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Impact of UV radiation on the Raman and infrared spectral signatures of sulfates, phosphates and carbonates: implications for Mars exploration
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that prevailed on Mars during the Noachian [START_REF] Vaniman | Magnesium sulphate salts and the history of water on Mars[END_REF][START_REF] Bibring | Mars Surface Diversity as Revealed by the OMEGA/Mars Express Observations[END_REF][START_REF] Poulet | Phyllosilicates on Mars and implications for early martian climate[END_REF][START_REF] Mustard | Hydrated silicate minerals on Mars observed by the Mars Reconnaissance Orbiter CRISM instrument[END_REF][START_REF] Murchie | A synthesis of Martian aqueous mineralogy after 1 Mars year of observations from the Mars Reconnaissance Orbiter[END_REF][START_REF] Carter | Detection of Hydrated Silicates in Crustal Outcrops in the Northern Plains of Mars[END_REF]. Alternatively, other minerals like phosphates, which may crystallize during magmatic processes, may provide crucial information on the volatile content of the deep planet. Their identification and the determination of their water content may thus shed new light on the early geologic and climatic history of Mars.

Although infrared (IR) spectroscopy has long been used from orbit only with CRISM or OMEGA to identify minerals on Mars [START_REF] Bibring | Mars Surface Diversity as Revealed by the OMEGA/Mars Express Observations[END_REF][START_REF] Poulet | Phyllosilicates on Mars and implications for early martian climate[END_REF][START_REF] Mustard | Hydrated silicate minerals on Mars observed by the Mars Reconnaissance Orbiter CRISM instrument[END_REF][START_REF] Murchie | A synthesis of Martian aqueous mineralogy after 1 Mars year of observations from the Mars Reconnaissance Orbiter[END_REF][START_REF] Carter | Detection of Hydrated Silicates in Crustal Outcrops in the Northern Plains of Mars[END_REF][START_REF] Ehlmann | Subsurface water and clay mineral formation during the early history of Mars[END_REF], IR data can now be collected from the ground using the SuperCam instrument aboard Perseverance [START_REF] Maurice | Mars 2020 SuperCam Bundle[END_REF][START_REF] Maurice | Mars 2020 SuperCam Bundle[END_REF][START_REF] Fouchet | The SuperCam infrared spectrometer for the perseverance rover of the Mars2020 mission[END_REF]. Furthermore, IR data can be directly confronted to Raman spectroscopic data collected using SuperCam (Wiens et al., 2022;[START_REF] Clavé | Carbonate Detection with SuperCam in Igneous Rocks on the floor of Jezero Crater, Mars[END_REF][START_REF] Beyssac | Petrological traverse of the olivine cumulate Séítah formation at Jezero crater, Mars : A perspective from SuperCam onboard Perseverance[END_REF] or SHERLOC (Bhartia et al., 2021;Scheller et al., 2022a). A similar strategy, i.e., allowing both IR and Raman data to be collected on the same targets, has been adopted by ESA for Rosalind Franklin, the rover of the ExoMars mission, which will be equipped with two IR instruments (ISEM [START_REF] Korablev | The Atmospheric Chemistry Suite (ACS) of Three Spectrometers for the ExoMars 2016 Trace Gas Orbiter[END_REF]MicrOmega Bibring et al. 2017), and one Raman instrument (RLS [START_REF] Rull | The Raman Laser Spectrometer for the ExoMars Rover Mission to Mars[END_REF]. The combined use of IR and Raman spectroscopies at the surface of Mars is expected to allow identification of minerals and quantification of their water content. However, as is the case for organic molecules at the surface of Mars [START_REF] Fornaro | UV irradiation of biomarkers adsorbed on minerals under Martian-like conditions: Hints for life detection on Mars[END_REF][START_REF] Fox | Radiolysis of Macromolecular Organic Material in Mars-Relevant Mineral Matrices[END_REF][START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF], these minerals have been bombarded by ionizing radiation. In fact, in the absence of a global magnetic field, the thin CO 2 atmosphere of Mars absorbs most X-rays and far-UV radiation, but lets mid-and near-UV photons in the range 190 -410 nm, gamma rays, solar energetic protons, and galactic cosmic rays reach the surface [START_REF] Patel | Ultraviolet radiation on the surface of Mars and the Beagle 2 UV sensor[END_REF][START_REF] Dartnell | Modelling the surface and subsurface Martian radiation environment: Implications for astrobiology[END_REF]Hassler et al., 2014). Even though UV photons do not penetrate that much below the surface [START_REF] Carrier | Attenuation of Ultraviolet Radiation in Rocks and Minerals: Implications for Mars Science[END_REF], they can interact with minerals exposed at the surface, altering their composition via radiolysis and their structure via the incorporation of electronic defects. Such alteration may modify their spectral responses for techniques sensitive to the crystal structure, chemical nature and hydration signature (H 2 O and OH), such as Raman and infrared spectroscopies [START_REF] Dartnell | Modelling the surface and subsurface Martian radiation environment: Implications for astrobiology[END_REF]Hassler et al., 2014). This may lead to misinterpretations of the collected signals. Worse, most mineral calibration targets having served to characterize instrumental responses are terrestrial analogues which have never experienced the levels of UV radiation bombarding the surface of Mars [START_REF] Manrique | SuperCam Calibration Targets: Design and Development[END_REF]. Experimentally constraining in the laboratory the impact of UV radiation on the structure, water content and spectral signatures of hydrated and non-hydrated minerals is therefore critical to properly interpret the data collected on Mars.

