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Reflectance spectra of particle size separates of mare and highland lunar soils were 
measured. The finest < 45 pm fractions turned out to be responsible for the pronounced red 
slope of the spectra of the bulk samples, the spectral curves for the other fractions being far 
from those for the bulk samples. Our calculations have shown that the distinction between 
the spectra of the fine and the coarse fractions cannot be due to difference in particle size 
only but can be explained by presence of reduced iron in the superficial layers of the regolith 
particles at reasonable values of the depth of the layer containing reduced iron (1000 A) and 
volume concentration of the iron (4% for mare soil and 2% for highland one). 

Because of the high surfacelvolume ratio fine particles of lunar regolith are expected to be the most 
sensitive to the processes resulting from exposure to space environment. The fact may show in optical 
characteristics. To study this effect we prepared particle size separates of mare @una 16) and highland 
(Luna 20) lunar soils and measured reflectance spectra of each fiaction (Fig. 1). As shown in Fig. 1 the ain 
carrier of the optical properties of lunar soils, in particular, the red slope of the spectra, is the finest fraction 
< 45 pm. Spectral curves for coarse fractions (3 - 5 in Fig. 1) are rather distant from that for the bulk one and 
close to each other. This indicates that fine particles probably surround coarse ones forming aggregates and 
thus shielding coarse particles from direct surface exposure. Among processes due to surface exposure the 
formation of fine (< 300 A) grains of reduced iron in superficial layers of particles is known to take place. 
As particle size itself affects the spectra of transparent materials the question arises: is the distinction of the 
spectra of the finest fraction due to particle size only or to the processes on the surface as well? 

To separate the effect of composition from that of particle size we used a model [l] which enables one 
to calculate spectrum of imaginary part K of refractive index of a sample using its reflectance spectrum and 
vice versa. For calculations the only parameter of a sample is used - the average size 1 of light scattering 
element. For particles with complex structure, such as coarse particles of lunar soils can be, the size 1 is less 
than that of the particles and equals to grain size that is not known. We suppose the most of particles of the 
< 45 pm fractions to consist of one grain and be approxhately round-shaped so the size 1 of light scattering 
element for them is assumed to be 40 pm. To estimate 1 for coarse fractions we supposed the values of K for 
the finest fraction to be at least not smaller than those for the coarser ones in the whole spectral range. This 
assumption is supported by the consideration that fine particles should be the most sensitive to the processes 
resulting from surface exposure which are known to darken lunar soils. In this assumption the size of light 
scattering element for the 45 - 94 pm fractions is about twice as large as the that for < 45 p ones, which 
suggests that the particles of both fractions are probably homogeneous. We calculated the spectra of the 
45 - 94 pm fractions as they would be if their particles were as small as those of < 45 pm fractions. As 
shown in Fig.l (curves 6) if the particles of the < 45 pm fractions were chemically identical to those of the 
45 - 94 pm ones the < 45 pm fractions would be 1) much lighter in the visible range, 2) with more 
pronounced 1 pm feature, 3) with less red spectral slope. 

We supposed the merence to be due to the fact that external layer of fine particles contains 
submicron particles of reduced metals, mostly iron. Their effect can be accounted substituting instead of K 

the value K + (d / I) g, where d is the thickness of the iron containing layer, and g = c n Im [(E - 1) / (E + 2)], 
c being volume concentration of reduced iron, n = 1.55 - refractive index of the matrix (soil particle), and 
E - the relation of complex dielectric constant of iron to that of matrix. As one can see from the expression 
for the effective value of K contribution of the colloid iron increases with decreasing grain size so the spectra 
of the finest fraction are expected to be the most affected by presence of reduced iron. 
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We calculated the spectra of the material of 45 - 94 pm fraction with particles of 40 pm size 
surrounded by a layer d = 1000 A with colloid iron, taking the optical constants of iron from [2,3]. 
Calculated spectra (curves 7 in Fig. 1) turned out to be close to the spectra of the < 45 pm fractions at c = 4% 
for the mare and 2% for the highland one. The values seem to be somewhat great, which may be due to the 
Werence in structure of the iron in lunar fines and that measured in [2], the optical constants being 
structure sensitive. But the values of thickness d and relation between concentrations for mare and highland 
soils are about the observed ones [4,5]. 

Thus the red spectral slope for the lunar soils may be accounted for by presence of reduced iron in the 
outer layers of the < 45 pm particles due to solar wind irradiation. The less the grain size the more 
absorption by iron in the visible and W ranges darken the lunar hnes and weaken their absorption bands. 
This is, perhaps, the reason of the inversion of the order of spectral curves 3 - 5 for the coarse fractions in 
the visible range as compared to the IR one. 

Fig.1. Reflectance spectra of Reflectance 
particle size separates of lunar 
soils: 

a - mare (Luna 16), 

b - highland (Luna 20); 

1 - bulk samples (a - 1637, b - 
2014); 

2-fraction <45 pm, 

3-fraction45 -94 

4 - fraction 94 - 250 pm; 
I - 

5 - fraction 250 - 1000 pm; 0 

6 - calculated spectra for samples of 0.3 0.6 0.9 I 1.5 1.8 2.1 2.4 

the same composition as 45 - 94 Wavelength, pm 
pm fractions (curves 3) but with 
particle size < 45 pm; 

Reflectance 
7 - the same as 6 but with particles 0.4 ' 

surrounded by a 1000 A thick 
layer of colloid reduced iron 
particles, their volume 
concentration being 4% for 
mare soil (a) and 2% for 
highland one (b). ______--- 
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