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The possibility of OH/H20 formation on the lunar surface has been proposed because of the interaction between
protons from the solar wind and oxygen in the regolith. In this study, we examined olivine, pyroxene, plagio-
clase, and volcanic glass samples together irradiated with 7 keV H™ at a dose of 107 ions/cm? under the same
experimental conditions to simulate the solar-wind proton implantation process on the Moon. By comparing the
infrared spectral characteristics of these samples before and after H" implantation through an infrared spec-
trometer, we confirm that OH forms in all minerals and glass after H' implantation, with a remarkable amount of
OH/H0 found in plagioclase. This indicates that plagioclase can capture more H' than other silicate phases to
form the OH/H,0. The absorption characteristics of OH/H»0 formed by H' implantation are distinct and
associated with the mineral structure. The efficiency of OH/H,0 formation by H* implantation is affected by
crystal structure. We conclude that OH/H20 formed by solar-wind implantation in the lunar soil is likely to be
mainly preserved in plagioclase, and the estimated OH/H,0 absorption strength from 0.7 to 3.6% at 3356 cm ™!
and from 0.9 to 4.8% at 3622 cm™* of plagioclase is consistent with those found by recent lunar spacecraft

missions.

1. Introduction

The Moon has been considered bone dry ever since the Apollo era.
However, this long-held view was recently challenged by mounting
evidence of water (the presence of H-bearing species, such as OH and
H20, hereafter referred to simply as “water”) from remote sensing and
lunar sample analyses (Boyce et al., 2010; McCubbin et al., 2010;
Greenwood et al., 2011; Hauri et al., 2011; Hui et al., 2013; Barnes et al.,
2014; Hayne et al., 2015; Robinson et al., 2016). Remarkable absorption
characteristics at about 3 pm and 2.8 pm on almost the entire lunar
surface were detected by onboard infrared (IR) spectrometers on the
Cassini, Deep Impact, and Chandrayaan-1 missions (Clark, 2009; Sun-
shine et al., 2009; Pieters et al., 2009; Li and Milliken, 2017; Wohler
etal., 2017; Bandfield et al., 2018), which indicated the presence of HoO
and OH, respectively. The widespread OH/H0 on the lunar surface has
been thought to be the result of solar-wind proton implantation (e.g.,

Pieters et al., 2009). Specifically, when solar-wind protons are implan-
ted into the minerals, protons are captured in the crystal structure and
can bond with the oxygen of silicate minerals in the lunar regolith. Ex-
periments of ion irradiation over a range of energies (0.5 keV to a few
MeV) have indicated that ion irradiation could lead to the breaking of
chemical bonds within various minerals (e.g., Futagami et al., 1990;
Demyk et al., 2001; Davoisne et al., 2008). The implanted or trapped
protons from the solar wind could attach to those broken bonds and form
OH and subsequently HyO (Burke et al., 2011; McCord et al., 2011). The
process has been investigated by a series of laboratory experiments
determining whether the proton irradiation of minerals could form OH/
H»0. Most of these results demonstrated the possibility of the solar-wind
proton origin of lunar OH/H,0 (Djouadi et al., 2011; Managadze et al.,
2011; Ichimura et al., 2012; Bradley et al., 2014; Schaible and Baragiola,
2014). However, the samples, the fluence and energy of implanted ions
in these experiments were different, which could not compare the
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abundance and occurrence of solar wind-induced water in different
minerals and glass. Liu et al. (2012) analysed the Apollo 11 and 17 lunar
samples using Fourier-transform infrared spectroscopy (FTIR) and sec-
ondary ion mass spectroscopy. This work revealed the presence of hy-
droxyl that is equivalent to 70-200 ppm H50 in lunar agglutinitic
glasses. The hydrogen isotope compositions of some agglutinitic glasses
(i.e., 8D < —700%o) suggested that the hydroxyl is associated with the
solar wind source (i.e., 8D ~ —1000%o). However, the occurrence and
abundance of water formed by solar-wind implantation on the Moon and
their differences in major lunar minerals are still ambiguous. This study
aims to address these questions. According to the components of the
lunar regolith, four different samples (i.e., olivine, pyroxene, plagio-
clase, and volcanic glass) were used as lunar analogue samples for H"
implantation under the same conditions. The absorption characteristics
of structural OH/H,0 formed in these samples and the effects of the
mineral structure on the OH/H20 formation were analysed. Also, the
possible occurrence of structural OH/H50 formation implanted by solar-
wind protons on the Moon was discussed.