The evolution of the IR spectral signatures of sulfates, phosphates or carbonates experimentally exposed to simulated Mars surface UV radiation conditions has been investigated by a rather limited number of authors [START_REF] Bish | Stability of hydrous minerals on the martian surface[END_REF][START_REF] Cloutis | Stability of hydrated minerals on Mars[END_REF][START_REF] Cloutis | Spectral reflectance properties of minerals exposed to simulated Mars surface conditions[END_REF][START_REF] Poitras | Mars analog minerals' spectral reflectance characteristics under Martian surface conditions[END_REF][START_REF] Turenne | Spectral reflectance properties of minerals exposed to martian surface conditions: Implications for spectroscopy-based mineral detection on Mars[END_REF]). An even lower number of studies have been dedicated to the evolution of their Raman spectral signatures [START_REF] Bonales | Dehydration rate of the glycine-MgSO 4 •5H 2 O complex and the stability of glycine expelled from the complex by in situ Raman spectroscopy under Mars-relevant conditions[END_REF]. Of note, extrapolating laboratory results to natural settings remains difficult, in particular because geological timescales cannot be replicated in the laboratory, questioning the intrinsic relevance of laboratory experiments. Yet, the instruments onboard Perseverance do not only measure rocks having been exposed to UV radiation for millions or billions of years. In fact, Perseverance carries an abrasion tool allowing the exposure of a patch of 5 cm diameter of pristine rock initially lying 2 to 16 mm below the surface [START_REF] Moeller | The Sampling and Caching Subsystem (SCS) for the Scientific Exploration of Jezero Crater by the Mars 2020 Perseverance Rover[END_REF], to be studied using spectroscopic tools within a few Martian Sols. This justifies experimental investigations, even over short timescales. Following a previous study dedicated to the impact of UV radiation on organic molecules [START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF], we have therefore conducted laboratory experiments to document the impact of UV radiation on the water content and structure of mineral phases of major interest in the current exploration of Mars.

Here, we first investigated the evolution of the Raman and IR spectroscopic signatures of initially more or less hydrated sulfates (Ca, Na, Mg, Fe, and Al-rich sulfates) during an experimental exposure to UV radiation within a Martian chamber at a temperature relevant for the rocks at the surface of Mars. Sulfates are of particular interest in the context of the Mars2020 mission as they are considered as having a high biopreservation potential [START_REF] Scheller | First-Results from the Perseverance SHERLOC Investigation: Aqueous Alteration Processes and Implications for Organic Geochemistry in Jezero Crater[END_REF], and they may also result from the interaction of water with rocks. We also conducted similar experiments for a slightly longer duration using phosphates (Ca, Na and Mg-rich phosphates) and carbonates (Ca, Na and Mg-rich carbonates) since these minerals are also of high interest for astrobiology [START_REF] Mcmahon | A Field Guide to Finding Fossils on Mars[END_REF] and more generally for geology. The Raman spectra of these minerals were collected during the experiments in situ within the Martian chamber, while their IR spectra were collected at the end of experiments, once the irradiated samples were removed from the Martian chamber.

Materials and Methods

Selected minerals and general strategy

Five sulfates (exhibiting different hydration states), three phosphates (exhibiting different hydration states) and three carbonates (exhibiting different hydration and hydroxylation states) were selected for the present study (cf Table 1). Besides for the hydromagnesite (i.e., the Mg-rich hydrocarbonate for which a natural single crystal was simply taped on a Scanning Electron Microscope stub), we used a mechanical press to prepare pellets of compressed samples (several mg of each mineral were pressed at 2 tons onto a stub of 1 cm in diameter, leading to a final thickness of about 1 mm). Irradiation experiments were conducted in a dedicated Martian chamber built by the Cellule Projet @ IMPMC (Fig. 1) [START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF]. In this chamber, samples are exposed to UV radiation at 0°C under a primary vacuum (< 1 mbar). A Martian-like CO 2 atmosphere was not introduced into the chamber to prevent absorption of UV by CO 2 and contamination from air. Previous studies have shown that a few mbars of CO 2 have no influence on the UV induced degradation of amino acids [START_REF] Ten Kate | The effects of Martian near surface conditions on the photochemistry of amino acids[END_REF], nor on the UV induced dehydration of sulfates [START_REF] Bonales | Dehydration rate of the glycine-MgSO 4 •5H 2 O complex and the stability of glycine expelled from the complex by in situ Raman spectroscopy under Mars-relevant conditions[END_REF]. Of note, all the samples have been introduced into the Martian chamber and exposed to the pressure and temperature conditions of the experiments for 15 hours before being exposed to UV radiation. Such exposition to low pressure and temperature conditions did not have any effect on the degree of hydration of the samples investigated here as verified using Raman spectroscopy directly performed in the chamber.

