Aqueously altered igneous rocks on the floor of Jezero crater, Mars
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Abstract: Lithologies investigated on the floor of Jezero crater, stratigraphically below its
sedimentary delta, consist of igneous rocks variably altered by water. The lowest exposed
stratigraphic unit, Séitah, is a coarsely crystalline olivine cumulate. Fe-Mg carbonate along grain
boundaries suggests in situ carbonation of this rock under low water/rock ratio conditions. An
overlying stratigraphic unit called Maaz, dominated by augite and plagioclase, is interpreted to
be basaltic lavas or a fractionation complement to the olivine cumulate. VVoids in both units host
salts (sulfates and perchlorate) likely introduced by later near-surface brine evaporation. These
rocks, recording the evolution, alteration, and potential habitability of a Noachian-Hesperian
igneous succession, were cored and stored aboard Perseverance, the first martian samples
scientifically selected for interplanetary return.

One-Sentence Summary: Igneous rocks altered by liquid water are exposed on the floor of
Jezero crater and have been collected for return to Earth.

The Mars 2020 Perseverance rover landed on the floor of Jezero crater on February 18, 2021,
tasked with characterizing geology, understanding past climate, and seeking evidence of possible
martian life in paleoenvironments present when martian surface conditions were far more
habitable than today (1). In its multi-year mission, Perseverance is designed to select, collect and
document about 35 rock and regolith samples to be returned to Earth by future missions (1). Here
we report on initial results of the mission’s first science campaign through mission sol 290,
exploring the geology and geochemistry of the Jezero crater floor units. These rocks, part of a
globally-significant regional stratigraphy, record a critical time period when impact cratering,
volcanism, and water were actively shaping the surface of Mars.

Forty-five km Jezero crater lies on the western flank of Isidis, a giant impact basin of
Noachian age (~4.0 Ga (2)) and northeast of Syrtis Major, a Hesperian age shield volcano, e.g.,
(3). Jezero crater formed by impact into a clay- and pyroxene-bearing Early Noachian basement
unit that includes Isidis breccia (3—6), and subsequently hosted an open basin lake fed by a large
system of valleys active in the late Noachian (~3.6-3.8 Ga (7)) extending into the Hesperian (8).
Sediments delivered into the crater lake created Jezero’s most striking feature, a well-preserved
clay and carbonate bearing delta (4, 8-12). The regional stratigraphy incised by Jezero-feeder
valleys includes an olivine-bearing unit, variably altered to carbonate (13, 14), overlying the
Noachian basement that is in turn overlain by a low albedo crater-retaining unit with spectral
signatures of pyroxene (5, 15). Mars’s three largest impact basins have circumferential olivine
units (16); the olivine unit on the southern and western margins of Isidis basin is the largest
contiguous olivine-rich unit on Mars, and has been the subject of many studies and multiple
origin hypotheses: cumulates from impact melt (3, 5), extrusive or intrusive magmatism (17-19),
volcanic ash fall (20), pyroclastic surge deposition (21),and detrital sedimentation (22).

Rock units potentially equivalent to this regional stratigraphy occur on the floor of Jezero
crater (9, 23). Mapping inside Jezero crater (23) prior to landing delineated a pyroxene-bearing
crater-retaining unit named Crater Floor Fractured Rough (Cf-fr), and an altered, olivine-bearing
unit named Crater Floor Fractured 1 (Cf-f-1). Thus far, Perseverance has directly accessed only
these two geologic units (Fig. 1B). The rocks of Cf-fr, informally named the Méaz formation
(24), have been interpreted to be lava flows (9, 10) or a fluvial-lacustrine or aeolian sandstone
deposit (23, 25). This unit is important in constraining the ages of Jezero crater floor rocks, but
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crater counting studies yield inconsistent age estimates from 1.4 to 3.45 Ga (9, 10, 26). The
spatially heterogeneous crater density on this unit (Fig. 1B) likely accounts for the variable ages
and suggests the Maaz formation experienced a complex surface exposure history. Because
olivine-bearing rocks occur outside the crater, draping the rim, and within Jezero, olivine-bearing
rocks of the Cf-f-1 unit, informally named the Séitah formation, have been proposed to share an
origin with the enigmatic regional olivine-bearing unit (9, 23, 27) possibly modified by fluvial or
lacustrine reworking within Jezero (23, 25). Although the Séitah formation has been interpreted
to be older than the delta and its associated lake (23,25, 28), the age of the Maaz formation
relative to the delta is debated. Goudge et al. (28) interpreted the Maaz formation to be one of the
youngest units in the crater, post-dating all delta deposition. However, others have interpreted
Maaz to predate the delta (23, 25, 29). Much of the Séitah formation is topographically higher
than the Maaz formation, but previous workers have suggested it is nonetheless older (25, 29).

During atmospheric entry, the Mars 2020 spacecraft’s Terrain Relative Navigation system (30)
autonomously selected the highest probability safe landing site available, between the heavily
cratered Maaz terrain to the eastand the abundant aeolian bedforms of the Seitah terrain to the
west (Fig. 1). The Octavia E. Butler landing site (OEB) lies on a narrow strip of smooth
topography about 2 km SE of the delta scarp and within tens of meters of the Séitah-Méaaz
geologic contact. Neither the cratered terrain of the Maaz formation nor the rugged sandy terrain
of the Séitah formation are suitable for rover traverse, but a narrow smooth strip of Maaz rocks
near their contact provided a traversable pathway for the mission’s first science campaign. After
completion of hardware commissioning and demonstration flights of the Ingenuity helicopter, in
June of 2021 the rover embarked on an out-and-back journey to the south and then west with the
goal of documenting the two formations. This route provided access to abundant surficial
exposure of M&az rocks and more limited exposures of Séitah bedrock, and a stratigraphic
exposure called Artuby ridge that delimits the two units.

Rover Observations

Perseverance acquired co-located textural, compositional and mineralogical maps at both the
microscopic and outcrop scale, as well as subsurface structure using RIMFAX (Radar Imager for
Mars’ Subsurface Experiment) ground penetrating radar (31),along a 2.4 km traverse of the
Jezero crater floor. We characterized the natural surfaces of rock outcrops along the rover
traverse using Mastcam-Z (32), WATSON (Wide Angle Topographic Sensor for Operations and
eNgineering (33)),and Supercam (34). These instruments are especially effective where coating
by dust and other materials is thin. When coatings are thicker, and for the proximity science
instruments (SHERLOC, Scanning Habitable Environments with Raman & Luminescence for
Organics & Chemicals (33) and PIXL, Planetary Instrument for X-ray Lithochemistry (35)), the
rock interior is best studied after abrading a ~5 cm diameter, ~1 cm deep circular pit into a target
rock. Debris is removed from the resulting abrasion patch with compressed N, (36). Proximity
science at four abrasion sites (called Guillaumes, Bellegarde, Garde, and Dourbes; Fig. 1B)
provides much of the data reported here. Sample collection was attempted at three of these sites.

Geologic Descriptions of the Maaz and Séitah formations

The Méaaz formation consists of blocky, massive, and layered bedrock (Fig. 2 and S1). Natural
surfaces of Méaz formation rocks contain occasional mm-size grains and mm-to-cm- voids or
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pits. Many Maaz formation outcrops appear polished and fluted by aeolian abrasion. Others
appear to be degrading by exfoliation, sometimes concentrically (Fig. S1C). Maaz rocks are
often partially covered by regolith, dust and sometimes a discontinuous purple-colored coating or
rind (Fig. 3A); thus, rock textures are best observed on mechanically abraded surfaces.
Sedimentary structures formed by grain transport by migrating ripples and dunes were not
observed within this formation.

Cropping out at the lowest elevation along the rover’s traverse is the Roubion member, inferred
to be the oldest interval of the Maaz sequence (Fig. S5). The Roubion member is comprised of
meter-scale polygonally fractured low-lying (<5 cm of relief) rock surfaces. The Guillaumes
abrasion acquired on a low-relief polygonal outcrop of the Roubion member reveals light and
dark grains with a pervasive but heterogeneously distributed brown tint (Fig. 3A). In the least
brownish regions, we observed mm-size interlocking dark gray/green and light-toned prismatic
grains with no evidence of intergranular porosity or abundant cement. Though sometimes
elongate, grains show no preferred orientation. If igneous, this rock would be described as
holocrystalline or microgabbroic. Irregularly-shaped voids or pits up to 5 mm in diameter and a
few elongate crevices are present within the abrasion patch. The edges of these features and
several other areas on the abrasion surface appear coated by a smooth red-brown or black mantle
that partially or completely obscures underlying grains. In addition, many of the lighter-toned
grains are variably stained reddish-brown. Mm-sized irregularly shaped patches of bright white
material, some also stained brown, occur interstitially, likely in filled voids, and as a surficial
coating on some of the prismatic grains. Collectively, these observations are suggestive of
aqueous alteration.

The Roubion member transitions up-section and westward along Artuby ridge, an ~1 km long
linear scarp that reveals 2-3 meters of SW-dipping stratigraphy on its northeastern side (Fig. 2B),
into the Artuby member, distinguished by the presence of distinct layering. Where not obscured
by regolith, the Artuby member is composed of decimeter-thick layers with rounded protrusions
and an apparently coarse granular surface texture (Fig. 2, S1). These layers are interbedded with
and sometimes transition laterally into thin, recessive sub-cm-scale layers. The layered rocks of
the Artuby member are typically overlain by a resistant caprock, the Rochette member, that can
be traced laterally over hundreds of meters along the crest of Artuby ridge. This caprock also
appears to extend southward from the ridge as fragmented blocky flat-lying exposures partially
mantled by regolith (Fig. 1B). The Rochette member is ~30-50 cm thick and sometimes appears
structureless, but more commonly exhibits cm-scale layering. At anoutcrop named Mure (Fig.
S1D,E), the Rochette caprock exhibits thin layers that pinch out below more massive layers, and
a~2 cm wide chain of pits (possibly vesicles) that for ~75 cm traces the curvature of the layer in
which it is enclosed. A second abrasion patch, Bellegarde, was acquired on a tabular boulder of
the Rochette member on the crest of Artuby ridge. Bellegarde is characterized by smaller crystals
(~0.5 mm) of similar appearance to Guillaumes (Fig. 3). These crystals are occasionally stained
by a reddish-brown material that is less pervasive than in Guillaumes but appears otherwise
similar. Irregular white patches are also present, but there are no large pits or thick dark coatings
in Bellegarde.



Resistant, blocky caprocks like those of the Rochette member are also observed in several ~1-2
m high scarps along the eastern edge of Séitah (west/southwest of OEB). Here, the Rochette
member appears to be overlain by friable low relief polygonal outcrops of the Nataani member
(Naa’tdanii in Navajo, meaning “leader”). Rocks of the Nataani member appear
morphologically and lithologically similar to the older Roubion member, but are distinct in their
geographic extent, elevation, and inferred local stratigraphic relationships (Fig.1band Fig. S5).
The low relief Nataani member transitions eastward and up-section into the boulder-forming
hills of the Chal member (Ch’a[ in Navajo, meaning “frog”). East of OEB and the southbound
rover traverse, massive sub-meter to meter-scale boulders of the Chal member showing no signs
of internal layering erode from hilly outcrops. This rough terrain extends to cover most of the
crater floor and is associated with the highest crater densities observed within Jezero (Fig. 1B).

Bedrock exposure of the Séitah formation is mostly limited to ~1-10 meter-tall ridges trending
NE-SW, with the remainder of the region covered by sand mega-ripples, loose rocks and
boulders (Fig. 4, S2). The Séitah formation is comprised of two members: the strongly layered
Bastide member and the overlying Content member, which is structureless and characterized by
abundant mm to cm size pits (Fig. S2A). Long distance imaging shows that the Bastide member
is widespread and exposed in outcrops throughout the several square kilometers of observed
Séitah formation. Most layers of the Bastide member are 1-3 cm thick, but the thickest layers are
apparently structureless over thicknesses of 10-40 cm. Thinner layers sometimes transition
laterally into massive outcrop. There is an apparent thickening upward trend within the Bastide
member, in which thinly layered rocks transition up-section into thicker layered rocks that cap
ridges (Fig S2C). Most layers are generally tabular and even in thickness with planar layer-
bounding surfaces, though some exhibit cm-scale undulations. Individual layers can sometimes
be traced laterally over distances of several meters within an individual outcrop, but individual
layers and distinctive sets of layers usually cannot be correlated between outcrops. No traction-
transport structures such as planar lamination and ripple or dune-cross stratification have been
identified. The pitted rocks of the overlying Content member do not exhibit layering and are
notable for their lack of olivine (see next section). The Content member is observed only locally
and exposed over lateral distances no greater than several meters. Its contact relationship with
the Bastide member is unknown.

