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The presence of superparamagnetic clusters of spins in 
olivines was revealed by Mossbauer studies at liquid He tempera- 
tures of whole rock lunar samples(1). In the same study, it was 
also shown that the effect of high-temperature annealing treat- 
ments considerably reduced the extent of the clustering in lunar 
olivines. These observations suggested that such Mossbauer 
measurements, when properly calibrated, may be useful for obtain- 
ing information on the thermal histories of olivine-bearing rocks. 
In this report, data for olivine separates are presented that 
permit a more complete understanding of the effects of composition 
(Fe:Mg ratio), temperature of measurement, and annealing treat- 
ment on the clustering phenomenon in olivines. 

To determine the effects of composition and temperature of 
measurement, a suite of four synthetic olivines (30,40,50,60% Fo) 
of similar thermal history(2), and two natural olivines (73 and 
90% Fo) were measured at temperatures between 4.2 and 50K. Re- 
presentative Mossbauer spectra for the 40% Fe sample are shown 
in Figure 1. Accurate least-squares analyses of these compli- 
cated spectra would involve using the cluster-spin relaxation 
time as a variable, and would probably be relatively easy if only 
the M2 site ~ e ~ +  ions contributed to the spectra. However, M1 
site ~e*' ions, which give rise to the unusually broad peaks at 
the extremes of the spectra, have significant off-diagonal terms 
in their hyperfine Hamiltonian(3) and the treatment of relaxation 
phenomena is quite difficult in this situation(4). Consequently, 
we have chosen to characterize these spectra by using an empiri- 
cal magnetic fraction (FM), defined simply as the peak-height 
ratio: 

where P(v ) is the absorptfon percentage at the location of 
the high-$6Y8city peak of the M2 magnetic hyperfine spectrum and 
P(v ) is the absorption percentage at the velocity of the para- P2 
magnetic peak, P2. As in apparent from Figure 2, the effects of 
increasing the temperature of measurement and increasing Mg SiO 

2 4 percentage in the olivine are similar and cause FM to decrease. 
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Scme preliminary annealing experiments at 1002 and 295 C, 

using the technique reported previously (I), have been performed 
cn an olivine sample (OL 10-273 - composition 55% Fo) from 
LaBlanche Lake, Quebec. Values for F as a function of annealing M 
time and temperature of measurement are shown in Figure 3. From 
the data for the aliquot annealed at 1 0 0 2 ~ ~ ~  it is apparent that 
equilibrium is reached within an hour. For the 895 C aliquot, 
FT7 increases from the original value with short-term heating,but 
decreases upon further heating to equilibrium values similar to 
those obtained at 1 0 0 2 ~ ~ .  Hence, it appears that the technique 
ray be sensitive to other internal cation rearrangements that 
occur upon annealing in competition with the dissolution of ~ e ~ +  
spin clusters and may Be additionally informative. 

These results suggest that low-temperature Mossbauer studies 
cf olivines of corpositions between 25 and 90% Fo may be used to 
cbtain information relating to the thermal histories of the host 
rocks. This compositi~nal range is almost the same as the range 
of olivine compositions found in lunar rocks and therefore this 
technique should be.useful for any lunar rock containing signi- 
ficant amounts of olivine. 
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