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Pb ISOTOPIC COMPOSITIONS OF LUNAR ROCKS: A Rb-Sr AND U-Th-Pb STUDY OF APOLLO
16 SAMPLES. P. D. Nunes, R. J. Knight, D. M. Unruh, and M. Tatsumoto, U. S.
Geological Survey, Denver, Colorado 80225

Rb-Sr data for samples of the black glass rind of anorthosite 60015, a
white clast within this rind, and the bulk of the sample (gray plagioclase)
are presented in Table 1. The Rb/Sr ratios of the white clast and gray
plagioclase are very Tow and allow us to subtract off 87Sr generated by
in-situ decay of 87Rb with very little error in the resulting calculated
initial 87Sr/86Sr values. Assuming an age of 4.0 b.y., the Rb-corrected
initial 87Sr/86Sy ratios are 0.69880 + 0.00004 and 0.69886 + 0.00007 (2om) for
the white clast and gray plagioclase, respectively. These initial 87Sr/86Sr
ratios agree well within error and are the Towest yet reported for any lunar
sample and rank among the most primitive values yet found in our solar system.
The (87Sr/86Sr); ratio of 60015 indicates melting occurred on the moon very
early and 1nd1rect1y supports an old age of the moon of about 4.65 b.y. (1).
The (87Sr/86Sr); value of 60015 compares with higher values reported for Tunar
anorthosites 60625 [0.69906 + 0.00006 (this report, Table 1) and 0.69894 +
0.0003 (2)] and 15415 [0.69897 + 0.00004 (3)] and BABI [0.698976 + 0.000055
(4)]. The differences between the most extreme of these values are distinct
and suggest that the moon formed distinctly earlier («5 m.y. earlier, assuming
a solar primordial 87Rb/8%Syr ratio of ~1.9) than most of the basaltic achon-
drites. We emphasize that we here report the lowest initial 87Sr/86Sr of the
moon (LIM) yet measured (0.69885 + 0.00004) and that LIM should be used rather
than BABI for model ages of primitive lunar material such as the Tunar soils.

Previously unreported U-Th-Pb data of Apollo 16 samples (Table 2, Fig. 1)
emphasize that terrestrial contamination remains a major problem when trying
to determine initial Pb isotopic compositions of lunar samples. In partic-
ular, our sample of anorthosite 60025 and the <100 mesh fraction of breccia
60018 appear to be contaminated with ~99% and ~77% terrestrial Pb, respec-
tively. This contamination occurred prior to our analyses, because Pb blanks
were well below the amount of Pb extracted for analysis. An acid leach exper-
iment for the <100 mesh fraction of 60018 revealed that the contaminant Pb was
not easily leachable and that the contamination 1ikely occurred by the addi-
tion of not easily dissolved solids. Analyses of a "clean" NASA saw blade
revealed 10 to 11 ppm Pb in the saw's cutting edge, suggesting that this was
the source of contamination. Al1 our unsawed samples show apparent Pb contam-
ination Tevels of <2%. Apollo 16 samples which were not sawed and which
clearly display minimum terrestrial contamination [e.g. 60095 with 15 ppm Pb
and 60315 with a 206pb/204%ph ratio of >10,000 (5)] fall within error on one
Tine from which we obtained an age of 4.0 b.y. and a (296Pb/207pb); of 0.684
(5). Because anorthosite 60015 falls slightly above this line in the direc-
tion of terrestrial Pb contamination and because some sawed surface was
present on that sample, up to 3% of the Pb we analyzed (5) in that sample ma
be of terrestrial origin. Thus the model U-Pb age calculations we made (5)_)£
for 60015 may be slightly less precise than originally thought. In any case,
we think that those model ages of ~3.6 to 3.8 b.y. continue to approximately
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reflect the time of Pb introduction into 60015, and agree within error with
the 39Ar-%0Ar retention age for this rock (0. A. Schaeffer, oral communica-
tion, 1974). The Pb data for 60025 [this report and (2)] are not sufficiently
precise, owing to terrestrial contamination problems, to calculate model
ages--rather, these data emphasize that lunar plagioclase may contain essen-
tially no Pb at all. In any case, the model U-Pb ages calculated for anor-
thosite 60015 coupled with its primitive (87Sr/86Sr); ratio indicate that this
anorthosite acquired Pb well after its original crystallization, and the model
U-Pb ages for this rock 1ikely reflect one or more metamorphic events rather
than differentiation related to original melting.

Similar to rusty rock 66095 (6?, breccia 64435 contains excess Pb rela-
tive to U; only the concentrations of U, Th, and Pb in 64435 are ~35 times
Tower than those in 66095.

Although the glass rind of anorthosite 60015 contains ~3 times as much
Pb as the plagioclase interior (5), it also contains ~400 times more U,
resulting in a severe net loss of Pb relative to U. This indicates that the
U-Pb systems of the glass and plagioclase were not equilibrated during glass
formation and explains why the 60015 glass plots well below all other Apollo
16 samples. If the initial 206Pb/207Pb ratio of this glass was 0.684 [the
(206pp/207ph) s of 66095] or slightly higher (e.g. the same as anorthosite
60015), the giass must have lost considerable Pb relative to U about 1 b.y.
ago. The high U content of the glass, however, strongly suggests that it
contains a significant soil component. A mixture of soil and anorthosite
would yield a higher (206Pb/207pb); for the glass, and a younger, more likely,
age (<1.3 b.y.) of Pb loss relative to U.
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