Samples were then exposed to UV produced by a 150 W arc lamp equipped with a high pressure Xenon bulb (UXL-150SP -LOT-ORIEL). Note that this is the exact same lamp which the Mars Organic Molecule Irradiation and Evolution (MOMIE) setup relies on [START_REF] Stalport | Investigating the Photostability of Carboxylic Acids Exposed to Mars Surface Ultraviolet Radiation Conditions[END_REF][START_REF] Stalport | The Photochemistry on Space Station (PSS) Experiment: Organic Matter under Mars-like Surface UV Radiation Conditions in Low Earth Orbit[END_REF][START_REF] Poch | Chemical evolution of organic molecules under Mars-like UV radiation conditions simulated in the laboratory with the "Mars organic molecule irradiation and evolution" (MOMIE) setup[END_REF][START_REF] Poch | Laboratory insights into the chemical and kinetic evolution of several organic molecules under simulated Mars surface UV radiation conditions[END_REF] and which was used to document the impact of UV radiation on cystine [START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF]. This lamp delivers a UV spectrum (190 -400 nm) with a pattern similar to that of the Martian surface radiation spectrum [START_REF] Patel | Ultraviolet radiation on the surface of Mars and the Beagle 2 UV sensor[END_REF][START_REF] Dartnell | Modelling the surface and subsurface Martian radiation environment: Implications for astrobiology[END_REF]Hassler et al., 2014), and a flux of the same order of magnitude as the one undergone by the Martian surface, simulating well true Martian conditions. Note that a DUV Grade Fused Silica window allowed rejecting most of the IR radiation (down to 2.89 µm), mitigating a potential heating of the samples by the UV lamp although the 400 nm -2.89 µm range is still available for radiant heating (Fig. 2). Raman spectra of starting and irradiated materials were measured directly in the Martian chamber (from 200 to 2000 cm -1 and from 3000 to 4000 cm -1 ), that is, under the conditions of the experiments. The Raman spectra of sulfate samples were measured before and after 30 and 270 min of exposure to UV radiation, while those of phosphate and carbonate samples were measured before and after 5, 30, 270 and 1500 min of exposure to UV. At the end of the irradiation experiments (i.e., after 270 minutes for sulfates and after 1500 minutes for phosphates and carbonates), samples were removed from the chamber and measured with diffuse reflectance IR spectroscopy (over the 1-2.75 µm range). Note that the contribution of the volume of irradiated materials to the measured signals differed from one technique to another as the total volume probed is different for Raman and IR spectroscopies (and rather difficult to estimate), challenging the direct comparison between the data. 

Time resolved Raman and IR reflectance

Following [START_REF] Fau | Pulsed laser-induced heating of mineral phases: Implications for laser-induced breakdown spectroscopy combined with Raman spectroscopy[END_REF][START_REF] Fau | Time-resolved Raman and luminescence spectroscopy of synthetic REE-doped hydroxylapatites and natural apatites[END_REF] and [START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF], we relied on a customized time-resolved Raman spectrometer built by the Cellule Projet at IMPMC to collect the Raman spectra of the samples investigated. Within the Martian chamber used here, samples are at a distance of 8 meters from the telescope, mimicking the configuration of remote Raman measurements conducted on Mars using SuperCam. Here, the fine control and synchronization of both time delay and gating time of the camera allows sub-nanosecond time resolution experiments: we collected Raman signals using a 2 ns ICCD gate centered on the 1.2 ns laser pulse. Filters are used to limit the laser irradiance at the surface of samples below 10 10 W/m 2 to prevent any laser-induced damage [START_REF] Fau | Pulsed laser-induced heating of mineral phases: Implications for laser-induced breakdown spectroscopy combined with Raman spectroscopy[END_REF]. In the remote setting, the laser is collimated at the sample surface 8 m from the telescope Schmidt plate on a spot of ∼ 6 mm diameter, and the Raman signal is collected by a conventional Schmidt-Cassegrain telescope (Celestron-C8 202 mm diameter Schmidt plate) on a spot of ∼ 5 mm diameter co-aligned with the laser spot. After the telescope, a notch filter cuts off the Rayleigh scattering at ∼ 90 cm -1 and the signal is collected by an optical fiber and sent into the modified Czerny-Turner spectrometer coupled with the intensified ICCD camera. This spectrometer has three motorized gratings that can be selected depending on the spectral window and spectral resolution requested. Here, we used a 600 gr/mm grating yielding a spectral resolution of about 10-12 cm -1 , i.e., spectral resolution similar to that of the SuperCam instrument. To maximize the signal-to-noise ratio (SNR), we accumulated signals collected over 10 6 laser shots. We also collected the luminescence signal with no Raman contribution using a 100 µs ICCD gate opened just after the laser pulse [START_REF] Fau | Pulsed laser-induced heating of mineral phases: Implications for laser-induced breakdown spectroscopy combined with Raman spectroscopy[END_REF][START_REF] Fau | Time-resolved Raman and luminescence spectroscopy of synthetic REE-doped hydroxylapatites and natural apatites[END_REF][START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF].

IR reflectance data were collected with a commercial Fourier transform spectrometer Nicolet 6700 FTIR operating at IMPMC over the 1 to 2.7 µm spectral range with a spectral resolution of 1 cm -1 , allowing for the detection of features related to hydration (H 2 O vibrations) and structure (CO 3 2-and SO 4 2-). The acquired spectra were divided by a blank (a silver mirror) before any further processing.

