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statistical analysis of the results using a Markov Chain Monte Carlo
(MCMC) algorithm. Only the IR part, from 1.3 to 2.6 �m, is modeled in
this way, because at shorter wavelengths (i.e., 0.40–0.85 �m) the non-
linear effects of opaque phases andmixtures increases the uncertainties of
modeledmixing coefficients, in addition to possible coregistration effects
between the two optical paths.

The modeling steps are as follows:
• Normalization of spectra: since the absolute value of the continuum

depends on other parameters in addition to composition, all spectra
(both experimental and laboratory) are normalized by division by their
mean value.

• Selection of the library of endmembers participating in the mixture:
endmembers are selected from mineral families whose spectral sig-
natures have been suggested by manual comparisons of the spectra to
laboratory databases (e.g., with the 2.2 μm feature in Fig. S13), and
whose composition is compatible with the results of chemical analysis
of LIBS. This is therefore not an unsupervised approach. Within each
mineral family, specieswere selected for their spectral signatures and to
represent the diversity of measurement conditions (sample state, grain
size, observation geometry) and sample purity (presence of other
minor species, more or less adsorbed hydration). Selectedminerals are
then tested to check whether they improve the quality of the fit (see
Supplementary Text S3 and Figs. S14 to S16). In all, nearly 200 end-
members in 10mineral families were selected. To partially account for
photometric effects notmodeled by the linear approach, three artificial
spectral components were added to the mineral endmembers: a dark
continuum, constant at 0.1, to adjust for the contrast of absorption
bands due to the presence of phases without spectral signatures, and
two continua with positive and negative slopes (simply straight lines
between0 and 0.1 over the spectral range) to attempt to compensate for
dust scattering effects. The use of these artificial endmembers is
explained, for example, in69,70.

• Determination of mixing coefficients for each observation. This is a
Basyesian approach in which the aim is to maximize a likelihood
function, defined as the exponential of the root mean square between
themodel and thedata.The coefficients are randomlydrawnaccording
to a uniform distribution.

• Selection of endmemberswhosemixing coefficient is greater than 0.01.
Coefficients whose value is too low (< 1%) do not correspond to sig-
nificantly present endmembers and are ignored for the rest of the
process. The resulting modeled spectrum using those coefficients on
each target is given in Fig. S8.

• Statistical analysis using the MCMC method. The endmembers
selected in the previous step are re-injected into anMCMC sampler to
calculate the posterior distributions of each of themixture parameters.
The median of these distributions corresponds to the maximum
likelihood, and their width gives the sensitivity of the mixture to the
presence of each endmember. Thus, a quality criterion is defined as the
ratio of themedian value by thewidth of the distribution. A value lower
than 1.5 means that the endmember does not affect significantly the
quality of the fit (Fig. S9).

Open research: All data are available in the main text, the supple-
mentary materials, on the NASA Planetary Data System SuperCam Bundle
and on a public repository hosted by Zenodo (https://doi.org/10.5281/
zenodo.13918367).
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