Natural surfaces of Bastide member outcrops show densely packed, clast-supported,
homogenous 2-3 mm diameter dark grey or green grains (or crystals) with indistinct, lighter-
toned material between grains (Fig. 4C). The grain size distributions do not vary across multiple
outcrops, nor did we visually detect grain-scale sorting or grading atapparent layer boundaries.
The mm-sized grains, when observed in abraded surfaces of Bastide (Dourbes and Garde), are
light-toned and mostly equant, but some elongate grains are also present (Fig. 3C and (37));
grain sizes show no gradation in the abrasion patches. Subordinate, slightly smaller dark gray-
green grains are sometimes angular or subhedral, but more often appear to fill space between
lighter grains. Light brown material stains the light-toned grains and is particularly concentrated
in the interstices, in some cases encircling or rimming the light-toned grains. A few sub-mm
scale bright white patches are also present. Although a few natural surfaces of Bastide member
rocks contain mm-scale pits, the occasional voids in the two abraded surfaces are much smaller.



Near the base of Artuby ridge, at the transition between the Maaz and Séitah formations, Séitah
layering observed both in outcrop and in the subsurface with ground penetrating radar typically
dips ~10-15° to the southwest (Fig. S3). These dips are consistent with those of Maaz formation
rocks exposed along Artuby ridge and confirm one of the pre-landing hypotheses (23): Séitah
formation bedrock lies stratigraphically below Maaz formation rocks even though the Méaaz
formation is topographically lower than some Séitah exposures. Thus, the Séitah formation is the
lowest exposed stratigraphic unit on the Jezero crater floor, and it is overlain by the Maaz
formation. The boundary between the Séitah and Méaz formations is obscured by regolith, so it
is currently unknown if the units are separated by an unconformity. The inferred contact between
the two units varies in elevation by ~10 m along Artuby ridge and up to ~30 m around the entire
Séitah exposure.

Maaz formation Geochemistry and Mineralogy

Mastcam-Z multispectral observations (32) of large swaths of M&az formation rocks along the
traverse reveal broad absorption bands centered near 0.88-0.90 um consistent with pyroxene or
some Fe*3-pearing alteration minerals (Fig. S4), similar to the weak pyroxene bands observed
from orbit across the eastern portion of the crater floor (9, 38). The 77 Maaz formation targets
analyzed with Supercam infrared spectroscopy (IR, (34)) frequently show a band at 1.92-1.93
pm, which we attribute to hydrated iron oxides, ferric smectites, and/or hydrated salts (Fig. S6).
Weaker absorption features observed at 1.42 and 2.28 um are consistent with Fe-OH bands in
hydrated silicates.

Supercam laser-induced breakdown spectroscopy (LIBS, (34)) was used to characterize the
elemental composition of 67 Maaz formation targets. The laser beam interrogates a region ~350
pm in diameter ateach of the 5 to 10 observation points investigated on a rock target. In some
cases, individual points had stoichiometry consistent with specific minerals rather than mixtures.
From these we infer the presence of augite, plagioclase, ilmenite, ferrosilite, and unidentified
iron oxides, atleast some of which are moderately coarse grained (i.e., >350 pm). No IR spectra
or LIBS compositions consistent with olivine were observed in Maaz formation bedrock. Fig. S7
plots the average composition of each analyzed rock target and suggests that the Maaz formation
is fairly homogenous and dominated by varying proportions of plagioclase and augite. Its
average LIBS-based composition (Table S1) is broadly basaltic, with 48% SiO, low MgO (3 wt
%) and high FeO+ (20%).

PIXL X-ray fluorescence mapping (35) reveals the Guillaumes (Roubion member) and
Bellegarde (Rochette member) abrasion patches are dominated by two distinct 0.5-1 mm scale
phases. The blocky to prismatic white grains (Fig. 3) are chemically consistent with plagioclase
(Al-rich regions in Fig. 5A), while the darker grains have the composition of augite (Ca-rich
regions). Also present are 100 pm scale regions indicative of FeTi oxides and Ca phosphates.
The red-brown to black material consists mostly of Fe and Si, with molar Fe/Si ratios ranging
from ~0.7 to 1.5 and MgO and ALO3 both <4%. This composition overlaps with some primary
Fe-silicate minerals, such as Fe-bearing pyroxene and olivine, but is also consistent with several
secondary Al-free Fe-silicates, such as greenalite, hisingerite, and iddingsite. Alternatively, this
material may be a mixture of iron oxide and silicates; Mastcam-Z multispectral data indicates the
presence of hematite and/or goethite in both Maaz abrasion patches (Fig. S4). Coupled with its
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elemental composition, the color and textural properties of this material (Fig. 3) suggest in-situ
alteration of one or more primary igneous minerals.

Raman spectroscopy indicates that the bright white void-filling material in the Méaz formation
abrasion patches is at least partially composed of hydrous Ca-sulfate and Na-perchlorate,
sometimes co-located with each other (Fig. S7 A,B). Elemental stoichiometry supports these
identifications; a phase with molar Na/Cl ratio of about unity is consistent with Na-perchlorate,
halite, or both.

In the average bulk composition of the Maaz abrasion patches (Table S2), SO; ~ 3.0 wt % and
Cl ~2.6 wt % are far in excess of typical unaltered martian igneous rocks (39); if these are
igneous rocks, they have experienced addition of exogenous S and Cl-bearing materials. To
estimate a primary chemical composition of Guillaumes and Bellegarde, we computed a subset
average of PIXL data by excluding obvious salt-rich bright white areas (e.g., Fig. 3) as described
in the Supplementary Text. This “alteration-free” compositional average (Table S2) suggests
that the primary Maaz formation rocks would be classified as basaltic in composition based on
total-alkalis and silica. Compared to terrestrial basalts, Maaz rocks are enriched in FeOr (22 wt
%) and especially P,Os (2.2 wt %). Compositions estimated by X-ray fluorescence, which
represent the analysis of just a few mm? of rock, are similar to the average composition of all
Maéaz formation rocks obtained by LIBS.

Séitah formation Geochemistry and Mineralogy

Mastcam-Z multispectral and Supercam IR spectra of Bastide member rocks of the Séitah
formation are dominated by a broad 1 um absorption feature indicating olivine (Fig. S4). IR
spectroscopy further shows a 1.9 um feature similar to but weaker than observed in Maaz
formation rocks, attributed to mineral hydration (Fig. S6). Individual LIBS points on the
prominent 2-3 mm grey-green grains observed on natural surfaces (Fig. 3C) commonly have
compositions approaching those of pure olivine. The target-averaged LIBS composition of 25
Bastide member rocks defines an array extending from olivine composition towards that of
augite + plagioclase (Fig. S7). The Bastide member array has only minor overlap with the
dominantly plagioclase-augite Méaaz formation rocks. The overall mean composition of all
Bastide member targets is shown in Table S1.

Raman spectra of the Bastide member abrasion patches (Dourbes, Garde) confirm the
abundant presence of olivine (Fig. S7 C). XRF elemental mapping (performed on Dourbes only;
Fig. 5B) indicates that 65% of the analyzed surface, associated with the light-toned grains (Fig.
3), is chemically consistent with approximately Foss olivine (37). The olivine is partially
surrounded and sometimes enclosed by dark green augite (13% of the analyzed surface). Liu et
al. (37) interpret this relationship to be consistent with poikilitic igneous texture. Al-rich areas
comprising 10% of the analyzed surface likely include feldspars; 0.1 mm scale phosphates and
Cr- and Ti-bearing Fe-oxides are also present. The reddish-brown material that occurs between
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grains (Fig. 3C)is chemically complex. It commonly yields Raman peaks consistent with
carbonate, often associated with olivine peaks (Fig. S7). In other instances, Raman spectra
consistent with hydrated sulfate (Fig. S7) yield Mg/S ratios that suggest the presence of MgSO..
In elemental maps, the brown areas sometimes contain low SiO,, elevated abundances of Fe and
Mg, and low analytical oxide totals, consistent with carbonate with approximate composition
Feo.sMgo.sCO3. Raman signatures of the rare white patches indicate the presence of hydrated Ca
and Mg sulfates and perchlorate (Fig. S7). A broad Raman signature at around 1020 cm widely
distributed in the abrasion patch is potentially amorphous silicate (Fig. S7 G).

The analyzed Séitah formation rocks, like those of Maaz, appear to consist of primary igneous
minerals (e.g., olivine, augite, plagioclase) and secondary phases (carbonate, sulfates). Excluding
material that is likely exogenous (see Supplementary Text), the mean primary composition
obtained by PIXL on Dourbes is ultramafic, with 20 wt% MgO and 40 wt% SiO, (Table S2, see
also (37)). Compared to the Bastide member LIBS average, this composition has lower SiO, and
higher FeOr, but is otherwise similar.

In contrast to the Bastide member targets, LIBS measurements of the Content member appear
to be dominated by augite and feldspar, with no olivine. This is in accord with the appearance of
this rock, which lacks the coarse grey-green olivine grains characteristic of the Bastide member.
Data on this member are very limited.

Hypotheses and Interpretations
Origins of Maaz and Séitah formations

We interpret the Bastide member of the Séitah formation to be igneous. The grain size and
high modal abundance of olivine, coupled with the poikilitic texture, indicate an olivine
cumulate in which pyroxene, plagioclase, and primary Fe-Ti-Cr oxides crystallized from residual
melt (37). These characteristics indicate slow cooling, differentiation, and crystal settling (40).
Therefore, Bastide member rocks likely crystallized in an unusually thick lava flow, a lava lake
or impact melt sheet, or in a sill. In terrestrial examples, variations in crystal size or modal
mineralogy define layers that often give cumulate rocks a sedimentary appearance in outcrop
(40,41). Imaging, spectroscopic and LIBS observations revealed no evidence for such
differences among Bastide layers, nor at their interface. The prominently layered appearance of
the Séitah formation (Fig. 4) may arise from layer-parallel cooling joints, differential aqueous
alteration, or subtle variations in rock composition or texture that enhance subhorizontal
fracturing. Such features are likely to have been accentuated by erosional processes, especially
wind abrasion. This interpretation implies that the layering in Séitah corresponds to magmatic
layering.

Based on their mineralogy, texture, and bulk composition, rocks of the M&az formation are
also most consistent with a primary igneous rather than clastic origin. The lack of sorting among
grains of different size and specific gravity, the interlocking grain texture, the lack of evidence
for pervasive intergranular porosity or cements in the Guillaumes and Bellegarde abrasion



patches, and the apparent absence of traction transport features are all inconsistent with Maaz
consisting of basaltic sandstones.

The high abundance of olivine in olivine cumulate rocks is usually complemented by less
mafic and commonly overlying materials that together constitute the parental melt composition
(40). Rover observations and more spatially-extensive orbital spectroscopy (38) suggest high
olivine abundances characteristic of the Bastide formation are found throughout Seitah, with
olivine poor rocks (like the Content member) being rare. Thus, if a less mafic complement to the
Bastide member existed in this region, it must have been at least partially removed by erosion.
The Méaaz formation may be the remnant of such a complement - it has abundant pyroxene and
plagioclase, little magnesium, is holocrystalline or microgabbroic, and lies stratigraphically
above the Bastide member, all as expected if the two units originated from a single differentiated
igneous body. The various members of the Maaz formation could be equivalent to layers in such
a body.

As an alternative, the Maaz formation could be a sequence of younger basaltic lava flows that
embayed and at least partially overtopped the Séitah formation after erosional removal of the
putative less mafic complement. The morphologically distinct Méaaz members could be cogenetic
lava flows with variable properties related to composition and/or temperature. An extrusive
igneous origin for Méaaz would account for some of its morphologies and textures, e.g. the lobate
structures in the Artuby member (Fig. 2B) and possible vesicles in Guillaumes (Fig. 3A) and in
the chain of pits in the Rochette member (Fig. 2). Variations in elevation of the Maaz - Séitah
contact could reflect antecedent topography of the Séitah formation on which Méaaz lavas were
erupted. However, other features, such as the cm-scale layers observed in the Rochette and
Artuby members, and the lack of orientation of elongate grains in the Maaz abrasion patches
(Fig. 3) are less characteristic of lava flows. Continued rover exploration for unobscured contacts
will be required to ascertain whether the Méaz formation is a series of lava flows, an upper part
of the slowly cooled magmatic body that we infer produced the Séitah formation, or something
else.

