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Reflectance of Jezero crater floor: 2. Mineralogical interpretation
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Mineralogy of rocks, regolith and dust of the crater floor of Jezero, Mars was inferred from SuperCam reflectance data • Assemblages suggest limited aqueous alteration of igneous rocks, followed by evaporationinduced deposition of sulfates • Samples collected on the crater floor for return to Earth are representative of the geological diversity and witness past-aqueous processes

Introduction

The Noachian (>3.7 Ga in the Hartmann & Neukum, 2001 chronology) and early Hesperian (3-3.7 Ga) terrains of Mars are marked by the activity of water, as evidenced by the presence of deltaic deposits, valley networks and hydrated minerals [START_REF] Masursky | An overview of geological results from Mariner 9[END_REF][START_REF] Fassett | Fluvial sedimentary deposits on Mars: Ancient deltas in a crater lake in the Nili Fossae region[END_REF][START_REF] Poulet | Phyllosilicates on Mars and implications for early martian climate[END_REF]Carter et al., 2013;[START_REF] Mangold | Perseverance rover reveals an ancient delta-lake system and flood deposits at Jezero crater[END_REF]. However, little is known about the duration and spatial extent of the liquid water activity on Mars. The science goals of the Mars 2020 mission (NASA) include characterizing past environments on Mars capable of supporting microbial life, searching for biosignatures, and collecting core rock and soil samples for return to Earth by the forthcoming Mars Sample Return (MSR, NASA/ESA) mission [START_REF] Muirhead | Mars Sample Return Campaign Concept Status[END_REF][START_REF] Farley | Mars 2020 Mission Overview[END_REF].

On the 18th of February 2021, the Mars 2020 rover Perseverance landed at the "Octavia E. Butler" site, on the floor of the 45-km diameter Jezero crater, which hosted a lake during Hesperian and/or Noachian eras [START_REF] Fassett | Fluvial sedimentary deposits on Mars: Ancient deltas in a crater lake in the Nili Fossae region[END_REF][START_REF] Mangold | Perseverance rover reveals an ancient delta-lake system and flood deposits at Jezero crater[END_REF].

During the first year of the mission, Perseverance investigated rocks and regolith of the crater floor with the aim of understanding the origin and history of its geological units.

Before landing, it was uncertain whether the units of the crater floor were emplaced through magmatic/volcanic processes (such as lava flows or pyroclastic deposits) or as sediments related to the lake activity, and how they compared with the terrains of similar inferred mineralogy outside of Jezero.

The payload of Perseverance includes the SuperCam instrument, which combines several remote-sensing techniques to investigate the elemental and mineralogical composition of rocks and soils: high-resolution color imaging (RMI), laser-induced breakdown spectroscopy (LIBS), Raman spectroscopy, visible and near-infrared (VISIR) reflectance spectroscopy, and acoustic sensing [START_REF] Wiens | The SuperCam Instrument Suite on the NASA Mars 2020 Rover: Body Unit and Combined System Tests[END_REF]Maurice et al., 2021). In particular, while near-infrared spectroscopy has been widely used to detect and map miner-

Accepted Article

This article is protected by copyright. All rights reserved.

manuscript submitted to JGR: Planets als from orbit (e.g., [START_REF] Ehlmann | Identification of hy-physical Research: Planets[END_REF]Carter et al., 2013), its application as an in situ technique is a novelty. SuperCam passive reflectance spectra cover the 0.39-0.85 µ m (VIS) and 1.3-2.6 µ m (NIR) ranges, which allow the identification of a wide variety of minerals, especially hydrated ones, and hence can help to constrain past environmental conditions at Jezero crater [START_REF] Fouchet | The SuperCam infrared spectrometer for the perseverance rover of the Mars2020 mission[END_REF].

In this contribution, we assess the mineralogy of the crater floor of Jezero using in situ SuperCam VISIR spectra acquired during the Crater Floor Campaign (until sol 379).

Our analysis includes data collected on rocks (including cached samples) and soils at Jezero, and spanning a ∼1 km region around the landing site. We present observations of the Martian dust as well, measured for the first time in the near-infrared in situ. Our results have implications for the origin and alteration history of the rocks of the crater floor, and open new possibilities for contextualizing orbital studies.

A companion paper describes the state of the calibration of the NIR data, as well as its impact on the detection of the minerals presented in this study (Royer et al., this issue/Royer et al., 2022).

2 Jezero crater: geologic background 2.1 The crater floor and its watershed as seen from orbit While several terrains explored by previous rover missions are of Hesperian age (e.g., [START_REF] Irwin | An intense terminal epoch of widespread fluvial activity on early Mars: 2. Increased runoff and paleolake development[END_REF], the particularity of Jezero crater is its Noachian age [START_REF] Mandon | Refining the age, emplace-www[END_REF] and hence the possibility to expose in-place Noachian rocks, providing insights into the earliest Martian environments. Its fluvial activity (continuous or intermittent) is likely to have started during the Noachian and persisted at least until the Early Hesperian [START_REF] Mangold | Fluvial Regimes, Morphometry, and Age of Jezero Crater Paleolake Inlet Valleys and Their Exobiological Significance for the 2020 Rover Mission Landing Site[END_REF]. The crater is connected to a large valley network, whose 15,000-30,000 km 2 catchment drained the Nili Fossae region, on the margin of the Isidis impact basin [START_REF] Fassett | Fluvial sedimentary deposits on Mars: Ancient deltas in a crater lake in the Nili Fossae region[END_REF][START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]. The main valley connected to Jezero crater, Neretva Vallis, dissects the Western rim and is associated with preserved deltaic deposits [START_REF] Fassett | Fluvial sedimentary deposits on Mars: Ancient deltas in a crater lake in the Nili Fossae region[END_REF]; Fig. 1), which are likely to expose blocks of the Noachian crust for future exploration and sampling by the Perseverance rover [START_REF] Mangold | Perseverance rover reveals an ancient delta-lake system and flood deposits at Jezero crater[END_REF].

As seen from orbit, the area drained by this valley network shows abundant morphological and mineralogical diversity, and all of the various lithologies present in this region could have potentially been transported and deposited into Jezero in the delta region or as finer distal sediments in the lake. The most ancient rocks of the region, pre-Isidis impact (3.96 ± 0.1 Ga; [START_REF] Werner | The early martian evolutionConstraints from basin formation ages[END_REF], can be observed as large massive or stratified basement outcrops or megabreccia blocks, with a spectral signature of low-Ca pyroxene or Fe/Mg-rich clays [START_REF] Mustard | Composition, Morphology, and Stratigraphy of Noachian Crust around the Isidis basin[END_REF][START_REF] Scheller | Composition, Stratigraphy, and Geological History of the Noachian Basement Surrounding the Isidis Impact Basin[END_REF]. These lithologies are embedded in a low-albedo, smooth and ridged phyllosilicate-bearing basement that is regionally capped by a ∼10 m thick Noachian-age unit found with olivine, carbonate and phyllosilicate mineral detections from orbit, hereafter referred to as the regional olivine-bearing unit [START_REF] Hoefen | Discovery of Olivine in the Nili Fossae Region of Mars[END_REF][START_REF] Mangold | Mineralogy of the Nili Fossae region with OMEGA/Mars Express data: 2. Aqueous alteration of the crust[END_REF][START_REF] Mustard | Mineralogy of the Nili Fossae region with OMEGA/Mars Express data: 1. Ancient impact melt in the Isidis Basin and implications for the transition from the Noachian to Hesperian[END_REF][START_REF] Ehlmann | Orbital Identification of Carbonate-Bearing Rocks on Mars[END_REF][START_REF] Ehlmann | Identification of hy-physical Research: Planets[END_REF][START_REF] Brown | Hydrothermal formation of Clay-Carbonate alteration assemblages in the Nili Fossae region of Mars[END_REF][START_REF] Kremer | A widespread olivine-rich ash deposit on Mars[END_REF][START_REF] Mandon | Refining the age, emplace-www[END_REF][START_REF] Brown | Olivine-Carbonate Mineralogy of the Jezero Crater Region[END_REF].

The interior of Jezero also shows morphological and mineralogical diversity, with spectral signatures similar to regional observations outside the crater [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF].

In particular, the unit mapped by Stack et al. (2020) as the Crater floor fractured unit (Cf-f) and the Marginal fractured unit (Horgan et al., 2020) are fractured, light-toned, and have strong signatures of olivine and carbonate respectively, all of these features being commonly observed in the regional olivine-bearing unit [START_REF] Hoefen | Discovery of Olivine in the Nili Fossae Region of Mars[END_REF][START_REF] Ehlmann | Orbital Identification of Carbonate-Bearing Rocks on Mars[END_REF][START_REF] Mustard | Composition, Morphology, and Stratigraphy of Noachian Crust around the Isidis basin[END_REF][START_REF] Ody | Global investigation of olivine on Mars: Insights into crust and mantle compositions[END_REF][START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]Fig. 1). Stack et al. (2020) mapped the Cf-f unit as two distinct bedrock units: the Cf-f-2 occurs at higher The Marginal fractured unit that outcrops on the Western part of the crater also 160 shares morphological and spectral similarities with the regional olivine and carbonate-161 bearing unit. Horgan et al. (2020) proposed a distinct authigenic and lacustrine precip- 
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Stratigraphically above the Cf-f lies a unit referred to as the Crater floor fractured rough (Cf-fr) unit by Stack et al. (2020;Fig. 1). This unit has a lower albedo than the Cf-f rocks, a rougher, boulder-producing, crater-retaining morphology and is associated with a spectral signature of pyroxenes and olivine, which led [START_REF] Schon | An overfilled lacustrine system and progradational delta in Jezero crater, Mars: Implications for Noachian climate[END_REF] and [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF] to propose a lava flow origin for this unit. Because rocks with a similar morphology were observed from orbit and then interpreted as sediments with data from the Mars Science Laboratory (MSL) mission [START_REF] Edgett | A two-decade journey, learning to recognize that Mars has a vast and accessible sedimentary rock record[END_REF], Stack et al. (2020) noted that a fluvio-lacustrine origin is also conceivable for the Cf-fr unit. The Cf-fr has been dated at 2.6 ± 0.6 Ga [START_REF] Shahrzad | Crater Statistics on the Dark-Toned, Mafic Floor Unit in Jezero Crater, Mars[END_REF], hence late in the crater history and after delta deposition. However, Quantin-Nataf et al., this issue/Quantin-Nataf et al. ( 2021) suggested that burying and resurfacing processes are responsible for this apparent young age. In their scenario, the Cf-fr would have been emplaced earlier (>3 Ga), before the deltaic exposures observed in the western part of the crater. This hypothesis, also supported by [START_REF] Holm-Alwmark | Stratigraphic Relationships in Jezero Crater, Mars: Constraints on the Timing of Fluvial-Lacustrine Activity From Orbital Observations[END_REF], has significant implications for sample return and calibration of the Martian chronology.

Overall, both the Cf-fr and the Cf-f-1 (explored by Perseverance during the first year of the mission) exhibit orbital spectral signatures of igneous minerals, with limited hydration, as opposed to the delta and the marginal fractured unit, or the geological units outside of Jezero crater, which exhibit stronger hydration features [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF].

Perseverance's activities in the crater floor

The Perseverance rover landed at the Octavia E. Butler site, on top of the Cf-fr and close to the Cf-fr/Cf-f contact (Fig. 1). During the first sols of the mission, the rover investigated rocks and soils of the Cf-fr, that was informally renamed the Máaz formation ("Mars" in the Navajo language, in keeping with the naming scheme for the Canyon de Chelly quadrangle in which the rover landed). On sol 170, the rover reached an area with layered rocks named the Artuby ridge, and corresponding to the transition from the Cf-fr to the olivine-bearing Cf-f-1. On sol 202, the rover made its first entry into the Cf-f-1, in a highly dune-covered area called Séítah ("amidst the sands" in Navajo, Fig. 1), and made its way back to the Octavia E. Butler area on sol 360 with the intent on driving to the delta front. Along the traverse, eight samples were successfully acquired, two pairs in the Máaz formation, and two pairs in the Séítah formation (Simon et al., this issue/Simon et al., 2022).

The first ∼300 sols of investigation showed that the crater floor consists of igneous terrains and not lake sediments [START_REF] Farley | Aqueously altered igneous rocks sampled on the floor of Jezero crater, Mars. Science[END_REF][START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Liu et al., 2022).

They exhibit a density stratification, with decrease of the SiO 2 content and increase of FeO and MgO from the Máaz to the Séítah rocks [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]. In particular, mmsized olivine crystals out of equilibrium with the melt composition and showing a poikilitic texture in Séítah suggest a cumulate origin [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Liu et al., 2022;Beyssac et al. this issue/Beyssac et al., 2021).

The Máaz formation (Cf-fr)

The Máaz formation is composed of dark-toned and massive rocks showing layering and internal stratification on its stratigraphically lowest portions (Horgan et al., this issue) and scarce vesicular texture, as well as flat, low-standing and highly dust-covered rocks referred to as "pavers" (Fig. 2a). These two types of rocks appear to be a different morphological expression of the same lithology, with the dark-toned rocks being likely more resistant to erosion than the pavers, as they share overall similar bulk-rock compositions [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Udry et al., this issue/Udry et al., 2022). Abraded rocks
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This article is protected by copyright. All rights reserved. et al., 2022) with no apparent matrix, and of variable tint (Fig. 2b). Elemental compositions point towards a basaltic composition for the Máaz formation, with dominant pyroxene, feldspar and minor Fe-oxides and apatites [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Udry et al., this issue/Udry et al., 2022;[START_REF] Hollis | The power of paired proximity science observations: Co-located data from SHERLOC and PIXL on Mars[END_REF]. Secondary products were observed as bright salt deposits in the interstices of the Máaz formation rocks abraded patches Guillaumes and Bellegarde, likely consisting of Ca and Mg-sulfates, as well as anhydrous Na-perchlorates [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Meslin et al., this issue/Meslin et al., 2022;[START_REF] Hollis | The power of paired proximity science observations: Co-located data from SHERLOC and PIXL on Mars[END_REF]. Rare occurrences of Fe/Mg-carbonates have also been found in these rocks (Clavé et al., this issue/Clav et al., 2022). An increase of the normative pyroxene proportion was observed at the lowest parts of the stratigraphy, in the Artuby ridge [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF].

