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PRELIMINARY COMPOSITIONAL AND PETROGRAPHIC EXAMINATION OF LUNAR 
METEORITE QU E93069; Randy L. Korotev, Bradley L. Jolliff, Kaylynn M. Rockow, & Larry 
A. Haskin, Dept. of Earth & Planetary Sciences, Washington Univ., St. Louis, MO 63130 

Lunar meteorite QUE93069, a 21-g stone, was collected in Antarctica -45 km from the 
collection site of the paired lunar meteorites MAC88104 and MAC88105 (hereafter: MAC88104/5 or 
MAC). We report here preliminary results of chemical analysis (Tables 1 & 2) and petrographic 
examination of QUE93069 and compare t h h  results with previous results for MAC88104/5 [I]. 
QUE93069 is similar to other feldspathic lunar meteorites (ALHA81005, MAC88104/5, Yamato 
791197, and Yamato-82192/82193/86032) in being a regolith breccia that is poor in ITEs (incom- 
patible trace elements). QUE is more similar in composition to than it is to any other lunar mete- 
orite; however, it is not as similar as the two MAC meteorites are to each other (Figs. 1-3). The 
most significant compositional differences between QUE93069 and MAC88104/5 are that the QUE 
meteorite has concentrations of ITEs that are 1.3-1.4~ greater (Fig. 1) and concentrations of SEs 
(siderophile elements) that are 2x greater (Fig. 2) than the MAC stones. Major-element concentra- 
tions are very similar between MAC and the fusion crust of QUE, except that the Mg concentration 
of QUE is 1 .16~  greater (Table 2). Na concentrations, useful, for distinguishing Yamato-82192/- 
82193/86032 from ALHA81005 and MAC88104/5 [I], differ by about 4% (relative) on average for 
QUE93069 and MAC88104/5, but the difference is statistically significant (Fig. 3). Compositional 
data cannot prove or disprove pairing, but the similarities between QUE and MAC permissively 
allow it. We suggest that QUE93069 formed from a more mature regolith, one that was closer to 
the surface and that received a greater micrometeorite component. If this hypothesis is correct, 
QUE should have a significantly greater value of I a e O  than MAC. 

In Figs. 1-3 we compare compositions of 11 chips (2-3 each 20-30-mg chips from 4 splits) of 
QUE with those of 17 chips (4-11 mg) of MAC [I]. Mean differences for most elements associated 
with major mineral phases (Ca, Sc, Cr, Fe) are ~ 7 %  and not significant, but Na, Eu, ITE, and SE con- 
centrations are significantly greater in QUE. Mean differences in ITE concentrations correspond 
roughly to a 1% component of high-K KREEP [5] in QUE compared to MAC, but our preliminary data 
suggest relative concentrations of REE are not matched well in QUE by simple addition of KREEP to 
MAC. Average differences for SEs (Ni, Co, Ir, and Au) in QUE correspond to a greater component of 
chondritic meteorite in QUE. For example, the dashed line in Fig. 3 represents addition of CI mat- 
erial to the average composition of the MAC samples. MAC contains about 1.2% chondritic material 
(water-free CI equivalent) compared to 2.3% in QUE. Siderophile-element concentrations in QUE are 
greater than in any of the other feldspathic lunar meteorites and the proportion of chondritic 
material in QUE even exceeds that in mature Apollo 16 soil. For example, based on mean Ir and Au 
concentrations for the 67 samples of Unit A1 of core 68001/2 [3], the concentration of CI material 
is 1.3% in mature Apollo 16 soil, compared with 2.3% for QUE (see [4] for details of calculation). 

We have examined thin section QUE93069,31; it is similar to QUE93069,5 described briefly in 
[2]. The section measures about 5x8 mm and about a third is highly vesicular, non-devitrified 
fusion crust. Another third is clast-laden, brown, glassy-matrix breccia. From point counts of 
photographs of the chips we analyzed by INAA, the meteorite is a clast-rich breccia, with at least 
28% clasts of several hundred um or larger size. In the thin section, the glassy-matrix breccia is 
loaded with microscopic clasts, typical of a regolith breccia. The final third of the section is a 
-2x4-mm piece of a partially devitrified brown clast. It is wedged between the brown, glassy- 
matrix breccia and the fusion crust and it has a light-brown, remelted rim adjacent the fusion 
crust. The clast has several large regions of clast-free, optically clear glass that are not devitrified. 
We find the fusion crust to be extremely homogeneous in composition (Table 2). It is essentially 
the same as the composition of the brown, glassy matrix, and we suggest that this is a good 
measure of the bulk composition of the meteorite. The large, partially devitrified clast is uniform 
in composition whether measured in the clear, glassy areas or in the devitrified areas. It is more 
mafic than the fusion crust and brown, glassy matrix, and slightly more magnesian, but still 
represents a protolith that had excess plagioclase (Fig. 4); it has a normative composition corres- 
ponding to anorthositic norite. The clast is badly fractured, more so than the glassy-matrix 
breccia, suggesting that it was a glass fragment prior to its incorporation into the regolith breccia. 
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Table 1. heliminary INAA data. 
Means for 11 subsamples (281 mg 
total mass). Oxides in cg/g, 
Ir & Au in ng/g, others in pg/g. 
Na20 0.35 Sm 1.61 
K 2 0  0.02 Eu 0.83 
CaO 16.3 Yb 1.2 1 
Sc 7.8 Lu 0.17 
Cr 600. H f 1.17 
FeO 4.47 Ta 0.15 
Co 21.9 Ir* 12.7 
Ni 295. Au 4.0 
Ba 41. Th 0.5 
La 3.34 U 0.14 
* Excludes one anomalous value 
with -60 ng/g Ir and normal 
values for other siderophile 
elements. 

Table 2. Major element data. Values in %. 

MAC [I1 QUE93069,31 (thin section) 
fused brown 

powder fusion crust glass matrix shocked clast 
f * * 

SiOZ 45.3 44.2 0.15 44.6 0.67 46.2 0.47 
TiOz 0.24 0.25 0.01 0.21 0.05 0.35 0.02 

29.0 28.9 0.24 29.7 1.46 24.0 0.92 
Cr203 0.09 0.08 0.02 0.07 0.01 0.15 0.03 
FeO 4.32 4.42 0.07 4.28 0.45 6.10 0.59 
MnO 0.06 0.07 0.03 0.06 0.01 0.08 0.02 
MgO 3.89 4.53 0.03 4.49 0.73 8.14 0.45 
CaO 16.72 16.73 0.05 16.89 0.40 14.30 0.31 
Na20* 0.27 0.30 0.03 0.32 0.03 0.36 0.03 
K 2 0  0.03 0.03 0.007 0.03 0.012 0.12 0.03 
P205 0.08 0.03 0.007 0.03 0.009 0.04 0.02 
C 100. 99.5 100.6 99.8 
Mg' 0.62 0.65 0.65 0.70 
n 7 6 3 4 
f = standard deviation, spot-to-spot. M g  '= molar Mg/(Mg+Fe). 
*Probable loss of some Na in MAC88105 during fusion of powder. 
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