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Context:

On February 18th 2021, the NASA Perseverance rover landed at Jezero crater, Mars, a 50 km
Noachian-aged open-basin lake system located on the western side of the Isidis impact structure.
The bottom of the crater indicates the presence of a fluvial delta with associated inlet and outlet
valleys and infrared observations from orbit have detected the presence of carbonate, mafic and
hydrated minerals [1] Since its arrival at the Octavia E. Butler landing site, the rover explored about
100 meters around it initial landing position and analyzed the local bedrocks surrounding it.

Located on the top of the mast of the Perseverance rover is SuperCam, a multipurpose remote
sensing instrument able to acquire high resolution color images, infrared, laser-induced breakdown
spectroscopy (LIBS) and Raman spectra, and including also a microphone [2, 3]. The LIBS technique
is similar to the one used by ChemCam onboard the Curiosity rover, which has been exploring Gale
crater since 2012: a powerful laser pulsed at 1064 nm ablates targets at a distance, inducing a
plasma spark, the light of which is analyzed by spectroscopy to determine its elemental composition
(e.g. [4]). During such an analysis, spectra obtained from the first several laser shots at each
location are contaminated by dust deposited on the surface of the rock targets and these spectra are
usually removed from further analysis [5]. These spectra present a very homogeneous composition
that is different from those of the underlying targets, and are interpreted to represent the analysis
of eolian dust deposited over time on the surface of Mars [6].

In this study, we compare the spectral results obtained with the SuperCam first shots on the targets
analyzed at the Octavia E. Butler landing site with the average first shot spectra obtained by
ChemCam on the rock targets at Gale Crater to confirm whether the signal corresponds to a global
microns-thick eolian dust cover of Mars.

Method: 

We have used all the LIBS first shot spectra acquired since the landing of Perseverance. This
corresponds to ~106 different spectra processed by denoising, background removal, wavelength



calibration, and correction for instrument response. The average spectrum obtained from these data
can then be appropriately compared with the average first shot spectrum obtained by ChemCam at
Gale crater, which was built over 1500 sols (~ 8500 spectra). There is a 2 orders of magnitude
difference between the number of first shots acquired by SuperCam and ChemCam at this time, so
we can expect the SuperCam results to be less representative than the ChemCam ones. 

Results: 

The comparison of the LIBS spectra (Figure 1.) indicate strong similarities in major element
compositions The only disparity comes from apparent elevated Mg and Ca lines in the SuperCam
signal, which are possibly due to a local contribution. The minor elements, such as H, Li, Mn, Cr,
also present peaks with intensities similar to the ones detected on the ChemCam spectrum,
indicating a similar level of hydration and minor elements contents of the dust fraction at Jezero and
at Gale. While the rocks analyzed by SuperCam at Jezero crater appear visually to be less covered
by dust than the ones seen at Gale crater, our analysis indicates that the rocks studied at Jezero
remain covered by a thin layer of homogeneous material similar in composition to the eolian
deposited dust. This result is consistent with a global mixing of the eolian dust cover on Mars at the
micron scale, or possibly a single origin for the eolian dust on Mars as described in previous studies
(e.g. [7, 8]).

Conclusion: 

The average of the first LIBS shot spectra acquired by SuperCam at Jezero crater compare very well
with the average spectrum of ChemCam’s first shots at Gale crater. The intensity of the emission
lines in the two spectra are very similar indicating the probable global mixing of the dust deposited
all over the surface of Mars.





 

Figure 1: Comparison of average first shots LIBS spectra of ChemCam at Gale Crater ([6] in red)
and average first shots LIBS spectra of SuperCam at Jezero Crater (in blue). A) UV range, B) blue-
violet range, C) green range D) orange range E) red range.
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