2. Samples and experiments

Lunar regolith is mainly composed of silicate minerals and glass. The
most common silicate minerals are plagioclase, pyroxene, and olivine
(Heiken et al., 1991). These mineral phases have been exposed to the
solar wind for a long period, and OH/H20 can form in the surface of
these minerals by capturing protons. To investigate the formation
mechanism of OH/H20 by solar-wind implantation on the Moon,
terrestrial olivine, pyroxene, plagioclase, and glass were therefore cho-
sen as the lunar analogue samples. This study focused on revealing the
difference in water formation by solar-wind implantation in various
lunar minerals and glass. Thus, we believe it is reasonable to use
terrestrial minerals and glass for experimental investigation.

The olivine and pyroxene were separated respectively from perido-
tite and pyroxenite xenoliths from the Damaping volcanic field in Hebei,
China. Olivine grains were mainly composed of forsterite (Fo = 89-100)
and the pyroxene samples consisted of orthopyroxene (En = 74-75) and
clinopyroxene (Wo = 49-50). The studied plagioclase (An = 50-53) was
taken from Damiao anorthosite in Hebei, China. Dacitic glass sample
used in this work was sourced from volcanic glass in Changbaishan,
Jilin, China.

Quantitative chemical compositions of the studied minerals and glass
were determined using a JEOL JXA-8230 electron microprobe (EMP)
analyser at the Guilin University of Technology. It was operated at an
accelerating voltage of 15 kV and electron beam current of 20 nA. Both
natural and synthetic standards were used and matrix corrections were
based on ZAF procedures. The data are listed in Table 1. For quantitative
analysis of the water content in these samples, doubly polished thin
sections were prepared before the experiments. The thickness of samples
section about 150-350 pm. To reduce the effect of adsorbed water on the
sample surface, the thin sections were baked at 110 °C for 24 h before
ion implantation.

To simulate the process of solar-wind implantation on the Moon, an
ion implanter was used to implant H' into the samples. The experiments
were performed at the Center for Lunar and Planetary Sciences (CLPS),
Institute of Geochemistry, Chinese Academy of Sciences. The ion
implanter comprises an ion source, vacuum system, magnetic analyser,
accelerator, sample chamber, and control system (see Fig. 1). In this
study, all the samples were placed together in a sample holder of the
vacuum chamber to guarantee they were subjected to the same doses of
radiation. The chamber was evacuated, purged with high-purity nitro-
gen (99.999%), and then maintained at a pressure of 2.25 x 10~ Torr at
22 °C before implantation. The H, gas had a purity of 99.999%. The
magnetic analyser ensured that a flow of only H" was allowed to enter
the sample area. The samples were irradiated with H' at 7 keV, which is
higher than the average energy (~1 keV) of solar wind. This is limited by
instrumental conditions; however, this energy can be used in this study
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Table 1
Major and minor compositions of the studied minerals and glass.

Olivine Orthopyroxene  Clinopyroxene  Plagioclase Glass
SiO, 41.00 + 52.50 + 0.19 49.70 £ 0.22 56.60 + 66.90 +
0.19 0.54 0.30
Al,O3; 0.02 + 4.90 + 0.09 6.44 +£0.17 25.70 + 15.00 +
0.02 0.36 0.20
MgO 46.70 + 25.60 + 0.32 12.40 £+ 0.17 b.d. 0.17 +
0.23 0.02
TFeO 9.92 + 15.20 + 0.15 6.60 + 0.14 0.16 £0.04 5.15=+
0.15 0.14
CaO 0.08 + 0.53 + 0.02 22.00 + 0.13 10.10 + 1.51 +
0.02 0.96 0.33
NayO b.d. 0.02 + 0.01 0.78 + 0.06 5.08+0.32 327 +
0.46
TiOy b.d. 0.15 + 0.01 0.87 + 0.04 0.09+0.02 0.46 +
0.06
K,O 0.02 + b.d. b.d. 0.86 +0.22 6.41 +
0.01 0.07
MnO 0.11 + 0.20 + 0.06 0.07 + 0.02 b.d. 0.13 +
0.02 0.01
NiO 0.44 + b.d. b.d. b.d. b.d.
0.02
Cry03 0.04 + 0.09 £+ 0.03 0.17 £ 0.02 b.d. b.d.
0.01
P,0s b.d. b.d. b.d. b.d. b.d.
Total 98.32 99.22 99.06 98.67 99.05

