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Pb ISOTOPIC SYSTEMATICS OF TROCTOLITIC ANORTHOSITE 62237; 
W.R. Premo and M. Tatsumoto, U.S. Geological Survey, Denver, Co. 80225 

Preliminary Pb isotopic data for two mineral separates, plagioclase and pyroxene, from troctolitic 
anorthosite 62237 yield an age of 4103 f 110 Ma, although there may be reason to suspect that this rock is as old 
as 4343 Ma. An olivine separate from previous work tends to su ort an isochron that identifies an old 
radiogenic source for this rock. Assuming either age, the single-stage gf8U/204Pb O for the anorthosite source 
is >1000, a value similar to KREEP sources and larger than those for sources of most other anorthosites and 
high-Mg suite rocks. High-p magmas may have been derived from a residual, highly-evolved portion of the 
upper lunar mantle that developed in the late stages (-4.4 to 4.45 Ga ?) of primary lunar differentiation of a 
magma ocean. A combination of Pb partitioning into a dominantly plagioclase-rich crust (relatively low-p 
anorthosites) and a sulfide-metal-rich core probably helped produce such an evolved upper mantle reservoir. 

Most anorthositic and noritic rocks sampled by the Apollo missions exhibit excess radiogenic Pb (i.e. 
Pb that cannot be attributed to the in-situ decay of U and Th). This excess Pb, usually considered "initial" Pb, 
varies from sample to sample, implying that either some samples represent rocks derived from sources with 
different U/Pb values, or the rocks have acquired Pb of various compositions and proportions after formation 
[1,2,3]. Although many of the anorthosites have been described as pristine [4,5] with mainly igneous textures 
[6,7], undoubtedly most, if not all, samples are actually conglomerates or breccias. The fact that some samples 
have clasts that preserve primary igneous textures only attests to their mode of origin. Most anorthositic 
samples have been analyzed for U-Th-Pb as whole-rocks and plagioclase mineral separates, and sometimes as bulk 
mineral separates; for example, magnetic, nonmagnetic, or mafk fractions. Whereas the actual analytical data for 
these whole-rock and mineral separates may be precise, they often do not behave as a linear array as one might 
expect from truly primary igneous rocks. Scatter is not uncommon in the U-Pb results from lunar anorthosites 
[8,9,10], and may point out the fact that the individual mineral grains may not actually be derived from a single 
source region, or may contain secondary Pb of various compositions and proportions. 

We have, therefore, continued our search for a well-behaved anorthosite by analyzing Apollo 16 Type I1 
clastic anorthosite 62237. This troctolitic anorthosite has been described as relatively pristine and monomict in its 
mineralogy and chemistry [4,6]. It is very light gray, moderately friable, with -83 % shattered and broken 
anorthitic plagioclase grains and a notably higher olivine content (-16 %) than other Apollo 16 anorthosites. 
Plagioclase and olivine form what appears to be a primary igneous texture, and the other trace minerals occur 
mainly as inclusions in plagioclase and olivine [6]. Our analytical procedures are not very different than those used 
previously [10,11]. The original subsample of one piece weighed approximately 1.76 gm and was shaken in a 
sealed quartz vial until no further disaggregation occurred. The largest chips were removed, crushed, and sieved. 
The entire sample has been split into several fractions; however, Pb isotopic data for only three separates have 
been collected thus far. Those separates include a magnetically-separated plagioclase (PL), a hand-picked (+80-pm- 
size) pyroxene (PYR), and a -80-pm-size pseudo-whole-rock (WR). These fractions were subjected to alcohol 
washing and three dilute acid leachings (two HBr and one HNO3) designed to remove terrestrial contamination and 
strip the grain surfaces of any adsorbed Pb component [21. The Pb isotopic results from only the residues of these 
separates (washes and leaches will be analyzed soon) are shown in Figure 1 and compared to results from previous 
work on 62237 [lo] and other lunar highland rocks [11,12,13,14,15,161. We have more mineral separates and 
whole-rocks to measure and the U-Pb isotopic results are not complete at present. 

