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Introduction:  Various forms of water have been 

discovered on the Moon by recent lunar missions: 1) 

Polar ice excavated from permanently shadowed re-

gions and detected by  Lunar Crater Observation and 

Sensing Satellite (LCROSS) experiment in the south 

pole [1]; 2) OH/H2O found by Chandrayaan-1 Moon 

Mineralogy Mapper (M3), Cassini Visible and Infrared 

Mapping Spectrometer (VIMS), and Deep Impact High 

Resolution Instrument Infrared Spectrometer (HRI-IR) 

[2-4]. The dynamic H2O loss and rehydration cycle 

over a lunar day suggests solar wind hydrogen, other 

than comets and asteroids, should be an important 

source of lunar surface water [4], which is also sup-

ported by lunar soil analysis and ion irradiation exper-

iments in laboratory [5-7]. The solar-wind hydrogen 

could implant into the top surface of lunar soil grains 

and form individual OH and HOH groups by through 

the reduction of Fe2+.  

As we examined Deep Impact observations [4], it 

was noted that one of two events might have occurred 

when the Moon passed through Earth's magnetosphere, 

which shields solar wind flux from being incident on 

the lunar surface. During this period (for 4-5 days eve-

ry month), proton flux from the Earth's magnetotail 

plasma can also provide hydrogen to produce OH/H2O  

on the lunar surface [8]. In addition, oxygen ions ac-

companied with this proton flux might also contribute 

to OH/H2O production process [9-11]. Therefore, we 

intend to study spatial distribution and temporal varia-

tions of lunar water with M3 data, especially those in-

side/outside magnetotail, attempting to investigate the 

influence of the Earth's magnetosphere in the for-

mation of the lunar surface hydration. 

Methods: As described in [2], we use M3 spectra 

around OH/H2O absorption feature at 2.8 μm to esti-

mate water content. In order to suppress thermal resid-

uals in M3 data, only polar regions are selected due to 

their lower temperature. Full-moon times in each 

month are taken as zero epoch, then the water contents 

at the same day apart from the zero epoch are averaged 

over 10°×10° latitude/longitude grid for all months 

from Nov. 2008 to Aug. 2009. In each month, 4-5 days 

around the full moon time corresponds to the position 

of the Moon in the Earth's magnetosphere. 

Results and Discussion:  As shown in Fig. 1, lunar 

surface hydration distribution in one month is closely 

related to solar illumination condition, indicating high-

er abundance along lunar terminator, consistent with 

the results by Deep Impact observations [4]. The north-

south asymmetry (Fig. 2) might be caused by residual 

artifacts in the M3 data. During the Moon’s passing 

through the Earth’s magnetotail (Red rectangle in Fig. 

2), solar wind flux incident on the lunar surface almost 

vanished due to shielding by the Earth's magneto-

sphere. However, OH/H2O contents remain nearly the 

same order as those outside the magnetotail when the 

Moon is exposed to solar wind. 

The above findings suggest that solar wind hydro-

gen is not the sole source to form OH/H2O  on the lu-

nar surface, instead proton/oxygen [8-11] flux from the 

Earth's magnetotail plasma might dominate this pro-

cess when the Moon is in the Earth's magnetosphere. 

Besides Chandrayaan-1 M3, The Lyman-Alpha Map-

ping Project (LAMP) onboard the Lunar Reconnais-

sance Orbiter, still operating and obtained a large 

amount of UV spectral data covering the entire lunar 

surface since 2009, provides an opportunity for com-

prehensive studies on lunar water spatial distribution 

and temporal variations [12], and can give more evi-

dences on its formation mechanisms. 
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Fig. 1. OH/H2O spatial distribution and temporal variations in the lunar northern polar region. Absorption depth 

at  2.8 μm is used as indicator of water content. The two red lines indicate lunar terminator (incidence angle of 90°) 

variation range. 

  

Fig. 2.  OH/H2O spatial distribution and temporal variations in the lunar southern (left) and northern (right) polar 

regions. The red rectangles indicate time range when the Moon is inside the Earth’s magnetotail.
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