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We report here the results of electron microprobe analyses of 375 glass 
spherules and fragments from 9 Apollo 17 soil breccias (all rake samples from 
station 8) plus mare basalt-breccia agglutinate 71515. Descriptions of the 
breccias, including photomicrographs and, for several, INAA bulk analyses, 
are given in (1). The analyzed glasses may be broadly grouped under the 
£01 lowing categories: mare (including Apollo 17 orange glass) ; nonmare 
(including ANT, KREEP, and low-K Fra Mauro (LKFM) type glasses); silica- 
alkali-poor; and miscellaneous. 
Mare Glasses characterized by CaO/A1203 > 0.8, high FeO ( >  15 wt.%), and low 
A1203 ( <  14 wt.%) were classed as mare. In Fig. 1 are plotted Ti02 vs A1203 
(wt.%) for all mare glasses. Also shown for comparison are fields corres- 
ponding to Apollo 11 and 17 high-Ti basalts, Apollo 12 and 15 low-Ti basalts, 
and Luna 24 and Apollo 17 VLT basalts. Five compositional clusters may 
readily be distinguished within the mare glass suite. Four are of high-Ti 
(average Ti02: > 8 wt.%) composition and the fifth of very low-Ti (average 
Ti02: 0.74 wt.%) composition (Table 1). By far the largest group (75 
analyses) forms a tight compositional cluster that corresponds to Apollo 17 
orange glass. The average composition of this group (Mare 1) is very similar 
to values reported for Apollo 17 orange glass by other investigators, e.g. 
(2). An interesting discovery is the existence of a second group of orange 
glasses (Mare 2) that is distinctly lower in MgO and higher in A1203 and CaO. 
Although broadly similar to the Apollo 17 orange glass, a genetic link via 
fractionation of olivine and opaque oxide minerals is not possible because of 
the lower CaO/A1203 of the Mare 2 group (1.05 vs. 1.22 in Apollo 17 orange 
glass). Simple contamination of Apollo 17 orange glass by plagioclase-rich 
nonmare material is also unlikely to account for the observed compositional 
differences as this should both lower Ti02 and lower or not change 
Fe/(Fe+Mg). Hence we conclude that the Mare 2 glasses constitute a separate 
group distinct from Apollo 17 orange glass. The two types may be related 
insofar as their source regicns are concerned, but appear to be unrelated in 
terms of near surface processes. 

The Mare 3 glass group is characterized by relatively high A1203 and low 
Ti02 and CaO/A1203 (.L 1) compared to Apollo 17 high-Ti mare basalts. These 
relations suggest that this group possibly corresponds to Apollo 17 basalt 
that has been contaminated by plagioclase-rich nonmare material. However, we 
note that the composition of our Mare 3 group is strikingly similar to that 
of a group of high-Ti glasses recognized in Apollo 16 samples (3,5,6). This 
suggests that the Mare 3 glasses are not locally derived mixtures but rather 
are representative of a more widespread lunar glass type. The Mare 4 group 
most closely resembles Apollo 17 high-Ti mare basalts in composition. 
However, even here there are some important differences: CaO/A1203 is low 
(1.0) and alkalis and P205 are high relative to Apollo 17 basalts. 

The second most abundant type of mare glass  a are 5) is of very low-Ti 
(VLT) composition. Although many analyses fall within the field (Fig. 1) 
defined by VLT mare basalt lithic fragments from the Apollo 17 drill core 
(7), the VLT glasses exhibit a much wider range in composition, particularly 
in MgO (Q  7-15 wt.%) and A1203 (% 6-13 wt.%). In general, MgO varies 
inversely with A1203, and CaO/A1203 decreases with increasing A1203. These 
variations may possibly be explained by fractionation involving pigeonite, or 
alternatively by contamination involving plagioclase-rich rocks. Results of 
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mixing calculations seem to rule out the possibility of contamination by 
nonmare rocks, however (8). 