After being removed from the Martian chamber and prior to IR analysis, samples were conserved in a dry environment at low temperature in a cold room.

Results

Starting materials

The Raman and IR spectra of sulfates, phosphates and carbonates are extensively described in the literature (cf for instance [START_REF] Wang | Sulfates on Mars: A systematic Raman spectroscopic study of hydration states of magnesium sulfates[END_REF][START_REF] Buzgar | The Raman Study of Certain Sulfates. Analele Stiintifice Ale Universitatii[END_REF] For all these minerals, the most intense Raman peak is due to the ν 1 symmetric stretching mode of SO 4 , PO 4 and CO 3 and located at ∼ 1010 cm -1 , ∼ 960 cm -1 and ∼ 1085 cm -1 for sulfates, phosphates and carbonates respectively. Additional peaks due to these molecular groups are the doubly degenerate ν 2 bending mode at ∼ 450 cm -1 and ∼ 430 cm -1 for sulfates and phosphates respectively (the ν 2 vibration peak is not observed in our carbonate samples), the triply degenerate antisymmetric ν 3 stretching mode at ∼ 1160 cm -1 , ∼ 1060 cm -1 and ∼ 1470 cm -1 , and the triply degenerate ν 4 bending mode at ∼ 640 cm -1 , ∼ 580 cm -1 and ∼ 720 cm -1 , always for sulfates, phosphates and carbonates respectively. Last, some lattice modes may be detected in these phases at lower wavenumbers. When present, H 2 O contributes a broad band at ∼ 3400-3600 cm -1 , while HO -contributes one or several sharp bands in the range ∼ 3500-3700 cm -1 (Fig. 3a,b,c).

The near infrared spectra of these materials show numerous absorption bands attributed to different overtones of the stretching (ν 1 and ν 3 ) and bending (ν 2 and ν 4 ) vibrations of the structural anion (SO 4 2-, CO 3 2-or PO 4 3-) combined with the vibrations of water present in the crystal or adsorbed on its surface. In sulfates, we find similar spectra with absorptions at 1.2, 1.5 (triply degenerate in particular in CaSO 4 •2 H 2 O), 1.75, 1.92 and 2.25 µm. The carbonate samples show a wider range of spectra, with the main absorption bands related to structural water in Na 2 CO 3 and to CO 3 in CaCO 3 (at 2.34 and 2.53 µm). Hydromagnesite shows in addition an absorption band around 1.4 µm assigned to the first overtone of the OH stretch and around 1.9 µm corresponding to the combination of stretching and bending of H 2 O. Finally the phosphates present few spectral signatures in the infrared, except a band at about 1.9 µm related to the stretching and bending vibrations of water (Fig. 3d, e, f).

Evolution of sulfates with increasing irradiation

Luminescence

The luminescence signal (collected using a 100 µs ICCD gate opened just after the laser pulse) strongly increases with increasing irradiation duration (Fig. 4). The increase of this luminescence roughly follows a first-order logarithmic law with time (Fig. 4f), highlighting that UV radiation has had the most impact at the beginning of the experiments. This luminescence seems to have a short lifetime, since most of it is not rejected even when using a 2 ns ICCD gate centered on the 1.2 ns laser pulse to collect the signal. Because of this strong luminescence contribution, the Raman spectra collected in the present study have all been normalized to the total signal received by the spectrometer, to discuss the evolution of the Raman signal relative to the background contribution (Fig. 5).

Raman signal

The Raman signal of sulfates (i.e., the Raman peaks of the signal collected using a 2 ns ICCD gate centered on the 1.2 ns laser pulse) decreases with increasing irradiation duration relative to the background contribution as shown when data are normalized to the total signal received by the spectrometer (Fig. 5). Irradiation seems to be responsible for a modification of the background shape (i.e., the slope of the background has increased with increasing irradiation duration). After (Fig. 5f), highlighting, as for the luminescence, that the impact of UV radiation was maximum at the beginning of the experiments.

Raman-based water detection

The specific sub-peak structures in their Raman water bands at about 3400 cm -1 provide direct information on the hydration states of sulfates [START_REF] Wang | Sulfates on Mars: A systematic Raman spectroscopic study of hydration states of magnesium sulfates[END_REF] highly hydrated (Al 2 SO 4 • 18 H 2 O). Besides for the Na-rich sulfate, the exposure of sulfates to UV irradiation appears to be responsible for the disappearance of the peaks related to the structural water they initially contain. In fact, with the exception of the Ca-rich sulfate, all the initially hydrated sulfates investigated do not anymore show Raman hydration feature at about 3400 cm -1 (Fig. 5).

This is also the case for the Ca-rich sulfate after 270 minutes of irradiation.

IR signal

At the end of the irradiation experiments (i.e., after 270 minutes of exposure to UV), the sulfates investigated were measured with IR spectroscopy and their spectra were compared to those of the starting materials (Fig. 6). The absorption bands corresponding to the stretching/bending vibrations of the H 2 O and OH groups, to various combinations of these modes and to overtones with SO 4 modes (e.g., at 2.217 and 2.268 µm in gypsum), can still be observed in the near-IR reflectance spectra of the sulfates having been exposed to UV radiation for 270 minutes. The observed enlargement of the absorption bands after exposure to UVs indicate the creation of electronic defects rather than dehydration. Of note, atmospheric water may have been adsorbed onto the samples during their storage at 0°C before NIR measurements despite the presence of a desiccant.