Major and minor element data expressed as oxide wt%. Errors for major and
minor elements are 1o standard deviations. Each sample was measured for 3-5
times.

b.d. = below detection limit.
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Fig. 1. The schematic of ion implanter.

to compare the differences of water production between various min-
erals and glass. The implanted H" dose was 107 ions/cm?, which cor-
responded to an exposure time of about 17 years on the Moon (Burke
et al., 2011). The flux was approximately 2.3 x 10'2 ions/cm?s. During
the process of implantation, the pressure of the chamber was maintained
at 5.5 x 107> Torr.

To examine the OH/H30 formation in these samples, micro-FTIR
AIM 8000 at Institute of Geochemistry, Chinese Academy of Sciences
was used to measure IR transmission spectra under a high-purity ni-
trogen protected environment. The implanted samples were exposure in
air less than 10 min during the transfer from the irradiation chamber to
the IR spectrometer. Clean, crack-free, and alteration-free areas on each
pure mineral crystal were chosen for IR measurements. Each measure-
ment spot size was a diameter of 50 pm in size. To evaluate the exact
change in the IR absorption characteristics, the same positions were
analysed before and after ion implantation. The IR spectra were ob-
tained in the range of 2000-7000 cm ! (1.43-5 pm) on each sample

using 256 scans, with a spectral resolution of 2 cm ™.
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3. Results and discussion

After H" implantation, the colour of all the samples is darkened in
irradiated region. The IR spectra (2500-4500 cm’l) of the studied
minerals and glass are presented in Fig. 2. Our results show that the main
change before and after ion implantation is located in the range of
3300-3700 cm™!, which is caused by the fundamental O—H stretch
absorption of water and hydroxyl. To determine the influence of envi-
ronmental water on the implanted samples, an olivine sample was
irradiated by 7 keV He' with 107 jons/cm? as the background sample.
Fig. 2f showed that the absorption about 3400 cm ™! disappeared, which
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was caused by the sputtering of H in the surface of the olivine sample
during the He™ irradiation. Thus, the increased absorption of water in
each implanted sample is attributed entirely to the implanted H' rather
than the adsorption of atmospheric water. Comparing the IR spectra
after irradiation to those before irradiation, plagioclase shows the most
pronounced change, and the variations in the other minerals and glass
are relatively small. The position, strength and shape of the absorption
peak are also different among these minerals and glass. This indicates
that OH/H30 is formed in the olivine, orthopyroxene, clinopyroxene,
plagioclase, and glass by H' implantation, although the ability and
occurrence of OH/H20 formation in these minerals and glass are
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Fig. 2. IR spectra of the studied samples before (black) and after (red) irradiation. The olivine, orthopyroxene, clinopyroxene, plagioclase, and glass reveal different
variations in the range of 3300-3700 cm !, especially the remarkable variations seen in plagioclase. The absorption at ~2900 cm ! for C—H bands in some samples
are organic contamination during the preparation of doubly polished thin sections. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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different.
3.1. Difference of OH/H20 formation in IR spectra

Compared to the IR spectra before H' irradiation, new peak positions
at 3564 and 3518 cm ™! are observed in the IR spectra of olivine and
orthopyroxene after H' irradiation, respectively (see Table 2). For
olivine, the new peak shows a broad wave number range with the centre
at 3564 cm™ . The peak position and shape in irradiated olivine are
similar to those in Schaible and Baragiola (2014). Lemaire et al. (2004)
demonstrated that the absorption in the range of 3450-3620 cm ™ in
forsterite is attributed to OH groups associated with Si sites. Thus, the
presence of a new broad peak indicates that a new OH is formed in the
silica tetrahedron. After H" implantation, a portion of implanted H ions
combines with oxygen in the tetrahedron and then forms OH. In addi-
tion, the broad peak indicates that OH forms in the amorphous structure,
which is caused by H" irradiation. For orthopyroxene, with the new
peak at 3518 cm ™}, it is also interpreted that OH forms in the tetrahedra,
identical to the findings of Rauch and Keppler (2002). Except for the two
new peak positions, other peaks in orthopyroxene (at ~3560 cm 1),
clinopyroxene, plagioclase and glass after H' implantation are relatively
higher, identical to the original peak positions. This implies that the
formation of these peak positions is preferential and they retain OH/H20
via H' irradiation.

