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S1 - Image identifiers

The following Table provides the Mars 2020 image IDs for Figures in the paper.



	Fig.
	Instrument
	Sol
	Image ID

	1c
	NavCam
	248
	NLF_0248_0688961170_442ECM_N0080000NCAM02248_07_195J 

	1d
	ZCam
	333
	QZCAM_SOL0333_ZCAM08355_L0_Z110_ISSOLE_WORKSPACE_VP_4X_E01

	11a
	ZCam
	340
	ZR0_0255_0689576242_738EBY_N0080000ZCAM08278_0340LMJ




S2 - Sample provenance 

The samples that were used to obtain the spectra in Figure 4 and 10 have various provenances. The talc and lizardite spectra are from the USGS Spectral library. The Fe/Mg smectite, hectorite and saponite spectra were supplied by Janice Bishop.

The stevensite sample was supplied by Nicholas Tosca. The spectra of the sample were obtained by Ed Cloutis and Dan Applin at the University of Winnipeg. It was sourced from carbonate-rich sediments sampled from saline deposits of the Amargosa Desert, Nevada, USA. The following notes were taken on collection:

Aliquots were hand crushed in an agate mortar and pestle in order to increase surface area and increase the effectiveness of the carbonate dissolution step. Once crushed, powders were added to stirring beakers of 3 mol/kg acetic acid. During this step, pH was carefully monitored during carbonate dissolution in order to ensure the pH did not drop below levels which encourage the rapid dissolution of Mg-rich clays (Moore & Reynolds, 1997). Carbonate dissolution was taken to reach completion when the pH remained static for several hours after the addition of excess acid. At this stage, samples were centrifuged repeatedly with deionised water until the pH of the rinse reached ~6. A small amount of sodium phosphate salt was added to each clay suspension which buffers pH at ~7 and encourages the separation of clay mineral crystals in solution. Samples were then treated in an ultrasonic bath for 10 minutes to encourage separation of individual crystallites and centrifuged to remove the <2μm fraction. Oriented aggregate specimens of the <2μm fraction were prepared by vacuum filtration and deposition of an oriented clay film on a glass slide (Moore & Reynolds, 1997). This method of sample preparation is known to be the most representative of relative clay mineral abundances and results in little to no size fractionation effects (Moore & Reynolds, 1997).

For X-ray diffraction analysis, samples were analyzed on a Panalytical Empyrean powder X-ray diffractometer. Clay mineral specimens were analyzed after three different treatments: (1) in the air-dried state, (2) after exposure to ethylene glycol vapor for 14 days (as the kinetics of Mg-rich clay mineral ethylene glycol solvation are known to be slow), and (3) after heating to 500°C and re-solvation with ethylene glycol vapor. These combined treatments allow the identification of smectite, kaolinite, chlorite, illite and other clay mineral sub-groups, but additional analyses are required to confirm the speciation of clay minerals (e.g., distinguishing the smectite-group minerals: stevensite, saponite and montmorillonite). In addition to powder X-ray diffraction, samples were also prepared for FT-IR analysis as discussed above.

References:
Khoury, H. N., Eberl, D. D. & Jones, B. F. Origin of Magnesium Clays from the Amargosa Desert, Nevada. Clay Clay Miner 30, 327–336 (1982). 
Moore, D.M., and R.C. Reynolds Jr. X-Ray Diffraction and the Identification and Analysis of Clay Minerals. 2nd ed., 1997.

S3 - LIBS accuracy assessment

We used a Monte Carlo bootstrapping technique to randomly draw values from the distribution defined by the accuracy and precision of each oxide in the composition of an observation point. For example, for an observation point with a composition of 44.2 wt% SiO2 +/- 6.1 wt%, we construct a normal distribution centered at 44.2 with standard deviation 6.1 and sample from this to simulate other possible SiO2 values. If using precision, rather than accuracy, the normal distribution is still centered at the nominal value (e.g., 44.2 wt%), but the standard deviation used for the simulated distribution is generally lower, (e.g., 1.6 wt%, rather than 6.1 wt%; Anderson et al., 2021). We then convert these simulated oxide values (wt%) values to molar proportions, add them as indicated on the figure, renormalize the data (the standard procedure for plotting on ternary diagrams), and plot this cloud of points on the ternary diagram around the anchor composition. Using these three distributions and their standard deviations, we can calculate the standard deviation of these normalized molar distributions. The area of the inner polygon represents 1-sigma and the outer polygon represents 2-sigma. Hence, these plots can visualize and test for statistical separation of any two types of composition on a ternary plot or help to determine whether a composition is consistent with any type of endmember composition (i.e., the chemistry of one of the SuperCam calibration targets).
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Figure S.1: The Monte Carlo simulated compositions (left: using instrument accuracy; right: using instrument precision) of target Y and Z using the average of all observation points, with N=10^5 simulation points for each target, on a SA CNK FM ternary diagram. The 1- and 2-sigma contours are drawn with white lines on the plot. 
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