The Séítah formation (Cf-f-1)

As Perseverance drove along the Artuby ridge and the expected Máaz/Séítah contact, many layered rocks were observed, whereas they were rare within the Máaz formation itself. Séítah's outcrops exhibit thin (up to cm-scaled) non-planar beds with a nodular appearance, usually capped by more massive beds of variable thickness (Fig. 2c). A change of composition was recorded through the Máaz/Séítah contact, with increased
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manuscript submitted to JGR: Planets Mg content (up to ∼30% in Séítah; [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF], detection of olivine in the lowest stratigraphic parts of Artuby and Séítah's rocks, and detection of carbonates [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Beyssac et al., this issue/Beyssac et al., 2021;Clavé et al., this issue/Clav et al., 2022). Abraded rocks in Séítah are coarse grained, and their texture and mineralogy are consistent with olivine-rich cumulates (Liu et al., 2022;Beyssac et al., this issue/Beyssac et al., 2021;Fig. 2d). Overall, Séítah's mineralogy is dominated by olivine and pyroxene, with scarce plagioclase, Fe-Ti oxides, Cr-rich Fe-Ti ulvospinel and some secondary alteration mineral phases like carbonates (Liu et al., 2022;Beyssac et al., this issue/Beyssac et al., 2021;Clavé et al., this issue/Clav et al., 2022).

A few in-place outcrops near the top of the stratigraphy of Séítah differ in texture and composition from the surrounding layered, olivine-bearing rocks found in continuity. These outcrops consist of rocks of granular "pitted" texture, and lack olivine, with elemental compositions similar to the Máaz formation rocks [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Udry et al., this issue/Udry et al., 2022). They correspond to the rocks of the Content member described in [START_REF] Farley | Aqueously altered igneous rocks sampled on the floor of Jezero crater, Mars. Science[END_REF] and [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]. Albeit these rocks being classified as part of the Séítah stratigraphy in these previous studies, here we separate these pitted rocks from the non-pitted rocks of the Séítah formation due to their contrasting composition.

Both in the Máaz and Séítah formations, coatings were commonly observed on the surface of rocks. These coatings usually have a smooth texture and occur as discontinuous patches of variable thickness, with a purple tint on most enhanced color images (Garczynski et al., this issue/Garczynski et al., 2022). They show enrichment in Mg, S and H compared to the rocks underneath [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF].

The techniques of LIBS (SuperCam instrument) and X-ray fluorescence (the Planetary Instrument for X-Ray Lithochemistry, or PIXL instrument) allowed the quantification of rock chemistry based on major elements and the detection of compositions compatible with the stoichiometry of minerals listed above. The use of VISIR spectroscopy complements these approaches by being particularly sensitive to the presence of hydrated and hydroxylated mineral phases, carbonates, sulfates and iron-bearing phases ranging from iron oxides to olivines and pyroxenes (e.g., [START_REF] Bishop | Visible and Near-Infrared Reflectance Spectroscopy Laboratory Spectra of Geologic Materials[END_REF]. It can assist in resolving some of the ambiguities of mineralogy that can arise when only the major elements are used, and also detect minerals with low-Z elements (i.e., H and C) that can be challenging to identify with X-ray fluorescence or LIBS. Additionally, PIXL analyses are performed via contact with the targets, which limits the number of scans (mostly performed on abraded patches during the first campaign; Razzell [START_REF] Hollis | The power of paired proximity science observations: Co-located data from SHERLOC and PIXL on Mars[END_REF]. While the LIBS operates remotely, its capabilities are limited above ∼6.5 m distance from a target, where derived compositions are less reliable [START_REF] Wiens | The SuperCam Instrument Suite on the NASA Mars 2020 Rover: Body Unit and Combined System Tests[END_REF]Maurice et al., 2021). The VISIR technique on the contrary is not limited by the distance and can measure spectra at long distances (theoretically, at infinity, as long as the atmospheric opacity can be adequately compensated), with a spot analyzed larger that those of the LIBS. Indeed, the field of view of the VISIR spectrometer is on the order of 1.4-2.3 mm for a mast-to-target distance of 2 m, while the surface ablated by the LIBS is on the order of <0.5 mm. As the technique does not use a laser like the LIBS or Raman techniques, it can be operated regularly with relative limited power, as long as the target is sunlit. The main minerals detected during the first year of the mission with the VISIR technique have been reviewed in [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]; the goal of our study is to present them extensively as well as their significance for our understanding of the formation and evolution of rocks at Jezero crater.

3 Dataset and processing

VISIR reflectance spectroscopy

Reflectance spectroscopy, i.e., the measurement of the visible and near-infrared light (∼0.4-4 µ m) reflected and scattered by the first microns of a surface, is a non-destructive
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manuscript submitted to JGR: Planets technique that has been widely used in planetary science. In particular, investigation of the reflectance in the 1-2.6 µ m range has allowed the detection and mapping of a breadth of minerals on the surface of Mars, including mafic minerals (olivine and pyroxene), iron oxides, feldspar (detectable in NIR if Fe-bearing), a variety of hydrous minerals (including phyllosilicates, sulfates, hydrated silica, zeolites, epidote, prehnite) and carbonates (e.g., [START_REF] Hoefen | Discovery of Olivine in the Nili Fossae Region of Mars[END_REF][START_REF] Gendrin | Sulfates in Martian Layered Terrains: The OMEGA/Mars Express View[END_REF][START_REF] Mustard | Olivine and Pyroxene Diversity in the Crust of Mars[END_REF][START_REF] Poulet | Phyllosilicates on Mars and implications for early martian climate[END_REF][START_REF] Ehlmann | Orbital Identification of Carbonate-Bearing Rocks on Mars[END_REF][START_REF] Ehlmann | Identification of hy-physical Research: Planets[END_REF][START_REF] Brown | Hydrothermal formation of Clay-Carbonate alteration assemblages in the Nili Fossae region of Mars[END_REF][START_REF] Roach | Diagenetic haematite and sulfate assemblages in Valles Marineris[END_REF]Carter & Poulet, 2013;Carter et al., 2013).

The combined techniques of visible and near-infrared provide high sensitivity to the presence of Fe-bearing minerals, due to electronic transitions absorption bands related to transition elements. In the visible wavelengths, crystalline ferric oxides exhibit absorptions near 0.53-0.54 µ m and a ferric oxide absorption edge near 0.60 µ m that is particularly evident on Mars owing to the ubiquitous presence of oxidized dust. This results in reddened spectra in the visible range, with reflectance maxima typically near 0.75 µ m, sometimes followed by downturns toward the near-infrared. Some ferric oxide minerals and hydrated iron-bearing sulfates have prominent absorptions in thisµ m region. Reflectance downturns towards the near-infrared are also attributable to ferrous iron absorption bands in olivine and pyroxene, which are often also associated with shorterwavelength peak reflectance maxima (<0.7 µ m) (e.g., [START_REF] Bell | Visible to near-IR multispectral orbital observations of Mars[END_REF][START_REF] Johnson | ChemCam passive reflectance spectroscopy of surface materials at the Curiosity landing site[END_REF]. In the near-infrared, electronic absorptions centered around 1 µ m occur for most Fe-rich minerals and around 1 µ m and 2 µ m in the specific case of pyroxene (Cloutis & Gaffey, 1991;[START_REF] Burns | Mineralogical Applications of Crystal Field Theory[END_REF][START_REF] Klima | Spectroscopy of synthetic Mg-Fe pyroxenes I: Spin-allowed and spin-forbidden crystal field bands in the visible and near-infrared[END_REF][START_REF] Clnet | A new systematic approach using the Modified Gaussian Model: Insight for the characterization of chemical composition of olivines, pyroxenes and olivinepyroxene mixtures[END_REF]. Though the 1 µ m band center is outside of SuperCam' spectral ranges, these bands are large enough that the high-wavelength wing produces a strong red slope at the shortest NIR wavelengths probed by SuperCam, and the low-wavelength wing can be observed partially by the longest SuperCam VIS wavelengths. Mastcam-Z multispectral observations (0.44-1.02 µ m) provide additional information in this region (e.g., Rice et al., this issue;[START_REF] Johnson | Visible Wavelength Spectroscopy (400-1020 Nm) of Surface Materials at Jezero Crater, Mars, from Supercam and Mastcam-Z[END_REF]Horgan et al., this issue).

The near-infrared is highly sensitive to the presence of alteration minerals, as the combinations and overtones of bending and stretching of groups such as H 2 O, metal-OH, CO 2- 3 and SO 2- 4 in minerals cause various narrow absorptions in the near-infrared. In particular, H 2 O-bearing minerals spectra exhibit absorption bands centered around ∼1.4

and ∼1.9 µ m. The 1.4 µ m region can also exhibit an absorption feature due to OH.

Shallow absorptions centered in the 2.1-2.5 µ m range allow the discrimination of additional molecular bonds: around 2.2 µ m with the presence of Al-OH, Si-OH and Si-O-Si, 2.28 µ m for Fe 3+ -OH, 2.35 µ m for Fe 2+ -OH, and 2.1 and 2.32 µ m for Mg-OH.

The CO 2- 3 group is identified with the co-detection of absorptions centered at ∼2.3 and 2.5 µ m, while SO 2- 4 usually induces absorptions around ∼1.7 and 2.4 µ m. Variability in band position can be observed with compositional change (and to a lesser extent, grain size variation), and mineralogical identification is usually performed by comparing the number and position of absorptions of a measured spectrum to those of reference spectra obtained in laboratories.

The VISIR spectrometer of SuperCam

SuperCam is divided into two main units: a body unit (BU), which includes three spectrometers used to measure the UV and visible light and that are primarily used by the LIBS technique, and a mast unit (MU) which hosts the infrared spectrometer (IRS).

One of the three BU spectrometers is used to produce the VIS spectra shown here: the transmission spectrometer, which covers the visible 0.535-0.855 µ m range in 6000 channels and with a varying FWHM spectral resolution of 0.3-0.4 nm [START_REF] Wiens | The SuperCam Instrument Suite on the NASA Mars 2020 Rover: Body Unit and Combined System Tests[END_REF].

This spectrometer uses three regions: Green (0.535-0.620 µ m), Orange (0.620-0.712 µ m), and Red (0.712-0.853 µ m). Data provided by the blue-violet (VIO) spectrometer provides information for the short wavelength (0.379-0.464 µ m) region but correspond-
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manuscript submitted to JGR: Planets ing reflectance spectra have a relatively low signal-to-noise ratio. The near-infrared range is covered by the Infrared Spectrometer (IRS), an acousto-optic tunable filter (AOTF) spectrometer located in the MU and which operates by scanning the light between 1.3 and 2.6 µ m, along 256 channels (spectels) and with a spectral resolution of 32 cm -1 (around 5 nm at 1.3 µ m, 11 nm at 1.95 µ m and 20 nm at 2.6 µ m; [START_REF] Fouchet | The SuperCam infrared spectrometer for the perseverance rover of the Mars2020 mission[END_REF]. Every SuperCam activity on a target consists of a "raster", i.e., a set of "points" (usually from one to ten) that each is associated with a LIBS, Raman, VISIR spectrum and/or RMI image. Whenever a LIBS activity was performed along with reflectance spectroscopy for a rock target, the VISIR spectra are acquired after the LIBS bursts, in order to take advantage of partial dust removal performed by the LIBS plasma [START_REF] Maurice | ChemCam activities and discoveries during the nominal mission of the Mars Science Laboratory in Gale crater, Mars[END_REF].

For soils, the VISIR data are acquired prior to the LIBS to avoid effects of shadowing in the resulting LIBS pit. The analytical footprint of VISIR is much larger than the LIBS ablation spot on the target surface. Therefore, any structural damage due to the prior LIBS analyses on the sample is considered negligible in the VISIR data. This was demonstrated by [START_REF] Fau | Pulsed laser-induced heating of mineral phases: Implications for laser-induced breakdown spectroscopy combined with Raman spectroscopy[END_REF] for the SuperCam Raman data that has a similar analytical footprint to VIS spectroscopy and slightly smaller than for the NIR spectroscopy (Maurice et al., 2021).

The light that enters the spectrometers is collected by a Cassegrain telescope in the MU, with a field of view of 0.7 mrad for the visible spectrometer and 1.15 mrad for the IRS (Maurice et al., 2021). This corresponds to a ∼1.4 and ∼2.3 mm footprint respectively for a mast-to-target distance of 2 m. At this scale, several individual mineral phases can be present in the field of view of the instruments, and the measured VISIR spectra are often combinations of different spectral components. The footprint center of the IRS is offset by 0.3 mrad with regard to the other spectroscopy techniques of Su-perCam that operate using the optical fiber that collects light to the BU (VIS reflectance, LIBS and Raman; Maurice et al., 2021).

Calibration overview

Calibration of the visible spectrometer

For VIS data used here, 50 spectra were averaged for each point. Raw VIS data were converted to radiance via an instrument transfer function derived from lab measurements with an integrating sphere [START_REF] Wiens | The SuperCam Instrument Suite on the NASA Mars 2020 Rover: Body Unit and Combined System Tests[END_REF]Maurice et al., 2021). Relative reflectance spectra were generated by dividing the calibrated target radiance spectrum by a radiance spectrum of the onboard AluWhite SuperCam Calibration Target (SCCT), whose reflectance properties are well known (Cousin et al., 2022). An AluWhite spectrum taken on sol 20 was used as this reference up to sol 129, when the number of rows summed for the Red portion of the transmission spectrometer was updated for all subsequent spectra. Afterwards, only the first spectrum from the sol 184 set was used for calibration of post-sol 129 data, resulting in improved spectra [START_REF] Legett | Optical calibration of the Su-perCam instrument body unit spectrometers[END_REF].

Residual issues in the VIS spectra include the narrow Cr 3+ AluWhite emission feature at ∼0.694 µ m (removed by interpolating the plotted spectra in this contribution), and decreased sensitivity near detector boundaries for Green/Orange (∼0.62 µ m) and Orange/Red (∼0.712 µ m), which can cause offsets and artifacts. Finally, relative reflectance spectra were geometrically scaled to the relevant illumination conditions by multiplying by the Mars-to-Sun distance and Solar incidence cosine ratios.

Calibration of the IRS

The calibration of the IRS is detailed in a companion paper (Royer et al., this issue/Royer et al., 2022) and includes dark smoothing and subtraction, reflectance conversion (also accounting for the radiometric and geometric correction), atmospheric correction and optical throughput as a function of temperature. The processing also includes removal of "glitches" (anomalously low values induced by drops of the radio frequency signal sup-
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manuscript submitted to JGR: Planets plying the transducer of the instrument) and "spikes" (anomalous values generated by the readout electronics) of the radiance data. The atmospheric correction is performed by dividing the reflectance data by t k CO2 , where t CO2 is an atmospheric transmission model and k a constant adjusted to minimize the CO 2 main absorption feature around 2 µ m.

