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LUNAR METEORITE QUE94269 - PAIRING WlTH QUE93069 CONFIRMED. LUNAR 
METEORITE QUE94281 - SIMILARITY WlTH Y-793274; 0 .  Eugster and E. Polnau, Physikalisches 
Institut, University of Bern, Bern, Switzerland. 

Lunar meteorite QUE94269 (3.2 g), an anorthositic breccia, was recognized to be paired with 
QUE93069 (21.4 g) [ I ] .  We obtained a 0.023 mg interior chip of QUE94269 for the characterization of 
the solar wind- and cosmic ray-exposure history and comparison with QUE93069. The concentrations 
of the trapped and cosmic ray produced noble gases and their isotopic ratios are very similar in 
QUE94269 and QUE93069 (%Art,: 3.45 and 3.66~1 O4 cm3STP/g, 21Ne,: 36.6 and 40.8~1 O4 cm3STP/g). 
They represent the most mature known lunar meteorites with respect to solar- and cosmic ray-particle 
irradiations. Lunar meteorite QUE94281 (23.4 g) is a basaltic breccia. It's chemical composition is 
similar to that of lunar meteorite Y-793274. In fact, the concentrations of trapped =Ar in these two 
lunar meteorites are similar but QUE94281 shows a higher loss of He and Ne than Y-793274 and it's 
lunar regolith residence time (T, = 370 Ma) appears to have been only half of that of Y-793274. 

QUE94269. We analyzed the He, Ne, and Ar isotopes in two samples of 0.98 mg and 0.93 mg. 
The results are given in Table 1. Due to the small sample sizes the two runs differ in solar gas 
concentrations by a factor of about 1.5. The isotopic ratios however, are in most cases identical within 
error limits of 1-2%. In Table 2 the trapped and cosmogenic components for the average values of the 
two QUE94269 runs are compared with the data for QUE93069 [2]. For the partitioning of the 
components and the production rates the same assumptions were made as for QUE93069. It is 
evident that the two meteorites are paired as all characteristics of the solar and cosmic ray particle 
exposure are identical, except for the (40Ar/36Ar)tr ratio that differs by 15%, perhaps due to an 
inhomogeneity in K content. 

Table 1. Results of He, Ne, and Ar analyses (concentrations in 10' cm3STP/g) 

QUE94269,12 (0.98 mg) 634230 145270 96380 2851 12.40 27.33 5.26 2.28 

QUE94269,12 (0.93 mg) 431880 91150 62130 2933 12.63 27.08 5.29 2.00 

QUE94281,17 (3.33 mg) 45290 12070 26500 251 8 12.26 22.39 5.26 2.59 

QUE94281,17 (2.36 mg) 37100 10500 24770 2494 12.22 21.37 5.1 9 2.68 

20 errors 5% 5% 5% 2% 1% 1% 1% 2% 

Table 2. Trapped and cosmogenic noble gases in lunar meteorites (1 O4 cm3STP/g) 

Trapped Cosmogenic 

20 errors 5% 7% 6% 7% 1% 2% 7% 30% 20% 35% 

QUE94281. The 3.33 mg sample yielded 7-22% higher concentrations of noble gases than the 
2.36 mg sample, but isotopic ratios generally agree (Table 1). For the partitioning of the components 
we used the same assumptions as for Y-793274 [3]. In terms of cosmic ray- and solar 
particle-exposure QUE94281 is of intermediate maturity (Fig. 1). We observe a heavy loss of the light 
noble gases He and Ne. Even if we assume all 4He to be implanted solar gas the ratios (4He/36Ar),r and 
("NePAr),, are far below the typical values for solar wind implanted species (4He/36Ar = 253, MNe/36Ar 
= 26.8, lunar soil ilmenites 12001 [4]). Due to the heavy gas loss of QUE94281 the ,Ar exposure age, 
T,, might be too low, therefore a lower limit is shown in Fig. 1. Kr and Xe analyses are in progress to 
obtain a more reliable age. 
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Discussion. The lunar meteorites studied till now show a large variety of chemical compositions 
that reflect different lunar origins. In Fig. 2 we introduce the ratio Ca/Ti as an indicator for the 
provenance of the material of lunar meteorites. Whereas QUE93069 and, thus, QUE94269 show 
values typical for lunar highland rocks, QUE94281 yields Ca/Ti = 24 [ I ] ,  identical to that of Y-793274, 
indicating that these two lunar meteorites represent a mixture of highland and mare material. The 
lunar regolith residence time and the solar wind particle exposure is also similar for QUE94281 and 
Y-793274 (Fig. 1). Due to the relatively large concentrations of trapped gases the ratios (20Ne/nNe),, 
and (40Ar/36Ar),, could be derived quite precisely. As shown in Fig. 3 these ratios are correlated for 
lunar meteorites and different types of lunar surface material. Trapped 40Ar136Ar has been recognized 
as an indicator for the time, when the exposure occurred; it decreases with time 151. It appears that the 
aNePNe ratio of solar Ne trapped by lunar surface material increased as a function of time. We came 
to the same conclusion when comparing trapped solar 20Ne/nNe with 4He/3He in meteoritic and lunar 
samples of different antiquity [6]. 
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Fig. 1. Duration of exposure to cosmic 
2* 

rays in the lunar regolith plotted 2 2 ~ e  13.0 

versus the concentration of trapped 
solar =Ar in lunar meteorites. 

Fig. 3. Trapped solar aNe/nNe versus 
trapped solar and lunar atmospheric &ArlSAr 
for lunar meteorites and different types of 
lunar soil: 1 - QUE93069, 2 - MAC881 0415, 3 
- Y-793274, 4 - EET87521 bulk, 5 - 
EET87521 breccia, 6 - ALH81005, 7 - 
Y-791197, 8 - 10046 ilmenites, 9 - 10084 
ilmenites, 10 - 12001 ilmenit es, 11 - Luna20 
soil, 12 - QUE94281,13 - QUE94269. 
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