Evolution of phosphates and carbonates with increasing irradiation

The phosphates and carbonates investigated here were exposed to UV radiation conditions similar to those to which sulfates were exposed, but for a slightly longer duration. The luminescence and Raman signals of the phosphates and carbonates were collected after 5, 30, 270 and 1500 min of exposure to UV and compared to the spectra of the starting materials (Figs. 78). As observed for sulfates, the luminescence signals of phosphates and carbonates strongly increase with increasing irradiation duration, and their Raman signals decrease with increasing irradiation duration relative to the background contribution. Note that, as for sulfates, the Raman spectra of phosphates and carbonates have all been normalized to the total signal received by the spectrometer. Irradiation seems to be also responsible for a modification of the background shape (i.e., the slope of the background has increased with increasing irradiation duration). After 1500 minutes of irradiation, only the main peaks of phosphates and carbonates can still be observed (i.e., the ν 1 peaks at about 960 cm -1 and 1085 cm -1 , of PO irradiated phosphates and carbonates. As for sulfates, results of peak fitting reveal that the decrease of the Raman signal decreases exponentially as a function of the duration of irradiation (Figs. 7d -8d), highlighting, as the luminescence is exponential, that UV radiation has had the most impact at the beginning of the experiments.

Of note, the Raman signal of phosphates evolves a bit faster with experiment duration (peak decrease and background increase) than that of carbonates, suggesting a priori that phosphates are less resistant to UV than carbonates. But this may be related to the ratio of the volume effectively probed by Raman to the volume effectively affected by UV radiation. A higher contribution to the signal of a pristine volume of sample (i.e., a volume unaffected by UV) would artifactually indicate a higher resistance to UV. For instance. the hydromagnesite seems to be the most UV-resistant sample of all the samples investigated here, but it is also the only transparent monocrystal investigated (all the other samples were pressed into pellets). For instance, the volume of pristine hydromagnesite in fine contributing to the Raman spectra collected on this target may thus be a lot larger than the volumes of the pristine parts of the other samples contributing to the measured signals, thereby artifactually minimizing the effect of exposure to UV on the Raman signal. Most of the phosphates investigated here were nominally anhydrous, except for the magnesium phosphate, and thus exhibited no Raman water bands at about 3400 cm -1 and 3600 -3700 cm -1 for OH in hydromagnesite. Still, the negative slope of the background collected from 2500 to 3700 cm -1 on phosphates has changed, becoming less negative with increasing irradiation. Things seem different for carbonates: the signal collected on the Ca-carbonate, nominally anhydrous, has not changed during exposition to UV. In contrast, the exposure to UV has been responsible for the non detection of the Raman peaks related to structural water initially present in the Na and Mg-carbonates, without modifying the slope of the background collected from 2500 to 3700 cm -1 .

NIR data are consistent with Raman data. The near-IR spectra of phosphates have not changed that much during the experiments, but only a gentle absorption band related to hydration at 1.9 µm was observed in the spectra of the starting materials. The near-IR spectra of the Ca and Na-carbonates have not changed that much neither during exposure to UV, in contrast to that of the initially hydrated Mg-carbonate (hydromagnesite): the 1.9 µm band related to structural H 2 O turned shallower whereas the 1.45 µm, attributed to hydroxyl groups, remained the same, although enlarged, which suggests a possible dehydration of the sample induced by irradiation (or local heating) and/or a creation of electronic defects.

Discussion

Impact of exposure to UV radiation

Although their surface color have become a little more yellow under UV, the Raman spectra of the sulfates, phosphates and carbonates exposed to UV under Mars conditions still exhibit the main feature observed in the Raman spectra of the starting materials, i.e., the peak attributed to the ν 1 symmetric stretching modes. This shows that the minerals investigated here can withstand simulated Martian conditions (including UV radiation) for a certain time, although longer exposure to UV radiation may lead to the strong alteration of their structure at the surface, which will strongly affect both IR and Raman signals, as anticipated by earlier experimental studies [START_REF] Mukhin | Experimental simulations of the photodecomposition of carbonates and sulphates on Mars[END_REF]. The non detection of new peak indicate that no transitory phase nor new species have formed during the experiments.

Still, a short exposure to UV has been responsible for a strong increase of the luminescence signal of all the minerals investigated, and for a strong decrease of their Raman signal relative to the background contribution. As is the case for organics exposed to UV radiation under Mars conditions [START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF], such evolution could be caused by an increasing concentration of electronic defects contributing to the background. In fact, previous ESR (Electronic Spin Resonance) investigations have reported the creation of radical species in carbonates exposed to UV light [START_REF] Bartoll | Generation and conversion of electronic defects in calcium carbonates by UV/Vis light[END_REF][START_REF] Kabacińska | Nanoscale Effects of Radiation (UV, X-ray, and γ) on Calcite Surfaces: Implications for its Mechanical and Physico-Chemical Properties[END_REF][START_REF] Kabacińska | Generation of UV-induced radiation defects in calcite[END_REF]). An increase in the concentration of point defects may also explain the broadening of IR bands observed for all samples investigated here, as previously reported for a number of materials exposed to ionizing radiation (e.g., [START_REF] Fourdrin | Induced modifications of kaolinite under ionizing radiation: An infrared spectroscopic study[END_REF][START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF].

