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In o r d e r  to be t ter  understand the fer romagnet ic  resonance  (FMR)  prop- 
e r t i e s  of re turned lunar  so i l s ,  FMR s p e c t r a  have been obtained fo r  two 
wel l -charac ter ized  simulated lunar  g l a s s e s  containing microscopic  and sub- 
microscopic  meta l l ic  i r o n  pa r t i c l e s  and s ix  simulated lunar  g l a s s e s  con- 
taining sub-microscopic  magneti te- l ike precipi tates .  The X-band FMR in- 
tens i t ies  of these  samples  were  determined by numerica l  integrat ion m e  th- 
ods f o r  the t empera tu re  range 5 - 5 7 3 O ~  and compar isons  were  made  with 
s i m i l a r  data fo r  luna r  so i l s  f r o m  every  Apollo exploration site.  

G lasses  containing iron. A sample  of reduced simulated lunar  g lass  of 
a composition s i m i l a r  to rock 10017 was provided by R. M .  Housley. Housley 
(private communicat ion) r epor ted  observation of i ron  octahedra  5pm and a 
total  i ron  content de termined by Mb'ssbauer and susceptibility m e a s u r e m e n t s  
of N O 0  2 wt % o  Multidomain (MD) effects in the FMR s p e c t r a  of this  sample  
have been descr ibed previously [I, 21, The second sample  was a g lass  of a 
KREEP composition [3] which was reduced in  an H2-r ich  hydrogen-oxygen 
f lame fo r  -1 min;  the  molten drople ts  were  quenched in liquid nitrogen. 
FMR and e lec t ron  microscopic  evidence [2]  has  indicated the p resence  of 
i r o n  spherules  N 0. 02 - 0. 05pm in ' the l a t t e r  sample.  

Glasses  containing "magnetite". A reexamination was made of a syn- 
thet ic  g lass  of a KREEP composition, previously shown by Mb'ssbauer, x-  
r a y  diffraction, magnetic  susceptibility, e lec t ron microscopy,  and m i c r o -  
probe  to contain magneti te- l ike prec ip i ta tes .  [4] Other powdered g lasses  
of KREEP and lunar-uplands composit ions were  subjected to  s imulated ash -  
flow p r o c e s s e s  involving fluidization by hel ium gas  expanding ver t ica l ly  

0 
into a vacuum a t  ambient  t e m p e r a t u r e s  - 750 C. [5] As determined by FMR 

- - 

exper iments  [5], magneti te- l ike phases  were  precipi tated in these  samples  
by v i r tue  of the  p resence  of s m a l l  amounts of O2 and H 2 0  ( ~ 1 0 ' ~  - 10 T o r r )  
added to the helium. Water  vapor appeared to be m o r e  efficacious than O3 - 
f o r  this p r o c e s s  [5]. 

Results.  By secur ing exper imenta l  basel ines a t  each t empera tu re ,  the 
to ta l  numer ica l  second in tegra ls  of the FMR s p e c t r a  were  obtained for  the 
samples  containing MD iron. F o r  the lunar  samples  and synthetic samples  
containing magnetite,  a l imited in tegra l  (shaded a r e a  of Fig. 1) was ob- 
tained which excluded m o s t  of the MD i ron  contributions (if any were  p r e s -  
ent) .  Typical r e s u l t s  a r e  plotted in  Fig. 2.  Both MD i ron  samples  showed 
near ly  l inear  inc reases  in intensity with increasing t empera tu re .  The curve  
fo r  the sub- pnMD i r o n  par t ic les  displayed about 113 the slope of the da ta  

shown. All magnetite-containing samples  exhibited intensity peaks  between 
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130 and 2 3 0 ' ~ ;  da ta  f o r  a K R E E P  sample  subjected to an  ash-flow p r o c e s s  
a r e  i l lustrated.  The curve  f o r  75081, 70 differs  v e r y  l i t t le  f r o m  curves  ob- 
tained fo r  o ther  typical  lunar  so i l s  [4,6]. 

Discussion. Although the  l i t e r a t u r e  does not deal  adequately with the 
theory  of the  t empera tu re  dependence of FMR intensity, a good inference 
i s  that the intensity should be proport ional  to the average  magnetizat ion of 
the sample  during the  field s c a n  [4]. Thus, "theoretically", the intensity of 
s ingle-domain (SD) i r o n  should v a r  a s  the sa tura t ion  magnetization, Ms. 8 Superparamagnetic  (SPM) i r o n  2 6 0  should behave much the s a m e  a s  SD 
i ron  in a microwave resonance  exper iment  [7]. The intensity of MD i r o n  
will  be affected by the microwave skin depth and, fo r  par t ic les  > lpm, should 
inc rease  with increas ing t empera tu re  much a s  observed in  Fig. 2. The in- 
tensi ty of magneti te  should v a r y  a s  Ms above the Verwey t empera tu re  

0 
(12 0 K )  but m a y  d e c r e a s e  below that point due t o  a combination of line 
broadening and the fa i lure  to  sa tu ra te  the sample  [4, 5, 61. L€ these  infer-  
ences  a r e  c o r r e c t ,  the  lunar  s o i l  data of Fig. 2 a r e  sat isfactori ly ex- 
plained by the postulated co-p resence  of magneti te- l ike phases  [4] along 
with SD and SPM i r o n  [8]. 
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Fig. 1. Typical  FMR absorp-  
tion spec t rum of a luna r  soil .  k 4 
Lunar sample  data  of Fig. 2 SD + SPM IRON 

per ta in  t o  the shaded a r e a  AND MAGNETITE 

only ;(the dashed s t ra ight  l ine 
in te r sec t s  the exper imenta l  
cu rve  a t  1.25 kOe and 5.25 
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Fig .  2 ,  In tegra ted  FMR in tens i ty  v e r s u s  t e m p e r a t u r e .  Data  p e r t a i n  t o  
MD i r o n  pa r t i c l e s  - 5pm in  a s imu la t ed  l u n a r  g l a s s ,  submic roscop ic  m a g -  
net i te- l ike p rec ip i t a t e s  i n  a s imu la t ed  luna r  g l a s s ,  and l u n a r  so i l  75081, 70. 
Regions of n u m e r i c a l  in tegra t ion  f o r  the l a t t e r  two s a m p l e s  w e r e  de l ibe ra t e -  
l y  chosen  to exclude any contr ibut ions of MD i r o n  ( s e e  F ig .  1). (Low-tem-  
p e r a t u r e  data  f o r  magnet i te - l ike  phases  genera l ly  do not "connect" with 

0 
d a t a  ga the red  above 90 K;  s i m i l a r  though l e s s  p rominen t  effects  a r e  ob- 
s e r v e d  f o r  l u n a r  so i l s .  ) Dashed c u r v e  i s  the behavior  of M f o r  me ta l l i c  

S 
i ron .  
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