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Consortium studies on lunar meteorites Yarnato 793 169 and Asuka 881757 (formerly Asuka- 
3 1) were performed to characterize these new samples from unknown locations in the lunar mare. 
Both meteorites are coarse-grained mare rocks having low MgRe ratios (bulk mgt=30-35) and 
low Ti02 (1.5-2.5% in homogenized bulk samples). They are intermediate between VLT and 
low-Ti mare basalts. Although these meteorites are not identical to each other, their mineral 2nd 
bulk compositions, isotopic systematics and crystallization ages are remarkably similar and distinct 
from those of all other mare basalts. They appear to represent a new type of low-Ti mare basalt 
that crystallized at about 3.9Ga. These meteorites are inconsistent with the canonical correlation 
between the Ti02 contents and ages of mare basalts and suggest that our knowledge of lunar 
volcanism is far from complete. 

Samples: Because of the coarse-grained textures of these mare rocks, homogenized powders 
were prepared from large chips for bulk analyses. Samples of Y793169 allocated to this study 
include sample ,20 (512 mg), fiom which homogenized powdered samples ,41 (1 19 mg) and ,42 
(125 mg) were prepared. Sample ,41 was sent to UCLA for hrther subdivisions to 5 groups for 
INAA. The bulk wet chemical analysis was done at NIPR using 0.639 g (,53) [1,2]. The 
homogenized sample of A881757 ,56 (5,908 g) was prepared fiom a 14.414 g chip (,20) by 
removing fusion crust. Sample ,56 was subdivided and sent to 5 INAA groups and one for age 
determination (,85). The bulk analyses at NIPR used 3.547 g (31). 

Mineralogy and petrography: Mineralogical studies showed that both meteorites are 
coarse-grained rocks consisting mainly of pigeonite, plagioclase and opaque minerals [1,2,3,4]. 
Pyroxenes are highly variable in composition, ranging tiom pigeonites and augites with mg' 50-60 
to Fe-rich hedenbergites. Exsolution lamellae are rare in pyroxenes and have only been observed 
in a few grains. Plagioclases are often highly shocked (maskelynitized); they are highly anorthitic. 
On average, the FeO content in A881757 plagioclase is considerably lower than those in 
plagioclases of VLT and low-Ti mare basalts. Opaques and other residual phases are 
concentrated in areas of symplectite (A881757) or glassy mesostasis (Y793169). The most 
abundant opaque minerals are ilmenite, ulvospinel and chromite. These opaque phases coexist 
with Fe-rich pyroxenes and Na-rich plagioclases, and minor amounts of fayalite, silica, troilite, 
metal and phosphate. The modal abundance of opaque phases varies between thin sections, but is 
consistently several percent, which is higher than that typically observed in VLT mare basalts. 
The bulk Ti02 content calculated from mineral compositions and modal proportions in one thin 
section is 1.8 wt %, which is within the range of Ti02 contents measured in bulk samples (below). 

Major and trace element composition: Major element analyses of homogenized powders of 
Y793169 and A881757 determined by INAA and FB-EMP[4,5,6,7] are very similar to one 
another and only slightly different from the earlier NIPR wet chemical analyses [I]. Thus the 
homogenized samples appear to be fairly representative samples, in contrast to the small chip of 
A881757 analyzed by [8]. Both mare meteorites have very low Mg@e (bulk mg' 31-35) and low 
Ti02 (1.5-2.5%). Variations in MgRe and TiOz are related to heterogeneity in modal proportions 
of opaque phases. These analyses bridge the gap from VLT to low-Ti mare basalts. Both 
meteorites have LREE-depleted patterns that are flat in the middle-heavy REE with a small 
negative Eu anomaly. REE concentrations are higher than those in most VLT and. low-Ti mare 
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basalts. The very high Sc concentrations are the most significant difference between A881757 
and Y793169 meteorites and other mare basalts. Sc contents in the meteorites are a factor of 
two higher than in VLT and low-Ti mare basalts. A companion abstract [9] discusses these high 
Sc concentrations and shows that they are strong evidence for a new magma type. 

Ages and isotopic systematics: The U-Pb ages (USGS) of A881757 (3.93 Ga) and 
Y793 169 (3.94 Ga) are slightly older than the Rb-Sr [3.84+0.03 (USGS); 3.75 k0.07 (Riken)] 
and Sm-Nd [3.87+0.05 (USGS); 3.82k0.09 @ken)] ages of A881757. The younger Sm-Nd 
age of Y791369 (3.47f 0 18) is probably due to a later disturbance of the Sm-Nd system [lo]. 
Despite these variations, we note that the reliable ages of these mare meteorites (3.75-3.94 Ga) 
are distinctly higher than those of returned samples of low-Ti (3.2-3.5 Ga) and for VLT (3.4 Ga) 
mare basalts. The Pb isotopic composition of these mare meteorites are non-radiogenic and the 
estimated 238U/Z04Pb (p) values for the source are 7 and 9 * 6, respectively. These p values are 
extremely low compared with those of typical lunar mare basalts (100-300), and are even lower 
than those (25-55) estimated for green and orange glasses, and that (12-15) for Luna 24170 VLT 
basalt [I I]. The ENd values for the A881757 and Y793 169 sources (7.3;5.8) are higher than that 
(3.2) for Luna VLT basalt 24170 [12], suggesting that the source of mare meteorites is different 
from that for Luna 24 VLT basalt. The high ENd is consistent with the REE pattern which 
suggests a higher Sm/Nd ratio for the meteorite source region than for those of other mare 
basalts. The initial 87Sr/86Sr value for A881757 of 0.69910 at 3840 Ma indicates that the 
*'Rb/86Sr value for A881757 is 0.18. This value is similar to those of Luna 16 LT and Luna 24 
VLT basalts. These low U/Pb and large positive ENd values for these meteorites are different 
from those for low-Ti and VLT basalts and imply isotopically distinct source reservoirs for these 
mare meteorites. 

Exposure histories: Both Y793169 and A881757 were exposed to cosmic rays in a small 
body in space ( 4 ~  exposure) for approximately one million years. They fell to Earth as 
independent falls, however, based on comparison of 1°Be, 26AI and 36C1 results with 21Ne of 
Eugster [13]. If both meteorites were ejected from the Moon in the same event, they were both 
buried at least several meters below the lunar surface before ejection. Possibly A881757 was 
buried a few meters deeper than Y793 169. 

Conclusion: Meteorites Y93169 and A881757 are coarse-grained igneous rocks from the 
lunar mare. They are very similar to each other in mineral and bulk composition, crystallization 
ages, isotopic systematics and time of blast-off from the moon. Their bulk compositions are 
distinct from those of Apollo and Luna mare basalts, but are generally intermediate between VLT 
and low-Ti mare basalts [14]. Their crystallization ages are similar to those of high-Ti basalts, but 
much older than those of VLT or low-Ti basalts, and their isotopic characteristics are unique. 
These lunar meteorites represent a new type of mare magma which does not fit standard 
classification schemes nor correspond to previous ideas of relationships between Ti02 contents 
and ages. Each new sample of the moon's surface provides important clues to lunar evolution and 
sometimes challenges current theories. 
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