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A GLASS-RICH VIEW OF QUE94281, A NEW METEORITIC SAMPLE FROM A 
MARE REGION OF THE MOON -- D.A. Kring, D.H. Hill, and W.V. Boynton, Lunar and Planetary 
Laboratory, University of Arizona, 1629 E. University Blvd., Tucson, AZ 85721-0092. 

Abstract: QUE94281 is a new lunar meteorite breccia with abundant vesicular glass that seems to both coat and 
be injected through the breccia. Petrologic and geochemical analyses of a bulk sample (,22) and thin-section ( 3 )  
indicate the breccia is a mixture of glass spherules, agglutinate fragments, pyroxene fragments, olivine fragments, 
anorthositic clasts, and feldspathic impact melt breccia clasts. The compositions of these components and the 
composition of the bulk breccia indicate it has a mixture of mare and highland material, but that it is dominantly 
associated with a mare region of the Moon containing low-Ti and/or very-low-Ti basalts. 

The 1994 ANSMET field team recovered a 23.4 g 
meteorite which the NASA-JSC Antarctic Meteorite 
Laboratory classified as a lunar basaltic breccia [I]. 
This basaltic breccia, QUE9428 1, is a cavity-rich, 
medium gray (N5 [2]), fragmental breccia. The clasts in 
the breccia are largely white (N9) and yellowish gray 
(5Y 712). Generally, these clasts are 1 mm in diameter 
or smaller, although one yellow clast is 1.5 mm long and 
has been truncated by the broken edge of the sample. 
The most striking features of the breccia, however, are 
greenish black (5GY 211 to 5G 211) and vesicular 
patches of glass. 

QUE9428 1 has several varieties of glass: vesicular 
glass that seems to coat the specimen, a vesicular glass 
iein that cross-cuts the breccia, glass spherules, 
fragments, and agglutinates. Vesicular glws surrounds 
two sides of our thin-section (Fig. 1). The glass is 
colorless in some areas of the thin-section, but grades 
into gray glass with schlieren and, elsewhere, into a 
brown to felty brown glass where crystallites have 
nucleated on mineral clasts entrained in the melt or 
where the melt is thin and appears to have been affected 
by the relatively cold breccia substrate. Despite these 
different colors, the texture of the glass indicates it 
represents a continuous splash(?) of melt. This glass is 
also continuous with a vesicular vein of dark brown to 
black glass that cross-cuts the thin-section. This melt 
vein is charged with broken mineral fiagments and may 
have taken advantage of a pre-existing fault or fracture. 
It appears the melt both coats and was injected into the 
breccia. The composition of this glass and other forms 
of glass in QUE9428 1 are shown in Table 1. The glass 
is homogeneous and has a significant basaltic 
component. The relatively low Ti02 abundance in the 
glass (<1 wt. %), suggests the basaltic component is 
associated with a very-low-Ti to low-Ti mare region, 
although this is a tentative assessment since other 
melted lithologies may have diluted a high-Ti mare 
component. Cross-cutting relationships indicate the 
vesicular glass was coated with a second layer of 
vesicular glass of about the same composition. Both 
layers of vesicular glass are reminiscent of the vesicular 
glass rind of Apollo sample 15255 [3]. 

Agglutinate glass in the sample contains less A1 

Fig. 1. A bachcattered-electron image of the vesicular glass 
that seems to coat QUE94281. 

and more Si and Fe than the vesicular glass. Similarly, 
colorless glass spherules in the breccia contain less 
A1 and more Fe than the vesicular glass (Table 1). The 
glassy spherules are basaltic and, in particular, their 
relatively low alumina content suggests they are 
volcanic mare basalt fire-fountain products rather than 
impact melts. If so, then the Ti02 in them is a direct 
indication of the type of mare source. As shown in 
Table 1, the Ti02 abundances in the spherules are very 
low (-0.5 wt. %), suggesting the glass spherules are 
associated with a very-low-Ti mare basalt region. 

To c o n f m  this assessment, we examined the 
compositions bf isolated pyroxenes in the breccia. 
Unzoned pyroxene compositions include both pigeonite 
(W017-18En21-33Fs48-62) and (W021-33En13- 
45F~24-64). (Many additional grains have exsolution 
lamellae, but these were too narrow to analyze with a 1 
pm electron beam.) To determine the mare provenance 
of the unzoned pyroxenes, we examined their molar 
Tii(Ti+Cr) and Fe/(Fe+Mg) ratios. As shown in Fig. 2, 
the compositions of these pyroxenes plot in the fields 
associated with very-low-Ti mare basalts and low-Ti 
mare basalts. 

Other mineral fragments in the breccia include 
olivine and plagioclase. The olivine fragments have 
compositions from Fo3 to Fog9, while the plagioclase 
fiagments have the same compositions (Ang2Ab8 to 
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Ang6An4) as anorthositic clasts in the breccia. Other 
lithic clasts include impact melts with aphanitic textures 
and impact melt breccias with mineral clasts in an 
aphanitic matrix, sometimes with reaction coronas 
around mineral clasts. QUE9428 1 contains another type 
of lithic clast whose provenance is unclear. These clasts 
are dominated by augite ( W O ~ ~ - ~ ~ E ~ ~ ~ - ~ ~ F S ~ ~ - ~ ~ ;  or Al- 
augite, W O ~ ~ E ~ ~ ~ F S ~ ~ )  and olivine (Fo13_44) and have 
lesser amounts of plagioclase (An83-94) or a Si-rich 
glass. While being mineralogically mafic to ultramafic, 
the samples are very Fe-rich. This Fe-enrichment 
appears to be a primary feature, because the augite and 
olivine in individual clasts are in approximate Fe-Mg 
equilibrium. 

We also determined the bulk composition of the 
breccia with neutron activation techniques. Preliminary 
results indicate that QUE9428 1 has Fe/Mn (-77), Fe/Sc 
(-3580), WLa (-85), and AVGa (-1 8,600) ratios that 
are typical of lunar specimens. The relative abundances 
of Fe (1 1.5 wt. %) and Sc (32 ppm) in the bulk sample 
support the petrologic evidence of a large mare 
component in the breccia (see Fig. 1 of [4]). Likewise, 
the REE abundances (Fig. 3), which are LREE-enriched 
and about 20 times CI, have a negative Eu anomaly, 
which indicates mare material is a significant 
component in the breccia. As shown in Fig. 3, the REE 
are similar to those is lunar meteorites EET87521 and 
Y793274, both of which also have identifiable mare 
components. 

The glass-rich character of QUE9428 1 is unique 
among lunar meteorites. Thus, based on the review of 
several previously identified lunar meteorites [5], and 
the assessment last year of QUE93069 [4,6-81, 
QUE9428 1 indicates there have been at least 7 to 10 
impact events on the Moon that have produced 
meteoritic debris in the recent geologic past. 

Table 1. Glass compositions 
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Fig. 2. Molar Ti/(Ti+Cr) and Fe/(Fe+Mg) ratios in isolated 
pyroxene fi.agments. The divisions between compositions 
produced by very-low-Ti mare basalts (VLT MB), low-Ti mare 
basalts, and high-Ti mare basalts are afer [9] and [ lo] .  
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Fig. 3. Preliminaty REE abundances in QUE94281, 
normalized to CI chondrites. For comparison, the REE 
abundances in a KREEP-rich lunar meteorite (Calcalong 
Creek [dl), two mare-rich lunar meteorites (EET87521 [I 01 
and Y793274 [ I  I]), and the latest anorthosite-rich lunar 
meteorite (QUE93069 [4]) are shown. - 
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