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and emplacement of the olivine-clay-carbonate lithology
* We focus on the vis
Séitah olivine cumulate rock
* We show that clay is also pr
instrument to observe the 2
of clays in the olivine cumulate rocks of Séitah.

* We have used the SuperCam LIBS instrument to determine Séitah’s low (<4wt %)
Al203 - allowing us to eliminate clays with aluminum in their structure.

* Using elemental abundances from the SuperCam LIBS, we derive the vi
lava flow that emplaced the Séitah cumulate, and find it to be exceedingly low.
* Based on this observation, we hypothesize that the Séitah unit was
lava similar to the Columbia Ridge
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Fig. 1 Visual summary of the traverse
through the Séitah formation and the three
key workspaces.

Fig 2. Arrhenius plot of Bottinga-Weill
viscosity vs inverse temperature for Maaz
(yellow), Séitah (cyan) and Artuby (dark
green) compared to terrestrial standards.

The Mars 2020 rover landed at Jezero crater on February 18, 2021 [1]. Since
then, the rover has traveled around the “Séitah” region [2] and has collected
data from the Mastcam-Z, Supercam, PIXL and SHERLOC instruments that / >
has led to insights into the formation of the olivine-clay-carbonate bearing [
rocks that were identified from orbit [3,4]. Here we discuss three questions: 1)
What have we learned about the olivine-clay-carbonate unit? 2) What §
terrestrial analogs exist for the unit? 3) Why do the rocks have a thinly layered

compared to the original rock surface.
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1t. We hypothesize that the olivine cumulate was
formed at the base of a lava lake within Jezero crater that was part of a region-wide unit.

Fig. 5 - Dourbes with tailings on Sol 255
after abrasion in the Brac workspace. Note
brightness of tailings relative to original
rock surface. b.) Spectra of tailings

the presence of the 2.46 pm band in the
tailings spectra c.) SuperCam RMI image
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Fig. 7 Timeline of events relevant to the emplacement and retention of the olivine-clay-carbonate lithology.
Terrestrial analog of komatiite sequence: Here we consider a low viscosity lava flow or lake
which density-segregated into a layered cumulate. Figure 4 shows two examples from the
ultramafic Archean stromatolite-bearing Dresser Formation in Western Australia. Olivine
replaced by serpentine and talc-carbonate are seen in a petrographic thin section in the image.
Similarities with the olivine-clay-carbonate include the mm size cumulate textures and
mineralogy, in this case the olivine is replaced by talc or serpentine.We are using the elemental
abundances of the Supercam LIBS instrument to calculate the viscosity of the olivine-clay-
carbonate unit at Séitah and Figure 2 compares Séitah with a terrestrial dunite, the CF-FR and
Artuby rocks from [6]. For reference, terrestrial granite and diorite are given. The calculated
viscosity of the Séitah rocks is lowest among all these examples, and we suggest this might
explain some of the characteristics of this rock, including thin layering seen in Figure 1.

Note

morphology? We shall briefly mention instrumental measurements which
provide important information regarding the olivine bearing rock at Séitah.

The findings of this abstract are the subject of a paper submitted to the
Mars2020 JGR Special section. We have examined orbital (CRISM) and in

Take away messages: 1) We have outlined how the SuperCam LIBS and VISIR instruments of
| the Perseverance rover are being used to increase our understanding of this unit and determine
| their variations around Jezero. 2) We have outlined the case for a komatiitic succession of rocks
as an information-rich analog for the olivine-bearing rocks at Séitah. 3) We have calculated

