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Summary The ferromagnetic index Is/FeO has long been used as a relative measure of the 
maturity of lunar soil samples [I]. This index is the relative concentration of nanophase metallic 
iron normalized to total iron content calculated as FeO. Furthermore, for most soil and core samples 
in the Apollo and LUM collections, there exists a strong positive correlation between the abundance 
of agglutinates in the sample and the sample's Is/FeO. Both indices were shown to relate to the 
degree of micrometeorite reworking or maturity of the soil samples [21. Variation of either of these 
parameters at some Apollo sites exceeds two orders of magnitude. 
What is not so well known is that individual agglutinates also vary nearly as much in their 
individual Is/FeO index, and such variations can be present in a single soil sample. This variation 
of Is/FeO does not correlate with the abundance of glass or the chemical composition of the 
agglutinates and is apparently a reflection of the characteristics of the individual micro-impacts 
which made each agglutinate. 
Objectives : We have conducted a detailed study of 21 individual agglutinates from Apollo soil 
61181 (Is/FeO = 82; mature). Preliminary results were reported in [31. We now present a more 
extensive data base. We set out to address a number of basic questions: 

Are the values of Is/FeO for individual agglutinates in a mature lunar soil uniformly high 
thereby causing the bulk soil index to be relatively high? 
How much of the FeO in individual agglutinates has been reduced to nanophase iron and how 

much is left as ferrous iron? 
Does the FMR index for individual agglutinates reflect the abundance of glass in the 

agglutinates so that variations of the index are simply variations of glass abundance? 
Or does the variation of the Fh4R index reflect true differences in the abundance of nanophase 

iron in the glass itself? 
Does a higher FMR index in an individual agglutinate mean that nanophase iron is recycled 

and has built up a cumulative abundance? 
Is the abundance of nanophase iron (normalized to total iron) in the agglutinatic glass related 

to differences in FeO content from agglutinate to agglutinate or to difference in FeO content in 
the actual agglutinatic glass? 

Results: Table 1 shows the bulk FeO and Ni (INAA), the Is/FeO values, and the glass abundance 
for 21 individual agglutinates from 61181. Note that Is/FeO values range from 13 to 260 which, at 
its upper end exceeds that of any bulk soil. We have determined the chemistry of the glass in the 
agglutinates by electron microprobe (avoiding visible clasts or visible metallic iron) and the 
abundance of glass by pointcounting. (Nanophase iron in the glass would be too small to see during 
microprobe analysis but will contribute to the FeO values for the glass). Electron microprobe glass 
chemistry for 14 different elements in these agglutinates shows no correlation with Is/FeO, or with 
glass abundance for any element. For example, Fig. 1 shows that even though total FeO in the bulk 
agglutinates and the average FeO of the agglutinatic glass each vary by a factor of about 1.6, the 
variations do not correlate with each other. Furthermore the relative abundance of the glass phase 
in each agglutinate, while varying from 51% to 86%, does not correlate at all with the FMR index 
(Fig. 2). Nor does the FMR index correlate with FeO content or the other major oxides. 
Discussion: The data help answer the questions posed earlier: 

The values of Is/FeO for individual agglutinate particles from a single soil can vary by at least a 
factor of 20. Therefore, the value of Is/FeO for this bulk mature soil is the average of a distribution 
of values whose standard deviation is very large. 
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The FMR index is not correlated with either the FeO content of the bulk agglutinate or the FeO 
content of the agglutinitic glass. Therefore the index is not determined or limited by FeO 
abundance. The same is true for other elements. 

The FMR index does not correlate with the glass abundance of each agglutinate, and for the 21 
agglutinates, varies by a order of magnitude more than the variation of glass abundance. Therefore 
the variation in the FMR index from one agglutinate to the next reflects a true variation in the 
nanophase iron abundance within a constant volume of agglutinatic glass and does not reflect simply 
variation of glass content 

While the data do not definitively indicate whether individual agglutinates are recycled, the 
0bse~ation that the FMR index does not correlate with glass abundance suggests that recycling is 
not the main cause of increasing FMR index for individual agglutinates; it might be expected that 
multiple generation recycled agglutinates with increasing cumulative nanophase iron would likely 
have inaeasing glass abundance and this is not the case for the obsewed agglutinate data set 
However, single agglutinates with high index may still include significant preexisting nanophase 
iron not reflected in the glass abundance. 

As the FMR index of individual agglutinates does not appear to be correlated with the 
measured parameters such as chemistry and glass abundance, its value may be determined by the 
stochastic properties of the micro-impacts themselves: grain size ,texture, chemistry, and 
mineralogy of the micro-targets (including preexisting nanophase iron), impactor velocity and 
resulting energy loading, maximum temperature reached, melt volume, time at melt temperatures, 
and cooling history. A deeper understanding of the role of agglutinates and their included 
nanophase iron in regolith development and space weathering may have applications for many 

tem bodies. References [I1 (Moms, R V. (1978) PLPSC 9,2287; [21 Moms R V. (1976) PLSC 7, 
O0lar z 315; [31 u et. al. (1994) LPSC XXV, 71. [41 D. Blanchard, pers. comrn. 

Table 1 
Data on Individual Agglutirutes in 61181 (FeO and Ni from I N u 4 ] )  
Sample %FeO Ni ppm Is/FeO %Glass Sample %FeO 
37 6.4 730 13 51 44 5.2 
43 6.2 -- 34 64 36 4.7 
47 7.7 1430 52 86 34 6.5 
65 5.9 590 53 64 64 5 3  
42 6.1 340 59 74 40 6.4 
48 5.8 380 70 74 63 5.3 
46 7.0 .i40 n 75 55 5.6 
62 5.2 220 80 76 33 6.9 
38 5.7 290 % 57 58 7 5  
60 7.0 4 a 1  112 n 50 6.2 

52 5.8 

Ni ppm Is/FeO 
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