  w h i l e  
f o r  i ron p a r t i c l e s  AH 2 1,000 gauss. (2) ~ A H ( T ) / ~ T  i s ,  from 1.2 t o  600K, 
2, 2X grea te r  than t h a t  p red ic ted  and observed f o r  S D  and SPM i ron p a r t i c l e s .  
(3) I n f l e c t i o n s  a re  present i n  AH(T) f o r  the  " c h a r a c t e r i s t i c "  component which 
a re  no t  expected and no t  observed f o r  SD and SPM i r o n  p a r t i c l e s .  (4) AH'A 
has a peak i n  t he  100 t o  300K range no t  expected and no t  observed f o r  the  FMR 
o f  SD and SPM p a r t i c l e s .  On the  bas is  o f  ( i )  these d i f f e rences  between the  
FMR p rope r t i es  o f  t he  " cha rac te r i s t i c "  component and those o f  SD and SPM i r on  
p a r t i c l e s ,  ( i i )  the i d e n t i f i c a t i o n  o f  a magnetic phase i n  74220 w i t h  a mag- 
n e t i t e  Cur ie  temperature, and ( i i i )  s i m i l a r i t i e s  i n  the  FMR p rope r t i es  o f  the 
"character i s t i  cI1 component i n  t he  spect ra  o f  most Apol l o  f i n e s  samples and i n  
the  spectra o f  74220, we suggest t h a t  magnetic phases o ther  than i r o n  a re  
present i n  most lunar  f i n e s .  These phases may be t i tanochromi tes(1)  , o r  
t i  tanomagnet i t es .  
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T I 'KI . F ig .  1 .  L ine wJdth, AH (open c i r c l e s ) ,  and i n t e n s ~ t y ,  AH'A ( f i l l e d  c i r c l e s ) ,  
o f  a ferromagnet ic resonance component (g = 2.0) as a f unc t i on  o f  temperature. 
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Line Width,  AH, of Ferromagnetic Resonance of Lunar Fines vs Ternperature.  
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Intensity o f  " ~ h a r a c t e r i s t i c "  Resonance in Orange Soi l  (74220) as a Function 
of Ternperature. 
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