The remaining mare glasses vary considerably in composition, with no 
apparent clusters, and tend to be relatively aluminous (more than half 
contain > 11 wt.% ~1203). A few have compositions analogous to Apollo 12 and 
15 low-Ti mare basalts. Most, however, are probably impact melts of mare 
basalt diluted by aluminous nonmare rocks. 
Nonmare Nonmare glasses are characterized by high A1203 ( >  15 wt.%), low FeO 
( <  13 wt.%), and CaO/A1203 ratios < 0.7. In Fig. 2 are plotted Ti02 vs A1203 
for nonmare glasses as well as for several Apollo 17 highland rocks. Also 
shown for comparison are averages for Apollo 14 Fra Mauro basalt (KREEP) and 
Luna 20 highland ANT lithic fragments (9,lO). The most common nonmare glasses 
are those of ANT composition. A few are of anorthositic composition (ANT 1 
group-Table 2). The majority range rather continuously in A1203 between 22 
and 29 wt.%. The average for this large group (ANT 2) is close to that 
reported for Apollo 17 anorthositic gabbro glasses by others (4, 11). 

The remaining nonmare glasses have A1203 contents between 15 and 20 
wt.%. We have classed those with K20 > 0.25 wt.% as KREEP. In addition to 
lower A1203 and higher K20, KREEP glasses differ from those of ANT 
composition in having higher Ti02 (Fig. 2) and lower Fe/(Fe+Mg). Within the 
KREEP glass suit, two, possibly three, compositional clusters may be 
recognized. One (KREEP 1-Table 2) is characterized by A1203 % 19 wt.% and MgO 
% 7 wt.%. A second (KREEP 2) has lower A1203 ( %  15 wt.%) and higher MgO (s 9 
wt.%), FeO ('L 12 wt.%) and Cr203 (about double that of KREEP 1 glasses). 
These relations suggest that the KREEP 2 glasses may in reality be a mixture 
of KREEP and a low-Ti or VLT mare component. A third possible group of KREEP 
glasses (KREEP 3) has lower Si02 and higher Ti02 than other KREEP glasses, 
but is otherwise intermediate in composition. 

A number of nonmare glasses with 15-20 wt.% A1203 have low K contents 
(K20 < 0.2 wt.%). In addition to lower alkali contents, these glasses show 
other consistent differences compared to the various KREEP glasses: MgO tends 
to be higher, and Si02, Ti02, and F ~ / ( F ~ + M ~ )  lower. The average for this 
group (Table 2) is comparable to that reported for Apollo 17 LKFM basalt 
(11). 
Silica-alkali-poor A total of 18 glasses are of anomalous composition with 
too little silica to calculate a standard Niggli molecular norm. The glasses 
are also extremely depleted in alkalis, with Na20 almost always below 
detection limits and K20 usually Q 0.02 wt.%, and tend to be rather high in 
A1203 (14-27 wt.%). All but two of the glasses are spherules. The term HASP 
(high alumina-silica poor) was used by (4,5) for a group of glasses in the 
Apollo 16 and 17 drill core samples that have similar compositional 
characteristics but are even more A1203-rich (30-36 wt.%). Because the 
glasses we have analyzed range considerably in A1203 (Fig. 3), we prefer not 
to call them HASP but rather to designate them simply as silica-alkali-poor 
glass in keeping with the two features most diagnostic of this group. A 
number of other glasses (all spherules) appear to be related in that, 
although they contain enough silica to compute a norm, alkalis are very 
depleted and Si02 contents are low relative to analyzed mare and nonmare 
glasses (Fig. 3). The fact that all these glasses are depleted in those 
components (alkalis plus silica) most susceptible to volatilization, and 
almost invariably occur in the form of perfectly round spherules, leads us to 
conclude that they do not correspond to any lunar rock type but owe their 
anomalous compositions to selective volatilization of Na20, K20, and Si02. 
Differential vaporization has been invoked by (5,12) to account for HASP and 
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other silica-poor lunar glasses. The wide range in composition (e.g., Ti02 
between 0.36 and 8.5 wt.%) exhibited by the silica-alkali-poor glasses 
suggests that many, if not most, are derived from impact mixtures that range 
over a broad spectrum from mare to ANT-dominated compositions. 
Miscellaneous Glasses grouped under this category have compositions that for 
the most part are intermediate between those of the various mare and nonmare 
glass types. Many correspond closely to analyzed soil compositions. We 
conclude that they primarily are mixtures of mare, ANT, and/or KREEP 
material. 
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Fig. 1. Mare glasses. 
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A1203 ranges in mare, ANT, and KREEP glasses. 
Fig. 2. Nonmare glasses. 
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Fig. 3 .  Silica-alkali-poor glasses. 
Circles denote glasses with insufficient 
silica to compute norm. Fields indicate 