The spectral calibration was performed before the flight during the instrument production. The wavelength variation varies as a function of the AOTF temperature but was estimated to be very minor (5-15 nm within a 50 • C range).

The calibrated and corrected data are affected by residual instrumental effects mainly related to the temperature of the IRBoard (the electronic component driving the IRS and located in the electronic box of the MU) and the optical box (OBOX, where the IRS is located). Though largely corrected by using AluWhite spectra at different IRBoard temperatures (Royer et al., 2022) to be minor and acceptable for mineralogical identification.

Data analysis

A VISIR observation (referred to as a raster) usually consists of one to ten singlepoint spectra. As stated previously, the field of view of the spectrometer is a few mmwide and as it is commonly the case in planetary spectroscopy and for other techniques as well, the measured spectra are the results of the complex mixture of the spectral signatures of each different mineral phases present in the field of view. Hence, the probability that a single type of mineral was observed in a single point is low, and the measured spectra are most likely to be combinations of different components. Additionally, the spectral predominance of some minerals can be an issue for identification. Indeed, spectral mixing of mineral signatures are non-linear with proportion, and spectral measurements on laboratory mixtures have demonstrated that a few percent of particular mineral phases can in some cases have a strong impact on the spectral information in the near-infrared (e.g., [START_REF] Bishop | Coordinated spectral and XRD analyses of magnesitenontronite-forsterite mixtures and implications for carbonates on Mars[END_REF][START_REF] Mandon | Prparation des futures missions in situ martiennes via la tldtection et l'exprimentation en spectroscopie de rflectance (These de doctorat[END_REF][START_REF] Mandon | ROMA: A Database of Rock Reflectance Spectra for Martian In Situ Exploration[END_REF].

We carried out a spectral analysis to (1) identify spectral endmembers that could be indicative of mineralogical endmembers and (2) estimate the distribution of the various identified minerals along the traverse and specific outcrops. Here, we present several data types. The majority of the spectra shown in this contribution are single-point or mean target spectra. These spectra are usually the result of the complex mixing of different mineral phases: in order to highlight the contribution of isolated minerals, we performed spectral ratios for specific observations, and applied Independent Component Analysis (ICA) to some subsets of the data. These methods are described in the two following sections.

Spectral ratios

The use of spectral ratios is commonly performed on orbital imaging spectrometers data to highlight the spectral signatures of particular minerals occurring as mixture in the pixels (e.g., [START_REF] Ehlmann | Identification of hy-physical Research: Planets[END_REF][START_REF] Vivianobeck | Revised CRISM spectral parameters and summary products based on the currently detected mineral diversity on Mars[END_REF]Carter et al. 2015;Horgan et al., 2020). To this aim, a spectrum of a region of interest is divided by the spectrum of a nearby, spectrally neutral region (i.e., exhibiting no specific absorption bands). Another possibility for orbital data is the use of the detector column median spectrum as a denominator when there are column-dependent artifacts (e.g., Mandon et al., 2021), typically for instruments operating in pushbroom mode, such as the Compact Reconnaissance Imaging Spectrometer for Mars instrument (CRISM; [START_REF] Murchie | Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) on Mars Reconnaissance Orbiter (MRO)[END_REF]. The ratioing method allows to highlight spectral features while minimizing the contribution of the atmosphere and aerosols (dust, clouds).
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manuscript submitted to JGR: Planets Normalization of SuperCam VISIR data was performed for a few observations (stated in the figures when applied) by ratioing the spectrum of a point by the median of the raster. The median is usually not spectrally neutral, but the normalization allows to highlight faint absorptions that are specific to mineral phases with varying proportions relative to others in the raster.

Independent Component Analysis (ICA)

The second method is Independent Component Analysis (ICA). In this approach, a number of multivariate signals (a suite of measured IRS spectra), are separated into different sources, in order to try to isolate endmember mineral spectra. Here, the sources are non-dependent and non-Gaussian, while the mixed signals are both. The ICA aims at identifying the least Gaussian and more independent components from the measured spectra; in other words, the spectral signals that describe best the variability observed in a set of reflectance spectra.

In this work, the Joint Approximate Diagonalization of Eigenmatrices (JADE; Cardoso & Souloumiac, 1993) ICA algorithm was implemented on several parts of the IRS spectral database of SuperCam, with a fixed number of components n. Indeed, an assumption was made on the number of independent components that contribute to the spectra. As ICA components are not reflectance spectra per se, some may be difficult to interpret. We found that for SuperCam IRS data, n equal to two or three provides the individual components that are the more easily interpretable in terms of the minerals present (i.e., with loadings that compare the best to spectra of natural samples measured in laboratories). A unique feature of the JADE algorithm is the use of kurtosis as a non-Gaussian criterion, which measures the dispersion of the probability weights relative to the center of distribution.

While ICA decomposition aims at providing physically/chemically-significant components, some caveats are associated with this method. First, there is no determination of sign or amplitude of the sources. Additionally, the method is inadequate to identify individual eigen spectra in homogenous targets (e.g., borehole tailings, whose spectra show less intra-raster variability). The results are also model-dependent; nevertheless, the JADE algorithm results shown in this contribution were compared to the results obtained with the Fast-ICA algorithm [START_REF] Hyvrinen | Independent component analysis: algorithms and applications[END_REF], which returned similar individual components.

Absorption bands retrieval and main spectral parameters

Determining absorption band parameters

For all the point spectra, we measured the position of the absorption centers by performing the following steps, described in Mandon et al. (2021) with an example shown in supplementary Fig. S1: first, the single-point spectra were lightly denoised using wavelet denoising (using a soft BayesShrink algorithm), then a spectral continuum was fitted using the upper part of a convex hull of the NIR-only spectrum. This step was repeated until all band shoulders were satisfactorily included in the continuum. Then, the continuum was divided from the data, allowing determination of the center and depth (one minus the minima of the continuum-removed spectrum) of the various absorption bands.

Other spectral parameters

To evaluate the broad spectral diversity of all observations, we measured the spectral slopes in the 1.3-1.8 µ m and 2.1-2.5 µ m ranges, and the band centers at 1.3 µ m and 2.1 µ m assuming a linear continuum shouldered at 1.8 or 2.5 µ m (Table 1). Together, these parameters allow a first-order evaluation of the contribution of different mineral families. Here, olivine exhibits a strong and positive 1.3-1.8 µ m slope with a 2.1-2.5 µ m slope close to zero. As the band centers and shoulders of the ∼1 µ m and ∼2 µ m bands of pyroxene shift with Ca/Fe/Mg relative proportion in the crystals, the val-
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manuscript submitted to JGR: Planets Table 1: List of the main spectral parameters used in this study. Note that the NIR parameters are computed on the denoised spectra (see section 3.4.3). The last section of the table lists the spectral range considered to classify some of the absorptions identified once the continuum was removed from NIR data. CRS: continuum-removed spectrum, R λ : reflectance at a given wavelength λ, 1 : see [START_REF] Johnson | ChemCam passive reflectance spectroscopy of surface materials at the Curiosity landing site[END_REF]. Slope between 0.60 and 0.84 µ m Dusty surfaces 5 

Parameter

1.3-1.8 µ m slope 1-R 1.34µm /R
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manuscript submitted to JGR: Planets ues of these parameters are expected to vary with both pyroxene abundance and composition. Low-Ca pyroxenes have a negative 1.3-1.8 µ m slope and a positive 2.1-2.5 µ m slope, while these slopes are both positive in the case of high-Ca pyroxenes. Hydrated minerals have a negative 2.1-2.5 µ m slope owing to water-related absorption. Spectra of Fe-bearing minerals exhibit a positive 1.3-1.8 µ m slope as well, though its intensity is weaker in the case of Fe 3+ compared to Fe 2+ , the latter inducing a stronger absorption near 1 µ m. For non-Fe-bearing hydrated minerals, this slope is usually close to zero.

For the SuperCam VIS spectra, simple ratios and spectral slope parameters were used in the same manner as was done with MSL ChemCam passive spectra to distinguish different types of soil and rock materials (e.g., [START_REF] Johnson | ChemCam passive reflectance spectroscopy of surface materials at the Curiosity landing site[END_REF]. For example, overall "redness" (0.67/0.44 µ m ratio) or the magnitude of the near-infrared drop off (0.75-0.84 µ m slope) helped resolve variations in ferric vs. ferrous components. Comparisons of spectral slopes and ratios between 0.60 µ m and 0.84 µ m provided some sensitivity to dust coatings. Band depths at 0.545 µ m provided a means to track the influence of crystalline ferric materials, and were computed using shoulders at 0.60 µ m and 0.43 µ m [START_REF] Clark | Reflectance spectroscopy: Quantitative analysis techniques for remote sensing applications[END_REF]. When calculating these spectral parameters, the average relative reflectance value for a given wavelength was computed using all channels within ± 5 nm of that wavelength.

Context images

In this contribution, context and location of VISIR measurements are given from the various color imaging instruments of the rover: the SuperCam Remote Micro-Imaging (RMI; [START_REF] Wiens | The SuperCam Instrument Suite on the NASA Mars 2020 Rover: Body Unit and Combined System Tests[END_REF][START_REF] Gasnault | What SuperCam will see: The Remote Micro-Imager aboard Perseverance[END_REF], the Mast Camera Zoom (Mastcam-Z; [START_REF] Bell | The Mars 2020 Perseverance Rover Mast Camera Zoom (Mastcam-Z) Multispectral, Stereoscopic Imaging Investigation[END_REF], the Wide Angle Topographic Sensor for Operations and eNgineering (WATSON; [START_REF] Bhartia | Perseverances Scanning Habitable Environments with Raman and Luminescence for Organics and Chemicals (SHERLOC) Investigation[END_REF] and the Hazard Avoidance Cameras (Hazcams; [START_REF] Maki | The Mars 2020 Engineering Cameras and Microphone on the Perseverance Rover: A Next-Generation Imaging System for Mars Exploration[END_REF]. The RMI produces Bayer-filter images in a 18.8 mrad footprint (less than 4 cm for a mast-to-target distance of 2 m), at a resolution of 10 µ rad/pixel and with a narrow depth of field [START_REF] Wiens | The SuperCam Instrument Suite on the NASA Mars 2020 Rover: Body Unit and Combined System Tests[END_REF]Maurice et al., 2021). The Mastcam-Z instrument is a set of two zoomable cameras (with a focal length ranging from 26 to 110 mm) that produce broadband Red/Green/Blue color stereo-images as well as multispectral reflectance spectra in the 0.4-1 µ m range [START_REF] Bell | The Mars 2020 Perseverance Rover Mast Camera Zoom (Mastcam-Z) Multispectral, Stereoscopic Imaging Investigation[END_REF]. WATSON is a camera built on the heritage of the MSL MAHLI (Mars Hand Lens Imager) camera and mounted on the rover robotic arm, allowing proximity imaging of targets in the close environment of the rover [START_REF] Bhartia | Perseverances Scanning Habitable Environments with Raman and Luminescence for Organics and Chemicals (SHERLOC) Investigation[END_REF]. The associated images have a resolution ranging from ∼13 µ m/pixel to infinity depending on standoff distance to the target. WATSON is coupled with the Autofocus Context Imager (ACI), which acquires ∼10 µ m/pixel greyscale images. Finally, additional context was provided by the Hazcams color images at 0.46 mrad/pixel [START_REF] Maki | The Mars 2020 Engineering Cameras and Microphone on the Perseverance Rover: A Next-Generation Imaging System for Mars Exploration[END_REF]. In this contribution, RMI, WATSON and ACI images are used to show target texture, while Mastcam-Z and Hazcams color images are shown for wider context (e.g., whole rock imaging).

The list of image IDs shown here is described in the supplementary text S1.

Results

As of sol 379, nearly 2000 interpretable VISIR spectra (i.e., without saturation or major shadowing in the field of view) were acquired on targets in the nearby rover environment, including ∼1400 spectra on ∼150 unabraded rock targets, ∼300 spectra on ∼20 soil targets, ∼150 spectra on seven abraded patches of rocks and ∼120 spectra on 13 tailings of coring or abrasion (Fig. 1). The list of the VISIR observations used in this contribution along with the sol of execution of the activity can be found in the supplementary table S1.
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Most of the spectra measured on rocks of the crater floor exhibit an absorption near 1.9 µ m, indicating the presence of water (Fig. 3). More precisely, 94% of individual spectra on rock targets of the crater floor show a >1% band depth absorption (relative to the continuum) near 1.9 µ m, and the median 1.9 µ m band depth is 7% (relative to the continuum). Additional shallower bands in the 2.1-2.4 µ m range indicate the presence of secondary minerals (Fig. 3). The Máaz and Séítah formation rocks exhibit distinct spectral signatures, indicative of different primary and secondary mineral assemblages, as detailed in the following sections. The summary of all the mineral phases identified based on VISIR spectroscopy is shown in table 2. 

Dust and coatings

Dusty rocks

The Martian dust is a ubiquitous cover of all surfaces, and is known to affect the reflectance spectra measured on rocks -mostly by inducing a red spectral slope in the visible and flattening the spectra in the near-infrared (e.g., [START_REF] Moulic | Composition of the Dust on Mars Derived from OMEGA Hyperspectral Images[END_REF]. However, before SuperCam operations on Mars, no in situ measurement had been performed in the 1.3-2.6 µ m near-infrared range. On sol 141, an experiment was conducted on the target Salles by acquiring VISIR spectra before and after LIBS measurements in order to assess the influence of the LIBS dust removal on the VISIR spectra. Subtle differences
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manuscript submitted to JGR: Planets in the VISIR spectra were noted, including a blueing of the reflectance in the VIS range as dust is usually redder compared to rocks (see supplementary Fig. S2), similar to the results obtained by MSL ChemCam instruments on dusty rock target but in that case limited to the visible range [START_REF] Johnson | ChemCam passive reflectance spectroscopy of surface materials at the Curiosity landing site[END_REF]. However, investigation of the RMI images shows that dust removal was minor on this target, limiting the possible interpretation.