The residues (solid circle, square, and diamond) of 62237 do not form an linear array (Fig. 1). Plagioclase 
from this study plots to the upper-left portion of the data near the results from anorthosites 67075 [IS] and 1541 5 
[141, indicating its derivation from a very radiogenic source. The PYR separate exhibits a very radiogenic Pb 
composition and plots near the y-axis at a 207~b/206~b value of -0.538 that yields an age of 4.34 Ga. The fine- 
gained pseudo-whole-rock separate, however, does not conform to a linear array between PL and PYR, but instead 
plots toward some non-radiogenic Pb composition, suggesting mixing with a material derived from a relatively 
low-p source. Similar Pb isotopic data were obtained from anorthosites 62237 and 67075 [10,17], and indicate the 
mixing of Pb components from different sources. Nonetheless, PL and PYR probably represent accurate 
compositions for these assemblages. The Pb isotopic data for the two mineral separates yield an age of 4103 +I10 
Ma (dashed line), and an olivine separate from previous work [lo1 tends to support this isochron. However, PYR 
does not lie very far from the y-axis and subtracting a few more pg of blank Pb from this analysis dramatically 
alters the y-axis intercept and age. For example, the addition of 5 pg of blank yields an age of 4164 Ma and 10 
more pg, an age of 4231 Ma. Although we attempt to establish a constant Pb blank during sample processing, 
usually there is some variation (this study: between 34 and 45 pg). Bearing this in mind, it is possible that the 
pyroxene-plagioclase line may indicate an age as old as 4343 Ma, assuming all the 2 0 4 ~ b  is removed as blank Pb. 
Assuming either age, 4.1 or 4.34 Ga, the single-stage, source 2 3 8 ~ / 2 0 4 ~ b  (p) for the anorthosite is >I000 
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(intersection of dashed line with the evolution lines), a value indicative of KREEP sources and larger than those for 
sources of most other anorthosites and high-Mg suite rocks. It is also possible that 62237 is a polymict breccia in 
that the plagioclase is mixed with or contaminated by Pb produced from early-formed, high-p magma sources 
rather than M v e d  from them. 

In contrast to the high-p data, an alternative array(s) is defined by whole-rock and plagioclase separates 
from anorthosite 60025 that yield ages -4.41 to 4.43 Ga and indicate derivation from a low-p (-35 to 100; [131) 
source. Pb data from other anorthosites, including 67075 and 15415, lie between low-p Pb compositions for 
60025 plagioclase and the high-p-derived, high 207~b/206~b compositions, implying that these polymict breccias 
are composed of plagioclase derived from both sources. 
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Figure 1: Pb-Pb isotopic data for troctolitic anorthosite 62237. Pb evolution isochrons show the loci of Pb values for 
lunar sources with p (238~/204~b)  values between -100 and -2000 calculated from 4.56 Ga as the age of the Moon to 
both 4.1 Ga (isochron age of anorthosite 62237) and 4.343 Ga (possible age of pyroxene separate). 

High-p magmas may have been derived from a residual, highly-evolved portion of the upper lunar mantle 
that developed in the late stages (-4.4 to 4.45 Ga ?) of primary lunar differentiation of a magma ocean. A 
combination of Pb partitioning into a dominantly plagioclase-rich crust (relatively low-p anorthosites) and sulfide- 
metal-rich core probably helped produce such an evolved upper mantle reservoir. Early bombardment probably 
played a role in the mixing of cumulates derived from both high-p and low-p sources, although intuitively it 
would seem that later impacting events caused the kind of brecciation that is the rule in most lunar samples. It 
shouldn't be surprising that nearly all of the lunar highland samples are breccias or soils composed of rocks 
produced at various crustal levels that at one time underwent extreme geochemical as well as isotopical variations. 
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