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1. Context 
Planetary surfaces can be subjected to 

extreme thermal and pressure conditions. These 
environmental conditions can impact the optical 
properties of surface material, and should be taken 
into account for valid compositional interpretation of 
remote sensing observations. Here, we present the 
capabilities of the cold surface spectroscopy 
laboratory, a trans-national access (TNA) facility 
accessible though the Europlanet 2020-RI framework, 
as well as some scientific results obtained so far. 

2. Facility overview 
The facility is constructed around two 

instruments that are dedicated to the high precision 
spectro-gonio radiometry of rocks, organics and ices 
over most of the solar spectrum range (0.35 – 5 µm). 
These two instruments are roughly similar, but 
dedicated to two different types of samples: i) 
SHINE, for large (> 10 g) and translucent samples (> 
5 cm) [1] ii) SHADOWS, for precious (< 1g) and 
dark samples [2]. Both instruments are located in a 
cold room in order to minimize the atmospheric 
water vapor and to decrease the thermal background. 

Each instrument is constituted of two arms 
(illumination arm and detection arm) that can rotate 
in order to sample a range of incidence and 
emergence angles (up to 80°). Also, measurements 
outside of the principal plane are possible since the 
azimuth can vary of 180° in order to sample the full 
bi-directional distribution reflectance function. The 
incident light is modulated before being sent on the 
sample, and two lock-in amplifiers, synchronized 
with the modulation frequency, isolate the reflected 
light signal from the thermal infrared background. 
The measured reflected light is analyzed by two 
detectors (Si, 0.35-1.1 µm and InSb, 1.1-5 µm). The 
polarization of the reflected light can also be 
measured. 

Each instrument is equipped with a home-
made control software enabling automated sampling 
of the spectral bi-directional reflectance distribution 
function (BRDF). A sample preparation laboratory is 
connected to the facility, where grinding (manual or 
automated) and sieving (manual or automated) can be 
performed. 

3. Environmental chambers 
Two different environmental chambers can 

be coupled to SHINE and SHADOWS. The first one, 
SERAC (Pommerol et al., 2009 [3]) enables to 
expose a particular sample to a controlled relative 
humidity, and to quantify the amount of water that is 
adsorbed on the sample [3] or absorbed by the 
sample [4]. A second cell, named CARBONIR, 
enables to maintain a sample under cryogenic 
temperature (down to 50 K) while maintaining a 
given total gas pressure of controlled composition. 
This cell can also be used to directly condense 
volatiles on a given surfaces. Also using a specific 
sample holder, this cell can be used to measure 
reflectance spectra of minerals (or meteorites) under 
low temperature. Because of the cells geometry, 
spectra can only be measured under restricted 
observation geometries when using them. Because 
both instruments are located in a cold room (down to 
-20°C), it is possible to study the spectro-photometry 
of water-ice and its mixture with dust without using 
an environmental chamber [5]. 

4. Some examples of applications 
Low-temperature spectra of minerals: Some 
absorption features can be strongly dependent on 
temperature. This is the case of transition from 
excited states (see for instance the case of brucite 
3.06 µm feature, [6]) or absorption features related to 
OH/H2O in hydrated minerals (Fig. 1; see [7]). 

Mars seasonal condensates: The seasonal evolution 
of Martian atmospheric CO2 is intimately related to 
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deposition and sublimation processes of CO2 ices. 
With the CARBONIR environmental chamber we 
were able to simulate deposition, metamorphism and 
sublimation of Mars seasonal CO2 deposits, pure 
(Fig.2, [8]) or mixed with water ice or martian dust 
simulant [9]. 

has been interpreted in a variety of ways, and the most recent sug-
gestion, which generates an excellent fit from 2.80 to 4.00 lm, is a
mixture of carbonates and brucite (Milliken and Rivkin, 2009).
Such a mineral assemblage has not been observed in carbonaceous
chondrites and requires very specific environmental conditions
including a high water–rock ratio (Zolotov, 2014). In this paper,
in order to gain insight into the possibility that brucite occurs at
the surface of Ceres, which has strong implications for Ceres exter-
nal cycles, we measured the reflectance spectra of brucite under
temperature relevant for Ceres surface, i.e. down to 93 K.

2. Sample and methods

All spectra were measured at the Institut de Planétologie et
d’Astrophysique de Grenoble (IPAG) with a home made
spectro-gonio-radiometer (Brissaud et al., 2004). This instrument
measures bidirectional reflectance spectra in the range
0.40–4.80 lm. Spectra were acquired from 0.50 to 4.00 lm using
an incidence angle of 0!, and an emission angle of 20!, at a spectral
sampling of 20 nm. Spectralon" and Infragold" (Labsphere Inc.)
were used as references. Corrections were applied to take into
account the standards’ spectral behavior and photometry.