We present in Fig. 4a the VISIR single-point spectra of the dustiest surfaces measured during the crater floor campaign. One of the dustiest surfaces (based on RMI images) was observed on the Naltsos target, a paver with a strong 0.545 µ m band depth related to crystalline and/or nanophase ferric oxides (Fig. 4b). Fig. 5d presents a comparison of 0.60-0.84 µ m spectral slopes vs. 0.60/0.84 µ m ratio, which was shown by [START_REF] Johnson | ChemCam passive reflectance spectroscopy of surface materials at the Curiosity landing site[END_REF] to be a useful proxy for ferric dust coatings on spectrally neutral, low-albedo albedo substrates. Here, Naltsos plots as one of the dustiest endmembers of the Máaz targets (compared to the least dusty targets such as Manior ).

Based on visual investigation of color and texture of rocks in RMI images, 13 points with thick dust coating covering the whole SuperCam VISIR field of view were identified. The average spectrum from these observations is presented in Fig. 4a. In the infrared, these dusty surfaces exhibit a relatively flat spectrum, with a faint absorption related to hydration at 1.93 µ m (∼3-5% of absorption relative to the continuum) as well as a subtle downturn after ∼2.3 µ m, attributable to a number of poorly crystalline waterbearing mineral phases (Fig. 4). While the 1.9 µ m absorption might be caused by hydrated material of the rock underneath the dust cover, analysis of corresponding Mastcam-Z and RMI images shows optically-thick coating of dust in most of the field of view, likely to mask any spectral signature originating from the rock (Fig. 4b). Additionally, nearly all SuperCam dusty targets (mainly pavers) exhibit a 1.9 µ m region absorption band.

Recently deposited dust

After the rover's landing, airborne dust started to accumulate on the rover deck and on each SuperCam calibration target (SCCT), providing the opportunity to investigate the properties of the recently deposited dust. Several of the SuperCam reflectance calibration targets are enclosed in a magnetic ring, intended to deflect the magnetic fraction of airborne dust from the center to the edge of the SCCT [START_REF] Manrique | SuperCam Calibration Targets: Design and Development[END_REF].

On sols 72 and 111, two VISIR observations were performed on the AluWhite SCCT to check the horizontal and vertical alignment of the infrared spectrometer, measuring both the center of the SCCT and its magnetic dust-covered edges (Fig. 4c). Similar to dustcoated rocks, the spectra of the AluWhite SCCT recently covered by the magnetic fraction of the airfall dust exhibited a strong red slope in the visible. However, unlike the typical dust-coated rocks or soils, the VIS spectra exhibit only a weak 0.545 µ m band and a positive 0.75-0.84 µ m spectral slope. Merusi et al. (this issue) provide additional multispectral observations of the magnetic dust using Mastcam-Z data (0.44-1.02 µ m).

In the IRS data, no clear absorption was observed in the near-infrared range (Fig. 4e).

Coatings

The purple-tinted material found as coatings on the rocks of the crater floor (Garczynski et al., this issue;[START_REF] Garczynski | Perseverance and the purple coating: a Mastcam-Z multispectral story[END_REF] has been investigated by SuperCam. 4a andc). These
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Rocks of the Máaz formation

In the Máaz formation, the single-point spectra of the dark-toned rocks (i.e., the least-dusty rocks) most often exhibit a concave shape in the infrared range, with a pronounced 1.9 µ m water absorption centered between ∼1.92 and 1.95 µ m. The strongest water bands were observed in point spectra of the Bidziil and Tsosts'id ts'áadah targets, with 19% and 18% of absorption relative to the continuum respectively.
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manuscript submitted to JGR: Planets VIS spectra of the Máaz formation targets tend toward greater 0.545 µ m band depths and weaker 0.75-0.84 µ m spectral slopes than those from the Séítah targets, although there is substantial overlap (Fig. 5a andb). This results from the combined effects of overall greater contributions from ferric surfaces (dust, coatings) and no olivine in the Máaz targets.

Phyllosilicates

Dark-toned rocks usually exhibit an absorption at 2.28 µ m attributed to the Fe 3+ -OH bond (40% of the individual point spectra, with a threshold of 1% absorption minimum; Fig. 7). This band is often paired with additional absorptions at 1.42 µ m (OH, H 2 O) and 2.39 µ m (Fe/Mg-OH), and is stronger when the water band is positioned at the lowest of the band range, at ∼1.92 µ m (Fig. 6 and7). These observations indicate the presence of a Fe 3+ -phyllosilicate such as nontronite or hisingerite, best expressed in the spectra of the Bidziil target (Fig. 6b), a vertical facet of a rock (and hence a relatively dust-free target). While nontronite and hisingerite can form in different settings, these two species have similar spectral features and are hardly distinguishable in the VISIR spectral range [START_REF] Milliken | Distinguishing Hisingerite from Other Clays and its Importance for Mars[END_REF]. Pure nontronite or hisingerite should have a 1.9 µ m absorption band centered at shorter wavelength (∼1.91 µ m) and with a narrower shape, indicating that this band is likely induced by the mixture of different hydrated minerals. An additional faint absorption was observed at 2.32-2.33 µ m (Fig. 3), suggesting that a slight amount of some Mg-OH mineral(s) (such as Mg-phyllosilicates and/or brucite) or carbonate might be occurring in mixture with the Fe-phyllosilicates or that an Fe/Mg-OH phyllosilicate is present.

Oxyhydroxides

Overall, the 2.28 µ m band indicative of Fe-phyllosilicates is relatively shallow, exceeding 3% of absorption relative to the continuum in only 5% of the single-point spectra on the dark-toned rocks. Additionally, no clear correlation between the 1.9 and 2.28 µ m band depths was observed (Fig. 7c). These observations along with the large range of 1.9 µ m H 2 O band positions point towards the presence of at least another hydrated mineral phase in the Máaz formation. Indeed, in some spectra, the 1.42, 2.28 and 2.39 µ m bands are weak or non-existent, and are associated with a strong and wider water band centered at ∼1.94 µ m (Fig. 6b). These features are consistent with a mixing with an Fe-oxyhydroxide, such as ferrihydrite. The best example was found on sol 90 in a darktoned filled-vesicle of the Tsosts'id ts'áadah target mentioned above (Fig. 6). This is in agreement with the LIBS co-analysis, which revealed ∼80% FeOT in this target, consistent with the presence of Fe-oxyhydroxides [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Clavé et al., 

Sulfates

Additionally, some spectra exhibit a significant absorption related to water (1.9 µ m band depth of ∼10%), with a downturn longward of ∼2.3 µ m. This was especially observed in the spectra of abraded rocks (e.g., the Bellegarde and Guillaumes targets; Fig. 6). In Bellegarde, spectra ratioed by the raster median have absorptions and overall spectral shape similar to those of polyhydrated sulfates (such as starkeyite, hexahydrite, schwertmannite; Fig. 6d). Though this spectral shape can also be explained by the presence of zeolite or other poorly crystalline minerals containing water, co-analysis with LIBS shows a stronger sulfate component in this target [START_REF] Meslin | Evidence for Perchlorate and Sulfate Salts in Jezero Crater, Mars, from Supercam Observations[END_REF]. Single-
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manuscript submitted to JGR: Planets point and ratioed spectra in Bellegarde also exhibit a 1.93-2.13 µ m "box-shaped" absorption shouldered at ∼1.8 and 2.2 µ m with an absorption maximum near 2.13 µ m (Fig. 6b andd): this is usually observed in the spectra of monohydrated Mg/Fe-sulfates of the kieserite-szomolnokite solid solution (e.g., Fig. 6c). The spectra of these species also exhibit a faint absorption near 2.4 µ m, which is observed in the non-ratioed spectrum of Bellegarde shown in Fig. 6, but not in the ratioed one. The 2.13 µ m feature has also been reported for one hydrated perchlorate spectrum by [START_REF] Hanley | Reflectance Spectra of Low-Temperature Chloride and Perchlorate Hydrates and Their Relevance to the Martian Surface[END_REF], but the strength of this band is minor in the published literature [START_REF] Bishop | Spectral and thermal properties of perchlorate salts and implications for Mars[END_REF].

Using LIBS and Raman data, (Meslin et al., this issue/Meslin et al., 2022) reported the presence of Mg-sulfates in Máaz abraded patches, but no Fe-sulfate, making the Mg-kieserite species more likely to explain the 2.13 µ m band observed in the VISIR spectra. Overall, this 2.13 µ m feature is not commonly observed in Máaz rocks spectra (see section 5.2.1).

Other mineral phases

In some Máaz rocks, a faint absorption at ∼2.2 µ m was observed (e.g., the Guillaumes target; Fig. 6b). This band can be caused by the presence of an Al-phyllosilicate, hydrated silica or gypsum.

While most of the rock targets show some degrees of hydration, some smooth and pitted rocks such as the target Hedgehog are exceptions, with weak to non-existent 1.9 µ m absorptions, blue slopes and subtle wide absorptions around ∼1 µ m (Fig. 6). These 

Independent Component Analysis

In the ICA model considering n = 3 components mixed in the abraded rocks of the Máaz formation, Guillaumes and Bellegarde, one of the resulting components exhibits a red slope in the 1.3-1.7 µ m range as well as a broad and large absorption centered at 2.3 µ m, consistent with high-Ca pyroxene (Fig. 6), also detected by the LIBS and PIXL instrument [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF][START_REF] Hollis | The power of paired proximity science observations: Co-located data from SHERLOC and PIXL on Mars[END_REF]. In the n = 2 model run on these same targets, one of the resulting components shows a sharp downturn past 2.3 µ m as well as absorptions at 1.43, 1.93 µ m, and a very weak feature at 2.13 µ m (Fig. 6e), consistent with Mg-sulfates. The other component exhibits a large absorption at 1.94 µ m (similar to those of the Tsosts'id ts'áadah spectrum), as well as shallow absorptions at 1.42, 2.28 and 2.39 µ m (similar to those of the Bidziil spectrum). This component likely corresponds to a Fe-phyllosilicate and Fe-oxyhydroxide mixture. ICA analysis was also performed on all rock targets of the Máaz formation, considering n = 3 components.

One of the corresponding component is similar to the possible Fe-oxyhydroxide and Fephyllosilicate mixture (Fig. 6e).

Rocks of the Séítah formation: non-pitted rocks

Olivine

The VISIR single-point spectra of Séítah non-pitted rocks are significantly different from those measured in the Máaz formation, with a distinctly stronger absorption between ∼0.7 and ∼1.8 µ m typical of olivine (with possible minor contributions from other Fe-rich minerals; Fig. 3, 8 and 9a). While exhibiting a strong absorption related to olivine, these spectra also show a negative 2.1-2.5 µ m slope (Fig. 10) as well as an
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manuscript submitted to JGR: Planets absorption band of water near 1.9 µ m (Fig. 8), showing that hydrated products are widespread in the unit, similar to the Máaz formation rocks. The depth of this absorption is on the same order as for the Máaz rocks (Fig. 3, 7a and 9b), with the strongest water band depth being observed at 16% and 14% absorption relative to the continuum (for the targets Issole and Penne respectively). The greater olivine contributions in many of the Séítah targets (section 4.3) are expressed by the stronger negative 0.75-0.84 µ m spectral slopes exemplified in Fig. 5c (targets Cine, Penne), where the major spectral change occurred around sol 200 when Perseverance entered the Séítah region.

Phyllosilicates and carbonates

In most of the less dusty non-pitted rocks in Séítah, an absorption at ∼2.3 µ m, whose shape and center exhibits significant variations, is observed. In some of these singlepoint spectra, a doublet of sharp bands showing minima centered at 2.28 and 2.32-2.33 µ m respectively (Fig. 3c and Dourbes tailings in Fig. 8), consistent with a mixture of Fe-phyllosilicates (such as nontronite or hisingerite) and some carbonate and/or Mg-OH mineral(s) respectively. The latter could be a Mg-phyllosilicate (such as a smectite, a serpentine or talc) or a magnesium hydroxide (such as brucite). Additional very shallow bands at ∼2.4 and 2.47 µ m were observed (respectively 1.2% and 0.7% of absorption relative to the continuum in the tailings of the Dourbes target; Fig. 8). If real, they could suggest that talc may be a good candidate for the potential Mg-OH mineral (Fig. 8a, Brown et al., this issue/Brown et al., 2022), however, the two bands are near detection limit. In some other spectra, the 2.3 µ m band does not exhibit any doublet and instead shows a single, wider, and usually stronger absorption centered at 2.32 µ m (Fig. 8 and9). While a 2.32 µ m absorption was also observed in Máaz rocks spectra, it is generally stronger in those of Séítah rocks (Fig. 9c).

No correlation between the 1.9 and 2.3 µ m band depths was observed (Fig. 7d),

suggesting that the 1.9 µ m band is explained by minerals with no Fe/Mg-OH bands (such as ferrihydrite), that the hydration of the metal-OH bearing phase itself is variable, which would not be unexpected for clay minerals (interlayers more or less collapsed), or that at least one non-hydrated mineral phase contributes to the absorption near 2.3 µ m. In the Garde abraded patch, a shallow band at 2.53 µ m is observed, together with an absorption at 2.32 µ m (Fig. 8e). This absorption near 2.5 µ m can be due to the presence of carbonates, although some spectra of clay minerals (e.g., serpentine) can also exhibit this feature. et al., 2022) and from orbit at the regional scale [START_REF] Ehlmann | Orbital Identification of Carbonate-Bearing Rocks on Mars[END_REF].

Given the implication of observing an absorption near 2.5 µ m, its significance was 
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This article is protected by copyright. All rights reserved. On the orbital data, the southern part of Séítah exhibits relatively weak carbonate signature, which is in agreement with the scarce observations of the absorption near 2.5 µ m (Horgan et al., 2020; supplementary Fig. S3b). After the first campaign of Mars 2020 and before reaching the base of the deltaic deposits, Perseverance reached the Western region of Séítah, which from orbit show stronger carbonate signatures. Consistently, VISIR reflectance spectra of the rocks at this location exhibit distinct bands at 2.53 µ m, similar to the Garde observation (supplementary Fig. S3a).

Oxyhydroxides

In Issole, a non-pitted rock, a strong (16% of absorption relative to the continuum) and large hydration band at ∼1.9 µ m was observed, as well as subdued bands in the metal-OH absorption region, in addition to the olivine absorption typical of Séítah rocks (Fig. 8c). Apart from the olivine absorption, these spectral features are similar to those observed in the spectrum of Tsosts'id ts'áadah, interpreted as Fe-oxyhydroxide-bearing.