The limited data on the Content member of the Séitah formation make it difficult to define its
origin. It could also be a remnant of a once more expansive less-mafic complement to Bastide, a
remnant of Maaz formation lava flows that overtopped the Bastide member, or remnant
sedimentary rocks deposited atop the Bastide member.

Multiple sources of melting are possible for the igneous crater floor units within Jezero, and
present data are inadequate to strongly discriminate among the possibilities. The impact that
created Jezero may have produced a sufficiently deep melt sheet to differentiate into an olivine
cumulate, but we have found no evidence of associated impact breccias on the crater floor, and
crater scaling relationships suggest the original Jezero floor is buried by about a km of post-
impact basin-filling materials (4, 10). Although Jezero is close to the Isidis impact basin and
Bastide member petrology is similar to hypothesized olivine-rich cumulates in a melt sheet
created by the Isidis impact (3, 5), timing considerations preclude it as a source if Jezero post-
dates Isidis. We are not aware of other impact basins of appropriate age, size and proximity to
Jezero to propose as alternatives. Alternatively, aswith the nearby Syrtis Major shield volcano
(42), melting could have occurred without an impact especially in the early Hesperian when the
martian mantle was substantially hotter than present.
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Magmas could have been introduced into Jezero crater over the rim or from below. Although
the Jezero crater rim has been extensively eroded, materials like those in the Bastide member
have been interpreted to drape its western side (9), and a hill on the SE rim of Jezero could be a
volcanic construct. However, these features are not contiguous with the Séitah formation.
Fissure-fed eruptions both within Jezero, and regionally around Jezero, are perhaps the most
likely scenario. By analogy to some volcanic-filled lunar craters (43) and as seen elsewhere on
Mars (44), magma injection could have occurred directly into the low-density materials of the
crater floor atany time after Jezero formation. This process can lead to intrusive and/or extrusive
igneous activity (43).

Séitah formation rocks were previously proposed to be part of a ~70,000 km? olivine-rich
region in greater Nili Fossae (17,20, 45,46). The material’s widespread distribution, apparent
draping across topography, poor crater retention, and limited regolith cover have been used to
support a clastic origin (5, 20-22). This conclusion is difficult to reconcile with our interpretation
that the Séitah formation is a slowly cooled magmatic differentiate. Despite obvious similarities,
the regional olivine unit may have an origin distinct from that of Séitah, or perhaps widespread
injection and differentiation of compositionally similar magmas has occurred throughout the
region.

Aqueous processes

After emplacement, multiple styles of aqueous interaction modified but did not destroy the
igneous mineralogy, composition, or texture of the inferred crater floor igneous rocks. Evidence
for alteration includes the presence of carbonate in the Séitah abrasion patches, presumed iron
mobilization and precipitation asiron oxides in the M&az formation abrasion patches, and the
deposition of salts including sulfates and perchlorate. More broadly, the appearance of
exfoliation textures (Fig. S1C) suggests that aqueous alteration played a role in rock
disintegration (e.g., (47)).

The similarity of Fe/Mg ratios in the carbonates and olivine within the Dourbes abrasion
patch, mantling of olivine by carbonate, and their possible association with likely amorphous
silicate are all consistent with in-situ olivine carbonation, in which olivine reacting with CO,-rich
water creates this phase assemblage in close physical proximity (48-50). Olivine carbonation
often occurs together with serpentinization, but in the Séitah formation we have found no
evidence for serpentine minerals. The similarity of olivine and carbonate cation compositions
and the survival of substantial abundances of olivine indicate aqueous alteration under rock-
dominated conditions, possibly occurring over a short duration. Olivine carbonation can occur
over a broad range of temperatures, from hydrothermal/metamorphic conditions to low-
temperature weathering (13). The presence of carbonate places a lower bound on fluid pH that
depends on the concentrations of cations and dissolved inorganic carbon (e.g., (51, 52)). For
example, if [Mg] and [Fe] concentrations ranged from 10 to 102 mol/kg and initial dissolved
inorganic carbon equilibrated with 0.1 to 10 bar CO(g), pH would have remained above 5.5-7.5
(at 25°C).
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Though we have found no evidence for carbonate in the Maaz formation abrasion patches, the
abundant dark mantling material (Fig. 3A) may be a secondary Fe silicate such as the serpentine
group minerals greenalite, hisingerite, or cronstedtite produced by aqueous alteration of Fe-rich
pyroxene or olivine (53). The presence of secondary Fe silicate without significant carbonate in
Maaz formation rocks could suggest a fluid with lower dissolved inorganic carbon
concentrations than inferred for the Séitah formation. These Fe silicates canalso form across a
wide range of temperatures, from ambient to hydrothermal; we cannot presently constrain
emplacement conditions without more precise mineral identification. Alternatively, the Fe-rich
materials may represent films of Fe oxides or oxyhydroxides impregnating primary silicates,
such that our elemental measurements include both phases. Iron staining of rocks is common
when Fe is released from aqueously altered phases and then precipitated under oxidizing
conditions. For example, sulfide dissolution by oxidizing solutions commonly yields hematite or
goethite coatings while simultaneously mobilizing sulfate.

Sulfate minerals, sodium perchlorate, and possibly other salts (e.g., halite) attest to additional
styles of aqueous activity in both crater floor igneous formations. These salts fill pore spaces,
voids, and cracks that themselves might have resulted from aqueous alteration, e.g., from volume
expansion accompanying carbonation/serpentinization (54), dissolution of phases such as
sulfides, or by chemical and physical erosion processes producing open space such as the pits in
Guillaumes. We have yet to observe sulfides, but if they were once present, their alteration could
have contributed to the production of Ca, Mg, or Fe sulfates or mixtures of them in situ.
However, the high sulfate concentrations observed in Guillaumes and Bellegarde suggest an
exogenous source for at least some of the sulfates. As proposed for rocks at Gale crater,
perchlorate may be introduced into near-surface rocks by downward percolation and evaporation
of brines associated with ephemeral wetting events possibly extending into the Amazonian (55).
The co-occurrence of perchlorate and sulfate suggests at least some of the sulfate may be
similarly sourced. The diversity of salt compositions in the analyzed white patches (e.g., in terms
of S/CI and Ca/Mg/Fe) indicates that several different fluids may have been involved, possibly at
different times, and possibly repeatedly. The extreme solubility of perchlorate salts identifies
them as the youngest alteration materials in these rocks. Salt hydration and dehydration can
cause significant volume expansion (e.g., (56)), weakening the rock and contributing to the
mechanical erosion and disaggregation of outcrop by aeolian processes across the floor of Jezero
Crater.

Although there is evidence for rock-dominated aqueous alteration and a diversity of secondary
phases, there is no geochemical or mineralogical indication of extensive open-system aqueous
alteration resulting in enrichments in aluminous phases (i.e., aluminous clays) nor of associated
leaching of soluble cations, such as Ca and Na (57). For example, excluding S and ClI, bulk
compositions of both the M&az and Séitah formations are consistent with near-pristine igneous
rocks (Tables S1, S2), hydrated aluminosilicates are rare or absent, and there is no textural or
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chemical evidence for extensive plagioclase alteration or olivine/pyroxene dissolution (e.g.,

(58)).

Geologic Models

We now develop two scenarios for the history of the Jezero crater floor, given our current
inability to distinguish whether the M&az formation consists of lava flows (Model A) or an
igneous complement to the olivine cumulate of the Séitah formation (Model B).

Sometime during or after the formation of Jezero, a >100 meter-thick magma body or melt
sheet (37) existed within the crater. This body could have been emplaced on, or intruded into, a
then existing crater fill. Differentiation and crystal settling formed the olivine cumulate (37)
while also producing a less mafic complement (Fig. 6 panel 1). In Model A, erosion removes
most or all of the less mafic material and creates at least tens of meters of topography on the
residual olivine cumulate deposit (panel 2), after which lava flows of the Méaz formation flowed
around, and at least partially overtopped, the antecedent topography (panel 3). In panel 4,
deformation of unknown origin tilts the originally flat-lying layers of both formations by ~10° to
the SW, as observed along Artuby ridge. In Model B, both Maaz and Séitah are produced by
magmatic differentiation similar to a layered igneous body (panel 1). Deformation of unknown
origin uplifts Séitah relative to Maaz, tilting both (panel 2).

In both models, the Maaz and Séitah formations experience further erosion that removes
overlying Méaz formation rocks from above the Séitah formation (panel 5). We adopt the
interpretation (23, 29) that the crater floor units were then at least partially buried by the delta
and associated Jezero lake deposits (panel 6). The Late Noachian age (3.6-3.8 Ga(7)) of the
largest scale valley networks feeding Jezero, and the assumed Hesperian age of the exposed delta
(8), suggest the possibility of a long period of aqueous activity where lacustrine and igneous
processes were both occurring, possibly driving hydrothermal interactions. However, we have
thus far found no evidence for remnant sedimentary units along Perseverance’straverse; if delta
or lacustrine sediments once covered both the M&az and Séitah formations (panel 6), they appear
to have largely eroded away (panel 7, with the exception of delta remnant mounds like Kodiak

(12)).

A variety of concurrent and subsequent processes, including rock-dominated alteration and
salt deposition modified the chemistry and mineralogy of these rocks as they interacted with
aqueous solutions. Spatially and chemically distinct materials (carbonate, likely amorphous
silicate, Fe-oxides, perchlorate, sulfates, and possibly Fe silicates) could be the product of
multiple distinct aqueous events, differing in chemistry and possibly separated in time. Both
hydrothermal waters and groundwater may have played a role, but what association if any these
waters have with a lake in Jezero crater remains for future investigation.

Habitability and Preservation Potential

A habitable environment is one in which liquid water, energy, nutrients, and other
physicochemical conditions are adequate for supporting known life (e.g., (59)). On Earth,
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reaction of igneous rocks with water in diverse settings creates habitats for microbial
communities (e.g., (60, 61)). The oxidation and partitioning of iron into secondary phases during
alteration processes such as carbonation and serpentinization canyield H, —a powerful energy
source for life —and methane and other hydrocarbons for the synthesis of organics (e.qg., (62,
63)). The reduction of nitrate, sulfate, and metals, along with hydrocarbon degradation, are
thought to be prevalent microbial metabolisms in the deep, gabbroic subsurface on Earth (64).
Rocks of the Jezero Crater floor share at least the compositional components of these habitable
environments. Perseverance has also observed soluble salts and vein-filling minerals such as iron
oxides, perchlorate and sulfate salts, all phases that may have formed under low temperature,
habitable conditions (e.g., (65-67)).

The potential of secondary aqueous phases to preserve evidence of life depends on how they
form. Studies of evaporitic and desert environments demonstrate the presence and preservation
of microbial life in association with salts (e.g., (65, 66,68, 69)). Carbonate veins produced
through serpentinization and carbonation can preserve biomarkers such as lipids (70-72) and/or
organic structures interpreted as fossilized microbial communities (e.g., (71)). Given these
analogs, the secondary phases present in the altered igneous rocks of the Jezero crater floor have
the potential to have recorded biosignatures from several different ancient habitable
environments.

Sample Collection

Recognizing that many important measurements on martian rocks are beyond the capabilities
of instruments that can be supported on a rover, a main objective of the Mars 2020 mission is to
acquire a collection of rock cores for future return to Earth (see Supplementary Text). In its first
ten months, Perseverance attempted to acquire cores from three different rock targets, two in the
Maéaz formation and one in the Séitah formation. The first coring effort occurred near
Guillaumes (Fig. 1B), in the low-lying, polygonal pavement of the Roubion member of the Maaz
formation. Although the sample collection process appeared to execute as expected, the sample
tube contained no rock or rock fragments. A likely explanation is that this rock disintegrated
during drilling, likely due to the rock’s alteration (see Fig. 3A). This tube now provides a sample
of ambient martian atmosphere. Coring of the Rochette member on the crest of Artuby ridge near
Bellegarde, and the Séitah formation Bastide member near Dourbes were both successful (Fig.
7).

