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Overview: We utilize the unique measurements 

from the Lunar Reconnaissance Orbiter (LRO) mission 
to study the phenomenon of dayside lunar hydration. 
The Lyman Alpha Mapping Project (LAMP) onboard 
LRO senses a strong water absorption edge indicating 
hydration in small abundances in the permanently 
shadowed regions [1] as well as on the lunar dayside 
[2]. In this study, we explore the dayside LAMP hydra-
tion results [2] over specific regions and considering 
effects during magnetotail crossings, utilizing the full 
set of LAMP data.  

LAMP measures diurnal variations in ultraviolet 
(UV) spectral slope that are interpreted as due to 
changes in hydration. LAMP senses increased hydra-
tion levels in areas of colder temperatures (away from 
mid-day and at higher latitudes) and grains of higher 
activation energies (e.g. highlands terrains). There does 
not appear to be a change in spectral trend while the 
moon is in the magnetotail, as might be expected when 
the solar wind (considered to be a primary origin of 
protons to source the hydration) is “turned off.” The 
diurnal variability indicates significant mobility and 
migration of OH/H2O molecules across the surface 
throughout the lunar day. 

Background: Several observations have pointed to 
water and hydrated species on the Moon. Vilas et al. 
[3] first suggested the presence of water-bearing min-
erals (indicated by the presence of the broad 0.7 µm 
charge transfer band in oxidized iron) near the lunar 
south pole from Galileo Solid State Imager (SSI) broad 
band spectra. Data from the Moon Mineralogy Mapper 
(M3) on Chandrayaan-1 measured the spectral signa-
tures of adsorbed water (near 3 µm) and hydroxyl 
(near 2.8 µm), finding them to be strongest at high 
latitudes and at several fresh craters [4]. Clark et al. 
[5], in a re-processing of the M3 data, showed that the 
water-related absorptions appear also at lower lati-
tudes. The M3 detections were verified using Cassini 
Visual and Infrared Mapping Spectrometer (VIMS) 
data [6] and Deep Impact data [7], which showed the 
OH and H2O absorptions to vary with temperature (re-
lated to time of day); the Deep Impact data also found 
that the diurnal changes in hydration are stronger in 
mare regions than in highlands regions. A likely sce-
nario (e.g., [8][9]) is that solar wind protons interact 
with the lunar regolith, reacting with iron oxide (FeO) 
to form H2O. The adsorption coefficient of H2O could 
be variable based on temperature (the highlands being 
cooler than the maria due to their higher visible albe-
do) or composition (ilmenite in the maria versus sili-

cates in the highlands), either of which could result in 
the different diurnal hydration changes in the maria 
and highlands [10]. Similarly, the diffusion time of 
implanted solar wind can vary as a function of compo-
sition and temperature, which might produce the spa-
tial and temporal variations [11].  More laboratory 
work is required to understand these observations. 

LRO/LAMP Data & Previous Results: LRO 
LAMP has been making measurements of the lunar 
nightside, dayside and atmosphere since October 2009. 
The LAMP instrument [12] is a photon-counting imag-
ing spectrograph. The entire passband is 57–196 nm, in 
the far-UV (FUV) spectral region. For the dayside 
measurements considered here (though acquired up 
through September 2016), the instrument is operated in 
“pinhole” mode, with the entrance aperture reduced by 
a factor of 736. The instrument was usually nadir-
pointed in LRO’s characteristic 50-km lunar orbit of 
the prime mission and provided ~500 m resolution 
during that phase of the mission. In 2011, LRO’s orbit 
was modified to an elliptical orbit that results in up to 
~2 km resolution when at the north pole and ~300 m at 
the south pole. 

To determine the lunar FUV reflectance, we divide 
the LAMP data from any selected region by the full-
disk solar spectrum from SORCE SOLSTICE [13], 
taken for the day of each observation and convolved to 
agree with the LAMP resolution and line spread func-
tion. Sample LAMP reflectance spectra are shown in 
Fig. 1.  

The presence of a strong water absorption edge in 
the far-UV (near 165 nm) allows the study of lunar 
hydration by LAMP. Models shown in Fig. 2 demon-
strate the effect on spectral slope of small amounts of 
H2O over a confined spectral region (164-173 nm). To 
map the presence and strength of the water feature in 
the LAMP data, we make a straight line fit to each 
reflectance spectrum in the 164-173 nm range, where 
the presence of any water is expected to most strongly 
affect the slope and determined the slope of that line, 
after photometrically correcting using the Lommel 
Seeliger term µ0/(µ+µ0), after Hendrix et al. [2]. Hen-
drix et al. [2] (using data in the October 2009- June 
2011 timeframe) found a relationship between the 164-
173 nm slopes and time-of-day, with steeper (redder) 
slopes (consistent with increased hydration) earlier and 
later in the day, and at higher latitudes. Near noon, the 
slopes were the bluest. (For comparison, Hendrix et al. 
[2] also studied the slopes in the 175-190 nm range, 
where the slope is not expected to change due to hy-
dration effects and showed that indeed the slope in the 
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175-190 does not vary systematically with time of day 
as the 164-174 nm slope does.) 

 
Figure 1. LAMP spectra of representative lunar terrains: a 
mature highlands region (13°N, 145°E) and a mature high-Ti 
mare region (11.17N, 314.44 E).  

 
Figure 2. Models showing the spectral effects of adding 
small amounts of hydration to far-UV lunar spectra. An ob-
servable change in slope is expected in the 164-173 nm re-
gion, with no slope changes elsewhere. From [2]. 
 

New Results:  We now use LAMP data through 
September 2016 in our analysis.  Results indicate that, 
as in our earlier study [2], small abundances (~1%) of 
hydration are detected using the FUV absorption fea-
ture, and the abundance varies over the course of a 
day. With more data, we now consider latitudinal ef-
fects and terrain type.  

To look at compositional effects, we chose a large 
mostly-mare region and a large mostly-highlands re-
gion (same latitude range). The spectral slopes in each 
region are plotted vs. beta angle (time of day) in Fig. 3.  
For both terrains, we see a similar diurnal distribution 
in spectral slopes, consistent with changes in hydration 
level throughout the day. However, the highlands re-
gion has consistently redder/higher slopes than the 
mare region, consistent with greater levels of hydration 
throughout the day; this is not related to inherent com-
positional differences. This is in agreement with infra-

red results [4][7]. Also, Poston et al. [14] found that a 
highlands sample retained more H2O than a mare sam-
ple due to greater activation energies. 

We also find that for both highlands and mare re-
gions, the lowest latitudes (closest to the equator) have 
the bluest slopes, consistent with lower hydration lev-
els, throughout the day. The highlands at higher lati-
tudes (>20°N) decrease in slope relatively abruptly 
approaching noon; this may be because the greater 
activation energy of feldspathic grains likely makes the 
hydrating molecules (OH/H2O) more stable to higher 
temperatures [15]. 

We find that observations during magnetotail 
crossing produce spectral slopes no different than those 
observed while in the solar wind, suggesting that mi-
gration/diffusion of the hydrating molecules is more 
important than immediate solar wind effects.  

 
Figure 3. Investigating terrain-related effects in diurnal hy-
dration changes. Minimum spectral slopes occurring near 
noon (beta 0°) are consistent with a loss of hydration at the 
highest temperatures. Highlands slopes are consistently red-
der than mare slopes, indicating slightly higher levels of 
hydration in those terrains.   
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