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Introduction: Apatite grains in lunar mare basalts
contain hydrogen that ranges in D/H ratio by more than
a factor of two [1-4]. This range has been interpreted to
represent: multiple indigenous components including
mantle and KREEP [5], degassing during emplacement
[2,4], cometary infall [1], meteoritic infall [2,5,6],
and/or solar wind from the regolith [7,8].

Samples & Methods. Six thin sections of five
mare basalt samples were analyzed by ion microprobe
for this study: two high-Ti basalts (10044,12, and ,644;
75055,55); and three low-Ti basalts (12039,42;
12040,211; MIL 05035,6). All contain small grains of
apatite (>100 pm) in their mesostases, consistent with
late crystallization of apatite from their magmas. We
also analyzed the gabbro lithology of NWA773, and
the KREEP-rich lithology in NWA 4472. Analyses for
H, D/H, and Cl and *’C1/*°Cl in their apatites were ob-
tained at the Caltech Center for Microanalysis using a
Cameca 7f-GEO SIMS with standard protocols
[10,11].

Results: For most of these basalts, the D/H ratios
in their apatite grains decrease with a measures of the
basalts’ time spent at elevated temperature. We use the
Fe-Mg homogenization of their pyroxenes (Fig. 1) as a
proxy for integrated thermal history, and use the spread
of Mg# (molar Mg/(Mg+Fe)) in their pyroxenes from
literature data (Fig. 1). Most basalts with homogeneous
pyroxenes (i.e., low Mg#,../Mg#un) have apatite
grains with low D/H (8D = -100%o); most basalts with
heterogeneous pyroxenes (i.e., varying or zoned
Fe/Mg; high Mg#n./Mg#yin) have apatite with high
D/H (8D up to ~+1100%o). This relationship suggests
that low D/H values were acquired during thermal pro-
cessing, i.e. during Fe-Mg chemical equilibration, dur-
ing or after emplacement. Chemical exchange or meta-
somatism like this has been documented in other lunar
samples [9,13].

This light hydrogen is likely derived from solar
wind implanted into the lunar regolith (with 8D from
-125%o to -800%o), and could enter basalts either by
assimilation of regolith or by vapor transport from reg-
olith heated by the flow [14]. If a basalt could not in-
teract with regolith rich in solar wind (e.g., it was em-
placed onto other fresh basalts), its apatite could retain
a magmatic D/H signature, which could explain the
data for 12018 [12]. The high D/H component (in the
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Fig. 1. 8D in apatites from lunar mare basalts versus Mg#.x
/Mg# i, in their pyroxenes. D values are averages by sam-
ple and data sources [1-8,10,12], bars are 20 of the distribu-
tion or of single analyses, whichever is larger. Uncertainties
on Mg#.x /Mg#n, are not given, as these values from the
literature are of uneven and unknown qualities.

apatites of unequilibrated basalts) is most reasonably
that indigenous magmatic hydrogen, i.e. representing
hydrogen in the basalt’s source mantles, or magmatic
hydrogen that was residual after partial degassing of
H..
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