Aqueously altered igneous rocks are an especially useful type of sample for Earth return. The
crystallization ages, pressures and temperatures of igneous rock formation can be determined
with high accuracy, providing critical constraints on the history of Jezero crater, and for testing
the origin hypotheses discussed above. Because both the Maaz and Séitah formations are
presently thought to extend beneath the delta (23, 29), igneous crystallization ages can provide
upper bounds on the timing of the lake and the fluvial processes which resulted in deposition of
the delta (12). Similarly, these crystallization ages can provide lower bounds on the age of the
Jezero impact, and, by superposition relationships, on the age of the Isidis basin-forming event.
Due to its areal extent across the Jezero floor, the crystallization age of the Maaz formation can
also set an upper bound on the duration of superposed crater accumulation within Jezero crater;
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collectively, these observations canbe used to validate, and potentially calibrate, the
fundamental parameters assumed in martian crater chronology methods (e.g., (73)). The igneous
lithologies of the samples may also enable measurements of the paleointensity of the martian
magnetic field to establish whether the dynamo existed only in Noachian Period and earlier or
extended into the Hesperian (74). Because these samples likely date from the late Noachian to
early Hesperian (whereas only a tiny fraction of martian meteorites are this old (75)), the
petrologic and geochemical characteristics of these rocks may provide valuable information on
the earliest periods of planetary evolution and provide tests for hypotheses on planetary scale
differentiation, magnetism and tectonics.

The secondary aqueous alteration phases in the returned samples may inform a different set of
crucial questions about Mars. One or more potentially habitable subsurface environments may be
recorded by the carbonates, hydroxides, and/or salts in these rocks. Given that the absolute
timing, durations, and environmental conditions of aqueous activity on Mars, both within and
beyond Jezero crater, are all highly uncertain, returned samples of aqueous alteration phases may
provide anopportunity to constrain the conditions during their precipitation, such as temperature,
salinity, and pH, and potentially also their age. The intensive study of aqueously altered igneous
martian meteorites (e.g., ALH84001 (76)) demonstrates the wealth of information available from
such rocks, including the timing and conditions of their original high-temperature crystallization,
later chemical alterations in evolving paleoenvironments, and potential records of past martian
life. Furthermore, the subsurface conditions which resulted in these alteration phases are
complementary to the fluvio-lacustrine environments that the rover is expected to investigate and
sample in coming years.
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Fig. 1. Jezero crater floor study area. (A) The study area is on the western side of Jezero crater
a few km east of the delta as shown on this CTX base map colorized with Mars Express High
Resolution Stereo Camera images. (B) HIRISE color image of the rover’s landing site at Octavia
E. Butler landing (OEB), and its traverse up to sol 275 (white path). Names of the four abrasion
patches are in italics, and four important landforms, Séitah, Artuby ridge, the Kodiak delta
remnant (12) and the Mure outcrop are indicated. Séitah is recognized by abundant aeolian
bedforms and NE-SW striking ridges. The region east and southeast of OEB is part of the Maaz
formation and exhibits high and variable impact crater density. (C) Geologic map showing the
distribution of the Séitah and Méaz formations (contact dashed in white) and their members. The
Content member is only recognized at the point indicated.
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Fig. 2. Igneous rocks ofthe Maaz formation. (A) View of low-relief, friable outcrops of the
Roubion member (foreground) overlain upslope by resistant caprocks of the Rochette member.
Enhanced color mosaic acquired by Mastcam-Z on sol 138. (B) Layered rocks of the Artuby
member capped by the resistant rocks of the Rochette member. Artuby member layers range in
thickness from less than a cm up to several dm and are generally planar. Arrows point to rounded
outcrop protrusions. Enhanced color mosaic acquired by Mastcam-Z on sol 175. (C) Layered
caprock of the Rochette member. Layers range in thickness from several cm to several dm and
show an apparent thickening upward trend. Layers are planar and dip ~10° to the south (into the
page). Enhanced color mosaic acquired by Mastcam-Z on sol 282.
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Fig. 3. Abrasion patches reveal primary mineralogy and aqueous alteration phases. (A) In
Guillaumes (Roubion member of the Maaz formation), mm-size light and dark toned equant
minerals interlock, bright white and brown-to-black material coats surfaces and fills interstices,
and several holes and crevices penetrate into the rock. WATSON image acquired on sol 160. (B)
The Bellegarde abrasion patch (Rochette member of the Maaz formation) has 0.5-1mm light and
dark minerals, coated or stained with brown material but less extensively than Guillaumes.
Arrow points to bright white material, also stained brown, likely filling a void in the rock. (C) 2-
3 mm size light-toned grains are surrounded by a dark green mineral in Dourbes (Bastide
member of Séitah formation). Brown material occurs on most grain boundaries and sometimes
coating the lighter-toned grains. The images shown in (B) and (C) are merged and color blended
SHERLOC ACI and WATSON images acquired on sol 186 and sol 257, respectively.
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Fig. 4. Layered and coarse-grained appearance of the Bastide member of the Séitah
formation. (A) Bedrock exposures eroding into tabular boulders occur mostly on ridges. Bastide
member bedrock varies from thinly layered to structureless, and individual layers cannot
typically be traced more than a few meters. The platy and tabular appearance of the Séitah
formation contrasts strongly with the more-rounded boulders of Maaz (Fig. 2A). Enhanced color
Mastcam-Z mosaic acquired on sol 201. (B) Cm-scale layering accentuated by differential
erosion at the Bastide outcrop at which the Garde abrasion was performed. Enhanced color
Mastcam-Z mosaic acquired on sol 204. (C) On surfaces with little dust or coating, Bastide
member rocks reveal abundant 2-3 mm angular to rounded grey-green grains separated by lighter
toned material. This mosaic was acquired at the Cine target by the Supercam RMI on sol 206.
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Fig. 5. X-ray fluorescence maps overlaid on visual image of abrasion patches indicating
mineralogy and texture (A) Guillaumes is dominated by grains of compositions consistent with
plagioclase (high Al, green shading and mapping to the light grains in Fig. 3A) and augite (high
Ca+tFe, purple, mapping to dark grains in Fig. 3A). The brown material in Fig. 3A is Fe-rich
(red) and may indicate primary or secondary Fe silicates, iron oxides, or both. FeTi oxides and
sulfates also appear red in this representation. (B) Dourbes is dominated by euhedral/subhedral
olivine of ~Foss composition (Fe-rich, red, and associated with light-toned grains in Fig. 3C).
Augite (high Ca, purple, and mapping to dark green grains in Fig. 3C) engulfs olivine,
interpreted as poikilitic igneous texture and indicative of an igneous olivine cumulate rock (37).
High Al regions (green) indicate plagioclase. Sulfates and carbonates appear as small areas of
brightest red color. Color scale bars indicate concentrations in wt %.
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Fig. 6. Two possible models for the evolution ofthe Jezero crater floor. In Model A, the
differentiated magma body in panel 1 experiences erosion to remove the putative less mafic
complement and produce topography on the Séitah formation olivine cumulate (panel 2). Maaz
formation lavas surround this antecedent topography (panel 3). In panel 4, deformation of
unknown cause tilts both Séitah and Maaz as observed along Artuby ridge. In steps 5 and 6,
common to both models, erosion occurs and delta and lacustrine sediments are deposited in lake
Jezero, after which they are eroded to their current distribution, step 7. Aqueous alteration
processes may have occurred in any of these steps. In Model 2, flat-lying layers of a
differentiated magma body (panel 1) deform so as to tilt both the olivine cumulate (Séitah
formation) and the less mafic complement (Maaz formation), and also uplift Séitah relative to
Maaz (panel 2). After erosion that exposes Séitah rocks surrounded by Maaz rocks,
fluviolacustrine deposition and erosion ensue, steps 5, 6, and 7.
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Fig. 7. First martian core samples collected for future return to Earth (A) Méaaz formation
Rochette member outcrop; arrow indicates sampled rock, part of an apparent degrading layer on
the crest of Artuby ridge. Enhanced color Mastcam-Z mosaic acquired on sol 180. (B) Sampled
rock, showing the core hole, and directly below it and partly buried by tailings, the Bellegarde
abrasion patch. Perseverance Navcam (77) image acquired on sol 190, white-balanced with
slight color saturation applied. (C) White-balanced CacheCam (77) image of the bottom of the
Montdenier core, contained in its sample tube, acquired on sol 194. Compare appearance to Fig.
3B. Sample is 13 mm in diameter and about 5.5 cm long. (D) Arrow indicates sampling site on
thinly layered Séitah formation Bastide member outcrop. Enhanced color mosaic acquired by
Mastcam-Z on sol 240. (E) Corehole and Dourbes abrasion patch imaged by the front Hazcam
(77) on sol 263. This image has been white-balanced with a slight color saturation applied. (F)
White-balanced CacheCamimage of the bottom of the Salette core acquired on sol 262.
Compare appearance to Fig. 3C.
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Supplementary Text

Computation of Alteration-Corrected PIXL XRF Compositions

To estimate primary bulk compositions free of added S and Cl, we assumed zero initial
concentrations of both of these elements and performed the calculation in three separate steps:

1) We excluded from the bulk composition computation all data points that exceeded specific
threshold levels of SO3 or Cl. The threshold levels varied between abrasion patches and were
chosen such that the bright white salt-rich regions (Figure 3) were effectively excluded. The
threshold levels were 2 wt% of either SO3 or Cl for Bellegarde, 2 wt% SO3 or 5 wt % CI for
Guillaumes, and 1 wt% of either SO3 or CI for Dourbes.

2) Remaining S was assumed to be associated with an exogenous phase with a molar Ca/S ratio
of 1 (e.g., CaSO,) and CI with an exogenous phase with molar Na/Cl also of 1 (e.g., halite or Na
perchlorate). Eliminating this remaining S and Cl reduced both Ca and Na accordingly.

3) Elemental totals for this average exogenous-element-free composition were normalized to
100%.

Sampling

Perseverance is collecting samples from rock outcrops as drill cores, nominally 6 cm in
length and ~1 cm in diameter. Each sample is cored directly into an ultraclean sample tube using
a rotary-percussive coring drill. After coring, the filled sample tube is passed from the drill into
the rover, where an image down the tube bore is acquired, the length of core is estimated, and the
tube is hermetically sealed. Sample tubes are stored on board Perseverance; they will be returned
to Earth by a future spacecraft mission. Current notions of that core handoff include direct
transfer from Perseverance, or pickup from a depot where Perseverance has dropped the sample
tubes on the martian surface.



Fig. S1. Characteristic outcrops of the Maaz formation. (A) Apparently structureless boulders
and blocky outcrop of the Chal member. Enhanced color Mastcam-Z mosaic of the target area
Chal acquired on sol 78. (B) Low-relief, polygonally fractured outcrop (named Baa Big Han) of
the Nataani member imaged by Navcamon sol 66. Mosaic has been white balanced with a slight
color saturation applied. (C) Spheroidal weathering observed around the edges of a block of the
Nataani member imaged by Mastcam-Z on sols 3-11. Mosaic has been color enhanced. (D)
Erosion-resistant caprock of the Rochette member exposed at the Mure outcrop. Poorly
developed dm-scale layers overlie, and possibly truncate, thin layers at the base of the outcrop.
Enhanced color Mastcam-Z mosaic acquired on sol 168. (E) A concentration of voids several cm
in thickness that aligns with the curvilinear shape of poorly developed layering within the Mure
outcrop. (F) Cm-scale layers at the base of the Mure outcrop that truncate or pinch out below the
resistant caprocks of the Rochette member.



