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OPTICAL EFFECTS OF SPACE WEATHERING ON LUNAR SOILS AND THE ROLE OF THE FINEST 
FRACTION. C. M. pietersl, E. M. ~ i s c h e r l , ~ .  D. ~ o d e 2 ,  A. ~ a s u 3  l ~ r o w n  University, Providence, 
RI, 2~ernadsky Institute, Moscow, Russia, Indiana University, Bloomington, IN 

Background. Lunar soils represent a cumulative product of space weathering and as such they 
exhibit distinct optical alteration. In comparison to the optical properties of similar rock powders, 
lunar soils are darker, have weaker diagnostic absorption bands, and exhibit a characteristic red 
continuum slope between 0.3 and 4.5 pm. Well-developed (mature) lunar soils have a mean grain 
size of about 60 pn and may contain more than 50% agglutinates (complex, glass-welded aggregates) 
(I), which were previously believed to be the principal carriers of optical alteration resulting from 
space weathering (2). A detailed analysis of the spectral reflectance properties of the bulk soil, size 
separates, and agglutinate separates of several Apollo and Luna soils has been undertaken to evaluate 
the validity of the agglutinate paradigm for optical effects of space weathering. The data and results 
are summarized here which indicate that the finest fraction of natural lunar soils, rather than larger 
complex agglutinates, carries the principal effects of optical alteration. 

Spectral Measurements and Sample Description. Bidirectional reflectance spectra were obtained 
using the small sample configuration of the RELAB facility, which accommodates 5-30mg of material. 
Spectra are displayed in Figures A - H with the labels for individual samples listed in order of 
brightness. Figures F and H are scaled versions of Figures E and G. Agglutinates were hand-picked 
from a > 250 pm separate of mature Apollo 11 soil 10084. For 10084, the bulk sample used for 
comparison is ~ 2 5 0  pm. For all other samples, the bulk sample is < 1000 pm. Except for the smallest 
size kaction, all size fractions were wet-sieved. Size separates of the Luna samples were prepared at 
the Vernadsky Institute, Moscow. All samples are naturally occurring soils except for Apollo 16 
regolith breccia 60019. A matrix rich area of this breccia (3) was selected for the particle size analyses 
illustrated in Figures G and H. The top spectrum in Figure E ("<25 from 45-75") is an artificial fine 
fraction prepared by grinding a 45-75 p separate to <25 p. 

Discussion. The agglutinate separate of Figure A is dark, but does not exhibit a sufficiently steep 
red continuum to account for that observed for the 10084 bulk soil. Furthermore, each of the size 
fractions except the smallest have relatively strong absorption bands and also lack the red continuum 
although they are all agglutinate rich. It is-the sm~llest size fraction that exhibits a steep continuum 
and weak absorption bands comparable to that of the bulk soil. Note that in the visible part of the 
spectrum all samples have similar albedos (the brightest sample is the low agglutinate separate 250- 
500 - the remaining material after agglutinates were removed). Brightening normally associated with 
small particle size separates is not observed for this lunar soil. The same properties are observed for 
all Luna soil and soil separates (Figures B, C, D), even for the immature soil from Luna 24. 

The carrier of the red continuum occurs principally in the finest fraction of lunar soils (this 
fraction may also dominate the strength of absorption bands). This character of the finest fraction is 
not a physical effect due to small particle size. Grinding an agglutinate-rich larger size separate of 
10084 (Figures E, F) results in a sample that is too bright, has absorption bands too strong, and does 
not have a steep enough continuum to mimic the naturally occurring <25 pm size fraction. Also, in 
contrast to natural soils, the size separates prepared for regolith breccia 60019 exhibit the classical 
brightening with smaller particles, and the smallest fraction is not the reddest. 

Conclusions. Agglutinate separates studied here are shown not to exhibit a sufficiently red-sloped 
continuiun to account for the observed optical properties of mature soils. On the other hand, the 
finest size fraction analyzed (< 25 pm grain size), which constitutes 51/4 of the bulk lunar soil, is 
observed to be the principal carrier of the red continuum, and perhaps other optical alteration effects, 
for all lunar soils studied. The finest fraction thus appears to be preferentially affected by primary 
alteration products which suggests surface correlated weathering process(es). This suggests 
agglutinate formation, that is the physical process of creation and accumulation of dark aggregates of 
second generation soil particles, is not a principal requirement for optical alteration. A leading 
hypothesis for the cause of many of the observed optical alteration effects is the development of fine- 
gained metallic iron reduced from ferrous-bearing materials in the space weathering process (4). 
These are incorporated into agglutinates. 
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