Of note, these defects do not seem to be luminescing centers: concentration quenching would decrease the lifetime of luminescence, as reported for both organic and inorganic materials (Chen and Knutson, 1988; [START_REF] Ju | Concentration quenching of persistent luminescence[END_REF][START_REF] Meza | Luminescence Concentration Quenching Mechanism in Gd2O3:Eu3+[END_REF][START_REF] Green | Solid state concentration quenching of organic fluorophores in PMMA[END_REF][START_REF] Fau | Time-resolved Raman and luminescence spectroscopy of synthetic REE-doped hydroxylapatites and natural apatites[END_REF]. But such concentration quenching does not seem to occur here since the lifetime of the luminescence signal does not change with increasing duration of exposure to UV radiation. The decrease of the Raman signal may be due to the radiolysis of chemical bonds or the formation of electronic point defects, the accumulation of radiation damages possibly leading to modifications of the chemical composition and periodicity of the mineral structure. Note that such a decrease may also be related to the strong increase of the background contribution, eventually obscuring the Raman signal.

Of note, all initially hydrated starting materials do not show anymore Raman features attributed to hydration at the end of the present experiments. Yet, neither [START_REF] Morris | The case against UV photostimulated oxidation of magnetite[END_REF] nor [START_REF] Yen | Stability of hydroxylated minerals on Mars: A study on the effects of exposure to ultraviolet radiation[END_REF] observed UV photodehydration, but [START_REF] Bonales | Dehydration rate of the glycine-MgSO 4 •5H 2 O complex and the stability of glycine expelled from the complex by in situ Raman spectroscopy under Mars-relevant conditions[END_REF] experimentally showed that exposure to UV enhances the kinetics of dehydration. Dehydration may be a direct consequence of the simulated Martian conditions. In fact, [START_REF] Bishop | Low-temperature and low atmospheric pressure infrared reflectance spectroscopy of Mars soil analog materials[END_REF] showed that minerals may dehydrate when only exposed to low partial pressure of H 2 O. Here, all the samples investigated have been exposed to the pressure and temperature conditions of the experiments for 15 hours before being exposed to UV radiation, and no dehydration was observed during this time. Dehydration may also result from an increase of the sample surface temperature under exposure to the lamp flux, as reported by [START_REF] Morris | The case against UV photostimulated oxidation of magnetite[END_REF] while relying on an IR-rich Xe(A) radiation responsible for a large increase (> 500°C) of the surface temperature of rather dark samples such as goethite and lepidocrocite. Yet, the rather low flux generated by the lamp used for the present study (∼ 100 times less intense than that of [START_REF] Morris | The case against UV photostimulated oxidation of magnetite[END_REF]) and the efficient filtering of radiations > 3 µm of the fused silica glass window (leading to a dose delivered to the surface of the samples as low as the Another pending question resides in the volume in fine affected by UV itself. During exposure to UV radiation, only the near surface of the samples investigated is penetrated by UV photons [START_REF] Fornaro | UV irradiation of biomarkers adsorbed on minerals under Martian-like conditions: Hints for life detection on Mars[END_REF][START_REF] Fox | Radiolysis of Macromolecular Organic Material in Mars-Relevant Mineral Matrices[END_REF]. However, the actual thickness irradiated can vary from one sample to another depending on their optical properties, as the volume of sample actually contributing the Raman and IR signals. Plus, it is very likely that a volume of pristine (non-irradiated) material contributes to each of the measurements reported here, and that this volume decreases with increasing duration of exposure to UV as a result of the reduction of the transparency, either due to a color change or a structural alteration. As a result, it remains difficult to properly quantify the effect of exposure to UV for the samples investigated here. Both the increase of the background, likely related to the increasing creation of defects in the irradiated volume, and the decrease of the Raman signal, likely compensated by the contribution of a volume of pristine material, may be artifactually minimized. The same is true for IR, although the respective volumes of pristine and irradiated materials contributing to the signals may be greater thanks to longer wavelength. Properly quantifying the impact of UV radiation of the spectral signatures of sulfates, phosphates and carbonates would require a dedicated sample preparation ensuring that the entirety of each sample has been interacted with UV photons.

At that point, a still pending difficulty would be to have a sufficient volume of sample to properly measure its spectral signature. In any case, it should be kept in mind that although no quantitative data can be provided here, the experimental setup adopted for the present study mimics pretty well Martian conditions in terms of UV radiation and signal collection.