Fig. S2. Characteristic outcrops of the Séitah formation. (A) Heavily pitted, apparently
structureless rocks of the Content member overlie the layered resistant rocks of the Bastide
member. Enhanced color Mastcam-Z mosaic acquired on sol 238. (B) Cm to dm rhythmic layers
within the Bastide member at the Village outcrop. Enhanced color Mastcam-Z mosaic acquired
on sol 211. (C) Apparent thickening upward trend observed in layers of Bastide member at the
Val de Graves outcrop. Rhythmic cm-scale layers at the base of the outcrop thicken upward to an
apparently massive bed ~1.5 meters in thickness. Enhanced color Mastcam-Z mosaic acquired on
sol 205. (D) Dm to m-thick tilted planar layers of the Bastide formation near the Val de Grave
outcrop. Subtle decimeter scale layering is observed within athicker layer that is apparently
massive on other faces. Enhanced color Mastcam-Z mosaic acquired on sol 205.
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Fig. S3. Dipping layers of Artuby ridge and in the subsurface. (A) Artuby ridge, specifically
the Lombard outcrop, showing the dipping layers of the Artuby (lower) and Rochette (upper)
members of the Maaz formation. Note this enhanced color Mastcam-Z mosaic acquired on sol
202 has been mirrored so as to show same sense of dip as the lower panels. (B) HIRISE image
showing rover traverse (white line segments) from the crest of Artuby ridge into the Séitah
formation. See Fig.1 for location. Yellow points labelled with the letter T indicate rover turns.
Numbers indicate mission sol. Red lines map outcrop to the associated radar reflector in C.
Based on the geochemical distinction between Maaz and Séitah, their contact lies beneath
regolith between T3 and T4. (C) RIMFAX ground penetrating radar down to 7 m depth acquired
during the sol 201 and 202 drives reveals subsurface layers dipping at the same angle as seenon
Artuby ridge, panel A. Note that outcropping layers of the Séitah formation, e.g., at the Sol 201
point, clearly dip below Artuby ridge and therefore lie stratigraphically below the Maaz
formation. North is to the right in all panels.
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Fig S4. Mastcam-Z multispectral summary. (a) Spectra of representative endmembers from
the Méaz and Séitah formations as well as red-brown zones within the Guillaumes abrasion patch
within the Maaz formation, source images shown in c-e. (b) Lab spectra convolved with
Mastcam-Z bandpasses. Mastcam-Z RO Z110 enhanced color images of (c) the Guillaumes
abrasion patch, (d) M&az formation boulders in the foreground of the Santa Cruz landform, and
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(e) the Roya target within the Séitah formation.
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Fig Sb. Stratlg raphy of the Maaz and Séitah formations. (A) Geologic map showing the

distribution of the Séitah and Maaz formations (contact dashed in white) and their members.

Bold white lines show the approximate locations of the five sections reported in (B). (B)

Generalized stratigraphic columns showing the elevation and distribution of Maaz formation

members laterally along the M&az-Séitah contact.
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Fig S6. Supercam Infrared Spectra. In blue is the median spectrum of all spectra acquired on
Maaz targets before Sol 153. In red is the median spectrum of all spectra acquired on Séitah
targets from Sol 202 to Sol 259. The spectra are calibrated and corrected for atmosphere
contribution. Both formations show a prominent 1.9 um band associated with hydrated iron
oxides, ferric smectites, and/or hydrated salts. The steep slope at short wavelength in Séitah
suggest the presence of olivine. See (78) for reference mineral spectra that permit interpretation

of these results.
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Fig. S7 SHERLOC Raman spectra. Representative spectra interpreted as (A) sulfate and (B)
perchlorate in bright white material in Maaz abrasion patch Guillaumes on sol 169.
Representative spectra interpreted to be (C) olivine and (D) mixed olivine and carbonate in
Séitah abrasion patch Garde obtained on sol 208. (E) Representative spectrum interpreted to be
sulfate in small white patch within red-brown interstitial material in Séitah abrasion patch
Dourbes onsol 269. (F) Representative spectrum interpreted to be sulfate and perchlorate in
bright white material in Séitah abrasion Dourbes on sol 269. (G) Raman spectrum tentatively
interpreted as amorphous silicate broadly distributed in Séitah abrasion patch Dourbes on sol
269. Inall panels the grey band indicates a region with lines associated with the excitation laser.
Reference spectra that permit interpretation of these data can be found in (79-82).

10



A) _ B) Q)

Ay |

A Miaz @ Plagioclase AN\
§ N . / \
.Se.'tah / .-" B Clinopyroxene
'_ N AOrthopyroxene

w “li\f *Ollvme
/ *( /
/ 7 7 7 /.
. SN a
N /

Ca+Né+K o Fe+Mg Ca+N'a+K o Fe+Mg Ca-/kN'é+K - Fe+Mg

Fig. S7. Contrasting geochemistry of Maaz and Séitah formation rocks. (A) Supercam LIBS
data showing that target-averaged Maaz rocks plot almost completely distinctly from Séitah
rocks. While Maaz rocks are dominated by mixtures of augite and plagioclase, Séitah rocks are
dominantly mixtures of olivine and augite (£ minor plagioclase). (B) PIXL XRF data from
Guillaumes is similar to Maaz LIBS results, but with greater heterogeneity because every data
point in the abrasion patch is plotted. Note the trend to high Ca+Na+K, indicating the presence
of Ca sulfates and NaCl or Na perchlorate. The distinct array of points along the Si+Al - Fe+Mg
join is the dark material in Fig. 3A. (C) PIXL XRF data on Dourbes. Trend towards high Fe+Mg
is indicative of carbonates and sulfates enriched in these cations. Position of various mineral
standards indicated by red symbols.
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Table S1. LIBS Average Elemental Compositions

Mdaz Séitah
LIBS LIBS
Wt % Average Average
Si0, 47.83(6.1) 45.03 (6.1)
TiO, 0.66 (0.3) 0.23(0.3)
Al,O; 8.70(1.8) 4.14(1.8)
FeOT 19.47 (3.1) 22.88(3.1)
MgO 3.01(1.1) 21.10(1.1)
Ca0o 5.69 (1.3) 3.97(1.3)
Na,O 2.79(0.5) 1.32(0.5)
K20 0.91(0.6) 0.21(0.6)
Total 89.07 98.88
N 624 284

Supercam LIBS average compositions for 67 Maaz formation rocks and 25 Séitah formation
Bastide member rocks. N is the number of individual LIBS shot points in the average. LIBS is
not sensitive to all major elements, and reported values are not normalized to 100%. The

numbers in parentheses are mean accuracies for the instrument using the current calibration (83).
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Table S2. PIXL XRF Elemental Data

Average Mdaz Séitah
wt % All points Alteration Adjusted All points Alteration Adjusted
Si0; 41.90 (2.10) 48.81 (2.89) 39.42 (1.98) 40.42  (2.35)
TiO, 2.04 (0.62) 2.44  (0.70) 0.37 (0.25) 0.39 (0.25)
AlOs 7.43  (0.37) 8.80 (0.52) 2.42  (0.55) 2.25  (0.54)
FeOr 21.47 (1.07) 21.69 (1.28) 30.05 (1.50) 30.61 (1.78)
MgO 2.46 (0.55) 2.28 (0.57) 19.24  (0.97) 20.29 (1.19)
Ca0 7.87 (0.39) 7.85  (0.58) 2.94 (0.56) 3.15 (0.57)
Naz0 534 (0.67) 3.97 (0.82) 1.93  (0.70) 1.32  (0.65)
k.0 0.92 (0.31) 111 (0.36) 0.18 (0.19) 0.15 (0.17)
MnO 0.46 (0.22) 0.48 (0.25) 0.69 (0.29) 0.70  (0.30)
Cr205 0.02 (0.05) 0.01 (0.04) 0.26 (0.23) 0.30 (0.24)
P20s 2.24 (0.65) 2.57  (0.72) 0.48 (0.23) 0.42  (0.25)
50s 3.01 (0.57) 0.78 (0.27)
a 2.56  (0.56) 0.66 (0.23)
SUM 97.72 100.00 99.42 100.00
N 5618.0 3524.0 5670.0 3878.0

Uncertainty indicated in parentheses is estimated accuracy based on analysis of standards (see

(37) for details). N is the number of individual data points averaged. See Supplementary Text for
explanation of the adjustment for alteration. Average Méaz includes data for both Bellegarde and

Guillaumes abrasion patches. Séitah is the average composition of the Dourbes abrasion patch.
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Table S3 NASA Planetary Data System Data Sources and Figure Image References

NASA Planetary Data System Data Sources
Abigail C. Allwood, Joel A. Hurowitz, Mars 2020 PIXL Raw and Processed Data Bundle
(2021), Planetary Data System, doi:10.17189/1522645.

L. Beegle, Mars 2020 SHERLOC Data Bundle (2021), Planetary Data System,
doi:10.17189/1522643.

James F. Bell, Justin N. Maki, Mars 2020 Mast Camera Zoom Data Bundle, from Operations
Team, calibrated products (2021), Planetary Data System, doi:10.17189/B S6B-4782.

Justin N. Maki, Mars 2020 Engineering Camera Data Bundle (2020), Planetary Data System,
doi:10.17189/1522847.

Svein-Erik Hamran and David P. Paige, Mars 2020 Perseverance Rover RIMFAX Raw and
Calibrated Data Products Data Bundle (2021), doi:10.17189/1522644

Sylvestre A. Maurice, Roger C. Wiens, Mars 2020 SuperCam Data Bundle (2021), Planetary
Data System, doi:10.17189/1522646.

Figure Image References

Figure 2

Panel A source images:

ZL0_0138_0679192442 338RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192512_ 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192531_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192544 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192558 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192570_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192582_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192594 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192606_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192618 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192630_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192656_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192688 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192718 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192735_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192747_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192759 364RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192772_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192784 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192797_331RAD_N0051812ZCAMO08147_1100LMAO03.IMG



ZL0 0138 0679192810 331RAD_N0051812ZCAMO08147 1100LMAO03.IMG
ZL0_0138_0679192838_332RAD_N0051812ZCAMO08147_1100LMA03.IMG
ZL0 0138 0679192855 331RAD_N0051812ZCAMO08147 1100LMAO3.IMG
ZL0 0138 0679192882 332RAD_N0051812ZCAMO08147 1100LMA03.IMG
ZL0 0138 0679192899 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG
ZL0_0138_0679192911 331RAD_N0051812ZCAMO08147_1100LMA03.IMG
ZL0 0138 0679192923 331RAD_N0051812ZCAMO08147 1100LMA03.IMG
ZL0 0138 0679192937 331RAD_N0051812ZCAMO08147 1100LMAO03.IMG
ZL0_0138_0679192951 331RAD_N0051812ZCAMO08147_1100LMA03.IMG
ZL0_0138_0679192963_331RAD_N0051812ZCAMO08147 1100LMA03.IMG
ZL0 0138 0679192975 331RAD_N0051812ZCAMO08147_1100LMA03.IMG
ZL0 0138 0679192987 331RAD_N0051812ZCAMO08147 1100LMA04.IMG
ZL0 0138 0679192999 331RAD_N0051812ZCAMO08147_1100LMAO03.IMG

Figure 2. Panel B source images:

ZR0_0175_0682469398 495RAD_N0061648ZCAMO08188 063085A03.IMG
ZR0_0175_0682469548 523RAD_N0061648ZCAMO08188 063085A03.IMG
ZR0_0175_0682469570_488RAD_N0061648ZCAMO08188 063085A03.IMG
ZR0_0175_0682469585 488RAD_N0061648ZCAMO08188 063085A03.IMG
ZR0_0175_0682469599 488RAD_N0061648ZCAMO08188 063085A03.IMG
ZR0_0175_0682469626_488RAD_N0061648ZCAMO08188_063085A03.IMG

Figure 2 Panel C source images:

ZL0_ 0288 0692488133 415RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_0288 0692488223 410RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL.0_0288_0692488243_409RAD_N0090000ZCAMO08312_1100LMAO02.IMG
ZL0_ 0288 0692488270 _410RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_0288 0692488287 _409RAD_NO0090000ZCAMO08312_1100LMAQ03.IMG
ZL0_0288 0692488301 _409RAD_NO0090000ZCAMO08312_1100LMA03.IMG
ZL.0_0288_0692488315_409RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_ 0288 0692488344 410RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_ 0288 0692488361 409RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_0288_0692488390_410RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL.0_0288_0692488407_409RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_0288 0692488419 409RAD_N0090000ZCAMO08312_1100LMAO02.IMG
ZL0_0288 0692488445 410RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_0288 0692488464 409RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL.0_0288 0692488493 410RAD_NO0090000ZCAMO08312_1100LMA02.IMG
ZL0_0288 0692488510 _409RAD_N0090000ZCAMO08312_1100LMAO02.IMG
ZL0_0288 0692488522 _409RAD_NO0090000ZCAMO08312_1100LMAQ03.IMG
Figure 3:

