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abstract

Fluorapatite grains from Apollo 15 Mare basalt 15058,128 were analyzed by Raman spectros-
copy, Raman spectral imaging, time-of-flight secondary ion mass spectrometry (TOF-SIMS), field 
emission scanning electron microscopy (FE-SEM), and electron probe microanalysis (EPMA) in an 
attempt to detect structurally bound OH– in the fluorapatite. Although OH– could not be definitively 
detected by Raman spectroscopy because of REE-induced photoluminescence, hydroxyl was detected 
in the fluorapatite by TOF-SIMS. The TOF-SIMS technique is qualitative but capable of detecting 
the presence of hydroxyl even at trace levels. Electron microprobe data indicate that on average, F 
and Cl (F+Cl) fill the monovalent anion site in these fluorapatite grains within the uncertainties of 
the analyses (about 0.07 ± 0.01 atoms per formula unit). However, some individual spot analyses 
have F+Cl deficiencies greater than analytical uncertainties that could represent structural OH–. On 
the basis of EPMA data, the fluorapatite grain with the largest F+Cl deficiency constrains the upper 
limit of the OH– content to be no more than 4600 ± 2000 ppm by weight (the equivalent of ~2400 ± 
1100 ppm water). The TOF-SIMS detection of OH– in fluorapatite from Apollo sample 15058,128 
represents the first direct confirmation of structurally bound hydroxyl in a lunar magmatic mineral. 
This result provides justification for attributing at least some of the missing structural component in 
the monovalent anion site of other lunar fluorapatite grains to the presence of OH–. Moreover, this 
finding supports the presence of dissolved water in lunar magmas and the presence of at least some 
water within the lunar interior.
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introduction

The Moon is widely believed to be nearly devoid of indig-
enous magmatic water. A recent estimate of the bulk lunar water 
content indicates that the lunar interior contains <1 ppb H2O 
(i.e., Taylor et al. 2006). The absence of dissolved water in lunar 
magmas marks a stark contrast between lunar and terrestrial 
magmatism, as water has strong effects on the thermochemical 
and physical properties of magmas, magma transport, eruption, 
and degassing. Much of the evidence regarding the Moon’s lack 
of indigenous water comes from analyses of Apollo samples. The 
“bone dry” nature of these samples is considered to be a first-
order characteristic of indigenous lunar materials in general (Tay-
lor et al. 2006). Although magmatic volatiles are still required 
to explain the lunar fire-fountains that produced the pyroclastic 
glass deposits encountered during some of the Apollo missions, 
C-species, Cl, F, and S are typically implicated as the propel-
lants (i.e., Colson 1992; Elkins-Tanton et al. 2003; Fogel and 
Rutherford 1995; Rutherford and Papale 2009). Recent evidence, 

however, indicates that some lunar magmas may have contained 
more water than previously estimated. Saal et al. (2008) reported 
finding up to 46 ppm H2O in the cores of some lunar volcanic 
glass beads analyzed by secondary ion mass spectrometry. They 
concluded that this water was residual to that dissolved in the 
magma. It was not the result of post-quench hydrogen implan-
tation by solar wind, which has been implicated as a potential 
source for water or hydroxyl in lunar surface materials (Clark 
2009; Pieters et al. 2009; Sunshine et al. 2009). The work by 
Saal et al. (2008) represents the first report of magmatic water in 
lunar materials, but prior to the work presented here, indigenous 
water (represented structurally as hydroxyl) has not been directly 
detected in lunar magmatic minerals (e.g., Treiman 2008).

On Earth, a variety of minerals contain hydroxyl (OH–) as an 
essential structural constituent (ESC) such as clays, hydroxides, 
micas, amphiboles, and some phosphates. However, with the ex-
ception of fluorapatite, these minerals have not been discovered 
in lunar samples. The mineral fluorapatite [Ca5(PO4)3(F,Cl,OH)] 
is one of the primary mineralogical reservoirs for P on Earth, 
and it is an ubiquitous (albeit trace) phase in many lunar rocks * E-mail: fmccubbin@ciw.edu