In addition, the peak positions in orthopyroxene, clinopyroxene,
plagioclase, and glass generally move toward smaller wave numbers
after H' implantation. That is, the absorption peak is redshifted. This
implies that the absorption strength of the O—H bond is weakened,
which is closely related to the crystal deformation. As shown in Table 2,
it can be seen that the shift in the two absorption peaks is different in
clinopyroxene and plagioclase. The smaller wave number absorption
peak corresponding to OH in the tetrahedron has a relatively small shift
compared to the larger wave number absorption peak corresponding to
OH in the other site where protons are attached to the O;Mg oxygen
atom (Rauch and Keppler, 2002).

Corresponding to the change in peak position, the peak strengths of
all these minerals and glass enhance after H" implantation. Plagioclase
shows the most remarkable change in IR spectra compared to the other
minerals and glass. This implies that OH formation is easier in plagio-
clase than the other minerals and glass when they are implanted with H*
at the same energy and dose of radiation. For plagioclase, the absorption
peaks at 3622 and 3356 cm ™! correspond to the HyO (structurally bound
water molecule) and OH mentioned by Johnson and Rossman (2004),
respectively.

3.2. Effect of mineral structure on OH/H20 abundance

Based on Beer-Lambert law, the water content in the studied samples
can be calculated as follows:

A =1/3 x¢ xcxd (for anisotropic mineral) (@D)]
H=cxdxpxe/(18x1000) (for glass) 2)

where A and H are the integrated absorbance expressed as the integrated
absorption area (in cm~!) and absorption height, respectively, ¢ is the
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integral absorption coefficient (in ppm*-cm~2), ¢ is the molar absorp-
tion coefficient (L~m01_1-cm_1), c is the water content (in ppmw), d is
the thickness of the sample (in cm), p is the density (2.50 g/cm® for glass
here), and 1/3 is the orientation factor for non-polarized measurement
(Paterson, 1982). The uncertainty of the calculated water content was
estimated to be ~20%-30% for the uncertainties in sample thickness,
spectra baseline correction, unpolarized light measurements, and the
absorption coefficient (Kovacs et al., 2008; Liu et al., 2012). Spectrum
processes including baseline correction and absorption calculations are
performed by OMNIC software.

The changes in water content in these samples are presented in
Table 3. Although there are some intrinsic differences in water content
among these minerals and glass, there is a clear increasing trend after H*
implantation.

For olivine, there is barely any water before H' implantation for no
absorption in the IR spectra, whereas the water content reaches 16 + 1
ppm after H implantation. The water is considered to form in the silica
tetrahedron for H' compensating the charge defects in Si vacancies.
Lemaire et al. (2004) suggested that the absorption peaks at 3613 + 2,
3580 + 2, and 3566 + 2 cm ™! are attributed to the vibration of OH in
different orientations. When H" is located along the O—O edge of the
tetrahedron, absorption is seen at 3580 + 2 and 3566 + 2 cm™ L.

For pyroxene, a small change in water content is shown after H*
implantation in both orthpyroxene and clinopyroxene. A new absorp-
tion peak at 3518 cm ™ is found in orthopyroxene after H* implantation,
corresponding to the formation of water (i.e., 9 + 1 ppm). In contrast,
the other absorption peak at 3594 cm™! existing in orthopyroxene
before H' implantation exhibits little change in water content after
being implanted with H'. Similarly, little change in absorption strength
at the peak of the larger wave number (i.e., 3630 cm 1) is observed in
clinopyroxene after H' implantation. The increase in water content with
36 + 7 ppm in clinopyroxene corresponds to the change in absorption
peak at 3514 cm™ L. According to the previous works (Rauch and Kep-
pler, 2002; Katayama and Nakashima, 2003; Koch-Miiller et al., 2004;
Skogby, 2006), absorption peaks at about 3520 and 3549 cm™! are
caused by OH formation for AI**+H™ substituting Si** in the tetrahe-
dron. In this studied samples, the Al content is about 0.8 and 1.1 at.% in
orthopyroxene and clinopyroxene, respectively. Most of AI** replaces
Si** and leads to a charge imbalance in the tetrahedron. When the
mineral is implanted by HY, it is favourable for the tetrahedron to form
OH by capturing H' to compensate the charge imbalance. This view is
confirmed in our experiment where the OH increases in the tetrahedron,
corresponding to absorption peaks at 3518 and 3514 em™! in the
orthopyroxene and clinopyroxene after H" implantation, respectively.