Panel A source image:

SI1 0160 0681180536_921ECZ_NO0060000SRLC00003_000095J03.IMG
Panel B source images:
SC3_0186_0683478369_789ECM_NO0070000SRLC11420_0000LUJ04.IMG
SC3_0186_0683478371 539ECM_NO0070000SRLC11420_0000LUJ04.IMG
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SC3_0186_0683478373 289ECM_NO0070000SRLC11420 0000LUJ04.IMG
SC3_0186_0683478375_039ECM_NO0070000SRLC11420_0000LUJ04.IMG
SC3_0186_0683478376_789ECM_NO0070000SRLC11420_0000LUJ04.IMG
SC3_0186_0683478378 539ECM_NO0070000SRLC11420_0000LUJ04.IMG
Colorized from:
SIF_0185_0683368207_957FDR_NO0070000SRLC00720_0000LUJ03.IMG
Panel C source image:
SC3_0257_0689787001_324ECM_NO0080000SRLC10401_0000LUJO3.IMG
SC3_0257_0689787003 148ECM_NO0080000SRLC10401 0000LUJO3.IMG
SC3_0257_0689787004_972ECM_NO0080000SRLC10401_0000LUJ03.IMG
SC3_0257_0689787006_796ECM_NO0080000SRLC10401_0000LUJO3.IMG
SC3_0257_0689787008_621ECM_NO0080000SRLC10401_0000LUJO3.IMG
SC3_0257_0689787010_445ECM_NO080000SRLC10401_0000LUJO3.IMG
SC3_0257_0689787012_269ECM_NO0080000SRLC10401_0000LUJO3.IMG
SC3_0257_0689787014_093ECM_NO0080000SRLC10401_0000LUJO3.IMG
Colorized from:
SIF_0257_0689757397_902FDR_NO0080000SRLC00672_0000LMJ03.IMG

Figure 4: Panel A source images:

ZR0_0201 0684782666 073RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782715 069RAD_NO0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782736_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782748 069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782760 _069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782773_069RAD_N0071172ZCAMO08221_110085A02.IMG
ZR0_0201_0684782785 _069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782797 _069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_ 0201 0684782823 069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0 _0201_0684782840 _069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782852_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782879 069RAD_NO0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782896 069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782922_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782941 069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782955 069RAD_NO0071172ZCAMO08221 110085A02.IMG
ZR0_0201 0684782967 069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782980_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684782994 069RAD_NO0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783008_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783022_069RAD_NO0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783047_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783066_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783078_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783092_069RAD_NO0071172ZCAMO08221 110085A02.IMG
ZR0_0201_0684783106_069RAD_N0071172ZCAMO08221 110085A02.IMG
ZR0 0201 0684783121 069RAD_NO0071172ZCAMO08221 110085A02.IMG
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ZR0_0201_0684783134_069RAD_NO0071172ZCAMO08221_110085A02.IMG
ZR0_0201_0684783146_069RAD_NO0071172ZCAMO08221_110085A02.IMG
ZR0_0201_0684783173_069RAD_NO0071172ZCAMO08221_110085A02.IMG

Figure 4: Panel B source images:

ZL0_0204_0685052018 216RAD_NO0071716ZCAMO08228 110085A02.IMG
ZL0_0204_0685052130_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052151 223RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052179 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052198 206RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052212_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052224 206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052252_206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052270_206RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052284 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052311 206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052331 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052346_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052384_206RAD_N0071716ZCAMO08228_110085A02.1MG
ZL0_0204_0685052403 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052415 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052429 206RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052443 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052456 223RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052483 206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052501_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052515 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052527_223RAD_N0071716ZCAMO08228 110085A02.1MG
ZL0_0204_0685052556_206RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052573 206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052600_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052618 239RAD_N0071716ZCAMO08228_110085A02.1MG
ZL0_0204_0685052630_206RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052642_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052654 223RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052685_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052718 207RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052735_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052747_206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685052775_206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_ 0685052792 _206RAD_NO0071716ZCAMO08228 110085A02.IMG
ZL0_0204_0685052806_206RAD_N0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052821 206RAD_NO0071716ZCAMO08228_110085A02.IMG
ZL.0_0204_0685052835_206RAD_NO0071716ZCAM08228_110085A02.1MG
ZL0_0204_0685052863 206RAD_NO0071716ZCAM08228 110085A02.1MG
ZL0_0204_0685052881 206RAD_NO0071716ZCAMO08228_110085A02.IMG
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ZL0 0204 0685052908 206RAD_N0071716ZCAMO08228 110085A02.IMG
ZL0_0204_0685052925 206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_ 0685052937 206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0 0204 0685052951 223RAD_N0071716ZCAMO08228 110085A02.IMG
ZL0_0204_0685052986_223RAD_N0071716ZCAMO08228_110085A02.1MG
ZL0_0204_0685053003_206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685053017_206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0 0204 0685053029 206RAD_N0071716ZCAMO08228 110085A02.IMG
ZL0_0204_0685053041 206RAD_N0071716ZCAMO08228_110085A02.1MG
ZL0_0204_ 0685053053 206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_ 0685053080 206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0 0204 0685053097 206RAD_N0071716ZCAMO08228 110085A02.IMG
ZL0_0204_0685053109 206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0_0204_0685053136_206RAD_N0071716ZCAMO08228_110085A02.IMG
ZL0 0204 0685053153 206RAD_N0071716ZCAMO08228_110085A02.IMG

Figure 4: Panel C source images:
LRE_0206_0685219280 352ECM_N0071836SCAM01206_001016J02.IMG
LRE_0206_0685220408 265ECM_N0071836SCAM01206_005016J02.IMG

Figure 7: Panel A source images:

ZL.0_0180_0682918130_087RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918181 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL.0_0180_0682918198 081RAD_N0062666ZCAMO08195 110085A02.1MG
ZL0_0180_0682918211 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL.0_0180_0682918225 081RAD_N0062666ZCAMO08195 110085A02.1MG
ZL0_0180_0682918237_081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918264 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0 0180 0682918281 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL.0_0180_0682918307_081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918327_081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918339_081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL.0_0180_0682918365 081RAD_N0062666ZCAMO08195 110085A02.1MG
ZL0_0180_0682918384 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918403 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918432_081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0 0180 0682918468 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918486_081RAD_N0062666ZCAMO08195 110085A02.1MG
ZL0_0180_0682918499 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918511 113RAD_N0062666ZCAMO08195 110085A02.IMG
ZL.0 0180 0682918524 081RAD_N0062666ZCAMO08195 110085A02.1MG
ZL0_0180_0682918537_081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918567_081RAD_N0062666ZCAM08195 110085A02.IMG
ZL0_0180_0682918584 114RAD_N0062666ZCAMO08195 110085A02.IMG
ZL.0_0180_0682918597 081RAD_N0062666ZCAMO08195 110085A02.IMG
ZL0_0180_0682918611 113RAD_N0062666ZCAMO08195 110085A02.IMG
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ZL.0_0180_0682918639_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1.0_0180_0682918656_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1L.0_0180_0682918669_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1L.0_0180_0682918682_081RAD_N0062666ZCAM08195_110085A02.IMG
ZL.0_0180_0682918695_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1.0_0180_0682918708_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1.0_0180_0682918722_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1.0_0180_0682918748_081RAD_N0062666ZCAM08195_110085A02.IMG
ZL.0_0180_0682918767_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1.0_0180_0682918780_081RAD_N0062666ZCAM08195_110085A02.IMG
ZL.0_0180_0682918793_081RAD_N0062666ZCAM08195_110085A02.IMG
ZLL.0_0180_0682918822_081RAD_N0062666ZCAM08195_110085A02.IMG
ZL.0_0180_0682918839_081RAD_N0062666ZCAM08195_110085A02.IMG
Z1.0_0180_0682918852_081RAD_N0062666ZCAM08195_ 110085A02.IMG

Figure 7 Panel B source images:

NLE_0190 0683808498 362ECM_N0070000NCAMO00705_01_OLLJ02.IMG
NLE_0190 0683808498 362ECM_N0070000NCAMO00705_02_0LLJ02.IMG
NLE_0190 0683808498 362ECM_N0070000NCAMO00705_03_0LLJ02.IMG
NLE_0190 0683808498 362ECM_N0070000NCAMO00705_04 OLLJ02.IMG

Figure 7 Panel C source images:

CCF_0194 0684174847 _162ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684174877 _427ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684174914 897ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684174952 699ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684175132 _073ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684175175 443ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684175213 381ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684175254 729ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684175288 395ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684175338 _287ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684175380 _037ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684175410 488ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684176479 117ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684176514 115ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684176583 320ECM_NO0070000CACHO00105_01 295J02.IMG
CCF_0194 0684176622 856ECM_NO0070000CACH00105_01 295J02.IMG
CCF_0194 0684176662 _991ECM_NO0070000CACH00106_01 295J02.IMG
CCF_0194 0684177386_804ECM_NO0070000CACH00200_01 295J02.IMG
CCF_0194 0684179248 776ECM_NO0070000CACH00200_01 295J02.IMG

Figure 7 Panel D source images:
ZL0_0240_0688257476_667RAD_NO0072440ZCAM08264_110085A02.1MG
ZL.0_0240_0688257556_660RAD_NO0072440ZCAM08264_110085A02.1MG
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ZL0 0240 0688257579 659RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240_0688257612_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688257647 693RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688257666 _693RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688257701 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0_0240_0688257738_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688257758_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688257791 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240_0688257826_660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0_0240_0688257863_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688257882 659RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688257915 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240_0688257956_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688257998 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258037 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258056 659RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240_0688258085 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258121 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688258141 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258157 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240 0688258174 _660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258192 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258208 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258225 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240_0688258259 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258296_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258316_693RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258347 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240_0688258368_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258397 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258416_659RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258444 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240_0688258464_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258480 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688258514 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258535 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240_0688258569 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258590 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688258611 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258642 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0_0240_0688258677_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258699 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688258717 _660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688258750 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258785 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258805 660RAD_N0072440ZCAMO08264_110085A02.IMG
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ZL0 0240 0688258821 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240_0688258851 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258870 693RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258899 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240_0688258936_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688258957 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688258971 659RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259000 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0 0240 0688259033 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688259053 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259069 659RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259087 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240 0688259118 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0_0240_0688259152 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688259186_660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259220 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240 0688259241 693RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688259259 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688259290 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259325 660RAD_N0072440ZCAMO08264 110085A02.IMG
ZL0_0240 0688259345 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240_0688259363 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259393 660RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0 0240 0688259415 660RAD_N0072440ZCAMO08264 110085A02.1MG
ZL0_0240 0688259451 660RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0_0240_0688259469 659RAD_N0072440ZCAMO08264_110085A02.IMG
ZL0_0240 0688259482 659RAD_N0072440ZCAMO08264_110085A02.1MG
ZL0 0240 0688259512 660RAD_N0072440ZCAMO08264 110085A02.1MG

Figure 7 Panel E source images:

FLE_0263_0690291288_693ECM_NO0080000FHAZ02008_01_0L LJ02.IMG
FLE_0263 0690291288 693ECM_NO0080000FHAZ02008_02_0LLJ02.IMG
FLE_0263 0690291288 _693ECM_NO0080000FHAZ02008_03_0LLJ02.IMG
FLE_0263_0690291288_693ECM_NO0080000FHAZ02008_04_0L LJ02.IMG
FLE_0263_0690291288_693ECM_NO0080000FHAZ02008_05_0L LJ02.IMG
FLE_0263 0690291288 693ECM_NO0080000FHAZ02008_06_OLLJ02.IMG
FLE_0263 0690291288 _693ECM_NO0080000FHAZ02008_07_0LLJ02.IMG
FLE_0263_0690291288_693ECM_NO0080000FHAZ02008_08_0L LJ02.IMG
FLE_0263_0690291288_693ECM_NO0080000FHAZ02008_09_0L LJ02.IMG
FLE_0263 0690291288 693ECM_NO0080000FHAZ02008_10 0L LJ02.IMG
FLE_0263 0690291288 _693ECM_NO0080000FHAZ02008_11_0LLJ02.IMG
FLE_0263_0690291288_693ECM_NO0080000FHAZ02008_12_0L LJ02.IMG

