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Introduction: We assess, using noble gases, the
controversial possibility that chemically reduced ensta-
tite (E) chondrites, aubrites, Earth, and Moon represent
material from the same nebular feeding zone. Numerical
simulations of terrestrial planet accretion suggest ex-
tended feeding zones with about 60% of the Earth’s
mass deriving from heliocentric distances between ~0.5
and 1.5 A.U [1,2]. Recent O-isotopic analyses show the
average O-isotopic composition of E-meteorites and es-
pecially of aubrites to be very close to those of the Earth
and Moon [e.g.,1-4]. Also, E-chondrites are the only
chondrites with bulk Cr, Ti, Ni and Zn isotopic compo-
sitions similar to those of the Earth and the Moon [5-8].
Nevertheless, some authors question a potential rela-
tionship among E-meteorites, Earth, and Moon [9].

Here we report new noble gas studies of the lunar
meteorites, Miller Range (MIL) 090034, 090036, and
090070 and compare them to earlier noble gas results
for the E-meteorites Cumberland Falls and Pefia Blanca
Spring (aubrites), Qingzhen (EH3), Khairpur (ELS),
and Happy Canyon and llafegh 009 (EL7) [10]. These
lunar meteorites are well suited for this comparison.
Hereafter we refer to them as MIL 34, MIL 36, and MIL
70, respectively.

Park et al. [11,12] presented “°Ar/**Ar ages for MIL
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Fig. 1. Neon 3-isotope plot. Literature values from
[10]. [18], [19], [20].

34, MIL 36, and MIL 70 of 3500+110 Ma, 3520+30 Ma

and 3540+40 Ma, respectively [11,12]; additional con-
sortium studies are ongoing [13-15]. Much older appar-
ent “OAr/*Ar ages (>4.6 Ga) also were observed for two
bulk samples of MIL 36. Park et al. [12] suggested that
it contains “°Ar implanted from a “lunar atmosphere”
during impact melting. Also, unlike MIL 34 and MIL
70, MIL 36 contains high concentrations of noble gases
from the solar wind. On the basis of cosmogenic nuclide
and petrologic data, Yamaguchi et al. [14] suggested
that MIL 34 and MIL 70 were derived from a large
crater, where MIL 70 was deeply buried in the impact
melt sheet, while MIL 34 was located closer to the sur-
face of the melt sheet. Further, compositional consider-
ations [13] indicate that MIL 36 was derived from a
KREEP-rich terrane.

Methods: Noble gases. All samples were preheated
at 150 °C for 24 h to remove terrestrial contamination.
The samples were degassed stepwise at temperatures of
500, 800, 1000, 1300 and 1800 °C for 30 minutes. He,
Ne, Kr, Xe, and Ar were measured with a mass spec-
trometer, VG-5400, originally modified at the Univer-
sity of Tokyo and now at Korea Polar Research Institute
(KOPRI) [16]. Sensitivities and mass discrimination
correction factors were determined by measuring ali-
quots of atmospheric Ne, Ar, Kr, and Xe and, separately,
standardized mixtures of 3He and “He.

Principal Component Analyses (PCA). PCA seems
especially promising for investigating the sources of
variations in the nine Xe isotope abundances observed
during multi-step temperature extractions. A puzzling
result of prior Xe isotopic investigations of lunar sam-
ples has been the apparent presence of a “trapped” com-
ponent resembling terrestrial Xe in lunar anorthosites
[17]. We applied PCA to 46 analyses of $3°Xe, 1¥2Xe,
134X e and *¢Xe data for the three MIL samples and six
E-meteorite samples to identify trapped component(s)
separately from other sources of noble gases. Radio-
genic 2°Xe, cosmogenic 1?*Xe, 1%6Xe, and %Xe as well
as 131Xe (potentially influenced by neutron capture on
130Ba) were ignored in the PCA to focus on parent body
intrinsic Xe.
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Results and discussion: 2!Ne/??Ne vs. 2°Ne/??Ne. Fig. 1
shows that neon in MIL 36 is dominated by solar wind,
whereas neon in MIL 34 and MIL 70 is dominated by
cosmogenic components. There is close agreement be-
tween results for MIL 34 and MIL 70 with data for pla-
gioclase separated from lunar troctolite 76535 [18] as
expected because of low MgO in plagioclase and com-
paratively low MgO of ~2.5% in these anorthositic lunar
meteorites. CRE ages determined from the cosmogenic
nuclides ?!Ne, 3Ar, "®Kr and 83Kr of MIL 36 are ~100-
120 Ma, while those of MIL 34 and MIL 70 are ~1-2
Ma [11, 12, this work]. The low CRE ages for MIL 34
and 70 are important to understanding the Xe isotopic
data presented next.

132,134.136X e/*%9Xe. To resolve the sources of isotopic var-
iations it is helpful to choose a reference isotope whose
budget is dominated by a single physical component. By
using PCA, we found that considering ratios to *°Xe
was advantageous in resolving cosmogenic and fission-
genic 132134136Xe from trapped Xe. This choice of 1¥Xe
as a reference isotope also follows the examples of
Pepin et al.[21] and others (e.g., [22]).
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Fig. 2. PCA Biplot for 132134.136Xg/130Xe, HC = Happy Canyon,
Ila = Ilafegh, Khai = Khairpur, Qing = Qingzhen, CF = Cum-
berland Falls, PBS = Pefia Blanca Springs.

PCA (XLSTAT®) applied to the three sets of
182184136 0/130X e data showed that 97.41% of the data
could be represented by the first Principal Component
F1 (Fig. 2). For an alternative representation of the four
isotopes (130:134136X e/132X e) only 77.65% of the data can
be represented by F1. In Fig. 2, the MIL 34 and MIL 70
data overlaps those of the E-meteorites.

We choose the *3°Xe normalization for further inter-
pretations. Fig. 3 shows 1341%Xe/1%0Xe data for the Mil-
ler Range meteorites compared to similar data for E-me-
teorites [10]. A cosmogenic trend line is defined for
MIL 36. A fissiongenic trend line for Cumberland Falls
intersects (star) the MIL 36 trend near the Solar Wind
(SW) composition. Data for Pefia Blanca Springs show
a nearly continuous linear trend intersecting the MIL 36
trend (star) slightly to the right of the Q com
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Fig. 3. 136Xe/*30Xe vs. 134Xe/*%Xe for lunar and enstatite me-
teorites near Solar Wind ( SW), Q [23], and terrestrial at-
mosphere compositions (ATM). See Fig. 2 caption for labels.
The most cosmogenic data for MIL 36 and most fissiongenic
data for CF are not shown. Intersections for regression lines
are shown by open stars color-coded to the corresponding
data, trapped compositions by open circles.

position. Data for MIL 34 and MIL 70 span a region of
the diagram near Q [23] and overlap much of the E-me-
teorite data.

Conclusions: Our Xe isotopic data for the Miller
Range meteorites do not support earlier suggestions of
an “Earth-like” composition for “lunar Xe”, but rather a
Q-like composition. There is a good correspondence be-
tween the composition of trapped noble gases in these
lunar and E-meteorites, but additional analyses of both
are needed and planned.
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