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Asuka-31 is a new type of lunar gabbro that is similar to Very-Low-Ti basalts in bulk chemistry and 
mineral compositions [I ,  21. We report the U-Th-Pb, Sm-Nd, and Rb-Sr isotopic systematics and age of the 
meteorite, and discuss the genetic implications of this unique lunar meteorite. The meteorite is mainly 
composed of pyroxene, plagioclase, and ilmenite and contains brown-colored shock melt glass. Shock 
effects are also observed in plagioclase and pyroxene. Seven mineral separates and one whole-rock fraction 
were prepared for U-Th-Pb isotopic analysis. We carried out acid leaching on all separates using dilute HBr 
and HF in order to remove any terrestrial contamination and to strip the grain surface of any adsorbed Pb 
component. In addition to these separates we also prepared two unleached fractions for Sm-Nd and Rb-Sr 
isotopic analysis. 

In a 206~b /204~b  versus 207~b /204~b  diagram the whole-rock residue of Asuka-3 1 does not plot on 
the data field of Apollo mare basalts and is less radiogenic. An observed 2 3 8 ~ / 2 0 4 ~ b  (= y) value for the 
whole-rock residue is 96 and much smaller than that of Apollo mare basalts. The Pb data from all residues 
(Fig. 1) define a Pb-Pb age of 3930 f 52 Ma. However, plagioclase (PL1, PL2, PL3) and whole-rock p) 
fractions do not plot on the line, suggesting open system behavior from a disturbance in the U-Pb system. 
Excluding these fractions, the remaining four residues yield a Pb-Pb age of 3940 + 28 Ma. During leaching, 
preferential elemental fractionation occurred in the U-Pb and Th-Pb systems. Thus, the age calculation is 
made by combining the U, Th, and Pb in the leaches with those in the residues. Data points of the 
calculated values define U-Pb and Th-Pb isochron ages of 3920 f 33 Ma and 3940 f 14 Ma, respectively. 

The Sm-Nd isotopic data for eight residues and two unleached fractions are shown in Fig. 2. The Sm- 
Nd data from ten fractions define an isochron age of 3830 + 89 Ma. However, data points for plagioclase 
(PL2, PL3) and magnetic (MAG) fractions deviate from the isochron slightly, indicating that the Sm-Nd 
system is disturbed by postcrystallization shock event(s). Excluding these three fractions, the remaining five 
residues and two unleached fractions yield a Sm-Nd isochron age of 3850 f 49 Ma with an initial ratio of 
0.507995 f 86. In Fig. 3, initial Nd isotopic composition of mare basalts expressed in parts in 10000 
deviation   EN^) from the average chondritic Sm-Nd parameters [31 are plotted against time. A data point of 
Asuka-3 1 plots near the Apollo 17 high-Ti basalts field. Assuming Nd evolution from a CHUR reservoir at 
4.4 Ga, the 1 4 7 ~ m / 1 4 4 ~ d  ratio for the gabbro source could be larger than 0.3, more than 50% larger than 
chondritic. This is the most depleted source yet estimated for lunar rocks at 3.85 Ga. The Sm-Nd data are 
compatible with cumulate-remelting models for gabbro genesis and suggest that the source materials are 
deep in origin. This is also consistent with a low-p source for the gabbro estimated from the U-Pb data. 

The Rb-Sr isotopic data for seven residues and two unleached fractions are shown in Fig. 4. A data 
point of ilmenite (IL) deviates from the trend, indicating that preferential elemental extraction also occurred 
in the Rb-Sr system. Excluding this fraction, the remaining six residues and two unleached fractions yield a 
Rb-Sr isochron age of 3840 f 34 Ma for x ( ~ ~ R ~ )  = 1.42 x 10-11 yr-l with an initial ratio of 0.699101 f 
28. The initial ratio obtained for the gabbro is extremely low and identical to those for Apollo 11 low-K 
basalts [4] and a Luna 16 basalt [5]. The time-averaged 8 7 ~ b / 8 6 ~ r  in source materials from LUNI = 
0.69903 [6] at 4.56 Ga is calculated to be 0.007. A comparison to the value of 0.019 for Asuka-31 
indicates that a Rb/Sr fractionation of -3 x occurred during the formation of the gabbro at 3.84 Ga. 

The age obtained here is similar to those of some lunar mare basalts and lunar basin-forming events at 
3.8-4.0 Ga and indicates that the gabbro was formed from a magma related to a basin excavation event(s), as 
were lunar basalts. 
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Fig. 1. Pb isotope correlatiom diagram. 
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Fig. 3. Ages and  EN^ values. 
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Fig. 2. Sm-Nd internal isochron. 
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Fig. 4. Rb-Sr hternal isochron. 