Implications for the ongoing exploration of Mars

The present results have strong implications for the ongoing exploration of Mars. In fact, most of the surface of Mars is continuously exposed to UV radiation, and it has been the case for quite a long time. Therefore, one should not expect to detect pristine materials, except for measurements on freshly exposed surfaces, for which the timescale of analysis will be highly critical: the faster after excavation, the better. Even 24h of irradiation may be enough to impact the Raman and IR spectral signatures of any target. Therefore, measurements on abraded patches on Mars should be done at latest a Sol after the abrasion to prevent any radiation-induced modifications of the rocks investigated. As shown here, the identification of sulfates, phosphates and carbonates can be compromised if they experienced UV radiation for any given time. Sulfates have been widely detected on the Martian surface, either from orbit in Valles Marineris, Margaritifer Sinus, and Meridiani Planum [START_REF] Bishop | Spectral identification of hydrated sulfates on Mars and comparison with acidic environments on Earth[END_REF][START_REF] Vaniman | Magnesium sulphate salts and the history of water on Mars[END_REF][START_REF] Bibring | Mars Surface Diversity as Revealed by the OMEGA/Mars Express Observations[END_REF][START_REF] Gendrin | Sulfates in Martian Layered Terrains: The OMEGA/Mars Express View[END_REF][START_REF] Lane | Identifying the Phosphate and Ferric Sulfate Minerals in the Paso Robles Soils (Gusev Crater, Mars) Using an Integrated Spectral Approach[END_REF] or in situ by rovers again in Meridiani Planum, Endeavour Crater and Gale Crater (Squyres et al., 2004a,b;[START_REF] Crumpler | Context of ancient aqueous environments on Mars from in situ geologic mapping at Endeavour Crater[END_REF][START_REF] Rapin | Hydration state of calcium sulfates in Gale crater, Mars: Identification of bassanite veins[END_REF], and also at Jezero crater by Perseverance [START_REF] Clavé | Carbonate Detection with SuperCam in Igneous Rocks on the floor of Jezero Crater, Mars[END_REF]. A precise identification of the detected sulfate species has strong implications on their formation conditions (e.g. [START_REF] Rapin | Hydration state of calcium sulfates in Gale crater, Mars: Identification of bassanite veins[END_REF]. For instance, the detection of bassanite rather than that of anhydrite or gypsum, will be interpreted as indicating very specific local conditions in particular regarding water salinity [START_REF] Rapin | Hydration state of calcium sulfates in Gale crater, Mars: Identification of bassanite veins[END_REF]. The same is true for phosphates and carbonates [START_REF] Pollack | Thermal emission spectra of Mars (5.4-10.5 microns) -Evidence for sulfates, carbonates, and hydrates[END_REF][START_REF] Calvin | Hydrous carbonates on Mars?: Evidence from Mariner 6/7 infrared spectrometer and ground-based telescopic spectra[END_REF][START_REF] Clavé | Carbonate Detection with SuperCam in Igneous Rocks on the floor of Jezero Crater, Mars[END_REF]. But, as shown here, the modification of their spectral signatures due to UV radiation may bias their identification and/or the estimate of their abundances in rocks, which is directly based on the spectral responses of targets investigated. Similarly, their measured hydration states may not reflect their true/original hydration state. Because both the abundances and the hydration states of sulfates, phosphates and carbonates are critical for Martian paleoenvironmental reconstructions, the effects of exposure to UV have to be taken into account to prevent potentially significant biases.

The present study also highlights that luminescence signals have to be interpreted with special care.

A strong and short-lived luminescence signal resembling the ones collected here on irradiated sulfates, phosphates and carbonates may easily be misinterpreted as organic fluorescence. In fact, the very short lifetime of the intrinsic molecular fluorescence of organic compounds (e.g., nanoseconds) compared to most mineral luminescence (micro-to milliseconds), makes it supposedly pertinent to rely on luminescence signals to unambiguously identify organics, as done by [START_REF] Scheller | First-Results from the Perseverance SHERLOC Investigation: Aqueous Alteration Processes and Implications for Organic Geochemistry in Jezero Crater[END_REF]. However, the short-lived luminescence signals measured here have nothing to do with organics, even though organics may also exhibit such short-lived luminescence signals after exposure to UV [START_REF] Megevand | Impact of UV Radiation on the Raman Signal of Cystine: Implications for the Detection of S-rich Organics on Mars[END_REF]. On Mars, a solution to ensure interpretations could be to repeat any questionable measurement after a certain time, especially for data collected on freshly excavated surfaces. Obviously, the only proper way to interpret any data is to do it with caution, knowing that most of the answers will be provided by the samples which will be brought back to Earth by the upcoming MSR mission.

Conclusion

Altogether, although not quantitative, the present results evidence that exposure to UV has a significant effect on the Raman and IR spectral signatures of sulfates, phosphates and carbonates, which has, in turn, strong implications for the ongoing exploration of Mars. As a precaution, all the targets measured on Mars should be considered as having been exposed to UV radiation to some extent.