Figure 7 Panel F source images:
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CCE_0262_0690225931 534ECM_NO00S0000CACH00105 00 OLLJ02.IMG
CCE_0262_0690225940_740ECM_NO0080000CACH00105_00_OLLJ02.IMG
CCE_0262_0690225954_013ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690225962_693ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690225967 534ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690225976_793ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226016_863ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226021_862ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226031_021ECM_NO00S80000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226040_053ECM_NO0080000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226045_050ECM_NO0080000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226049 896ECM_NO00S0000CACH00105 00 OLLJ02.IMG
CCE_0262_0690226107_847ECM_NO00S80000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226112_899ECM_NO0080000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226122_288ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226131_038ECM_NO00S0000CACH00105 00 OLLJ02.IMG
CCE_0262_0690226140_098ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226144_987ECM_NO0080000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226189_862ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226194 862ECM_NO00S0000CACH00105_00 OLLJ02.IMG
CCE_0262_0690226199_862ECM_NO00S0000CACHO00105_00 OLLJ04.IMG
CCE_0262_0690226209_019ECM_NO0080000CACH00105_00 OLLJ03.IMG
CCE_0262_0690226218_052ECM_NO00S0000CACH00105_00 OLLJ03.IMG
CCE_0262_0690226222_862ECM_NO00S0000CACH00105_00 OLLJ03.IMG
CCE_0262_0690226272_102ECM_NO0080000CACH00105_00 OLLJ03.IMG
CCE_0262_0690226276_909ECM_NO0080000CACH00105_00 OLLJ03.IMG
CCE_0262_0690226281_997ECM_NO00S0000CACHO00105_00 OLLJ04.IMG
CCE_0262_0690226291_132ECM_NO00S80000CACH00105_ 00 OLLJ02.IMG
CCE_0262_0690226300_099ECM_NO00S0000CACH00105_00_OLLJ02.IMG
CCE_0262_0690226305_488ECM_NO0080000CACH00105_00 OLLJ02.IMG
CCF_0262_0690224439_974ECM_N0080000CACH00105_01_295]02.IMG
CCF_0262_0690224474_869ECM_NO0080000CACH00105 01 _295]02.IMG
CCF_0262_0690224511_897ECM_NO0080000CACH00105_01_295]02.IMG
CCF_0262_0690224550_120ECM_NO0080000CACH00105_01_295]02.IMG
CCF_0262_0690224588_116ECM_N0080000CACH00105_01_295]02.IMG
CCF_0262_0690224626_269ECM_N0080000CACH00105_01_295]02.IMG
CCF_0262_0690224664_246ECM_NO0080000CACH00106_01_295]02.IMG
CCF_0262_0690224698_238ECM_N0080000CACH00106_01_295]02.IMG
CCF_0262_0690224732_300ECM_N0080000CACH00106_01_295]02.IMG
CCF_0262_0690224786_635ECM_NO0080000CACH00106_01_295]02.IMG
CCF_0262_0690224826_352ECM_N0080000CACH00106_01_295]02.IMG
CCF_0262_0690224860_364ECM_N0080000CACH00106_01_295]02.IMG
CCF_0262_0690225916_901ECM_NO0080000CACH00105_01_295]02.IMG
CCF_0262_0690226001_990ECM_NO0080000CACH00105_01_295]02.IMG
CCF_0262_0690226092_917ECM_N0080000CACH00105_01_295]02.IMG
CCF_0262_0690226174_948ECM_NO0080000CACH00105_01_295]02.IMG
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CCF_0262_0690226253_223ECM_NO080000CACH00105_01_295J02.IMG
CCF_0262_0690226998 168ECM_NO080000CACHO00200_01_295J02.IMG
CCF_0262_0690228858_ 395ECM_NO080000CACH00200_01_295J02.IMG

Figure S1 Panel A source images:

ZL0_0078_0673871034_046RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0_0078_0673871091_035RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0_0078_0673871108 053RAD_N0032430ZCAMO08041_110085A03.1MG
ZL.0_0078_0673871120_034RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0_0078_0673871132_035RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0_0078_0673871144 053RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0_0078_0673871171_053RAD_N0032430ZCAMO08041_110085A03.1MG
ZL.0_0078_0673871188_035RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0 _0078_0673871217_035RAD_N0032430ZCAM08041_110085A03.1MG
ZL0_0078_0673871234_053RAD_N0032430ZCAMO08041_110085A03.1MG
ZL0_0078_0673871246_081RAD_N0032430ZCAMO08041_110085A03.IMG
ZL.0_0078_0673871259_054RAD_N0032430ZCAM08041_110085A03.1MG
ZL0_0078_0673871271_034RAD_N0032430ZCAM08041_110085A03.1MG
ZL.0_0078_0673871298 053RAD_N0032430ZCAM08041_110085A03.1MG

Figure S1 Panel B source images:

NLF_0066_0672808655 353ECM_N0032208NCAMO03066_01_295J03.IMG
NLF_0066_0672808703 559ECM_N0032208NCAMO03066_01_295J03.IMG
NLF_0066_0672808703 559ECM_N0032208NCAMO03066_04_195J03.IMG
NLF_0066_0672808703_559ECM_N0032208NCAMO03066_07_195J03.IMG
NLF_0066_0672808703_559ECM_N0032208NCAMO03066_10_195J03.IMG
NLF_0066_0672808703 559ECM_N0032208NCAMO03066_13 195J03.IMG
NLF_0066_0672808904 803ECM_N0032208NCAMO03066_01_295J03.IMG
NLF_0066 0672809359 976ECM_N0032208NCAMO00303_01_195J03.IMG
NLF_0066_0672809359 976 ECM_N0032208NCAMO00303_04_195J03.IMG
NLF_0066_0672809359 976ECM_N0032208NCAMO00303_07_195J03.IMG
NLF_0066_0672809359 976 ECM_N0032208NCAMO00303_10_195J03.IMG

Figure S1 Panel C source images:
ZL0_0003_0667218571 000RAD_NO0010052AUT_04096_034085A03.IMG
ZL0_0003_0667218023 _000RAD_NO0010052AUT_04096_034085A03.IMG

Figure S1 Panel D, E, F source images:

ZL0_0168 0681868155 149RAD_N0060170ZCAMO08180_048085A04.1IMG
ZL0_ 0168 0681868268 144RAD_N0060170ZCAMO08180_048085A04.1IMG
ZL0 0168 0681868313 145RAD_N0060170ZCAMO08180_048085A04.1MG
ZL0 0168 0681868358 144RAD_N0060170ZCAMO08180_048085A04.1IMG
ZL0 0168 0681868401 144RAD_N0060170ZCAMO08180_048085A04.1IMG
ZL0 0168 0681868442 144RAD_N0060170ZCAMO08180_048085A04.1IMG
ZL0_0168 0681868480 _144RAD_N0060170ZCAMO08180_048085A04.1MG
ZL0_ 0168 0681868514 144RAD_N0060170ZCAMO08180_048085A04.1IMG
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ZL.0_0168_0681868548_146RAD_N0060170ZCAM08180_048085A04.1IMG
Z1.0_0168_0681868581_144RAD_N0060170ZCAM08180_048085A04.IMG
ZLL.0_0168_0681868621_144RAD_N0060170ZCAM08180_048085A04.IMG
ZLL.0_0168_0681868660_144RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868698_148RAD_N0060170ZCAM08180_048085A04.IMG
Z1.0_0168_0681868734_144RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868755_145RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868786_144RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868805_144RAD_N0060170ZCAM08180_048085A04.IMG
Z1L.0_0168_0681868841_144RAD_N0060170ZCAM08180_048085A04.IMG
ZLL.0_0168_0681868860_146RAD_N0060170ZCAM08180_048085A04.IMG
ZLL.0_0168_0681868874_144RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868888_144RAD_N0060170ZCAMO08180_048085A04.IMG
Z1L.0_0168_0681868921_144RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868958_144RAD_N0060170ZCAM08180_048085A04.IMG
ZL.0_0168_0681868994_144RAD_N0060170ZCAMO08180_048085A04.IMG
ZL.0_0168_0681869032_144RAD_N0060170ZCAMO08180_048085A04.IMG
Z1.0_0168_0681869050_144RAD_N0060170ZCAM08180_048085A04.IMG

Figure S2 Panel A source images:
ZL.0_0238_0688068238_650RAD_N0072246ZCAM08261_110085A02.1MG
ZL0 0238 0688068358 644RAD_N0072246ZCAM08261_1100LMAO03.IMG
ZL.0_0238_0688068390_649RAD_N0072246ZCAM08261_1100LMAO03.IMG
ZL0 0238 _0688068407_644RAD_N0072246ZCAMO08261_110085A02.IMG
ZL0_0238_ 0688068419 644RAD_N0072246ZCAMO08261_110085A02.IMG
ZL0 0238 0688068431 644RAD_NO0072246ZCAM08261_1100LMAO03.IMG
ZL.0_0238_0688068455 645RAD_N0072246ZCAM08261_1100LMAO03.IMG
ZL.0_0238_0688068468 644RAD_NO0072246ZCAM08261_110085A02.1MG
ZL0 0238 0688068480 _644RAD_NO0072246ZCAM08261_110085A02.1MG
ZL0 0238 0688068492 644RAD_N0072246ZCAM08261_1100LMAO03.IMG
ZL0_0238 0688068519 644RAD_N0072246ZCAMO08261_1100LMAOQ3.IMG
ZL.0_0238_0688068536_644RAD_N0072246ZCAM08261_1100LMAO03.IMG
ZL0_0238_0688068566_649RAD_N0072246ZCAM08261_1100LMAO03.IMG
ZL0_0238_0688068583_646RAD_NO0072246ZCAM08261_110085A02.1MG
ZL.0_0238_0688068595_644RAD_N0072246ZCAM08261_110085A02.1MG
ZL0_0238_0688068622_644RAD_N0072246ZCAMO08261_1100LMAOQ3.IMG
ZL0 0238 0688068639 646RAD_NO0072246ZCAM08261_1100LMAO03.IMG
ZL.0_0238_0688068669 644RAD_NO0072246ZCAM08261_1100LMAO03.IMG
ZL.0_0238_0688068687_646RAD_NO0072246ZCAM08261_110085A02.1MG
ZL.0_0238_0688068700_678RAD_N0072246ZCAM08261_110085A02.1MG
ZL0 _0238_0688068726_644RAD_NO0072246ZCAM08261_110085A02.1MG
ZL0_0238_0688068757_644RAD_NO0072246ZCAM08261_110085A02.1MG
ZL.0_0238_0688068776_646RAD_NO0072246ZCAM08261_110085A02.1MG
ZL.0_0238_0688068790_644RAD_N0072246ZCAM08261_110085A02.1MG
ZL0_0238_0688068804_644RAD_NO0072246ZCAM08261_110085A02.1MG
ZL.0_0238_0688068816_649RAD_N0072246ZCAM08261_1100LMAO03.IMG
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ZL0 0238 0688068842 644RAD_N0072246ZCAMO08261 1100LMA03.IMG
ZL0_0238_0688068873_648RAD_N0072246ZCAMO8261_110085A02.1MG

Figure S2 Panel B source images:

ZL0 0211 0685688063 _091RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0 0211 0685688169 081RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0 0211 0685688187 _081RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0 0211 0685688214 081RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0 0211 0685688247 081RAD _N0072050ZCAMO08246 1100LMA02.IMG
ZL0 0211 0685688264 081RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0 0211 0685688290 _081RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0_0211_0685688307_081RAD_N0072050ZCAMO08246_1100LMAO02.IMG
ZL0 0211 0685688319 081RAD_N0072050ZCAMO08246 1100LMA02.IMG
ZL0 0211 0685688350 _098RAD_N0072050ZCAMO08246_1100LMAO02.IMG

Figure S2 Panel C, D source images:

