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The excess iron metal in lunar fines samples has been shown to be re- 
lated to their surface exposure ages (1). Recent techniques permit the iron 
to be quantitatively determined (2), and these methods are currently in use to 
measure the relative surface exposure ages of core samples (3-5). 

The line shapes and widths of the FMR absorption vary among lunar fines 
samples for reasons which are not understood. Linewidths and shapes as well 
as specific intensities also differ in different size fractions from the same 
sample. Puzzling temperature and frequency dependances of the linewidths and 
intensities have also been reported in the past. We are studying the tem- 
perature and frequency dependance of the FRM absorption in size fractions of 
fines samples in the hope that we can understand the mechanisms that control 
shape and intensity and can in turn use this information to expand our under- 
standing of the evolution of the samples. 

The temperature dependencies of the peak-to-peak linewidths of size 
separates of sample 12001 are shown in Fig. 1. At room temperature, the line- 
widths are equivalent, but as the temperature is lowered, the linewidths of 
the smaller grains increase much more rapidly than that of the larger grains. 
The derivative and computed absorption curves shown in Fig. 2 show that for 
the 1-2pm separate, this lieewidth increase is not merely due to the change 
in the anisotropy field. While this increase in the linewidth may be due to 
an increasing contribution from a broader resonance component, the maxima of 
the linewidth at 20-30K for the 2-5um and 20-30um size separates parallel 
valence-exchange or impurity broadening of FMR spectra (6). This broadening 
was shown to occur due to surface oxidation of Ni-Fe films (7). 

Double integral values of the 1-2um size fraction increase by 39% bet- 
ween 270K and 10K, while those of the 2-5pm size range increase 28%, and those 
of the 20-30pm size fraction increases by 21%. These results indicate that 
the smaller grains contain a greater proportion of spheroidal iron which is 
superparamagnetic at high temperatures. We observed only a monotonic increase 
in the double integral values, and no decrease below 200K as reported by 
Griscom et . al. (8). 

Since all iron particles are saturated above about 21KOe, and spherical 
particles are saturated above about 7KOe, quantitative 35 GHz determinations 
were carried out to estimate the content of multi-domain FeO particles rela- 
tive to the 9.5 GHz determinations. The results of these measurements are 
shown in Table I. 
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TABLE 1 

QUANTITATIVE FMR MEASUREMENTS AT 
9.5 AND 34 GHz FOR 12001 SAMPLES (294K) 

Size Range Weight % FeO at % FeO at Relative 
( ~ m )  (mg 1 9.535GHz 33.982GHz Increase 

All samples showed an apparent increase in the amount of FeO when 
measured at 35GHz. The finer size fractions exhibited a smaller increase 
indicating that they contain smaller spheroidal iron particles. 

During these measurements it became apparent that as the amount of 
sample used was increased, the percentage of FeO appeared to decrease. This 
was attributed to loading of the microwave cavity, as shown in Table 11. 

TABLE I1 

Sample wt 35GHz 9.5GHz 
( 45 m) (mg) AHpp %F~O AHpp %FeO 

This anomalous decrease in the Ka band spectra results from loading the 
microwave cavity so that the intensity is no longer linear. Several results 
report large variations of the linewidth of the 35GHz resonance while that of 
the 95GHz resonance is constant. Using samples smaller than about 150pg at 
35GHz, (depending on the amount of FeO), the linewidths are constant to within 
f15 Oe and the percentage of FeO is greater than that measured at 9.5GHz. 
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