situ data from the Mars2020 rover focused on deepening our understanding of
the properties and emplacement of the olivine-clay-carbonate lithology. We |
particularly focus on the estimated viscosity of the unit based on geochemical
elemental abundances of the S¢itah olivine cumulate rock. Qg{u?e_a?‘ﬁ:iﬁ%é O)f g’fgg‘[igi&f;l}(‘sozic‘;g %ic‘:t‘ilgncz';lgﬁz
We used a Venn-diagrammatic approach to determine the relationships | gjative to Garde, rover ‘,I:Im for scale. b.)p(bot’tom) Thin section
between the olivine, clay and carbonate in the olivine clay-carbonate in the of talc-carbonate sample AJB0503100 from Brown [8] with mm
CRISM 40FF image (which covers the west side of the crater, see Figure 6). lsééit‘;’ézg‘lg Ifep:igi?rgoflul‘gi[::er’() d‘;(l)‘l’)?itag]))olég‘[‘:ei?l‘i’g? écgﬂ
We were able to show that clay is also present in the olivine-carbonate e AJB0503g100 with hammeF for séale.p ¢
lithology. We have now used in situ observations to help identify the clay. ¢
We have used the SuperCam VISIR instrument onboard the M2020 rover to

observe the 2-2.5 micron region of the spectrum to look for bands indicative of
clays in the olivine cumulate rocks of Séitah. Using the appearance of the 2.38
and 2.46 micron bands we have been able to narrow the search to clays with
metal-OH features. Finally, we have used the SuperCam LIBS instrument to
determine the low (<4wt %) A1203 thereby allowing us to eliminate clays with
aluminum in their structure. The only remaining candidates are talc and Mg-
rich serpentine, and we will further discuss ideas for telling these two minerals
apart. Using elemental abundances derived by the LIBS instrument on

«'\\.6(\1,»01'

SuperCam, we have used the heuristic Bottinga-Weill approach [5] to derive the
viscosity of the lava flow that emplaced the Séitah cumulate [6], and find it to be
exceedingly low. Based on this observation, we hypothesize that the Séitah unit was
formed by a flood lava similar to the Columbia Ridge basalt [7]. We hypothesize that
the olivine cumulate was formed at the base of a lava lake within Jezero crater that
was part of a Nili Fossae region-wide unit.

What have we learned about the Olivine-clay- carbonate lithology? The olivine-
clay-carbonate lithology is among the best-documented rock types in Jezero crater
and the surrounding watershed [3] and is potentially among the most
astrobiologically compelling units in the region [9,10]. From orbital VNIR

- Arortater o8 reflectance spectra, the unit contains abundant olivine (Fo#45-66) in large grains
Lorst | b *° Bottom cooling (>500 um, based on band saturation) accompanied by clay and carbonate minerals
 EETE A [3], and its crater retention age is ~3.82 Ga [11]. Several potential origins of the
Motten Lavaf\ M 03 olivine-rich unit are possible: 1) a density segregated melt associated with a lava

A 02 flow or lake; 2) a pyroclastic density current (PDC) at low temperature [11]; 3)

crforme ] ’ Somined base tephra fall [12]; or 4) some combination of all of the above, see also [13]. The
Country Rock o1 transition from primary volcanic deposit to the olivine-carbonate-clay could have

Model Lava Lake 0 o - been from deuteric serpentinization and talc-carbonation [8] perhaps caused by late

a b ! 1 ° el Noachian CO; outgassing [14]. It is also possible that the olivine was altered to

carbonate when it was exposed to a thick CO»-rich Noachian atmosphere [15].
Discrimination between these formation and alteration histories is critical to
advancing our understanding of Noachian mantle circulation [16].

Figure 3 - Thermal model of a lava flow and lava lake. b.) Final tractional height ot tloor layer, Ay, where crystals
accumulate (relative to the height of the chamber height, H) plotted against the lava viscosity (normalized relative
to liquid diopside). Two cases are shown, one in which bottom cooling occurs, and one in which it does not
(insulated base). The dashed box indicates the viscosity of typical terrestrial basalt relative to a pure diopside
melt, after [9]. The Séitah and Mdaz viscosities calculated in this paper are schematically shown on the plot.

viscosities for the olivine-bearing rocks and these indicate a low viscosity that may help explain
the thin layering and morphological characteristics of these rocks.
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Fig 6 - HRL40FF 0.905 um,
2.31 ym, 2.5 pm, 2.38 pm
band maps. “MC” is location
of marginal carbonates.
(below) Venn diagram of
olivine-clay-carbonate
detections for HRL40FF
showing pixels containing
olivine, clay and carbonate.
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