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Introduction: The possibility of lunar polar ice
was suggested by Harold Urey in the 1950's [1], and
has likely been directly detected at the North Pole of
Mercury by MESSENGER. That detection was based
on the presence of reflectance anomalies seen by the
Mercury Laser Altimeter (MLA) that occurred only
where models of the surface temperature allow long-
duration preservation of surface water ice against sub-
limation [2,3].

Anomalous reflectance is also seen at the lunar
poles, revealed by laser measurements. The reflectance
of permanently shadowed regions is systematically
higher than nearby areas that receive at least some il-
lumination [2,3,4] (Fig. 1). Models suggest that if the
higher reflectance is due to the presence of water ice;
up to 14 wt.% could be present depending on the dis-
tribution of frost within or on the regolith.
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Figure 1. DIVINER maximum temperature (left) and LOLA reflec-
tance (right) for the North Polar crater Lovelace. The blue patch in
the temperature image shows the location of a permanently shad-
owed region. The corresponding location in the reflectance image
clearly shows higher reflectance than the surroundings.

Results of lunar observations by the Deep Impact
High-Resolution Instrument — Infrared spectrometer
(HRI-IR) in the 3 um region and by the Lunar Recon-
naissance Orbiter (LRO) Lyman Alpha mapping pro-
ject (LAMP) in the far-UV region both show that spec-
tral features consistent with hydration of the surface
are diurnally variable. This indicates that water is pos-
sibly mobile on the lunar surface [5,6]. Because the
lifetime of water molecules in the lunar atmosphere is
short against dissociation (~20 hours) compared to the
lunar diurnal cycle, water must be continuously pro-
duced to account for the observations. Mobile water

will trap on cold surfaces during the lunar night and be
released when surfaces are illuminated during the day.

In this study, we seek evidence for transient water
frost on the polar surfaces using reflectance data from
the Lunar Orbiter Laser Altimeter (LOLA), and tem-
perature data from the DIVINER radiometer, both
onboard the LRO. We aim to search for areas that may
“load” with surface frost during the night causing in-
creased reflectance, and unload during the day reduc-
ing the reflectance. Detection of transient surface frost
constrains the rate of input into the lunar volatile sys-
tem.

Methods and datasets: LOLA measures the
backscattered energy of the returning altimetric laser
pulse at 1064 nm. This data is used to map the reflec-
tivity of the Moon at zero-phase angle with a photo-
metrically uniform data set. The zero-phase geometry
is insensitive to lunar topography and enables the char-
acterization of subtle variations in lunar albedo, even at
high latitudes where such measurements are not possi-
ble with the Sun as the illumination source. The
DIVINER radiometer simultaneously measures the
bolometric temperature of the lunar surface.

To find evidence of transient surface frost, we ex-
amined locations where reflectance data from LOLA
exists at both low (<156 K, a loss of 100 um of frost
per month or less, sufficiently cold for ice to persist
during a single lunar night [7,8]) and high temperatures
(>201 K, a loss of 1 mm of frost per month or more, no
possibility of retaining surface ice [7,8]) using the
DIVINER radiometer data, seeking changes in albedo
with temperature. We search the LOLA reflectance
dataset for locations that have reflectances measured at
both low and high temperatures using DIVINER tem-
perature measurements obtained simultaneously with
LOLA data. For this initial search, we examined both
polar regions at a spatial resolution of 2 pixels per de-
gree (~15 km per pixel), within £50-90° latitude.

Initial Results: For both polar regions (£50-90°
latitude), we find that most of the pixels outside per-
manantly shadowed regions are subject to both low
(<156 K) and high (>201 K) temperatures. Figure 2
shows the LOLA reflectance data for both poles when
the temperature of a given pixel is either <156 K
(Fig. 2 left) or >201 K (Fig. 2, right).
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By subtracting the 1064 nm reflectance when the
temperature is high (>201 K) from the reflectance
when the temperature is low (<156 K), we find that the
global difference in reflectance averages near O for
both polar regions (Fig. 3). Therefore, we do not detect
a general temperature dependent reflectance variation.

Discussion and future work: We did not detect a
general temperature dependent reflectance variation in
our study for either polar region with a detection preci-
sion of about 1%. Using a simple model of a non-
absorbing layer over an absorbing substrate, a very
small optical depth is required to raise the reflectance
by 1%, only 0.045 ([9] Section 9.D.2). This corre-
sponds to ~30 pg/cm?, a layer thickness of about
300 nm. In comparison, the observations of [5,6] re-
quire a layer thickness of at least 10's of nanometer to
account for the observed band depths. This suggests
that our current measurements are at the edge of detec-
tion of the source implied by the spacecraft observa-
tions. In contrast to the implications of the reported
measurements, the solar wind can provide far less wa-
ter; concentrated in a single layer, calculations by [10]
suggest only 0.01 nm globally averaged per month.

Our current analysis did not take into account how
long each surface element has been subject to cold
temperatures (i.e., if it had time to accumulate frost).
For example, based on a Monte Carlo model, Schor-
ghofer (2014) [11] showed that a continuous source of
water molecules arriving on the lunar surface (regard-
less of the source) would significantly accumulate near
the morning terminator. Additional calculations show
that the morning terminator should feature about
30 times the concentration of the average nightside
abundance, improving prospects for detection.

Future work includes reanalyzing existing data to
include the time of exposure at low temperatures, and
conducting targeted observations with LOLA to ob-
serve night time polar surfaces near the morning ter-
minator in order to improve the upper limits of detec-
tion on transient water frost.
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Figure 2. LOLA 1064 nm reflectance for (A) the North Pole and (B)
the South Pole. The reflectance when the temperature is low (<156
K) is shown on the left and the reflectance when the temperature is
high (>201 K) is shown on the right.
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Figure 3. LOLA 1064 nm reflectance difference between the reflec-
tance when the temperature is high (>201 K) and when the tempera-
ture is low (<156 K), for (A) the North Pole and (B) the South Pole.
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