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The development of dark agglutinitic glass in lunar soils through micro- 
meteoroid impact is the dominant mechanism causing the surface albedo to de- 
crease with time (1-3). Spectral properties are also affected by agglutinitic 
glass, with glass absorption bands masking the mineral absorption bands typi- 
cally found in crystalline materials, both as a function of glass composition 
and the amount of glass within a given soil. We can now quantify these spec- 
tral effects and relate them to the integrated micrometeoroid flux, thus per- 
mitting maturation and compositional information to be derived from telescopic 
measurements of the lunar surface. 

The primary absorption bands in the spectra of lunar rocks occur at about 
0.9-1.0~m and 1.9-2.2pm due to ~ e ~ +  charge transitions in pyroxenes. The pre- 
cise positions of the band minima vary with pyroxene composition (4,5). Lunar 
glasses typically have two broad absorption bands near l.lym and 2.0um (4). 
The band near lum is due to ~ e * +  on octahedral sites whereas the band near 2um 
appears to be caused by Fe2+ on tetrahedral sites. The minima positions of 
these bands generally remain constant but the bands do increase in intensity 
with increased concentration of iron (6). Glasses also have an absorption band 
as the result of F'e2+ -+ ~ i ~ +  chrage transfers (7). The low-energy edge of this 
band slopes into the visible region (6), probably affecting the l.lpm band's 
edge to about 3.9pm (8). 

Lunar soils consist primarily of mineral and lithic fragments and, with 
maturity, of glass that welds these particles into agglutinates. The spectrum 
of an immature soil is dominated by the Fe2+ pyroxene bands. A mature, agglu- 
tinitic glass-rich soil, on the other hand, has a spectrum dominated by Fe2+ 
in the glass, as has been shown by measurements of various soils and soil 
separates (3,6). 

For a given composition, immature soils have an absorption near lym, the 
depth of which is principally determined by the amount of pyroxene present. As 
the soil matures, the content of agglutinitic glass increases whereas pyroxene 
is partly destroyed (melted). The pyroxene band near lpm thus decreases in 
depth until it is replaced by the shallow Fe2+ glass band (Figure 1). The 
depth of the ~ e * +  glass band near lpm, however, increases with increasing iron 
content (6); thus, for mature soils the absorption feature near lym is a mea- 
sure of the FeO content of the bulk soil (8). 

In order to determine the band depth of the lym absorption feature, lab- 
oratory spectra were fitted to a metallic iron continuum (9) and a Gaussian 
best-fit was applied to the residual absorption feature (lo), the results be- 
ing displayed in Figure 1. The spectral resolution of these laboratory data 
was reduced to that of the telescopic spectra prior to application of the fit- 
ting program so as to permit direct comparison between laboratory and telesco- 
pic data. The band depth of the lpm feature in constant-composition soils (e.g. 
Apollo 14 and 16 soils used in Figure 1) decreases with increased agglutinitic 
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glass content. The difference between the band depths of mature Apollo 14 and 
16 soils is caused by the difference in iron of their respective agglutinitic 
glasses (6,8). The Apollo 16 band depths diverge slightly at the immature end, 
with the dark breccia-rich soil 67941 having a deeper band than the light brec- 
cia-rich soil 61221 or mixed soils 67481 or 67701 (3). A detailed discussion 
will be presented in a separate paper (8). 

Since agglutinitic glass is formed by micrometeoroid impact, surfaces 
which have been subjected to an impact flux for a greater length of time should 
contain more glass; hence, the band depth of the lum absorption feature of a 
constant-composition soil would decrease (Figure 1). Soderblom (11,12) has de- 
veloped an analytical method which uses a small-impact erosion model (11) to 
predict a reference diameter, DL - the diameter of a crater that would be ero- 
ded to a lo maximum interior slope under the net accumulated impact flux (12). 
DL increases as a surface is eroded and varies directly, although nonlinearly 
(12) , with increasing time. 

The band depths of several lunar features are plotted against their cor- 
responding DL values in Figure 2. The Cone Crater (Apollo 14) and North Ray 
Crater (Apollo 16) band depths are estimated from laboratory data (Figure 1) 
and their DL values are estimated from crystallization versus DL data (13) and 
particle track studies (14,15). The remaining points represent telescopic data 
obtained near O0 phase angle (16). The dearth of data points in Figure 2 is 
the result of a limited number of areas which have both spectral and DL deter- 
minations at this time. If we assume that the band depth evolution as observed 
for Apollo 14 and 16 soils in Figure 2 is true on a moon-wide basis, then se- 
veral observations may be made. Copernicus, which consists of highland material 
(16), probably has a floor of soil with ~ 3 0 %  agglutinitic glass (cf. Figure 1) 
with an iron composition which is slightly greater than the Apollo 14 soils. 
Eratosthenes should have a floor of mature soil (~60% agglutinitic glass) with 
FeO less than the Apollo 14 soils. Tycho and Censorinus have very immature 
soils (<lo% agglutinitic glass) whose band depths are dominated by the ~ e ~ +  
pyroxene band. The soils at Tycho and Censorinus do have some agglutinitic 
glass since the spectra fall within the slope-slope plots of soil-bearing sur- 
faces (17), in contradistinction to Aristarchus (not shown), which has little 
or no glass and whose spectrum is similar to that of anorthositic gabbro (8,18). 
Finally, the highlands region south of Moltke has mature soil compositions in- 
termediate between Apollo 14 and 16 soil, as confirmed by orbital x-ray fluo- 
rescence data (19). 
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