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On ~sol 370 of the Perseverance rover mission, the Mars 2020
Science Team completed its investigation of igneous units of the
Jezero crater floor [1] and directed Perseverance to drive
towards the topographic scarp that marks the interface between
the crater floor and Jezero’s western delta. The “Delta Front
Campaign” consisted of close-up investigation and sampling of
lithologies located there.

Here, we report on the major findings relevant to the
provenance and diagenetic history of these lithologies deduced
from measurements made by the Planetary Instrument for X-ray
Lithochemistry (PIXL), a micro-focus X-ray fluorescence (XRF)
microscope [2]. Data were collected from the Shenandoah
formation at two stratigraphic sections: Cape Nukshak and
Hawksbill Gap [3].

Sediment provenance ranges from relatively homogeneous,
altered olivine-dominated sources at the base of the section at
Cape Nukshak in the Amalik member, to highly heterogeneous
and altered (likely serpentinized) mafic to ultramafic sources at
the top of the section at Hawksbill Gap in the Rockytop member.
The presence of Fe-bearing carbonate at both locations indicates
precipitation from anoxic, alkaline waters of moderate pH. The
Yori Pass member (Cape Nukshak), and the Hogwallow Flats
and Devils Tanyard members (Hawksbill Gap) contain abundant
Fe-Mg sulfates and phyllosilicates, with compositions that
indicate at least one period of deposition under anoxic,
hypersaline conditions. The preservation of the Fe-Mg sulfate
component of these rocks is remarkable, given its extreme
solubility and susceptibility to oxidation. Fluids that precipitated
later cross-cutting anhydrite apparently had little effect on rock
bulk compositions. At present, it is uncertain whether observed
evidence for oxidation, including ferric-sulfate, results from
~syn-depositional variability in atmospheric and aquatic redox
state, or later diagenesis or weathering. A major finding of this
investigation is that the Shenandoah formation contains
compositionally and mineralogically diverse sedimentary rocks,
which bodes well for sample return science, and indicates that
paleo-environmental conditions were variable in space and/or
time during delta deposition and diagenesis.
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