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Precis: We report results from a study of the petrology and geochemistry of the 21.4-g lunar 
meteorite QUE93069 [I]. Our petrographic studies are almost complete, and show the rock to be a 
relatively mature highland regolith breccia, rich in glassy spherules and spherule fragments. These 
glasses include a large proportion with HASP (high-alumina, silica-poor) compositional affinity, two 
"ultra Mg'" glasses, and one glass of medium-Ti mare-basaltic composition. Mare basalt is also rare 
among the breccia clasts, which are mostly very fine grained anothositic types, of impact melt or 
polymict-granultic origin. Like most other lunar-meteorite regolith breccias (LMRBs), this rock is 
extraordinarily coherent (resistant to crushing), compared to Apollo regolith breccias. 

A total of 40 glassy objects (nearly all clear glass spherules or obvious spherule fragments, but 
also including a few microcrystalline spherules) have been analyzed by EPMA; mostly 3-4 times each, 
none less than 2 times. With only two exceptions (one shard of orange mare, possibly volcanic, glass 
with 5.2 wt% Ti02; and one possibly hybrid glass with 19.5 wt% A1203 and 2.2 wt% TiO2, albeit only 
8.0 wt% FeO), these glasses are consistently anorthositic (A1203 2 23 wt%). However, they show 
much greater diversity in terms of Mg/(Mg+Fe) ratio (a.k.a. mg or Mg') than glasses from previously 
studied LMRBs [2]. Like 2 of the 8 Apollo 16 ultra-Mg' glasses of [3], the mg-95.8 QUE93069 glass 
is extremely alkali-poor (0.01 wt% Na20). However, in contrast to these two Apollo 16 ultra-Mg' 
glasses with low alkalis (which might reflect devolatilization), the alkali depletion in the QUE93069 
mg-95.8 glass is not accompanied by apparent HASP affinity. The mg-87 glass is also otherwise 
rather nondescript, although its A1203 (23.3 wt%) is uncommonly low by QUE93069 standards. 

On the plot of Si02 vs. N2O3, a remarkably high proportion of QUE93069 glasses show HASP 
affinity, which we define (following the general notion of Naney et al. [4]; cf. [5]) as compositions 
sipficantly to the low-Si side of a line between Ans7 plagioclase and F o ~ ~  olivine. Overall, 18/39 of 
the analyzed nonmare glasses show such affinity. The proportion is even higher among glasses of 
relatively small (estimated-spheroidal) diameter: e.g., 11/14 of the nonmare glasses with d 4 0  pm. 
Individual glasses from the ALH81005 and MAC88105 LMRBs [2] are shown for comparison. 
Statistics reported for the Yamato-82193 LMRB [6] show that it, too, contains relatively few glasses 
of HASP affinity. Among 5 glass beads analyzed from the Y-791197 LMRB by [7], 4 show HASP 
affinity, although in all cases only marginally so, and other Y-791197 glasses [8] show little evidence 
of HASP affinity. 

One small subophitic clast appears to be of VLT-mare affinity, based on pyroxene mg vs. 
Ti/(Cr+Ti) systematics. Olivine ranges from Fo84 all the way to Folo, the pyroxene is consistently 
medium-Ca, ranging from En51W026 to En8.7W027, and the plagioclase is An92.2-89.9. Minor ilmenite, 
which is very MgO-poor (0.3 wt%) is also present. Another small ophitic, pyroxenitic clast is possibly 
of mare affinity, but its pyroxene mg vs. Ti/(Cr+Ti) relationships are not highly systematic. 

The matrix of QUE93069 features several extraordinarily large grains of low-Ni iron metal, the 
largest a roundish grain - 140 pm across (cf. a 40-ym grain noted by[l]). It will be interesting to see if 
these large metals are accompanied by high bulk-rock siderophile concentrations. 

Lunar meteorites show an interesting tendency to be relatively tough, coherent rocks [9]. Apollo 
regolith breccias tend to be notoriously friable. Yet even LMRBs are hard to pulverize, based on 
observations during preparations for INAA [9]. QUE93069 was also found to be remarkably tough 
during INAA prep. Until recently, it was speculated that the high proportion of regolith breccias 
among lunar meteorites might reflect liMcation during some stage of the impact-spallation process 
[e.g., 7; 101. From a cratering-physics standpoint, such a model seems implausible. In the case of 
QUE93069,35, there seems little doubt that the rock was already remarkably tough before its last 
major shock. Dividing this thin section nearly in half is a 9-mm long zone of shock displacement, rich 
in vesicles and glassy materials. At both ends, this minifault is truncated by the edge of the section, 
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and the offset distance is indeterminable, but obviously, it reflects a major shock event. Sigmficantly, 
at one point this shear zone neatly sliced in half a clear-glass spherule (see photo; the truncated 
spherule in the center of the view has a diameter of -95 pm). Several mm away, a satellite shear zone 
sliced through a second spherule (although in this case with only negligible lateral displacement; a 
similar feature is evident in the MAC88105 LMRB [lo, Fig. 33). These features imply that the matrix 
of QUE93069 was already f m l y  welded before the shock that produced the shear zone. If this 
tendency for lunar meteorites to be relatively tough and coherent is significant, it may hold important 
implications for the origins of meteorites from the extensively weathered surface of Mars [9]. 

Our geochemical study has thus far consisted only of an analysis for 10 major/minor elements by 
the fused-bead electron probe technique (except for totaling closer to loo%, results are very similar to 
the fusion crust composition of [I]); INAA and RNAA studies will commence soon. The bulk 
composition is remarkably KzO-poor (0.03 wt%), compared to anorthositic regoliths from the Moon's 
central nearside (Apollo 16, - 0.12 wt%; Luna 20, - 0.074 wt% [lo]), but not compared to previously 
studied LMRBs. Still, the distinctive, extraordinarily diverse glass population encourages the hope 
that QUE93069 may represent a hitherto unsampled lunar source crater. 
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Photomicrograph: QUE93069,35 in transmitted 
light. Arrows indicate fault zone that has sliced 
away the right half of an impact glass spherule. 
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