As shown in Table 3, the water content increases most remarkably in
plagioclase after H' implantation. It is estimated to be 158 + 19 and
187 + 27 ppm at 3356 and 3622 cm ™}, respectively. As in previous work
by Johnson and Rossman (2004), the absorption peak at 3622 em!in
plagioclase is correlated with the HO (structurally bound water mole-
cule). In the crystal boundary and vesicles within the amorphous rims
mentioned by Bradley et al. (2014), there are many oxygen-dangling
bonds, and a local charge imbalance is produced. To compensate the
charge balance, those oxygen-dangling bonds are favourable for
capturing H" and forming H,0. The peak of OH at 3356 cm™! in
plagioclase is aligned with the crystallographic a axis (Johnson and

Table 2
Absorption characteristics of the mineral IR spectra.
Olivine Orthopyroxene Clinopyroxene Plagioclase Glass
Before After Before After Before After Before After Before After
Peak Position - 3564 3594 3568 3630 3616 3668 3622 3546 3538
(em™) - 3518 3514 3512 3368 3356
Peak Strength - 1.3 1.2 1.4 0.8 0.9 3.4 12.2 19.1 19.3
(%) - 0.6 2.5 2.6 0.5 9.0

‘~’: No spectra peak.
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Table 3
Water content calculated with IR absorption characteristics in minerals and glass.
Minerals AH (%)/ d € Ac Peak position occurrence
AA (cm™) (cm) (ppm~'-em™?) (ppm) (em™)
Olivine 0.872 0.0315 5.09 + 0.33" 16 £1 —/3564 OH
Orthopyroxene 0.695 0.0150 15.60 + 0.94” 9+1 —/3518 OH
0.079 1+1 3568/3594 OH
Clinopyroxene 1.286 0.0150 7.09 + 0.32° 36 +7 3512/3514 OH
0.039 1+1 3616/3630 OH
Plagioclase 26.987 0.0175 29.3 & 3¢ 158 +£19 3356/3368 OH
31.972 187 + 27 3622/3668 H;0
Volcanic glass 0.2* 0.0225 62.32 + 0.42%* 10+1 3538/3546 OH

Notes: ‘AH’ and ‘AA’ represent the changes in height and area of the absorption peak, respectively; ‘d’ represents thickness of the studied samples; ‘e’ represent the

absorption coefficient of the mineral; ‘Ac’ represent the water content change.
2 Data from Bell et al. (2003);
b Data from Bell et al. (1995);
¢ Data from Mosenfelder et al. (2015);
“ AH;
** The units are L-mol !-cm™! (Mandeville et al., 2002).

Rossman, 2004). The OH formation mechanism is similar to pyroxene in
which Si*" is substituted by AI>*+H" in the tetrahedron.

Based on the discussion above, the OH/H,0 formed by H* implan-
tation strongly depends on the local charge imbalance in the mineral
structure. Compared to the crystalline minerals, glass might have fewer
charge imbalance defects. Thus, it is more difficult to capture H" and
form OH/H,0 by implantation. In our experiment, glass shows a water
content change of only 10 + 1 ppm after H" implantation. It seems
contrary to the Apollo agglutinitic glass, which contains about 200 ppm
of hydroxyl formed by solar-wind implantation (Liu et al., 2012). The
reason for this is that the formation mechanism of water (OH) in
agglutinitic glass is different from that in mineral phases. Considering
that the origin of lunar agglutintic glass is multiple impact melting, the
OH was not only formed directly by solar-wind implantation, but also by
complex processes (i.e., by proton implantation followed by microme-
teorite melting and mixing). However, in terms of lunar silicate min-
erals, the formation of OH in these phases is mainly related to the defects
produced after H" implantation (i.e., solar-wind implantation). Plagio-
clase belongs to the framework silicate and has the largest surface
density of the silica tetrahedron among the three silicate minerals.
Therefore, it can capture much more H' in the tetrahedron than olivine
and pyroxene. Based on the change in water content, the capture ratio of
H' to form OH/H,O0 is estimated to be 0.009%, 0.006%, 0.021%, 0.19%,
and 0.006% for olivine, orthopyroxene, clinopyroxene, plagioclase, and
glass after being implanted with 107 jons/cm? of H*, respectively.

