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The absorption bands in lunar glasses are useful indicators of oxidation 
state and composition. The liquids, and the quenched glasses, can dissolve sig- 
nificant amounts of ions in various states of oxidation relative to crystals. 
Electronic transitions in the ions ~e2+, ~i3+, and ~i4f in lunar glasses cause 
absorption bands that can be related to the chemical environment at time of 
formation. An additional factor that affects the absorption spectra was dis- 
covered in some of the glasses selected from the Luna 24 sample (multiple grain 
mount 24077,45). The factor relates the degree of order (structural state) of 
the glass to its crystal-field spectra. This study of the Luna 24 sample is a 
determination of the relationship between color, composition, oxidation state, 
and degree of long range order based on the present data and previous calibra- 
tion (1) Color and Composition - The Luna 24 glasses have been referred to as 
rock compositions--(basalts, specifically)-- and roughly classed according to 
color (2). The colors are a direct result of the absorption properties, but 
the compositional differences are actually less distinct. For example, the 
brown glasses ("ferro-basalt") , "tea-colored" (green-brown) , and green glasses 
("the" Luna 24 green glass, or "low titanium basalt") have essentially the 
same composition. There is more compositional variation (mostly Mg) within the 
green glasses than between green and brown glasses. Table la shows the chemi- 
cal compositions with the green glasses listed in the order of increasing mag- 
nesium concentration. The light green glass ("Fra Mauro Basalt") and colorless 
(or very light green) glass ("highlands basalt") have relatively low iron con- 
tents, the former relatively high in titanium and aluminum, the latter very 
low in titanium, high in calcium, and very high in aluminum. The colorless 
glass is obviously not a simple mixture of green glass and anorthite. Crystal- 
Field Spectra - The fact that the brown, green, and tea colored glasses have 
essentially the same composition, but different crystal-field spectra, can be 
seen in Figure 1 and Table lb. The green glass spectra appear to be typical of 
low Ti, high Fe lunar glasses (1,3). There is a strong hand at approximately 
1080 nm, a weaker hand at 1700 nm, and a broad sloping absorption at the high 
energy and of the spectrum (20,000 cm-1). The bands are spin-allowed d-d bands 
caused by Fe2+ in an undetermined octahedral site (1). The slope is a charge- 
transfer shoulder whose value is related to the titanium concentration and 
whose valley is correlated with the ~ i ~ + / ~ i 4 +  (1). The brown glass spectra are 
different from other lunar glasses and almost the same as that of a pyroxene 
(3). The main Fez+ band is at 985 nm, and sharp. The other band Fe2+ band is 
shifted beyond 2000 nm. Both bands are similar to those caused by Fe2+ in the 
M2 pyroxene site, and the cause could be due to the development of M2 sites in 
the glass. Furthermore, there is a small, but distinct, narrow peak at 510 nm 
that consistent with a known spin-forbidden ~e2f band in pyroxene. The spin 
forbidden bands are not observed in other lunar glasses. The light green glass 
spectra simply reflects a higher titanium and a lower iron content than the 
green glass. The data (Table lb) fit curves determined experimentally (1). 
The colorless glass similarly reflects low titanium and low iron. The experi- 
mental curves (1) indicate a zero-slope at 20,000 cm-1 which is observed 
(Figure 2). Interpretation - The following information has been gained from the 
present data. (a) The iron and titanium contents and spectra absorption (cont'd) 
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properties of the Luna 24 green and colorless glasses coincide with experi- 
mentally determined curves (I), so they could have been determined accurately 
from the spectra alone. (b) The Ti3+/Ti4+ could be determined by comparison of 
the slope at 20,000 cm-1 and the absorption minimum with experimental values 
(1). These glasses are very low in titanium, but nonetheless, the green and 
clear glasses, plot within determined values. A range of oxidation state ratios 
was observed. The values are more oxidized or the same as synthetic glasses of 
the same composition quenched at 1400°C, -log P02=9.1. In the case of brown 
glass, the Ti3+/Ti4+ value that might be deduced from the experimental curves 
(1) for the absorption minimum should not necessarily be construed as reflect- 
ing different oxidizing conditions. The result may simply be caused by the 
approach to an ordered state of ~e2+. Glasses with apparent "crystal" type 
spectra have not been studied before, but it appears that the slope of the 
absorption edge may still correlate with ~i~+/Ti~+. (c) This is the first re- . . 

port of observations of spectra of glasses that appear to have long-range 
order. The brown glass has sharp, pyroxene-like spectra, the tea-colored glas- 
ses have spectra intermediate to green glass. Actually, a range of several 
intermediate glasses were observed. (d) The differences in spectra for glasses 
of essentially the same composition will be useful in interpreting the chemi- 
cal and thermal environment. However, the glass spectra have a strong in- 
fluence over the spectra of the soil. The interpretation of telescope spectra 
should take these features into account. 
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Table 1. a. Electronmicroprobe Analysis of Gla-s Fragments in Multiple Grain Mount 24077,45 

b. Optical Absorption Properties of the Glass Fragments Analyzed in a. 

Tea colared a. Brown glass glass Green glass Light green Colorless glass 
d g b e j a h c f i 

Si02 46.60 46.46 44.71 44.60 45.72 46.67 47.44 50.19 45.26 45.30 

Ti02 1.02 1.00 0.99 1.49 1.00 1.08 0.95 1.96 0.30 0.19 

A1203 12.08 12.16 13.48 10.73 12.29 11.62 11.12 15.98 25.14 27.43 

Cr203 0.29 0.30 0.52 0.47 0.45 0.32 0.30 0.04 0.14 0.14 

FeO 20.80 20.82 18.86 19.08 18.82 21.13 19.75 11.87 5.53 5.66 

CaO 12.38 12.28 11.90 10.22 11.25 11.79 11.50 11.64 14.56 15.85 

MnO 0.32 0.33 0.29 0.31 0.45 0.33 0.32 0.16 0.07 0.08 

Total 100.33 100.20 100.36 99.27 100.73 100.59 98.96 98.32 100.93 100.73 

Slope of 
absorption 
edge at 
20000 cm-1 
cm-I per 
1000 18.7 20.8 18.2 16.0 8.3 14.7 10.0 11.1 
Amin,nm 800 820 660 590 590 590 590 625 
A 

m i n , n m  985 985 1040 1080 1080 1080 1090 1100 1080 1080 

REFERENCES - 
1. Bell, P. M., H. K. Mao and R. W. Weeks (1976) Proc, Lunar Sci. Conf, 7th p.2543-2559. 
2. Norman, M. R. A. Coish, and L, A. Taylor Conf. on Lunar 24,l-3 Dec. 1477 Lunar Sci, Inst, 

Houston, Texas p. 136-138. 
3. Bell, P. M., H. K. Mao and G. R. Rossman (1975) in Infrared and Raman Spectroscopy of Lunar 

and Terrestrial Minerals (C. Karr, Jr., ed.), p. 1-38, Academfc Press, New York. 


