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Introduction: An essential part of the current lunar
paradigm is that the lunar mantle contains very little
water [1-4]. The primary line of reasoning behind this
acceptance was perfectly consistent with the high-
temperature, Moon-forming giant impact event [e.g., 5-
7] until the recent evidence for water in the lunar inte-
rior by analysis of pyroclastic lunar glasses [8] as well
as apatite grains in a variety of lunar lithologies [9-12].
These careful determinations have challenged the old
paradigm of a “dry” mantle and opened the possibility
that the strongly volatile depleted feature of lunar sam-
ples may not be correlated to volatility during the
Moon-forming phase, but rather may have arisen by
secondary magmatic processes at a much later stage.

Even though analysis of lunar apatites has provided
invaluable information on instantaneous magmatic vo-
latile contents, using this information to extract paren-
tal magmatic volatiles contents and source region vola-
tile contents is not straightforward because apatite is
commonly a late-crystallizing mineral and may reflect
late-stage open system processes that have perturbed
the magmatic volatile content. Therefore, the direct use
of the inferred instantaneous volatile content of mag-
mas co-existing with apatite to assess the bulk volatile
content of the source regions was questioned by [13,
14] based on a set of mass balance calculations for the
KREEP-bearing samples analyzed by [11]. These
computations showed that the apatites record a degass-
ing process that resulted in both loss of magmatic vola-
tiles and in significant changes in the relative volatile
contents of the residual liquids, which affected the
composition of the apatites forming.

Recent degassing experiments [15,16] were con-
ducted to determine the absolute and relative changes
in abundance of volatiles (Cl, F, OH, and S) in the melt
during the ascent of a lunar magma from 100 km depth
to the surface without crystallizing. Based on the initial
and final values for CI, F, H,0, and S (wt%), degassed
samples with initially 2.2 and 2.5 wt% water lost 99-
100% water, 89-84% ClI, 60-61% F, and 94-92% S.
This percentage loss also affected the relative volatile
contents of the melt with a strong decrease in water
content and an increase in F:Cl ratio. In reflection of
changes in melt volatile contents, hypothetical
computed apatite compositions also show a strong
reduction in OH content and a decrease in CI:F ratio.
While computed apatites from the initial (undegassed)
magma had 20% ClI, 48% F, and 32% OH, computed
apatites from degassed melts showed 10% CI, 90% F,
and 0% OH.

The mass balance computations of [13, 14] also in-
dicated a two-stage degassing path consistent with the
alkali halide-water systems in which a water and Cl-
rich fluid vapor and aqueous liquid is lost first, fol-
lowed by a more Cl-rich assemblage. Cl and F contents
of apatite vary according to their lithologic type and
these variations are not random but show a systematic
path. The degassing experiments of [15,16] were de-
signed to determine the composition of the bulk vapor
and saline liquid assemblage from a synthetic 14053
composition [17] with added water, F, Cl, and S. How-
ever, these experiments did not provide insights in to
the pathways taken by degassing. New experiments
were designed as time studies and implemented to as-
sess potential information on the degassing pathways.

Experimental Design and Details: The experi-
ments are similar to those discussed by [15, 16, and in
submission] but were designed to monitor changes in
relative volatile content during successive intervals of
low pressure degassing of a synthetic melt of 15043
with 0.5 wt% CI, 0.5 wt% F, and 0.3 wt% S and 2.5
wt% water. The volatile-bearing glasses are prepared at
0.5 GPa in piston-cylinder apparatus then placed in
Fe’-capsules inserted into a long silica tube. After
evacuation, the tubes are sealed and suspended by a Pt-
wire into a vertical furnace and heated above the liqui-
dus T for 2, 4, and 6 hours before quenching. Both the
starting hydrous glasses and the degassed glasses at the
end of each degassing interval are analyzed optically as
well as by electron microprobe (at the AMNH) and by
micro-FTIR (for water) at SUNY Stony Brook. The
results of these experiments will be presented at the
conference.
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