3.3. OH/H20 formation by solar-wind implantation on the moon

On the lunar surface, H,O and OH species can be formed when solar-
wind protons interact with the oxygen-rich lunar soil particles. Plagio-
clase is an important component in the lunar soil and ranges from 12.9 to
69.1 vol% (Heiken et al., 1991), and it is favourable to form OH/H,0 by
solar-wind proton implantation. Assuming all the OH/H3O is formed in
plagioclase when the soil particles are implanted by solar-wind protons
on the lunar surface, the absorption strength of the IR spectra of lunar
soil (H;) can be inferred by the following function:

d
Hi=H-—-
s S 3

Here, H is the height of the absorption peak in irradiated plagioclase
sample, D is the thickness of the plagioclase sample in cm, d; is the lunar
soil particle size in cm, and S is the plagioclase content in the lunar soil.

For the average particle size of 100 pm, when the plagioclase content
varies from 12.9 to 69.1%, the absorption strength of the lunar soil ac-
cording to formula (3) changes from 0.7 to 3.6% at 3356 cm~ ! and from
0.9 to 4.8% at 3622 cm™ L. This is consistent with the previous spacecraft

exploration results. First, the Moon Mineralogy Mapper (M) on
Chandrayaan-1 detected the strongest OH/H0O absorption signal at
several fresh feldspathic craters (Pieters et al., 2009) and found that
lunar mare exhibits weaker HyO/OH absorption than the lunar high-
lands (Wohler et al., 2017). Although there is ongoing debate on these
observations (e.g., Li and Milliken, 2017; Bandfield et al., 2018), our
results suggest that OH/H,0 formed by solar-wind implantation in the
lunar soil is likely to be preferentially preserved in plagioclase-rich
highland area. Second, the variation in absorption strength with
plagioclase abundance is consistent in spectra from the Visual and
Infrared Mapping Spectrometer (VIMS) on Cassini, the M3 on
Chandrayaan-1, and the Deep Impact High-Resolution Instrument-
infrared spectrometer (HRIIR). It shows absorption strength of about
2-3% near 2.8 pm in the VIMS (Clark, 2009). With HRIIR data, Sunshine
et al. (2009) found that the 2.8 pm absorption strength ranges from 9 to
11% for the lunar mare and 10 to 12% for the highlands along the lunar
morning terminator, which is the strongest absorption in a lunar day. In
the M2 data, the absorption strength of about 3 pm is mostly <4% below
latitude of about 45° versus 2.8 pm mainly from 3 to 6% along the full
lunar latitude (Pieters et al., 2009; McCord et al., 2011).

4. Conclusions

In this study, olivine, pyroxene, plagioclase, and glass phases are
implanted with 7-keV H* at a dose of 107 ions/cm? under the same
radiation conditions. The IR spectrum analyses of these samples show
that structural OH/H,0 is formed after H" implantation, and the
structural OH/H30 content in plagioclase is the highest. The charac-
teristics of absorption are different among these minerals and glass
associated with different structures. In crystalline minerals, structural
OH/H,0 formation after H' implantation is mainly related to the tet-
rahedron defects. Plagioclase belongs to the framework silicate and has
the largest surface density of silica tetrahedra among the three silicate
minerals. Therefore, it can capture much more H' in tetrahedra and thus
form the most OH compared to other minerals. Our experimental results
suggest that the structural OH/H,0 formed by solar-wind implantation
in the lunar soil is preferentially preserved in plagioclase. We calculate
that for an average particle size of 100 pm, the absorption strength of the
lunar soil changes from 0.7 to 3.6% at 3356 cm ™ and from 0.9 to 4.8%
at 3622 cm ™! when the plagioclase content varies from 12.9 to 69.1 vol
%, which is consistent with the results from recent spacecraft explora-
tion missions. This study could be helpful in understanding the differ-
ences in the formation processes and abundance of OH/H30 in different
silicate minerals and glass on airless bodies (e.g., the Moon, Mercury).
Our results will also aid the interpretation of variations in OH/H20
abundance recently observed by infrared spectra from Cassini, Deep
Impact, and Chandrayaan-1. It could also improve understanding of
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surficial OH/H0 detection by infrared spectrometers in the Chang’e-3/
4 lunar in-situ exploration missions and the Chang’e-5 lunar sample
return mission.
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