The spectro-gonio-radiometer was coupled with the CARBONIR
environmental chamber (Grisolle et al., 2014; Philippe et al., 2014).
This chamber is made of a large closed isothermal copper cell
(diameter of 8 cm) inserted in a stainless steel chamber. The cop-
per cell is cooled with an He-cryostat and optical access is permit-
ted through sapphire windows. This setup enables measurement of
reflectance spectra at temperatures down to 50 K. In order to
ensure efficient thermal coupling of the sample, a few mbar (mon-
itored during the experiment) of air were kept in the cell. The cell
temperature is monitored during the experiment and the error on
sample temperature is estimated to be of the order of 1 K.

In order to minimize undesired water vapor absorption and to
improve our SNR in the infrared, the whole setup
(CARBONIR + spectro-gonio-radiometer) was kept within a cold
chamber at 265 K.

About 5 g of natural brucite (Mg(OH)2) from Texas, Lancaster
Co. PA, were ground in an agate mortar. The sample was ground
vigorously to achieve a fine grain size (<50 lm) in order to
minimize possible crystallographic orientation effects. Indeed,
transmission spectra measured on brucite shows a profound
dependence on crystallographic orientation (Dawson et al., 1973).
The powder was gently poured into the sample holder, and the sur-
face was not compacted.

3. Results

At room temperature, the reflectance spectrum of brucite shows
numerous absorption features between 0.50 lm (20,000 cm!1) and
4.00 lm (2500 cm!1) (Fig. 1). A triplet of relatively narrow absorp-
tions is found at 1.30, 1.36 and 1.395 lm, while at higher wave-
length features occur around 2.10 lm, 2.47 lm, 2.70 lm, 2.84
and 3.06 lm (Fig. 1). As will be discussed later all these absorptions
are likely related to –OH fundamental stretching, or its combina-
tion with lattice modes. Possible feature observed above 3.20 lm
are explained by the presence of carbonates, which on Earth can
form very rapidly by gas–solid reaction between atmospheric
CO2 and brucite surfaces (Garenne et al., 2014).

With decreasing temperature, a significant evolution is found in
the reflectance spectrum of brucite (Fig. 1). In the case of the triplet
around "1.4 lm, the relative intensity of the features at 1.36 and
1.39 lm is changed (the 1.36 lm band increasing while the
1.39 lm band decreases). This is possibly related to a modification
of the position of the modes.

Changes are also observed at higher wavelength. At 2.10 lm,
2.48 and 2.70 lm, with decreasing temperature, subtle changes
appear to occur in the shape of these bands attributable to narrow-
ing. The most visible change in the reflectance spectra of brucite
observed under low-T is a modification of the 3.06 lm band. The
band broadens under low-T and its depth decreases by about a fac-
tor of two. The evolution of this feature is shown in more details in
Fig. 1b, where a linear baseline was subtracted between the two
local reflectance maxima surrounding the band.

Fig. 1. Reflectance spectra of natural brucite (Mg(OH)2) measured under decreasing temperature. The left panel shows almost the full spectral range (1.00–4.00 lm) and
individual spectra were offset for clarity. The right panel is a zoom on the 3.06 lm feature, and a linear baseline has been subtracted. The gray line in the right panel
correspond to Ceres spectra digitized from Milliken and Rivkin (2009). The equilibrium temperature of Ceres is 164 K while the maximum temperature measured is 234 K
(Saint-Pe et al., 1993).

472 P. Beck et al. / Icarus 257 (2015) 471–476

 

Figure 1: Temperature evolution of the reflectance 
spectrum of brucite. From [5]. 
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Figure 6.4 – Croissance d’une couche métamorphisée par le bas d’un échantillon de neige de
CO2. Quatre semaines séparent la première de la dernière image. a : 10ème jour (noté J10), b :
J11, c : J13, d : J17, e : J21, f : J43. A J13 (c.) le sommet du dôme de slab est déjà émergé au
centre de la surface de neige. Sur cette vue par une fenêtre latérale on remarque la couronne
de givre de glace d’eau et sa disparition progressive.

 

Fig. 2: Progressive metamorphism of CO2 snow into 
CO2 ice [7]. 

Reflectance of cometary analogues: The high 
signal to noise ratio of the SHADOWS instrument, 
even for low reflectance values (< 3 %) is 
particularly well suited for studies of cometary 
analogues. These have been undertaken in the 

framework of VIRTIS observation of comet 67P 
surface material. 
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