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IMPACT GLASSES AND VAPOR CONDENSATES IN APOLLO 11 SOIL 
10084. Lindsay P. Keller and David S. McKay, SN14, NASA Johnson Space Center, Houston, 
TX 77058. 

Introduction. The compositions of impact glasses provide information regarding the chemical 
fractionations that accompany impact events and the processes which affect the evolution of lunar 
soils. Previous work on the submicrometer glass spheres in lunar highlands soils has shown that a 
major fraction of these glasses have refractory compositions that result from the vaporization of 
volatile elements during impacts [I]. We also documented a small group of glasses whose 
compositions are consistent with formation by the condensation of impact-generated vapors. In 
this study, we present the results of an analytical transmission electron microscope (ATEM) study 
of the submicrometer glasses in Apollo 1 1 soil 10084 in order to understand the effects of impact 
vaporization and vapor condensation on mare materials. 
Methods and Results. We obtained quantitative analyses of 153 glass spheres in microtomed thin 
sections of the <20 pm size fraction of soil 10084 using energy-dispersive x-ray spectroscopy 
(EDS). Our analytical techniques and sample preparation procedures are described elsewhere [I]. 
All submicrometer-sized glass spheres in five random thin sections from two different aliquots 
were analyzed so that inferences could be made regarding population statistics. 

The 153 glasses were broadly classified into 5 major compositional groups using the 
CaOIA1203 weight ratio and Si02 content. Glasses with Si02>60wt.% were classified as "high- 
silica" glasses. For the remaining glasses, the CaOlA1203 ratio was used to discriminate "mare" 
(CaOlA1203 > 0.7) from "highlands" (CaOlA1203 < 0.7) glasses. The mare and highlands 
glasses with Si02 < 40 wt.% were classified as high-Al, Si-poor (HASP) glasses (in a 
modification of the Naney et a1.[2] definition). Average analyses for each compositional group 
along with important subgroups are given in Table 1. We do not infer any direct relationship 
between compositional groups and lunar rock types. 
HASP glasses. These comprise over 40% of the glasses analyzed (63 of 153). Within the HASP 
group, highlands HASP glasses are nearly 3 times as abundant as mare HASP glasses. In fact, 
highlands HASP glasses are the most abundant group of glasses present in 10084; their 
compositions overlap with those reported previously from an Apollo 16 soil [I]. 

While mare HASP glasses have been reported by others [3,4], none exhibit the extreme 
compositions found in this study. Mare HASP glasses span a range of compositions from mare 
basalts to highly refractory glasses that are markedly Si- and Fe-poor relative to mare basalts and 
the bulk soil. Mare HASP glasses are not as aluminous as the highlands variety, but contain 
higher abundances of mafic elements (mostly Mg and Ti) as compared to highlands HASP. The 
most refractory mare HASP analyzed contains 42 % Al203,lO% Si02,30% CaO, 15% Ti02 and 
€3 % each of MgO and FeO (all in wt.%). 
High Si glasses. Nearly 20% of the analyzed glasses have Si02 > 60 wt.%. Three of the glasses 
wihthin this group are classified as "granitic" [after 21 because of their modest A1203 contents 
(Table 1). The remaining high silica glasses are Al-poor and contain 0 to 20 wt.% FeO. The Fe in 
the high-silica glasses occurs as abundant Fe-rich inclusions (< 20 nm in dia.) dispersed 
throughout the s heres. 
Discussion and &nclusion% The formation of HASP and high-silica glasses in 10084 is 
controlled by chemical fractionations during impact events. Highlands HASP compositions are 
generated by the vaporization of silica from aluminous melts, leaving a refractory residue [I, 2,4]. 
Mare HASP glasses are formed by the same process except that, in addition to silica, a significant 
amount of Fe has also been lost to the vapor phase. We believe that high-silica glasses represent 
condensates of impact-generated vapors that were rich in silica and Fe and refractory-poor. Most 
of the high-silica glasses contain ubiquitous fine-grained Fe inclusions that probably served as 
condensation nuclei for silica. We speculate that perhaps some of the single domain Fe inclusions 
in agglutinate glasses may have formed by the condensation of impact-generated vapors. 

A suprising result of this study is the distribution of analyses among the various 
compositional groups. In the submicrometer size range, highland glasses predominate over mare 
types, even though 10084 is from a mare site. Except for the high-silica glasses, none of the 
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compositions are really monomineralic. It is therefore unlikely that they represent melts of feldspar 
or other minerals which might be concentrated by differential cornminuation. Furthermore, 
although the <I0 pm fraction of 10084 is known to be more feldspathic [5 ] ,  it is not close to the 
composition of the majority of the submicrometer glasses. The "highland" composition of -60% 
of the submicrometer glasses may therefore reflect a true transport and addition of this material 
from a highland source. 
References. [I] Keller, L. and McKay, D. (1992) Proc. 22nd LPSC, in press. [2] Naney, M. et al. (1976) Proc. 7th 
LPSC, 155. [3] Delano, J. et al. (1981) Proc. 12th LPSC, 339. [4] Vanirnan, D. (1990) Proc. 20th LPSC, 209. 
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Table 1. Average compositions of the submicrometer glass spheres in soil 10084. 

"highland "highland "mare" "mare" low-Ti high-Ti silica- granitic 
basalt HASP basalt HASP mare HASP mare HASP rich 

MgO 5.1 6.1 11.5 8.9 10.8 5.1 2.2 1.4 
A1203 25.0 43.0 12.5 27.0 22.0 37.0 2.0 13.0 
S i02 49.0 22.0 46.0 26.0 3 1.0 17.0 89.0 73.0 
CaO 13.0 24.0 11.5 23.0 20.0 28.0 1.4 7.4 
Ti02 1.5 2.1 3.5 7.1 5.2 11.0 0.4 1.2 
FeO 6.4 2.8 15.0 8.0 11.0 1.9 5.0 4 .O 

Total: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
# of analyses 42 45 21 18 (12) (6) 24 3 

Figure 1. A plot of A1203 against SiO;! for submicrometer glass spheres in 10084. The open box is the 
composition of the < 10pn fraction of 10084 from [5]. 
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