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Introduction: The Perseverance rover landed in
Jezero crater, a site selected to fulfill the Mars-2020
mission goals of characterizing the geology of habita-
ble environments and searching for signs of life while
collecting samples for return to Earth [1]. Jezero host-
ed an open-basin lake during the late Noachian/early
Hesperian (~3.7 Ga) [1-2], has units associated with
the largest carbonate deposit identified on Mars [3-4],
and has a well-preserved delta with clay and car-
bonate-bearing sediments, well-suited to preservation
of organics [1,3-4]. Investigating the nature of organics
and aqueous environments within their geologic con-
text allows us to understand important aqueous pro-
cesses and determine habitability within Jezero crater.
Previous in situ landed measurements of organics
could not resolve their spatial and mineralogical con-
text [5-6]. Although Martian meteorites lack geological
context, the spatial distribution of organic compounds
in Martian meteorites have allowed recognition of an
association between aqueous processes and organics
[7-8]. Here, we show for the first time in-situ associa-
tions between carbonate-forming ultramafic alteration
process, later stage aqueous sulfate and perchlorate
formation, and organics on the Martian surface.

Methodology and geological context: We use the
Perseverance rover’s SHERLOC instrument (Scanning
Habitable Environments with Raman and Lumines-
cence of Organics and Chemicals), a deep-ultraviolet
fluorescence and Raman scattering spectrometer capa-
ble of mapping the organic and mineral composition
with a spatial resolution of 100 pum resolution to report
the presence of organics and aqueously formed miner-
als at Jezero crater [9]. These spectral detections were
compared with co-located images obtained with the
autofocus context imager (ACI) and the WATSON
camera for textural analysis [9]. As of writing, the Per-
severance rover has abraded five targets that were
measured with the SHERLOC instrument. The five
targets are located in two different orbitally-identified
geological units within the floor of Jezero crater; the

Crater Floor Fractured Rough unit (CF-Fr) and the
Séitah region within the Crater Floor Fractured 1 unit
(CF-F1) [10]. In orbital infrared spectroscopic data, the
CF-Fr unit is associated with pyroxene spectral signa-
tures and minor alteration, while the Séitah region is
associated with olivine and minor Mg-rich carbonates
and clays [3-4,10].

Carbonation of ultramafic protolith recorded
within Jezero crater: All scans of abraded targets
within the Séitah region reveal strong peaks at 1080—
1090 cm™! consistent with carbonate and peak singlets
or doublets at 820-840 cm™! attributed to olivine (Fig.
1), consistent with orbital infrared observations. Our
detailed micron-scale petrographic and spectroscopic
evidence shows that these carbonates formed through
carbonation of an ultramafic protolith. The supporting
observations include: (1) Carbonate cation composi-
tions match those of olivine, suggesting mixed Fe- and
Mg-olivine gave rise to mixed Fe- and Mg-carbonates,
similar to observations of ultramafic systems on Earth
and within Martian meteorites [3-4,7-8]. (2) The ob-
served carbonates co-occur with hydrated materials,
gypsum, and potentially aqueously-formed phases,
amorphous silicates and phosphate. (3) The spectral
and textural variation of olivine and carbonate domi-
nated zones and olivine-carbonate mixtures within
both primary grains and interstitial zones are expected
for carbonated ultramafic protoliths. (4) These mineral
associations and textures closely resemble those ob-
served within the ALH84001 and Nakhlite meteorites
attributed to olivine carbonation on Mars [6-7]. Taken
together, micron-scale SHERLOC documentation of
these phenomena bridge previous orbital and meteorite
observations and demonstrate in-situ regionally exten-
sive (~10% km?) ultramafic alteration resulting in geo-
logical deposition of carbonates. Furthermore, we ob-
serve that olivine carbonation was involved in preserv-
ing and possibly synthesizing organics, which makes
this environment potentially habitable, as previously
suggested in [1,3-4] (Fig. 1).
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Figure 1: (A-C) Figures of Garde target from the Séitah region. (A) WATSON image of
Garde abrasion target. Yellow rectangle shows position of grey-scale context image in panel
B-C. Blue and white rectangle shows fluorescence and Raman scans. (B) Fluorescence
intensity map showing features related to organics. (C) Map of mineral detections interpret-
ed from Raman spectra. (D-F) Figures of the Guillaumes target from the CF-Fr unit. (D)
WATSON image of Guillaumes abrasion target. Yellow rectangle shows position of grey-
scale context image in panel B-C. Blue and white rectangle shows fluorescence and Raman
scans. (E) Fluorescence intensity map showing features related to organics. White circles
show organics related to Supercam laser shots, while the rest are inherent to the rock. (F)

Map of mineral detections interpreted from Raman spectra.

Late-stage aqueous perchlorate and sulfate in
Jezero crater: An abrasion target within the CF-Fr
unit contains combinations of high intensity 950-955
cm ! peaks and minor 1090-1095 ¢cm™! and 1150-1155
cm ! peaks that are spectral fits to anhydrous perchlo-
rate (Fig. 1). Some spectra show a combination of 950-
955 cm ™! peaks with equally strong 1010-1020 cm™!
peaks, low intensity broad features at 1120 cm™!, and
occasional broad 3450 cm™! hydration (-OH) features,
indicating a mixture of Ca-sulfate and perchlorate that
is minimally hydrated (Fig. 1). The detections of per-
chlorates within Jezero crater differ from previous
measurements (e.g. Phoenix lander, Curiosity rover,
Tissint meteorite [7,11]) because they are observed to
be intimately related to aqueous processes including
sulfate formation, they present as a secondary white
void-fill occurring within the interior of the rock, and
they are found to likely be Na-perchlorate.
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Organics in Jezero Crater and
implications for their formation:
Three different types of organics em-
bedded within three different litholo-
gies were observed within the abraded
targets. Organics associated with low
intensity ~340 nm fluorescence were
widespread within targets with no ap-
parent association to particular minerals
(Fig. 1). Organics associated with ~305
nm and ~275 nm fluorescence correlat-
ed with sulfates within the Bellegarde
target in the CF-Fr unit, while organics
associated with high intensity ~340 nm
fluorescence correlated with carbonate,
phosphate, and amorphous silicate mix-
tures within the Garde target in the
Séitah region (Fig. 1). Although as-
signment of fluorescence signatures to
specific organic compounds is not con-
clusive, ~340 nm fluorescence is gen-
erally more consistent with 2-ring aro-
matic organics, ~275 nm fluorescence
is more consistent with 1-ring aromatic
organics, and ~305 nm fluorescence
can be created by either 2- or 1-ring
aromatics [12]. These observations
indicate that the strongest fluorescence
signatures interpreted as organics were
found in materials associated with
aqueous processes, i.e. sulfate- and
carbonate-bearing materials, suggesting
both brines and ultramafic carbonation
aqueous environments were capable of
preserving organics on ancient Mars. In
Martian meteorites, simple aromatic organics proposed
to have been synthesized through aqueous processes
can be found within minerals associated with olivine
carbonation and in spatial association with perchlorate
and sulfate materials [7-8], similar to SHERLOC ob-
servations. Hence, we advance an abiotic aqueous syn-
thesis origin for the organics although we cannot rule
out the presence of organics from meteoritic in-fall or
putative organic biosignatures. Detailed analyses will

be required upon return of these materials to Earth.
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