As such, this type of minerals might be common to the Séítah and Máaz formations. Still, these spectral features are overall rarely observed in the Séítah rocks spectra.

Other mineral phases

In the abraded patch Quartier, some light-toned areas were observed, similarly to the Bellegarde and Guillaumes patches in the Máaz formation. One of these light-toned features was largely included in the field of view of some SuperCam VISIR measurements (Fig. 8j); ratioing the corresponding spectrum by the raster median highlighted spectral features similar to those in the Bellegarde target that were interpreted to be due to the possible presence of sulfate and/or poorly crystalline water-bearing materials (Fig. 8b).

Finally, an absorption shoulder was observed in Séítah rocks at 2.22-2.23 µ m (Fig. 3). This can be induced by both Al-OH mineral phase(s) or hydrated silica. In LIBS data, several points high in silica have been observed and are unlikely to correspond to quartz in a mafic rock consisting of ∼40% olivine [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF], and might be related to potential secondary hydrated silica (e.g., opal or chalcedony) causing the absorption at 2.2 µ m. Given the weak absorption associated with this band, both Al-OH phases and hydrated silica remain a possibility to explain its occurrence in Séítah rocks.

Independent Component Analysis

Similarly to the Máaz rocks, one of the ICA components of abraded rocks NIR spectra in Séítah shows a red slope in the 1.3-1.6 µ m range as well as a broad and large absorption centered at 2.3 µ m, consistent with high-Ca pyroxene (Fig. 8). Another component exhibits similar spectral features as olivine with carbonate and/or Fe/Mg-phyllosilicates.
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The ICA models run on Séítah rocks have not yet been able to distinguish olivine from secondary minerals products, and while an unaltered pyroxene component could be retrieved, no pristine olivine component was observed. This might suggest that the proportion of the alteration products varies as the olivine proportion does, and that they are preferentially spatially associated with olivine compared to pyroxene, at the scale of the IRS field of view (e.g., in cracks or on the rims of the olivine crystals). This is consistent with olivine usually altering more rapidly than pyroxene.

Rocks of the Séítah formation: pitted rocks

In total, seven different pitted rocks (the rocks near the top of the stratigraphy of Séítah) have been measured in the VISIR by SuperCam. Unlike the other rocks in Séítah, their single-point spectra do not exhibit the wide absorption between ∼0.7 and ∼1.8 µ m typical of olivine, but rather exhibit similar spectral shape as the Máaz rocks in the overall VISIR range (Fig. 8b). In particular, the spectral slopes in the 1.3-1.8 µ m, 2.1-2.5 µ m and 0.75-0.84 µ m ranges, are on the same order than the spectra measured in Máaz rocks (Fig. 5 and 10). The lack of absorption indicative of olivine is in agreement with the Mg-poor and olivine-lacking composition inferred from LIBS data on these pitted rocks [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF].

Soils

During the crater floor campaign, different types of regolith were observed on the crater floor (Vaughan et al., this issue/Vaughan et al., 2021;Cousin et al., this issue/Cousin et al., 2022). In particular, we distinguish fine soils, which are associated with µ m-scale particles coated with dust (Hausrath et al., this issue/Hausrath et al., 2022), and coarse soils, which consist of an assemblage of fine and coarser mm-sized materials. On the crater floor, the latter is usually found on eolian bedforms and much of the coarser fraction consists of dark-toned mm-sized granules (Fig. 11). In the VISIR data, both types of soils have distinct spectral signatures in the near-infrared. The spectra of fine soils, such as the Cheshkeh target, exhibit two large absorptions in the ∼0.7-1.7 µ m and ∼1.7-2.4

µ m ranges, consistent with pyroxene, possibly mixed with olivine (Fig. 11 and supplementary Fig. S4). The second absorption is broadly centered around 2.0-2.1 µ m, corresponding to pyroxene of intermediate composition -either resulting from the mixing of pyroxenes of different Ca-composition or from a unique type of pyroxene with intermediate Ca content. The spectra measured on the coarse-grained soils, such as the Hastaa sand ripple target, show a deeper absorption between ∼0.7 and 1.7 µ m and do not exhibit the 2.0-2.1 µ m broad band observed in the soils spectra (Fig. 11). This is consistent with a significant enrichment in olivine compared to the fine soils (though grain size and and Fo content influence the olivine signature as well), in agreement with the higher content of Mg and stoichiometry consistent with almost pure olivine inferred from LIBS data on these dark-toned grains (Cousin et al., this issue/Cousin et al., 2022). This variability in composition is easily observed in Fig. 10, where the coarse soils plot along the olivine trend in the spectral slopes parameter space, and the finer soils plot between the olivine and pyroxene trends.

Fine and coarse soils share overall similar spectral shapes whether observed on the Máaz or Séítah formations (supplementary Fig. S4). Slight differences were observed:

in fine soils spectra, the 2.1-2.5 µ m slope is of 4% on average for both formation, while the 1.3-1.8 µ m slope is of 16% and 22% on average on the Máaz and Séítah formation respectively. The latter suggests slightly more mafic minerals in the fine soils of the Séítah formation. In line with this, coarse soils exhibit a 1.3-1.8 µ m slope of 25% and 32% on average on the Máaz and Séítah formation respectively. The 2.1-2.5 µ m slope is similar for both types of coarse soils, with 0.5% and 1% on average on Máaz and Séítah.
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The spectra measured by the IRS on the soils commonly exhibit a shallow absorption related to hydration at ∼1.9 µ m. This band was observed at similar strength for both types of soils, at 4 and 3% absorption relative to the continuum for the fine and coarse soils respectively (Fig. 7a). These values are significantly lower than for observations of rocks, which, for dark-toned (i.e., less dusty targets) is of 8% relative to the continuum. In the spectra of coarse soils, additional absorptions at 2.28 and 2.32 µ m, or 2.30 µ m were observed, attributed to a combination of Fe-OH and Mg-OH phases (Fig. 11 and supplementary Fig. S4). The large absorption in the ∼0. While the coarser soils share spectral similarities with the Séítah rocks (a wide 0.7-1.8 µ m absorption, shallower ∼1.9 and 2.3 µ m absorptions), their 2.1-2.5 µ m slope is weaker (Fig. 10). This might be explained by the presence of finer, pyroxene-rich soils in the field of view of the IRS or by a weaker water content in the coarse soils compared to Séítah rocks, consistent with their weaker 1.9 µ m band.

Cached samples

We report in Fig. 12 After a coring activity, no measurement was performed by the science payload on the collected sample. SuperCam analyses were performed on the boreholes of the drills, but these targets were usually not sunlit, which complicates the interpretation of reflectance spectra. The abraded surfaces of the rock sampled on the crater floor are the freshest surfaces measured by SuperCam and the more likely to represent the lithologies of the sealed cores. These abraded targets have usually stronger absorptions than the natural rocks (Fig. 12), which is expected given their low to absent dust cover and/or weathered coatings.

The abraded Rochette and Sid outcrops have mean VISIR spectra similar to the mean signature of the Máaz rocks: they share a comparable overall spectral shape in the 0.5-2.5 µ m range, including similar 0.545 µ m band depths and 0.75-0.84 µ m spectral slopes. In the near-infrared they exhibit similar absorptions at 1.43, 1.93, 2.28, 2.39 and 2.46 µ m (Fig. 12a andb). This indicates that the samples collected at Rochette and Sid are overall representative of the Máaz formation in terms of the alteration minerals assemblage present in the rocks. These two Máaz abraded rocks are similar in terms of the
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The abraded Brac and Issole outcrops are representative of the Séítah formation, and exhibit similar spectra compared to the rocks measured in this unit: negative 0.545 µ m band depths, but strong absorption between 0.7 and 1.8 µ m consistent with the presence of olivine, possibly mixed with other ferrous components. They also exhibit associated bands at 1.94, 2.3, 2.39 and 2.46 µ m related to the secondary mineral phases discussed previously for Séítah rocks. Both abraded rocks have similar 1.3-1.8 µ m olivine/ferrous mineral band depth (45% average relative to the continuum at 1.3 µ m), Fe/Mg-phyllosilicate and/or carbonate 2.3 µ m band (5% average). The 1.9 µ m water band is slightly stronger at Issole compared to Brac (11 and 8% average respectively).

Interestingly, at Rochette and Sid, the abraded rock and tailings spectra exhibit significantly different spectral signatures in the infrared. While strong H 2 O and metal-OH bands were observed in the abraded spectra, similarly to other Máaz rocks, their tailings exhibit flatter spectra, along with subdued absorption bands (Fig. 12). Potential interpretations of this phenomenon are provided in the discussion section.

Discussion

Igneous nature of the crater floor

The VISIR spectra measured during the first year of the mission are in agreement with parallel studies proposing that the crater floor consists of igneous rocks, with altered basaltic rocks on top of the stratigraphy and olivine-rich rocks at the bottom [START_REF] Farley | Aqueously altered igneous rocks sampled on the floor of Jezero crater, Mars. Science[END_REF][START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Liu;et al., 2022;[START_REF] Beyssac | Mafic Chemistry and Mineralogy (including olivine) of the Coarse-Grained Regolith Analyzed by SuperCam at Jezero Crater, Mars[END_REF] 

The Máaz formation

In the Máaz formation (east of the Séítah region, Artuby excluded), Wiens et al.

(2022) reported basaltic compositions with mineral abundances (derived from LIBS CIPW norms and alteration phases excluded) of ∼45% feldspar and ∼43% pyroxene (mostly as Fe-rich augite and pigeonite; Udry et al., this issue/Udry et al., 2022). Oxides might also be present in the Máaz rocks. Fe-poor feldspars do not exhibit strong distinct absorption bands in the spectral range covered by SuperCam, making pyroxene the main primary mineral detectable in VISIR in the Máaz formation. Depending on grain size, hydrated minerals can have low detection thresholds in reflectance spectroscopy compared to mafic minerals (e.g., [START_REF] Thollot | Etude de l'altration de la surface de Mars par imagerie hyperspectrale : minralogie des rgions de Noctis Labyrinthus et Valles Marineris[END_REF][START_REF] Mandon | ROMA: A Database of Rock Reflectance Spectra for Martian In Situ Exploration[END_REF], likely explaining the dominance of their signature in the Máaz rocks spectra. Still, our ICA analysis suggested the presence of high-Ca pyroxene in some targets, in agreement with the LIBS compositions (Udry et al., this issue/Udry et al., 2022). No evidence of low-Ca pyroxene was observed based on the analysis of the VISIR spectra.
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The Séítah formation

Similarly to Máaz, the mineralogical assemblage observed in VISIR in the Séítah rocks does not include the low-Ca pyroxene signature observed on the watershed and on the delta, possibly favoring again the in situ magmatic/volcanic emplacement over the sedimentary hypothesis, consistent with Liu et al. (2022).

Consistent with [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF], no olivine was detected with the VISIR technique in the Séítah pitted rocks or in the Máaz formation, but it was detected in all the spectra of the Séítah non-pitted rocks. [START_REF] Farley | Aqueously altered igneous rocks sampled on the floor of Jezero crater, Mars. Science[END_REF] and [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF] proposed various scenarios to explain this change of mineralogy between Máaz and Séítah, accounting for the cumulate texture of olivine-bearing rocks described by Liu et al. (2022).

In the first scenario, the terrains observed by Perseverance on the crater floor were formed after the differentiation of a single melt by gravity settling of olivine crystals (Brown et al., this issue/Brown et al., 2022). Alternatively, the Máaz formation (and possibly Artuby) could have formed from consecutive lava flows, after emplacement and erosion of the cumulate filling the crater floor. In these hypotheses, the origin of the cumulate formation is unclear, and could result from the differentiation of an intrusive or thick extrusive igneous flow, or from an impact melt. Layers observed from orbital data in the regional Nili Fossae olivine-bearing unit drape the eroded rim of Jezero North to the delta, discarding an intrusive origin or a formation related to the older giant impact of Isidis [START_REF] Mandon | Refining the age, emplace-www[END_REF]. Hence, if the Séítah formation exposes rocks of the regional olivinebearing unit, an effusive scenario would be favored. Until further exploration outside of Jezero crater, the clarification of the relationship between the rocks exposed at Jezero and the regional olivine-bearing unit, as well as its exact origin, remain to be determined.

Alteration of the crater floor

Nature of the hydration

From orbital data, the crater floor of Jezero appears poorly hydrated, with primary mafic minerals dominating the CRISM spectra measured on Máaz and Séítah (e.g., [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]Horgan et al., 2020). Surprisingly, most of the SuperCam reflectance spectra of the rocks of the crater floor exhibit an absorption near 1.9 µ m, related to water. Several hydrated minerals that might cause the 1.9 µ m absorption have been identified using VISIR data: Fe-oxyhydroxides, phyllosilicates, sulfates and if hydrated, carbonates (see section 4). In reflectance spectroscopy, the strength of the absorption bands cannot be readily used to derive absolute mineral proportions, as complex effects of texture, grain size and porosity also affect the spectra. Here, while the hydration band at 1.9 µ m was observed at a strength up to ∼20% relative to the continuum, the absorption bands in the 2.1-2.5 µ m range are faint (max. ∼5%), pointing to possibly low proportions of phyllosilicates, sulfates and/or carbonates in the fields of view of the instrument.
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From the VISIR spectra only, it is challenging to infer whether the Fe/Mg-carbonates detected at Séítah are hydrated as they are likely observed as mixtures with phyllosilicates, which exhibit strong water bands. Fe-carbonates are nominally anhydrous, whereas Mg-carbonates are more complex, with several hydrated forms found in nature, such as hydromagnesite or nesquehonite (whose stability in the Martian environment remains uncertain; [START_REF] Calvin | Hydrous carbonates on Mars?: Evidence from Mariner 6/7 infrared spectrometer and ground-based telescopic spectra[END_REF][START_REF] Harner | Visiblenear infrared spectra of hydrous carbonates, with implications for the detection of carbonates in hyperspectral data of Mars[END_REF]. However, other than carbonates, similar minerals were observed between the Máaz and Séítah rocks without significant variation of the water band depth, suggesting a non-significant hydration of carbonates. This is consistent with LIBS data, in which carbonate detections are not associated with intense H emission lines compared to other targets (Clavé et al., this issue/Clav et al., 2022).

