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Pb ISOTOPIC EVOLUTION IN THE MOON AND EARTH; INFERGNCE FROM U-Th-Pb 
PARTITIONING IN BASALT-FORMING MINERALS: M. Tatsumoto, J.-W. Wang*, W. R. 
Premo, U.S. Geological Survey, Denver, CO 80225; J. A. Philpotts, U.S. 
Geological Survey, Reston, VA 22092; and H. Fujimaki, Tohoku University, 
Sendai, Japan 980. 

A popular theory is that lunar mare basalts were derived from remelting 
of cumulates that formed during primary differentiation of the Moon early in 
its history. Tera and Wasserburg (1) suggested that the major differentiation 
of the Moon occurred at 4.42 Ga based on U-Pb systematics of mare basalts. 
They used the primordial Pb isotopic composition of Cation Diablo troilite 
(CDT) during the age calculation with the assumption that the Pb isotopic 
composition in the solar nebula was homogeneous and that the U/Pb ratio of the 
nebula was sufficiently low that CDT represents a realistic initial Pb 
isotopic composition at the time of lunar differentiation. However, because 
volatiles are depleted in the Moon, it is conceivable that the U/Pb ratio was 
high from the outset and that the Pb isotopic composition at the primary lunar 
differentiation may have been quite radiogenic. 

Subsequently, Tera and Wasserburg (2) showed that Pb in Apollo orange 
glass has evolved in a low 238~/204~b (p) environment with values of <29. 
These p values are about four times higher than those of the Earth, but quite 
low compared to values for mare basalts (200-400). In order to gain better 
insight about the Pb isotopic evolution in planetary material, partitioning of 
Pb, U, and Th in basalt-forming minerals has been studied using mineral 
separates from natural basalt. The results are listed in Table 1. 

Distribution coefficients (D's) of U and Th are much less than 1 for most 
basaltic minerals (e.g. 3, 4). The D's for Pb have been estimated to be about 
20 times higher than those of U, but still less than 1 based on U-Pb data from 
terrestrial basalts (4). The Pb distribution coefficient for plagioclase (D = 

0.174-0.34) are similar to those (-0.3) reported by Leeman (5), but more 
importantly U is partitioned less into feldspars so that the U/Pb ratio is 
small. D for Pb for diopside (0.0088) obtained in this study is similar to a 
recently reported value of 0.0089-0.0125 for chrome diopside synthesized by 
Watson et a1.(6). Present results confirm the long-standing belief that U is 
less compatible than Pb in mantle residues. 

It has been estimated that first stage p's of lunar green glass (7) and 
orange glass (2), which are considered to have originated from the deep lunar 
mantle, have values of -20-30. In contrast, the first stage p's of mare 
basalts are as high as 200-400 (e.g. 1, 8). Thus, a simple lunar U-Pb 
evolution is constructed according to the cumulate-remelting model (e.g. 9, 
10) using the newly obtained U-Th-Pb distribution coefficients. We suggest 
that the Moon accreted with high p of about 300 from the outset. The p's of 
the early cumulates from the primary magma ocean decreased to about 20. The p 
of the lunar mantle gradually increased, and the values for late cumulates and 
the residual liquid increased drastically to over 500. Feldspars have a 
significant partition coefficient for Pb, compared to major mafic minerals, 
and p values for lunar anorthosities are as low as <10.(e.g. 11, 12).Thus the 
p of primary anorthositic gabbro crust probably far less than 100. 

However, because Pb is a chalcophile element and is partitioned into 
sulfides preferentially to U and Th, the Pb evolution in the lunar mantle is 
probably more complicated and obscure. Sulfides were supposed to be 
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concentrated in the deep lunar mantle during the primary differentiation; 
thus, p values for the green glass source region are low. If the Moon had 
formed from the Earth's mantle by fission or ejection by impact of a large 
planetesimal (see 13), the Earth's mantle material should have been 
devolatilized prior to accretion of the Moon, in order to account for such 
high initial p values for the Moon compared to p values of 6-8 for the Earth's 
mantle. 

On the other hand, for the Earth, it is generally assumed that during 
partial melting of the mantle, U and Th partitioned into the melt 
preferentially to Pb and transported upward resulting a high p of -11 for 
continental crust and p values of 5-8 for the upper mantle; whereas the lower 
mantle which did not differentiate possesses a primitive chemical composition 
and p value of -8. If the Earth's upper mantle had differentiated from a 
magma ocean (assuming presently obtained partition coefficients can be applied 
to mantle minerals), the lower portion (early cumulate) must have had a 
smaller p (<I) and residual material (similar to KREEP on the Moon) had a 
larger p (>20). If sulfides concentrate in the lower portion, the p would be 
even smaller. The fact that Pb characteristics which indicate such extreme p ' s  
have not been observed may imply that either Earth did not have the primary 
magma ocean analogous to that of the Moon or that later events obscured the Pb 
signature (alternatively, the concept of an undifferentiated lower mantle may 
be wrong and p of the lower mantle really is low). p values of 5-8 for the 
mantle resulted instead by continuous mantle differentiation and rapid mantle 
convection. 

Table 1. Partition coefficients for Pb, U, and Th. 

Garnet (almandine) 0.0003 
01 ivine 0.0025-0.0044 
Diopside 0.0088 0.0012 0.0014 
Augite 0.040-0.072 0.004-0.084 0.002-0.084 
Orthopyroxene 0.023-0.037 
Plagioclase 0.099-0.034 0.027-0.064 0.032-0.072 
Phlogopite 0.039 
Hornblende 0.063-0.096 
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