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Permanently shadowed regions (PSRs) at the poles of the Moon and Mercury 
have been pointed out as candidates to host water ice at their surface. Many 
efforts are being made to detect and quantify that ice:

These are some of the  
accepted ideas

These are the
techniques employed

On Mercury, water 
ice is exposed at 
latitudes higher 
than 80ºN. 

On the Moon, the 
presence of ice is 
lower than on Mer-
cury (if present at 
all), an it is pro-
bably mixed within 
the regolith. 

Find out more in 
Lawrence, 2016 [1]

One way to detect ice in PSRs is through the study of their reflectance, since the addi-
tion of ice into soil or regolith is likely to change its reflectivity. Now, how well do we un-
derstand the reflectance of icy intimate mixtures?

At concentrations of 35wt%, there is no significant spectro-photometric signature of ice 
in the continuum. At low incidence angles and with big ice particles, this threshold can 
be raised to 75wt%. In [7], we studied how reflectance models cope with this behavior. 

Because sublima-
tion of fine ice is 
faster than the ac-
quisition of the 
whole spectrum, we 
first scan the abso-
lute reflectance 
(±10%) at key wave-
lengths.

You can observe 
the shape of the 
spectra with the 
solid lines and 
assess the absolute 
brightness with the 
dots.  

Measured at 750 nm at low 
and high incidence angles.
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These are
BRDFsWe show the reflectance 

measurements on mixtures 
of JSC-1 AF with variable 
concentrations of water ice:

From 0.38 to 2.4 µm.

At the Icelab (Uni-
versity of Bern) [2], 
we have protocols 
to prepare and cha-
racterize associa-
tions of ice w/ mine-
ral as analogs of icy 
planetary surfaces.

We produced two 
size distributions 
of particulated ice 
by nebulizing and 
freezing droplets of 
deionized water [3]. 

As dry-member, we 
used JSC-1 AF, the 
fine fraction of the 
lunar mare regolith 
simulant distribu-
ted by NASA [4].

In some PSRs, ice 
is thought to be 
mixed with the re-
golith at the grain 
level [5]. Hence, we 
reproduce these 
mixtures.

We measure the Bi-
directional Reflec-
tance Distribution 
Function with PHI-
RE-2 [2], a goniome-
ter that allows 
low-phase-angle 
measurements. 

We acquire refle-
tance spectra with 
SCITEAS [6], a 
hyperspectral 
imager for icy sam-
ples. 
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Of coarse-grained 
ice can be masked 
by dust at low 
phase angles.

Is easier to detect 
because of its grea-
ter surface-to-volu-
me ratio.

Are more sensitive 
to the presence of 
water ice than the 
continuum. 

Can be used to 
detect low concen-
trations of water 
ice.
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Next journey
to Mercury:
BepiColombo

Next journey
to the Moon:

Lunar Flashlight
Onboard BepiColombo goes 
BELA [8], a laser altimeter that 
will measure the reflectance 
of the southern PSRs.

This CubeSat [9] will measure 
the reflectance of PSRs at strate-
gic wavelengths, such as 1.5 and 
2.0 µm.

At
a 
Glance:

In PSRs of the 
Moon and Mer-
cury, ice could be 
detected through 
its reflectance.

How does the re-
flectance of icy, 
intimate mixtures 
behave?

We conduct an 
experimental 
study to support 
the inversion of 
reflectance data. 

We give optimal ob-
servational condi-
tions to detect 
water ice within 
planetary soils.

We find that large 
quantities of ice 
can be masked in 
intimate mixtures. 
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