In Máaz, the 2.2 µ m absorption possibly attributed to gypsum, Al-phyllosilicates or hydrated silica was observed at low intensity, close to the noise level (at ∼1.5% relative to the continuum), suggesting a minor influence of the corresponding hydrated mineral phase. Faint 2.32 µ m absorptions are also observed and attributed to a Mg-OH phase, that could be a Mg-phyllosilicate and/or a Mg-hydroxide. In Máaz, the 2.32 µ m absorption is faint and also close to the noise level (Fig. 3), suggesting a weak contribution of potential Mg-phyllosilicate to the hydration. In Séítah, this band was observed at stronger intensity and was attributed to either carbonates, Mg-hydroxide, serpentine, Mg-smectite, and/or talc. Talc, serpentine and Mg-hydroxide spectra do not exhibit an absorption at 1.9 µ m (or subdued in the case of serpentine) due to their lack of structural water and are not expected to bear on structural hydration in Séítah.

Mg-sulfates are one candidate to explain the drop in reflectance past 2.3 µ m observed here as well as an absorption at ∼2.13 µ m. As the intensity of the 2.3 µ m drop can be affected by thermal effects residuals after the calibration (Royer et al., this issue;[START_REF] Royer | The Detection of Spectral Signatures with IRS/SuperCam, Perseverance Rover: Instrument Performance[END_REF], we measured the depth of the 2.13 µ m band (shouldered at 1.93 and 2.18 µ m), as a means to track the signature of Mg-sulfate in the Máaz formation (Table 1). Fig. 7b shows that this absorption is rarely observed and is associated with relatively low 1.9 µ m band depths, with the exception of the abraded patch Bellegarde, suggesting a relatively low influence of Mg-sulfates in the VISIR spectra of rocks.

No correlation between the band center and the depth of the 1.9 µ m absorption was observed (Fig. 7b). However, the endmember spectrum of location #4 on Bidziil displays one of the strongest 1.9 µ m band depths and is interpreted as consistent with Fephyllosilicate. Because the 1.9 µ m absorption in nontronite and hisingerite spectra is centered at low wavelength (∼1.91-1.92 µ m) compared to other hydrated mineral phases detected here (>1.93 µ m), an Fe-phyllosilicate cannot alone explain the widespread hydration on the crater floor. The rocks of the Máaz formation have NIR spectral shapes consistent with hydrated Fe-bearing minerals (Fig. 6 and 10), and it is likely that the main bearer of hydration consists of a mixture of Fe-phyllosilicate and Fe-oxyhydroxides (as also evidenced by ICA results). As shown above, the spectral signature of other candidate hydrated minerals (including sulfates, and possibly Al-phyllosilicates, hydrated silica, perchlorate and zeolites) appear less dominant on the spectral dataset of Jezero's crater floor and hence probably have a minor influence on the hydration band observed at 1.9 µ m.

Hydration of rock tailings and soils

The wide diversity of targets measured by SuperCam revealed some variability in water band depth among different target types. In particular, the spectra of the tailings resulting from drill or abrasion activities often exhibited a subdued 1.9 µ m water band compared to spectra acquired on their corresponding natural rock surface (e.g., on the Rochette outcrop in Fig. 12). Heating during drilling and abrasion is not sufficient to dehydrate the detected minerals. Hence, this could be due to a reduced proportion of hydrated phases with depth from an outer, more weathered surface to a more pristine interior. The reflectance spectra measured on rocks usually have weaker bands compared
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manuscript submitted to JGR: Planets to their crushed equivalent, as particles are welded together [START_REF] Hapke | Theory of Reflectance and Emittance Spectroscopy[END_REF]. Here, the tailings are very fine powders (aggregates of a few microns), favoring reduced optical paths, hence possibly reducing spectral contrast and absorption strengths. Overall, one can explain the different spectral shape of the rock tailings by a change of optical regime, and not necessarily by a less altered interior. We note that the spectra of Rochette and Brac's tailings have a lower reflectance and spectral contrast compared to those of Sid and Issole. Because the spectra are not corrected for photometric effects, it is possible that the higher phase angles associated with the Sid and Issole observations (41-89 • ) compared to the Rochette and Brac observations (26-48 • ) might also be responsible for the difference (in that case, Sid and Issole's tailings would be more backscattering than Rochette and Brac's tailings).

We noted that the reflectance spectra measured by SuperCam on soils of Jezero crater usually have weaker water absorption bands compared to the spectra of the crater floor rocks (Fig. 7a). This is consistent with the low hydration levels inferred from NIR orbital spectra and the extensive soil coverage on the Cf-fr. However, in LIBS data, soil targets are associated with stronger H emission lines (Cousin et al., this issue/Cousin et al., 2022), in apparent discrepancy with our results. The H signal in LIBS spectra is highly affected by matrix effects (e.g., [START_REF] Schrder | Hydrogen detection with ChemCam at Gale crater[END_REF], which could (at least partially) induce artificially stronger H signal in soils compared to rocks. Because the water absorption strength in the reflectance spectra is also influenced by factors not related to hydration (typically, the grain size or roughness of the sample) and considering the matrix effects affecting hydrogen in LIBS data, it is challenging to determine precisely how the hydration of the regolith compare to the Jezero crater floor rocks.

Alteration history

One of the implications of our study regarding the history of Jezero is that waterrock interactions affected the crater floor broadly, with hydrated minerals present to some degree in most of the rocks analyzed. The interpreted mineralogical assemblages represent a diversity of possible secondary mineral phases, with both Fe 3+ and Mg-phyllosilicates, Fe-oxyhydroxides, carbonates and sulfates. Al-phyllosilicates do not appear to be abundant (in agreement with orbital observations). These types of minerals appear to be common to the Máaz and Séítah units, implying a similar, possibly contemporaneous, alteration. The exception is the presence of carbonates, which seems to be restricted to the Séítah formation. Clavé et al (this issue)/ [START_REF] Clav | Carbonate Detection with SuperCam in the Jezero Crater, Mars[END_REF] reported LIBS compositions consistent with their presence in Máaz rocks as well, but the corresponding carbonates occurrences appear to be scarce and at a lower proportion than in Séítah rocks -which from the intensity of the 2.5 µ m absorption is probably very low.

In Séítah, a significant amount of olivine of the protolith has been preserved, showing that aqueous alteration was likely limited in time, water/rock ratio and/or intensity (controlled by e.g., temperature, pH), as olivine alters rapidly at geological timescales when interacting with liquid water [START_REF] Stopar | Kinetic model of olivine dissolution and extent of aqueous alteration on mars[END_REF]. In Máaz, no olivine has been detected in the LIBS dataset, but we cannot exclude that it was fully dissolved and left voids in rocks (possibly allowing pore-space for deposition of sulfates). In both units, the presence of poorly crystalline mineral phases such as ferrihydrite points toward shortlived, low temperature water-rock interactions and/or limited diagenesis [START_REF] Dehouck | Stability and fate of ferrihydrite during episodes of water/rock interactions on early Mars: An experimental approach[END_REF]. This is in agreement with [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF] analysis of LIBS data suggesting limited leaching of water-soluble cations in the rocks of the crater floor. In the following section, we discuss early-and late-stage (pre-and post-deposition of sulfates in porespace, respectively) alteration products.

Early-stage alteration

The occurrence of clay-minerals in both Máaz and Séítah rocks is consistent with the weathering of an Fe/Mg-bearing protolith, likely unrelated to the sulfate deposition environment. Here, the Fe 3+ -clay mineral signature might be related to nontronite and/or
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Ferric clay minerals such as nontronite usually form under neutral to alkaline and oxidizing conditions, directly from weathering of the inital protolith [START_REF] Gainey | Clay mineral formation under oxidized conditions and implications for paleoenvironments and organic preservation on Mars[END_REF],

or by precipitation of ferrous clay minerals under anoxic/reducing conditions and their subsequent oxidation [START_REF] Harder | Nontronite synthesis at low temperatures[END_REF][START_REF] Chemtob | Oxidative Alteration of Ferrous Smectites and Implications for the Redox Evolution of Early Mars[END_REF]. Here, the coupled detection of oxyhydroxides, likely in the ferrihydrite form, and the absence of Fe 2+ -clays point towards oxidizing conditions in the alteration history, but the associated timing is uncertain. Fe 3+ -clays could have been produced during oxidizing and low-temperature weathering of the protolith near the surface (possibly related to the lake activity); another possibility is that Fe 2+ phyllosilicates first precipitated under anoxic conditions and were fully oxidized later in the history of the site.

On the other hand, the presence of hisingerite can imply different alteration environments. Though this mineral is relatively rare on Earth, it can be formed by supergene weathering, but also during hydrothermal alteration of ferroan olivine-bearing rocks and has been proposed as a serpentinization product more common on Mars than on Earth owing to the higher Fe content of the Martian mantle [START_REF] Evans | Serpentine, Iron-rich Phyllosilicates and Fayalite Produced by Hydration and Mg Depletion of Peridotite, Duluth Complex, Minnesota, USA[END_REF][START_REF] Tutolo | SerpentineHisingerite Solid Solution in Altered Ferroan Peridotite and Olivine Gabbro[END_REF]. From orbit, Mg-serpentine has been detected in the regional olivine-bearing unit [START_REF] Ehlmann | Identification of hy-physical Research: Planets[END_REF]. [START_REF] Brown | Hydrothermal formation of Clay-Carbonate alteration assemblages in the Nili Fossae region of Mars[END_REF] in the mission [START_REF] Mandon | ROMA: A Database of Rock Reflectance Spectra for Martian In Situ Exploration[END_REF]. This suggests no evidence for elevated Mg-serpentine content in the rocks measured during the first year of the mission. Hence, in the serpentinization scenario, either most of the Mg-serpentine produced from olivine alteration has been converted to hisingerite [START_REF] Tutolo | SerpentineHisingerite Solid Solution in Altered Ferroan Peridotite and Olivine Gabbro[END_REF] or talc and magnesite under CO 2rich fluids and decreased temperature, or the rocks of Séítah never experienced conditions favorable to the production of Mg-serpentine from olivine. Nevertheless, Séítah rocks appear relatively pristine (with a limited amount of weathering products), as evidenced by large amount of remaining olivine.

Late-stage alteration

Geochemical models performed by [START_REF] Chevrier | Carbonate-Phyllosilicate Parageneses and Environments of Aqueous Alteration in Nili Fossae and Mars[END_REF] showed that the evaporation of fluids resulting from the weathering of an olivine and pyroxene protolith and subsequent precipitation of ferric clay minerals and oxyhydroxides does not produce significant concentrations of Ca-sulfates and is not associated with Mg-sulfates precipitation. The Mg-sulfates inferred from the infrared spectra of Máaz and Séítah rocks may record an environment distinct from the weathering of the crater floor and production of all the other secondary mineral phases mentioned before. The deposition of high-solubility phases such as sulfates would likely correspond to the final aqueous activity at Jezero, during the late-stage evaporation of the lake, with sulfate deposition from concentrated brines into the pores of the rocks. Their possible presence on both the abraded rocks of Máaz and Séítah supports that most of the crater floor observed today was exposed to the surface waters (likely briefly, in order to support the low alteration of the olivine grains), or at least not deeply buried to allow percolation of fluids into the bedrock. The presence of akaganeite in Jezero is also consistent with past evaporitic conditions, likely in a highly saline and chlorinated environment.

In Jezero, near-infrared spectral similarities were observed between dusty targets and the purple-tinted material coating portions of some rocks of the crater floor. This
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manuscript submitted to JGR: Planets suggests some shared compositional traits and potentially a genetic link between dust and the coatings. This could result from induration of dust particles on the surface of rocks by a fluid of unknown composition, later in the history of the crater floor. LIBS measurements on these coatings show enrichment in S and H, in agreement with an hydrated sulfate component similar to the dust (Meslin et al., this issue/Meslin et al., 2022).

These coatings were observed sporadically on rocks from both formations of the crater floor (Garczynski et al., this issue/Garczynski et al., 2022), suggesting that at least minor liquid water was present after the formation of the Máaz rocks. This environment could have been repeated over extended periods of time to allow cementation of grains into coatings, and balanced against erosion upon surface exposure. The fact that they are observed today on the surface of rocks affected by erosion implies that the last processes of coatings formation happened late in the history of Jezero. This late-stage interaction of water with the rock surfaces might explain the fact that salts were predominantly detected on abraded patches by both the VISIR and LIBS technique compared to the non abraded rock surfaces, as salt dissolution is likely to occur with limited surface water (although other processes such as irradiation can slightly alter sulfates on the surface; e.g., [START_REF] Cloutis | Stability of hydrated minerals on 23[END_REF].

Origin of regolith materials

Cousin et al. (2015) showed that the soils analyzed at Gale crater along the MSL rover traverse are composed of various material families, with the coarsest fraction being likely sourced from physical weathering of the surrounding rocks, and the finest fraction being composed of different materials. These fine soils have a basaltic composition, thought to be global on the surface of Mars [START_REF] Yen | An integrated view of the chemistry and mineralogy of martian soils[END_REF]. Notably, the same trend seems to be present on the soils of Jezero crater:

• the VISIR signature of the fine soils is consistent with the presence of pyroxene, with a weaker olivine component and consistent with a composition similar to the Martian global soils. The spectra measured on the fine soils at Jezero exhibit some weak absorptions near 2.3 µ m and alternatively similar to those observed in rocks of the crater floor, suggesting some level of contamination of particles sourced from these rocks into the regolith;

• the coarsest soils are associated with a strong olivine signature, similarly to the Séítah rocks and implying that, as for the coarse soils of Gale crater, physical weathering of the surrounding rocks source the local regolith.

Comparison and implications for NIR orbital studies

The evaluation of the reflectance between ∼1 and 2.5 µ m is predominantly used from orbit to detect and map minerals on the surface of Mars and hence significantly supports the interpretation of past environments conditions (e.g., [START_REF] Bishop | Phyllosilicate diversity and past aqueous activity revealed at Mawrth Vallis[END_REF]Carter et al., 2013). The IRS onboard SuperCam was the first near-infrared reflectance spectrometer to operate directly on the surface of Mars, joined three months later by the MarSCoDe instrument on the Zhurong rover as part of the Tianwen-1 mission (Liu et al., 2022). Therefore, it provides a prime opportunity to bring context to orbital studies using near-infrared data. Indeed, the spectra measured from orbit result from the combination of complex spectral mixing effect and variable surface state at large scales, as the best spatial resolution of orbital hyperspectral cameras is on the order of ∼12 m/pixel [START_REF] Kreisch | Regularization of Mars Reconnaissance Orbiter CRISM alongtrack oversampled hyperspectral imaging observations of Mars[END_REF]. It should be noted that the comparison between in situ and orbital measurements (the latter being usually shown as ratios in the literature) is not straightforwards and future work with SuperCam data will expand on this aspect. Here, we provide an initial report on the insights provided by the ground-based spectral signatures at Jezero crater, in order to understand the orbital ones.
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Orbital datasets: bedrock exposures vs. soils signatures

The in situ analysis of the crater floor by the rover payload and in particular by the VISIR spectrometer of SuperCam has confirmed the presence of all the minerals detected from orbit in the region (i.e., olivine, carbonates and Fe/Mg-phyllosilicates). These minerals are present in the bedrock (as opposed to the regolith), validating the strength and ability of the NIR orbital data to provide useful information to assess rock lithologies and hence deduce geological history.