This will prevent any misinterpretation regarding the nature, abundances and water content of the mineral phases in presence. Of note, the potential impact of additional processes should also be investigated and taken into account for the proper interpretation of existing and future data. In fact, the (sub)surface of Mars is not only exposed to UV radiation, but is also bombarded by gamma-rays, solar energetic protons and galactic cosmic rays which are not absorbed by the thin CO 2 atmosphere and may interact with rocks lying at the surface [START_REF] Kminek | The effect of ionizing radiation on the preservation of amino acids on Mars[END_REF][START_REF] Dartnell | Modelling the surface and subsurface Martian radiation environment: Implications for astrobiology[END_REF]Hassler et al., 2014;[START_REF] Fox | Radiolysis of Macromolecular Organic Material in Mars-Relevant Mineral Matrices[END_REF]. The widespread presence of dust could also generate a strong background blurring Raman signals [START_REF] Maurice | Mars 2020 SuperCam Bundle[END_REF][START_REF] Maurice | Mars 2020 SuperCam Bundle[END_REF]. In addition, a number of other ageing processes likely act simultaneously at the surface of Mars, including oxidation [START_REF] Lasne | Oxidants at the Surface of Mars: A Review in Light of Recent Exploration Results[END_REF] and degradation induced by fluid circulation [START_REF] Viennet | Experimental reproduction of the martian weathering profiles argues for a dense Noachian CO2 atmosphere[END_REF], the impact of these processes on sulfates, phosphates and carbonates (as well as on phyllosilicates and organic compounds) remaining to be constrained to properly reconstruct Martian paleoenvironments and optimize the search for traces of life on Mars.
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 12 Figure 1: Top: CAD images of the chamber, its illumination device and the sample holder mechanism. Bottom: Picture of the vacuum chamber containing the samples (the 6 cylindrical pellets) seen from the Raman measurement side. The plate can translate in two degrees of freedom to center each pellet in the laser beam. The pierced plate in the foreground contains an illumination system to facilitate the positioning of the pellets.

Figure 3 :

 3 Figure 3: Raman (a, b, c) and IR (d, e, f) spectra of the studied minerals before irradiation, normalized and shifted for clarity. The attribution of their main features is indicated. More details about the attribution of the sulfates near-IR absorption features are given in Supplementary materials.

Figure 4 :

 4 Figure 4: a to e: Raw luminescence spectra of sulfate samples as a function of irradiation duration. f : Relative total integrated luminescence as a function of the irradiation duration for each sulfate sample.

Figure 5 :

 5 Figure 5: a to e: Raman spectra of the various sulfate minerals measured with a 2 ns gate. The spectra have been normalized by their total surface to highlight their relative variation. f : relative area of each major Raman scattering line as a function of the irradiation duration.

Figure 6 :

 6 Figure 6: Near-infrared spectra of sodium sulfate (a), calcium sulfate (b), magnesium sulfate (c) and aluminum sulfate (d).

Figure 7 :

 7 Figure 7: a to c: Raman spectra of the various carbonate minerals measured with a 2 ns gate. The spectra have been normalized by their total surface to highlight their relative variation. d: relative area of each major Raman scattering line as a function of the irradiation duration.

Figure 8 :

 8 Figure 8: a to c: Raman spectra of the various phosphate minerals measured with a 2 ns gate. The spectra have been normalized by their total surface to highlight their relative variation. d: relative area of each major Raman scattering line as a function of the irradiation duration.

Figure 9 :

 9 Figure 9: Near-infrared spectra of carbonates (a to c) and phosphates (d to f ).

  dose delivered by the Sun to the surface of Mars) likely prevented thermal dehydration, especially given that the temperature was regulated during the experiments. In fact, although the temperature of the chamber and of the sample holder may increase of 20 to 30°C under exposure to the lamp in the absence of thermal regulation, no such increase was observed during the experiments conducted under thermal regulation. Rather than indicating the dehydration of the samples initially hydrated, the total disappearance of the Raman water bands at about 3400 cm -1 of all the samples initially hydrated most likely result from the strong increase of the background which eventually masks the Raman signal over the 3000 to 4000 cm -1 spectral window. Still, clear differences exist between the water bands present in the near-IR spectra of the starting materials and those of the samples having been exposed to UV radiation, suggesting that dehydration, structural alteration, or both did occur during the experiments. It remains however difficult to directly relate Raman and IR observations since the volume actually probed by each technique is different. Worse, it is likely that the total volume of sample actually probed and contributing to the Raman or IR signals collected are different for the starting materials and for the samples exposed to UV. In fact, although slight, the change in color of the samples investigated likely reduces their transparency, thus limiting the penetration of the laser and incident light for IR. A partial structural alteration would also reduce the optical penetration depth and therefore the contribution of pristine materials to the total signals.

Table 1 :

 1 List of the studied samples.

	Name	Formula	Ref. Sigma-Aldrich/N°CAS
	Calcium sulfate dihydrate	CaSO 4 • 2 H 2 O	1.02161/10101-41-4
	Sodium sulfate	Na 2 SO 4	239313/7757-82-6
	Aluminum sulfate, octadecahydrate	Al 2 (SO 4 ) 3 • 18 H 2 O	227617/7784-31-8
	Magnesium sulfate	MgSO 4	M7506/7487-88-9
	Iron sulfate (III), hydrate	Fe 2 (SO 4 ) 3 • x H 2 O	307718/15244-10-7
	Calcium phosphate	Ca 3 (PO 4 ) 2	21218/7758-87-4
	Sodium phosphate	Na 3 PO 4	342483/7601-54-9
	Magnesium phosphate hydrate	Mg 3 (PO 4 ) 2 • x H 2 O	344702/53408-95-0
	Calcium carbonate	CaCO 3	10679-36/471-34-1
	Sodium carbonate, decahydrate	Na 2 CO 3 • 10 H 2 O	1.06391/6132-02-1
	Hydromagnesite	4 (MgCO 3 )Mg(OH) 2 • 4 H 2 O	Natural sample
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