Z1L.0 0205 0685142514 874RAD_NO0071836ZCAMO08231 1100LMAOQ02.IMG
ZL0_ 0205 0685142570 _889RAD_N0071836ZCAMO08231_1100LMAO02.IMG
ZL0 0205 0685142589 864RAD _N0071836ZCAMO08231 1100LMA02.IMG
ZL0 0205 0685142602 889RAD N0071836ZCAMO08231 1100LMA02.IMG
ZL0 0205 0685142614 889RAD _ N0071836ZCAMO08231 1100LMAO02.IMG
ZL0_ 0205 0685142626 _889RAD_N0071836ZCAMO08231_1100LMAO02.IMG
ZL0O 0205 0685142652 864RAD _N0071836ZCAMO08231 1100LMA02.IMG
ZL0_0205_0685142683 889RAD_N0071836ZCAMO08231_1100LMAO02.IMG
ZL0 0205 0685142715 894RAD_NO0071836ZCAMO08231_1100LMA02.IMG
ZL0_0205_0685142745 898RAD_N0071836ZCAMO08231_1100LMAO02.IMG
ZL0O 0205 0685142777 896RAD _N0071836ZCAMO08231 1100LMA02.IMG
ZL0 0205 0685142808 864RAD_N0071836ZCAMO08231 1100LMA02.IMG
ZL0 0205 0685142827 864RAD_N0071836ZCAMO08231_1100LMAO02.IMG
ZL0_ 0205 0685142854 888RAD_N0071836ZCAMO08231_1100LMAO02.IMG
ZL0 0205 0685142871 864RAD_N0071836ZCAMO08231 1100LMA02.IMG
ZL0_0205_0685142886_889RAD_N0071836ZCAMO08231_1100LMA02.IMG
ZL0 0205 0685142912 889RAD_N0071836ZCAMO08231_1100LMAO02.IMG

Figure S3, Panel A source images:

ZL0 0202_0684869633 091RAD _ NO0071358ZCAMO08224 1100LMA02.IMG
ZL0_0202_0684869662_098RAD_N0071358ZCAMO08224 1100LMAO02.IMG
ZL0_0202_0684869675 081RAD_N0071358ZCAMO08224 1100LMAO02.IMG
ZL0_0202_0684869687 081RAD _NO0071358ZCAMO08224 1100LMA02.IMG
ZL0_0202_0684869699 081RAD_NO0071358ZCAMO08224 1100LMA02.IMG
ZL0_0202_0684869726_081RAD_N0071358ZCAMO08224 1100LMAO02.IMG
ZL0_0202_0684869743 081RAD_N0071358ZCAMO08224 1100LMAO02.IMG
ZL0_0202_0684869756_081RAD _NO0071358ZCAMO08224 1100LMA02.IMG

Figure S4, panel A source images:
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ZL0_0162_0681324362_74910F _N0060000ZCAMO03197_1100L MAO3.IMG
ZL0_0162_0681324559_77410F_NO0060000ZCAMO03197_1100L MAOG.IMG
ZL1_0162_0681324515_77110F_NO0060000ZCAMO03197_1100L MAO3.IMG
ZL1_0162_0681324588_76310F_NO0060000ZCAMO03197_1100L MAO3.IMG
ZL2_0162_0681324520_738I0F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL2_0162_0681324595_76410F_NO0060000ZCAMO03197 1100L MAO3.IMG
ZL3_0162_0681324526_76110F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL3_0162_0681324602_76410F_N0060000ZCAM03197_1100L MAO3.IMG
ZL4_0162_0681324532_785I0F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL4_0162_0681324609_73810F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL5_0162_0681324539_77210F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL5_0162_0681324616_76510F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL6_0162_0681324549_738I0F_N0060000ZCAMO03197_1100L MAO3.IMG
ZL6_0162_0681324623_73810F_N0060000ZCAMO03197_1100L MAO3.IMG
ZR0_0162_0681324362_74910F_N0060000ZCAMO03197_1100L MAO3.IMG
ZR0_0162_0681324630_764I0F_N0060000ZCAMO03197_1100L MAO4.IMG
ZR1_0162_0681324515_77110F_N0060000ZCAMO03197_1100L MAO3.IMG
ZR1_0162_0681324659_770I0F_N0060000ZCAMO03197_1100L MAO3.IMG
ZR2_0162_0681324520_73810F_N0060000ZCAMO03197_1100L MA03.IMG
ZR2 0162 0681324667 _76410F N0060000ZCAMO03197_1100L MAO3.IMG
ZR3_0162_0681324526_76110F_N0060000ZCAMO03197_1100LMAO3.IMG
ZR3_0162_0681324674_770I0F_N0060000ZCAMO03197_1100L MAO3.IMG
ZR4_0162_0681324532_78510F_N0060000ZCAMO03197_1100LMA03.IMG
ZR4 0162 0681324681 77110F_N0060000ZCAMO03197 1100LMAO3.IMG
ZR5_0162_0681324539_77210F_N0060000ZCAMO03197_1100L MA03.IMG
ZR5_0162_0681324689_773I0F_N0060000ZCAMO03197_1100L MAO3.IMG
ZR6_0162_0681324549_73810F_N0060000ZCAMO03197_1100L MA03.IMG
ZR6_0162_0681324698_77110F_N0060000ZCAMO03197_1100LMA03.IMG
ZLO_0123 0677860755 71810F_N0041422ZCAM03169_1100L MAO3.IMG
ZL1_0123_0677860813_707I0F_N0041422ZCAM03169_1100L MAO3.IMG
ZL2_0123_0677860826_72410F_N0041422ZCAM03169_1100L MAO3.IMG
ZL3 0123 0677860838 72310F N0041422ZCAM03169_1100L MAO3.IMG
ZL4_0123_0677860850_72310F_N0041422ZCAM03169_1100L MAO3.IMG
ZL5_0123_0677860863_707I10F_N0041422ZCAMO03169_1100L MAO3.IMG
ZL6_0123_0677860875_72310F_N0041422ZCAMO03169_1100L MAO3.IMG
ZR0_0123 0677860887 723I0F _N0041422ZCAMO03169_1100L MAO3.IMG
ZR1_0123_0677860928_724I0F_N0041422ZCAMO03169_1100L MAO5.IMG
ZR2_0123_0677860941_723I0F_N0041422ZCAMO03169_1100L MAO3.IMG
ZR3_0123_0677860956_724I0F _N0041422ZCAMO03169_1100L MAO3.IMG
ZR4 0123 0677860972_72410F _N0041422ZCAMO03169_1100L MAO3.IMG
ZR5_0123_0677860988_707I0F_N0041422ZCAMO03169_1100L MAO3.IMG
ZR6_0123_0677861006_707I0F_N0041422ZCAMO03169_1100L MAO3.IMG
ZL0_0237 0687977581 73310F_N0072050ZCAM03241_1100L MAQ2.IMG
ZL1 0237 0687977641 73810F_N0072050ZCAMO03241_1100L MAO2.IMG
ZL2_0237_0687977652_72310F_N0072050ZCAM03241_1100L MAO2.IMG
ZL3 0237 _0687977664_72310F_N0072050ZCAMO03241_1100L MAQ2.IMG
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ZL4 0237 0687977675 72410F N0072050ZCAMO03241_1100L MA02.IMG
ZL5_0237_0687977686_72310F_N0072050ZCAM03241_1100L MAO2.IMG
ZL6_0237_0687977697_738I10F_N0072050ZCAM03241_1100L MAO2.IMG
ZR0_0237_0687977708_738I0F_N0072050ZCAMO03241_1100L MA02.IMG
ZR1 0237 _0687977742_73810F_N0072050ZCAM03241_1100L MAO2.IMG
ZR2_0237_0687977753_738I0F_N0072050ZCAMO03241_1100L MA02.IMG
ZR3_0237_0687977766_738I0F_N0072050ZCAMO03241_1100L MA02.IMG
ZR4_0237_0687977779_76410F_N0072050ZCAMO03241_1100L MA02.IMG
ZR5_0237_0687977793_72310F_N0072050ZCAM03241_1100L MAO2.IMG
ZR6_0237_0687977809_738I0F_N0072050ZCAMO03241_1100L MA02.IMG

Figure S4, panel C source images:

ZL0 0162 0681324362_749RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL0_0162_0681324559 774RAD_N0060000ZCAMO03197_1100LMAO06.IMG
ZL1 0162 0681324515 771RAD_N0060000ZCAMO03197_1100LMAOQ3.IMG
ZL1 0162 0681324588 763RAD_N0060000ZCAMO03197_1100LMAOQ3.IMG
ZL2 0162 0681324520 _738RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL2 0162 0681324595 764RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL3 0162 0681324526 761RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL3 0162_0681324602_764RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL4 0162_0681324532_785RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL4 0162_0681324609_738RAD_N0060000ZCAMO03197_1100LMAOQ3.IMG
ZL5 0162 0681324539 772RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL5 0162_0681324616_765RAD_N0060000ZCAMO03197_1100LMAOQ3.IMG
ZL6 0162 0681324549 738RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZL6 0162 0681324623 738RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR0 0162 0681324362 _749RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR0_0162_0681324630_764RAD_N0060000ZCAMO03197_1100LMAO04.IMG
ZR1 0162 0681324515 771RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR1 0162 0681324659 770RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR2 0162 0681324520 738RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR2 0162 _0681324667_764RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR3 0162_0681324526_761RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR3 0162 0681324674 770RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR4 0162 0681324532 _785RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR4 0162 0681324681 771RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR5 0162_0681324539_772RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR5 _0162_0681324689_773RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR6_0162_0681324549 738RAD_N0060000ZCAMO03197_1100LMAO03.IMG
ZR6 0162 0681324698 771RAD_N0060000ZCAMO03197_1100LMAO03.IMG

Figure S4, panel D source images:

Z1.0 0123 0677860755 718RAD _N0041422ZCAMO03169 1100LMAO03.IMG
ZL1 0123 0677860813 _707RAD_N0041422ZCAMO03169_1100LMAO03.IMG
ZL2 0123 0677860826 724RAD _N0041422ZCAMO03169 1100LMAO03.IMG
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ZL.3_0123_0677860838_723RAD_N0041422ZCAMO03169_1100LMAO03.IMG
ZLL4 0123 0677860850_723RAD_N0041422ZCAMO03169_1100LMAOQ3.IMG
ZL5 0123 0677860863_707RAD_N0041422ZCAMO03169_1100LMAOQ3.IMG
ZL6_0123 0677860875_723RAD_N0041422ZCAMO03169_1100LMAOQ3.IMG
ZR0_0123_0677860887_723RAD_N0041422ZCAMO03169_1100LMAO03.IMG
ZR1_0123 0677860928 _724RAD_N0041422ZCAMO03169_1100LMAOS5.IMG
ZR2_0123 0677860941 723RAD_NO0041422ZCAMO03169_1100LMAOQ3.IMG
ZR3_0123 0677860956_724RAD_N0041422ZCAMO03169_1100LMAOQ3.IMG
ZR4_0123_0677860972_724RAD_N0041422ZCAMO03169_1100LMAO03.IMG
ZR5_0123 0677860988 _707RAD_N0041422ZCAMO03169_1100LMAOQ3.IMG
ZR6_0123 0677861006_707RAD_N0041422ZCAMO03169_1100LMAOQ3.IMG

Figure S4, panel E source images:

ZL0_0237_0687977581 733RAD_N0072050ZCAMO03241_1100LMAO02.IMG
ZL1 0237_0687977641 738RAD_N0072050ZCAMO03241_1100LMAO02.IMG
ZL2 0237_0687977652_723RAD_N0072050ZCAMO03241_1100LMAO02.IMG
ZL3 0237_0687977664 723RAD_N0072050ZCAMO03241 1100LMA02.IMG
ZL4 0237_0687977675_724RAD_N0072050ZCAMO03241_1100LMAO02.IMG
ZL5 0237_0687977686_723RAD_N0072050ZCAMO03241 1100LMA02.IMG
ZL6 0237 _0687977697 _738RAD_N0072050ZCAMO03241 1100LMA02.IMG
ZR0_0237_0687977708_738RAD_N0072050ZCAMO03241_1100LMA02.IMG
ZR1 0237_0687977742_738RAD_N0072050ZCAMO03241_1100LMAO02.IMG
ZR?2 0237 0687977753 738RAD_N0072050ZCAM03241 1100LMAO02.IMG
ZR3 0237_0687977766_738RAD_N0072050ZCAMO03241 1100LMA02.IMG
ZR4 0237 _0687977779_764RAD_NO0072050ZCAM03241 1100LMAO02.IMG
ZR5 _0237_0687977793_723RAD_N0072050ZCAMO03241_1100LMAO02.IMG
ZR6_0237 0687977809 738RAD_N0072050ZCAMO03241_1100LMA02.IMG
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	Aqueously altered igneous rocks on the floor of Jezero crater, Mars
	Supplementary Materials
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