Perseverance's instruments analyses have revealed the presence of additional minerals that are theoretically detectable in the NIR. In particular, the rover payload has discovered the presence of sulfates (from LIBS, PIXL and SHERLOC instruments data, and in VISIR as shown here) and perchlorate on the crater floor [START_REF] Hollis | The power of paired proximity science observations: Co-located data from SHERLOC and PIXL on Mars[END_REF]Meslin et al., this issue/Meslin et al., 2022). These minerals were not detected from orbit in Jezero or on its watershed, despite their signature being observed elsewhere on Mars (e.g., [START_REF] Gendrin | Sulfates in Martian Layered Terrains: The OMEGA/Mars Express View[END_REF][START_REF] Mass | Martian polar and circum-polar sulfate-bearing deposits: Sublimation tills derived from the North Polar Cap[END_REF]. As polyhydrated sulfates lack unique absorption bands in the NIR range, difficulty may arise in their identification and distinction from other hydrated minerals. Also, the signature of sulfates is relatively minor in our dataset, hence possibly having a weak contribution to the spectra acquired from orbit as well.

A first-order comparison between the in situ reflectance signal of the crater floor units and spectra measured from orbit is provided in Fig. 13. From orbital data, it was first hypothesized that the Máaz formation (or the Cf-fr) was igneous in nature, based on its crater-retaining morphology and its near-infrared spectral signature consistent with a mixture of pyroxene and olivine [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]. Later, it was noted that a sedimentary origin could not be discarded based on the morphology solely (Stack et al., 2020); however, it was not understood whether the spectral signature of mafic minerals originates from the bedrock or from surficial deposits, despite the unit having a smooth texture on high-resolution orbital images that one could interpret as extensive soil coverage (Horgan et al., 2020). Investigation by the Mars 2020 payload has now confirmed the basaltic composition of the Máaz formation. However, no olivine has been observed, and we have shown here that the spectral signature of the bedrock in the near-infrared is dominated by hydrated minerals, with so far no single-point spectrum consistent with a mixture of olivine and pyroxene. On the other hand, NIR single-point spectra of soils exhibit the same features as the spectra measured by [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF], with both olivine and pyroxene identified. This suggests that the mafic nature of the Máaz formation that was inferred from orbit could in fact be due to the major contribution of soils within CRISM pixels, that dominate the spectral signal in this extensively mantled area.

In other words, the Mars 2020 mission confirmed the igneous composition of the Máaz formation that was inferred from orbit, but also revealed that the signature of mafic minerals detected with CRISM was more likely the signature of the regolith that extensively covers the Máaz bedrock. This highlights some implications for the interpretation of similar spectral signatures elsewhere on Mars, as fine soils tends to have an overall composition common to different locations on the planet (Cousin et al., 2020) noted an apparent enrichment of olivine along the rover traverse, compared to the rest of the Cf-fr. We showed that no rock of
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manuscript submitted to JGR: Planets the Máaz formation exhibit an olivine signature in the VISIR, while parts of its regolith consists of fine grains with mm-sized granules associated with a signature of olivine and secondary minerals, similarly to Séítah rocks. Hence, a scenario where the erosion of the nearby Séítah bedrock would provide material input onto the Cf-fr as eolian bedforms is highly plausible, compared to an actual olivine enrichment of the Máaz bedrock near the contact with Séítah (Vaughan et al., this issue/Vaughan et al., 2021, Cousin et al., this issue/Cousin et al., 2022).

Finally, the rocks of the crater floor exhibit a stronger hydration band at ∼1.9 µ m, compared to orbital measurements. This is consistent with the signature of rocks being diluted in the pixels of the orbital imaging spectrometers, which at best resolution integrate tens of square meters of surface, where bedrock exposures are relatively scarce.

A similar effect was noted in the analysis of the NIR spectra measured by the Zhurong rover (Liu et al., 2022), in an area which does not exhibit hydrated features from orbit.

Impact of the Martian dust

On Mars, one of the main limiting factors to identify minerals from hyperspectral orbital data is the presence of aerial and surface dust, which impedes the spectral signatures of the rocks on the surface. While the signature of dust in VISIR reflectance has been estimated on dusty terrains (e.g., [START_REF] Moulic | Composition of the Dust on Mars Derived from OMEGA Hyperspectral Images[END_REF], data from the SuperCam instrument offer the first opportunity to measure its near-infrared spectral signature in situ. Surprisingly, even the dustiest targets exhibit a 1.9 µ m absorption related to water (caused by some hydrated mineral or water adsorbed on the surface of the small dust particles), that does not seem to be related to the rocks underneath. This contrasts with previous assumptions, based on orbital studies, that the dust is spectrally neutral in the NIR below 2.5 µ m, although the 3 µ m fundamental absorption of water observed globally on the surface did suggest some form of hydration [START_REF] Audouard | Water in the Martian regolith from OMEGA/Mars Express[END_REF]. Similar to orbital measurements, a subtle downturn past 2.3 µ m was observed, possibly related to the presence of some water-bearing materials. The effects of the atmosphere and aerosols (decreasing spectral contrast) could explain these discrepancies between the orbital and in situ data. Also, we note that the in situ observations might be impacted by multiple scattering leading to a 1.9 µ m signature for dust.

Notably, the magnetic dust deposited on the edges of the calibration targets does exhibit a strong red slope in the visible, but a flat and featureless spectrum in the nearinfrared and no H 2 O and OH related absorptions (section 4.1). One possibility is that the magnetic dust (i.e., the fraction of dust attracted by the magnets, enclosing the SCCT),

does not include hydrated phases (but mainly maghemite/magnetite). Another explanation is that the dust coatings present on the surrounding rocks are sufficiently older to allow for hydration, perhaps as part of induration processes.

5.5 First near-infrared spectrometer on the surface: lessons learned after one year of measurement

During the first year of the mission, the reflectance point spectrometer of Super-Cam demonstrated considerable utility in inferring in a non destructive way the presence of a variety of primary and secondary minerals. Compensation for instrumental effects, variable illumination and observation conditions, and atmospheric corrections enabled constraints on surface mineralogy (albeit not always unique), even when mixtures within the instrument fields of view complicated mineral identification.

Mineralogical detections with VISIR are consistent with LIBS data (e.g., olivine, pyroxene, Fe-oxides, carbonates, Mg-sulfates; [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF]Clavé et al., this issue/Clav et al., 2022;Meslin et al., this issue/Meslin et al., 2022), albeit with some differences.

In particular, minerals detections with one technique or the other are not necessarily as-
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Independent Component Analysis was proven quite relevant to separate individual spectral signatures from mineralogical endmembers when applied to IRS data. It allowed the identification of additional minerals, while the reflectance signal was dominated by the signature of hydrated phases: in particular, pyroxenes, which appear to be abundant based on data of the SuperCam's LIBS and the PIXL instrument [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF][START_REF] Hollis | The power of paired proximity science observations: Co-located data from SHERLOC and PIXL on Mars[END_REF], were not readily identified in the VISIR point spectra. Using the reflectance spectra, we were able to detect minerals not identified with LIBS data, such as the ferric phyllosilicates present in most of the rocks of the crater floor and which have implications for understanding the past aqueous environment at Jezero crater.

Ratios of SuperCam spectra were shown to be effective at emphasizing particular mineral phases present in the rocks, as was comparison of point spectra with mineral spectral libraries and band matching. However, ratioing was successful for mineralogical interpretation for only a limited set of observations, compared to orbital studies where it is conventionally performed (e.g., Horgan et al., 2020). To assist the retrieval of the different signatures of the minerals mixed in a rock spectrum, additional efforts are needed to document natural rock and mineral mixtures spectra (e.g., [START_REF] Bishop | Coordinated spectral and XRD analyses of magnesitenontronite-forsterite mixtures and implications for carbonates on Mars[END_REF][START_REF] Lantz | Planetary Terrestrial Analogues Library project: 1. characterization of samples by near-infrared point spectrome-ter[END_REF][START_REF] Mandon | ROMA: A Database of Rock Reflectance Spectra for Martian In Situ Exploration[END_REF], as well as to understand the physics behind natural rock spectroscopy (e.g., [START_REF] Harloff | Near-infrared reflectance spectroscopy of bulk analog materials for planetary crust[END_REF][START_REF] Carli | Spectral characteristics of rocks: Effects of composition and texture and implications for the interpretation of planet surface compositions[END_REF][START_REF] Carli | VNIR spectral characteristics of terrestrial igneous effusive rocks: mineralogical composition and the content[END_REF].

These will likely provide valuable insights to understand future data acquired by Super-Cam or by other point spectrometers onboard planetary exploration missions (e.g., [START_REF] Korablev | Infrared Spectrometer for ExoMars: A Mast-Mounted Instrument for the Rover[END_REF][START_REF] Xu | The MarSCoDe Instrument Suite on the Mars Rover of Chinas Tianwen-1 Mission[END_REF]Liu et al., 2022). Ultimately, spectral unmixing (linear and unlinear) shall provide better constraints on the modal mineralogy and on the formation processes of the rocks and soils [START_REF] Poulet | Modal Mineralogy of Seitah Unit in Jezero Crater (Mars) Retrieved from Nonlinear Unmixing Analyses of IRS/SUPERCAM[END_REF].

Conclusion

In this work, we reported the first-year results of the first reflectance spectrometer on the Martian surface covering the visible and near-infrared range from 1.3 and 2.6 µ m, onboard the Perseverance rover of the Mars 2020 mission. In particular, we measured the reflectance spectra of rocks of the crater floor of Jezero crater, including the rocks that were cached for a possible return to Earth, as well as soils and dust coatings.

From these results, we identified that:

• the basaltic upper part of Jezero's floor stratigraphy, informally referred to as the Máaz formation, exhibits a spectral signature in the VISIR dominated by hydrous mineral phases: Fe-oxyhydroxides (e.g., ferrihydrite, akaganeite), Fe 3+ -phyllosilicates (nontronite and/or hisingerite), monohydrated Mg-sulfates (e.g., kieserite), potential polyhydrated sulfates, and some minor Mg-OH phase(s) (e.g., Mg-smectite, serpentine, talc and/or brucite). Primary minerals were also detected by the spectrometer and consist of high-calcium pyroxenes (felspars being mostly featureless in the VISIR). No olivine was observed, in agreement with LIBS observations [START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF], Udry et al., this issue/Udry et al., 2022);

• this mineralogical assemblage transitions into more mafic minerals towards the lowest stratigraphic levels observed, in the cumulate olivine-bearing formation called Séítah. Strong olivine signatures were observed in the reflectance data, along with high-Ca pyroxene and a complex mixture of alteration/hydrated mineral phases consisting of Fe-oxyhydroxides, Fe 3+ -phyllosilicates (nontronite and/or hisingerite), some Mg-OH phase(s) (e.g., Mg-smectite, serpentine, brucite and/or talc), scarce Fe/Mg-carbonates, an Al or Si-OH-phase, as well as monohydrated Mg-sulfates;

• alteration/hydrated minerals are present at relatively low proportion in the rocks (a few wt.% maximum) but their presence was evident in most of the rocks analyzed, pointing towards a widespread aqueous alteration on the crater floor but
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Figure 1 :

 1 Figure 1: (a) Photogeological map of Western Jezero (modified from Stack et al., 2020). (b) Rover traverse and reflectance measurement locations overlain on a HiRISE mosaic (McEwen et al., 2007; Fergason et al., 2020), SuperCam long-distance (>∼60 m) observations excluded. Each color dot corresponds to a VISIR raster acquisition (usually consisting of one to ten individual spectra spaced on a target), while diamonds correspond to VISIR raster on abrasion or sampling targets. Sol annotations next to an abrasion/sampling site refer to sol number arrival of the rover at the corresponding workspace.
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  itation origin based on the strong carbonate signature and elevation distribution of the 163 -4-

  manuscript submitted to JGR: Planets of the Máaz formation exhibits a texture showing angular coarse grains (>300 µ m; Wiens

Figure 2 :

 2 Figure 2: (a) Mastcam-Z mosaic panorama with the maximum zoom at 110 mm focal length taken on sol 78 in the Máaz formation. (b) ACI and WATSON merged images of the Bellegarde abraded patch (Máaz formation) taken on sol 186. (c) Mastcam-Z mosaic panorama with the maximum zoom at 110 mm focal length taken on sol 211 in the Séítah formation. (d) ACI and WATSON merged images of the Garde abraded patch (Séítah formation) taken on sol 207. See supplementary materials for image IDs.

Figure 3 :

 3 Figure 3: Near-infrared spectral signature of the rocks of the crater floor (until sol 379). (a) Mean spectra of rocks of the Máaz and Séítah formations. Parts of the spectra near 2 µ m shown with lower opacity correspond to the main atmospheric CO 2 absorption domain, where correction residuals might affect the spectra. (b, c) Position and depth of the absorption bands extracted on the Máaz (b) and Séítah (c) rock spectra after continuum removal (with a threshold of 1% absorption, in agreement with a SNR of 100, met in the majority of the observations; Royer et al., this issue/Royer et al., 2022). The spectral ranges of molecular absorptions of interest are indicated with light grey arrows. Because of the thermal sensitivity of the IRS past ∼2.5 µ m, no band centered after 2.45 µ m is shown as their position might be affected by this caveat. All the absorptions detected near 1.4 µ m and in the 2.1-2.5 µ m range are associated with an absorption near 1.9 µ m.

  Only one example is shown here, on the target Villette, butGarczynski et al. (this issue)/Garczynski et al. (2022) showed that the rock coatings of the crater floor share similar reflectance spectra in the VISIR. Interestingly, these purple-tinted coatings share similar features with the dust-covered surfaces. While they are darker than dusty rocks over the whole VISIR range, their spectra likewise show a red slope in the ∼0.6-0.8 µ m range, among the strongest 0.545 µ m band depths, as well as relatively flat shapes in the NIR, along with faint 1.93 µ m absorption and downturn longward of ∼2.3 µ m (Fig.

Figure 4 :

 4 Figure 4: VISIR signature of dust-covered targets and coatings. (a) Mean spectrum of 13 points where significant dust coatings have been observed based on RMI images (list in supplementary text S3), spectrum of location #4 on the highly dusty paver Naltsos with corresponding Mastcam-Z image and RMI close-up in (b), and spectrum measured on location #2 of the target Villette coated by purplish material, with corresponding WATSON image and RMI close-up in (c). For comparison, an OMEGA orbital measurement of a dusty terrain north of Syrtis Major (Le Moulic et al., 2006) is shown. (d) RMI image and IRS pointing of a vertical observation showing dust accumulation associated with magnetized region around the SCCT AluWhite reflectance standard. Red circles indicate the location of the field of view of the IRS accounting for 68% of signal. (e) Ratioed spectrum of the SCCT edges covered in dust over the measurements centered in the middle of the SCCT shown in (d), highlighting the spectral signature of the magnetic dust deposited on the edges of the SCCT. Segments of the spectra shown with lower opacity line near 2 µ m correspond to the main atmospheric CO 2 absorption domain, where residuals might affect the spectra. See supplementary text S1 for image IDs.

Figure 5 :

 5 Figure 5: Visible wavelength spectral parameters for the Máaz, Séítah non-pitted and Séítah pitted rock types. (a) 0.67/0.44 µ m ratio ("redness") as a function of the 0.545 µ m band depth (crystalline ferric materials). (b) 0.67/0.44 µ m ratio as a function of the 0.75-0.84 µ m spectral slope (Mafic minerals and other Fe-bearing phases). (c) Variations in the 0.75-0.84 µ m spectral slope as a function of sol number, demonstrating the onset of strong negative slopes related to the presence of olivine as the rover entered the Séítah region on sol 201. (d) 0.60/0.84 µ m ratio as a function of the 0.60-0.84 µ m spectral slope (dusty surfaces), which can serve as a proxy for dust coatings on spectrally neutral, low-albedo substrates[START_REF] Johnson | ChemCam passive reflectance spectroscopy of surface materials at the Curiosity landing site[END_REF].

  relatively featureless spectra might indicate a low mafic minerals content, or result from small grain size. Some extremely high-Ca, low-Fe pyroxenes also exhibit similar spectral features with subdued absorption at 2 µ m[START_REF] Horgan | Near-infrared spectra of ferrous mineral mixtures and methods for their identification in planetary surface spectra[END_REF] Fig. 6). From LIBS data, these targets exhibit similar elemental compositions compared to the surrounding rocks, suggesting no strongly variable composition(Udry et al., this issue/Udry et al., 2022).

  investigated in more detail in the companion paper by Royer et al. (this issue)/Royer et al. (2022): in the Garde spectra, the absorption at 2.53 µ m is observed at band SNR > 3 in 5 single-point spectra out of 27 (SNR = 1 being the band detection threshold,as the signal is equal to the estimated noise). In particular, the Garde sol 209 #8 spectrum exhibits an absorption at 2.53 µ m at a band SNR of 7, which indicates that it is likely not induced by instrumental effects.

  manuscript submitted to JGR: Planets By comparison with the spectra of mixtures of carbonate and olivine, the carbonate proportion in the field of view of the IRS is likely minor. Indeed, as shown in Fig.8dand e, the relative band depths at 2.5 µ m (carbonate) and 1.3 µ m (olivine) in the Garde spectrum are weaker than in the 95 wt.% olivine and 5 wt.% carbonate mixture spectrum measured by[START_REF] Mandon | ROMA: A Database of Rock Reflectance Spectra for Martian In Situ Exploration[END_REF]. Analysis of the SuperCam calibration targets has shown overall weaker contrast and band depth on the IRS spectra measured on Mars compared to laboratory measurements(Royer et al., this issue/Royer et al., 2022), and grain size and complex mixture can greatly affect the depth of the absorption bands (e.g.,[START_REF] Crowley | Visible and near-infrared spectra of carbonate rocks: Reflectance variations related to petrographic texture and impurities[END_REF][START_REF] Zaini | 1,2 0.7-1.8 µ m range (broad; point spectra and ICA) Clinopyroxene ∼2.3 µ m (broad and wide; ICA) Fe 3+ -mineral (nontr. or hising.) 2 2.28-2.29 µ m (point spectra and ICA) Mg-OH mineral (Mg-smectite, serpentine, talc and/or brucite) 2 2.32-2.33 µ m (point spectra and ICA) Fe/Mg-carbonates 1,2 2.53 µ m (point spectra) Fe-oxyhydroxide(s) (e.g., ferrihydrite) 1.93-1.94 µ m (wide; point spectra) Monohydrated Mg-sulfate 1.9-2.3 µ m (ratios) Al or Si-OH-mineral (Alphyllosilicate and/or hydrated silica) 2 2[END_REF], so great care should be taken when comparing to laboratory measurements of mixtures. Still, observations of a band near 2.5 µ m are very scarce in the spectral dataset of the crater floor and observed at maximum 3-4% band depth which is very weak. This is in agreement with the low proportion of carbonates in the Séítah rocks inferred by Clavé et al. (this issue)/Clav et al. (2022).

  7-1.7 µ m range induced by olivine and these two shallow bands around 2.3 µ m observed in coarse soils in both two units of the crater floor are spectral characteristics shared with the spectra measured on the non-pitted rocks of the Séítah formation, implying a common composition between the dark-toned granules in the soils and the Séítah rocks.ICA analysis of the regolith spectra confirms the results above and highlights the three following components for soils (in no preferential order): a first component consistent with intermediate-Ca pyroxene or a mixture of various pyroxene types of distinct composition (broad absorption centered at ∼2 µ m); a second component consistent with olivine mixed with carbonates and/or Fe/Mg-phyllosilicates (large absorption in the 1.3-1.8 µ m range and shallow absorptions centered in the 2.28-2.32 µ m range), which is similar to Séítah rocks; and a third component corresponding to some hydration of uncertain nature showing a single absorption at 1.94 µ m (Fig.11).

  the spectral signatures associated with the different targets related to the sampled rocks: (1) natural and (2) abraded surfaces of the sampled rocks and (3) tailings resulting from their coring or abrasion. The corresponding spectra are compared to the mean spectra of each of the geologic unit the samples are related to, as a means to estimate their representativeness. During the crater floor campaign, eight rock cores were collected and sealed, comprising two paired samples at each of the following outcrops: Rochette and Sid in the flat-lower and massive-upper Máaz formation respectively, and Brac and Issole in the Séítah formation (Fig. 1, see the supplementary text S2 for the list of target names). No sample was acquired from the pitted rocks of the Séítah unit.

Fig. 7

 7 Fig.7 and 9show that the depth of the 1.9 µ m band has comparable strength in the spectra of Séítah and Máaz rocks (slightly more intense in Máaz), pointing to roughly similar hydration level in both formations. Pavers exhibit shallower hydration bands than massive dark-toned rocks, likely owing to their substantial dust cover which was often not completely removed within the VISIR fields of view by LIBS bursts prior to acquisition, and/or more adherent coatings. Abraded rocks of the upper part Máaz stratigraphy (Alfalfa target within the Sid sample site) and lower Máaz stratigraphy (Guillaumes and Bellegarde targets within the Roubion and Rochette sample sites, respectively) exhibit comparable average 1.9 µ m absorption depths: 8% for the Alfalfa and Bellegarde targets and 11% for the Guillaumes target. This suggests overall similar hydrated mineral phases content throughout the Máaz stratigraphic column.

  and VivianoBeck et al. (2013) proposed that the widespread carbonates observed in this unit could result from serpentinization and carbonation processes acting on ultramafic rocks, from which talc and magnesite would have formed with serpentinized olivine. In this contribution, we show the detection of Fe/Mg-carbonates and a Mg-OH phase in Séítah rocks. The nature of the Mg-OH mineral is unclear, and could possibly be, among other candidates, talc or serpentine. In laboratory, Mg-serpentine-bearing mineral mixtures show a distinctive absorption band at 2.32 µ m, but even in mixtures with low serpentine concentrations the band depth of this feature is greater than what has been observed by the SuperCam instrument thus far

Figure 12 :

 12 Figure 12: VISIR reflectance signature of the rocks sampled by Perseverance on the crater floor of Jezero along with Hazcams and Mastcam-Z context images. For each rock/outcrop (Rochette, Sid, Brac, Issole), two samples were collected, and SuperCam measurements were performed on the natural and abraded surfaces, as well as on the tailings resulting from coring or abrasion activities. See the supplementary text S2 for the list of targets considered in the averaged spectra. The positions of the main (possibly weak) absorptions identified to be recurring in the observations and meaningful for mineralogical interpretation are shown as vertical lines. Segments of the spectra shown with lower opacity line near 2 µ m correspond to the main atmospheric CO 2 absorption domain, where residuals might affect the spectra. Note that these measurements were performed under variable phase angle, possibly affecting the absolute reflectance and spectral slopes. Yellow areas correspond to the locations of VISIR rasters performed on natural (i.e., non abraded) surfaces. See supplementary text S1 for image IDs.

  

  

In orbital data over Jezero's delta and watershed, the signatures of low-Ca pyroxene, as well as olivine and carbonate are significant (Horgan et al., 2020). The fact that the corresponding signatures were not observed in the Máaz formation rocks strengthens the hypothesis favored by Farley et al. (2022), Wiens et al. (2022) and Udry et al. (this issue)/Udry et al. ( 2022) that this unit is not composed of igneous materials transported from the watershed, but instead emplaced in situ through igneous processes (such as lava flows or pyroclastic deposits).
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manuscript submitted to JGR: Planets limited in intensity and/or time, as also evidenced by the dominance of poorly crystalline mineral phases such as ferrihydrite and the lack of Al-phyllosilicates. The proposed alteration sequence of the Máaz formation includes weathering of the basaltic protolith from surface/near-surface leaching of the rocks possibly related to the lake activity or under deeper hydrothermal serpentinizing conditions, and under neutral to alkaline conditions. The presence of clay minerals usually favors the concentration and preservation of organic matter, though oxidizing conditions (as evidenced by the presence of and Fe 3+ -phyllosilicates and oxides) might have acted as a degradation process of organic materials. The strong olivine spectral features and weak secondary minerals signatures suggest that, as for the Máaz formation, water-rock interactions were likely minor in Séítah. Finally, evaporation of the lake likely induced minor sulfate deposition from concentrated brines onto pores of the rocks of the crater floor;

• most of the minerals detected from orbit (olivine, pyroxene, Fe/Mg-phyllosilicates, Fe/Mg-carbonates, akaganeite; [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]Horgan et al., 2020;[START_REF] Carter | A Mars Orbital Catalog of Aqueous Alteration Signatures (MOCAAS)[END_REF] are present in the bedrock (as opposed to the regolith), validating the strength and ability of the NIR orbital data to provide useful information to assess rock lithologies and hence deduce geological history;

• fine soils of the crater floor exhibit spectra suggesting a major mineralogical composition consistent with what was inferred elsewhere on Mars, with pyroxene and possibly olivine, as well as a hydrous component, possibly inherited from the surrounding rocks. The regolith signature is likely what dominates orbital observations of the Máaz formation, whose origin was thought to be igneous on the basis of morphological and spectral criteria [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]. Similarities between spectra measured on rocks and on coarse-grained soils suggest significant local input from the Séítah formation into the Máaz formation as eolian bedforms, and resolves the origin of the orbital signature of olivine-bearing materials on the western Máaz formation (Horgan et al., 2020);

• the first in situ near-infrared spectra of Martian dust revealed similar features compared to dusty terrains measured from orbit, with a red slope in the visible range and an overall flat signature in the near-infrared range. However, a subtle hydration band at 1.9 µ m is always present in the in situ spectra, which differs from orbital spectra and reveals a more significant contribution of hydration to the Martian surface dust signature than previously thought. The spectral similarity between dust and the purple-tinted coatings observed on the rocks of the crater floor suggests a similar composition between the two materials, and potential widespread past processes of dust induration under surface liquid water activity late in the history of Jezero;

• of interest for the Mars Sample Return mission, all four pairs of rock sampled on the crater floor of Jezero during the first year of the Mars 2020 mission exhibit spectral features representative of the diversity of spectra measured on the two geological units investigated by the rover.

Orbital data suggest that Perseverance landed in a relatively low hydration region, and that the rover will be driving through areas of progressively increasing hydration throughout the mission, as it moves onto the delta, the marginal carbonate unit and the region outside of Jezero crater. Sample return and future in situ measurements on these potentially more hydrated and/or diverse rocks are expected to bring new insights into the past environment at Jezero crater.
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All data are available in the NASA Planetary Data System [START_REF] Bell | Mars 2020 Mast Camera Zoom Bundle, from Arizona State University Mastcam-Z Instrument Team, calibrated products[END_REF][START_REF] Maki | Mars 2020 Hazard Cameras Bundle, raw products[END_REF][START_REF] Beegle | Mars 2020 SHERLOC Bundle[END_REF]Maurice & Wiens, 2021).
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manuscript submitted to JGR: Planets [START_REF] Mcewen | Mars Reconnaissance Orbiter's High Resolution Imaging Science Experiment (HiRISE)[END_REF][START_REF] Fergason | Mars 2020 Terrain Relative Navigation Flight Product Generation: Digital Terrain Model and Orthorectified Image Mosaic[END_REF]. The Séítah formation is generally outcropping at higher elevation than the Máaz formation, but is stratigraphically on a lowest level [START_REF] Farley | Aqueously altered igneous rocks sampled on the floor of Jezero crater, Mars. Science[END_REF][START_REF] Wiens | Compositionally and density stratified igneous terrain in Jezero crater[END_REF].
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manuscript submitted to JGR: Planets Orbital spectra were extracted from CRISM data by [START_REF] Goudge | Assessing the mineralogy of the watershed and fan deposits of the Jezero crater paleolake system, Mars[END_REF]. Segments of the spectra shown with lower opacity line near 2 µ m correspond to the main atmospheric CO 2 absorption domain, where residuals might affect the spectra.
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