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® NASA Mars mission landed in Gale crater 6™ of August 2012

® Curiosity has traveled more than 28 km.

Latest selfie taken on sol 3303 (11-20-2021)
NASA/JPL-Caltech/MSSS

Current position

Position on sol 3502 (06-13-2022)

Landing site

https://mars.nasa.gov/msl/mission/

where-is-the-rover/
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Chemistry composition at remote distances and
at small scales (300-500 microns)

Technique: Laser-induced breakdown
spectroscopy (LIBS)

Remote micro imager (RMI)

Along traverse: More than 3000 targets
analyzed with 30000 LIBS spots and 900k laser
shots

ChemCam on Curiosity ~ thzmCam

MSSS/JPL/NASA (PIA18390)
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® One spectrum: 6144 channels

® Usually: average spectrum from one position discarding the first five shots (dust contamination)

® Recent procedure for chemical composition: Balanced combination of Independent Component
Analysis (ICA) and Partial Least-Squares Regression (PLS-R) for prediction of geological major
elemental abundances (SiO2, TiO2, Al203, FeOr, MgO, CaO, Naz0, Kz0)
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Depth Trends with ChemCam

1% laser shot 2" |aser shot 30" laser shot

depth

Schematic representation: scaling not realistic

® Usually 30 shots at one position

® How much material is ablated with each shot depends on sample properties (rock hardness, laser

coupling...). But the final depth of a LIBS crater after 30 shots can be estimated to be
100 um range (Maurice et al., 2016, JAAS)

® Different correlations of elemental emission lines with depth for different mineral phases

in the
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Tensor Component Analysis (TCA)

Method

Concept is similar to matrix decomposition — detecting low-rank structure in data

data low-rank
b1 b2 bR
model . : . :
~ X~ M=3F aob=ABT
X 1l&| M= + +o
a1 a2 aR
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Tensor Component Analysis (TCA) chemCam

Concept is similar to matrix decomposition — detecting low-rank structure in data
Method

data low-rank
b1 b2 bR
model 0 . i ——
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Going to 3 dimensions — tensor component analysis

<1 c2 R
data low-rank model / b1 b2 bR

= ) HI | HI | HI | X%M:Z;?:laiobioci:[[AvBac]]
+ ot

® Different names: PARAFAC/CANDECOMP/CP all names for same Canonical Polyadic

® Great overview paper by Kolda and Bader (2009): Tensor Decompositions and Applications
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TCA for ChemCam shot-to-shot data

Q
Npoints X 30 X 6144 o_-,°+
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wavelength

® A-matrix represents the analysis points — observation dimension
® B-matrix represents the consecutive shots at one analysis point — depth dimension

® C-matrix represents the wavelength — spectral dimension

Chermkarm
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Table 1
‘Mean MOCs and Sum of Oxides (Totals) for
Values are in i

Each Cluster Taﬁeﬁmr With the Median and the Standard Deviation, all

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster5  Cluster
Si0y mean 7577 56.16. 5470 48.92 4.4 28.32
median 76.0 55,30 5490 49.90 44,10 32.80
stddev 548 427 263 614 339 16.65
Tio mean 247 074 1.00 123 092 059
median 232 075 097 103 090 065
stddev L1l 021 015 0.84 017 034
ALO; mean 554 1930 1195 10.94 942 532
median 5.20 19.30 1180 10.90 910 5.90
stddev 33 259 145 2.50 203 3.01
FeOy mean 543 744 18.78 2115 18.96 10.74
median 4.90 740 1890 2010 19.10 11.80
stddev 3.61 491 159 440 188 5.74
MgO mean 243 150 579 343 791 2.69
median 230 140 5,50 3.50 7.60 270
stddev 085 077 132 0.92 230 111
Ca0 mean 1.60 644 176 33 668 23.08
median 110 680 170 2.80 6.70 21.50
stddev 1.59 266 056 1.87 161 8.55
Na:O mean 1.69 570 272 291 228 1.01
median 1.50 560 265 280 215 097
stddev 0.86 126 063 077 066 067
K0 mean 0.66 154 143 116 062 030
median 0.54 114 139 110 043 026
stddev 0.67 140 048 0.58 063 028
Totals mean 95.50 98.82 98.13 93.07 91.19 72.05
median 95.45 98.79 98.18 93.01 9113 77.88
stddev 272 240 275 485 431 17.27

Table from Rammelkamp et al., 2021, Earth and Space Science

Dataset chem/Cam

® Previous study about classification of
ChemCam LIBS data with unsupervised
clustering

— 6 clusters of different sizes

® This study: Only data from cluster 2
observations with felsic compositions
(typical elements: Si, Al and alkalis Na
and K)

® Rather small cluster with 485 analysis
points

— The data tensor X" in this study has
dimensions: 485 x 30 x 6144

06-21-2022 8 /15
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reconstruction error

® Basic metric to compare models: normalized reconstruction error

Selection number of ranks
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Selection number of ranks hemCam
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® Convergence for all number of ranks R
® Reconstruction error < 10% for all ranks R > 13

— Decision for R=15 model
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Factors interpretation ~ chemCom
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— All analysis points have non-zero
A-matrix scores on factor 1 and 2
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— Baseline felsic composition — All analysis points have non-zero

A-matrix scores on factor 1 and 2

06-21-2022 11 /15



ChemCam
TCA

Introduction

Method

Results

Summary

and outlook

Factors interpretation
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— All analysis points have non-zero

themCam

A-matrix scores on factor 1 and 2
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Example: Factor 2

A-matrix scores factor 2

— Targets with a stronger dust coverage have higher A-matrix scores on factor 2

— Interpretation of factor 2 as the "dust contribution” factor seems correct

06-21-2022
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Factor5: Atmospheric contribution

Results Factor 5
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® Relatively strong emission lines of C and O
® Martian atmosphere is dominated by CO,
— Possibly not optimal laser coupling or focus
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Influence of experimental conditions

Factor5: Atmospheric contribution Factor 6: Wavelength calibration
Results Factor 5 o121
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et iom)  avelengihioml  wavelngth tom) wavelength (om] ® Line positions are shifted on factor 6 in
comparison to other factors
® Relatively strong emission lines of C and O ® McTravish2 has high and Reddick_Bightl low

® Martian atmosphere is dominated by CO, factor 6 score values

— Possibly not optimal laser coupling or focus — Slightly shifted wavelength calibration
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Variations in felsic composition
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Factor 3: Strong Al emission lines

Factor 7: Strong Si emission lines

Factor 9: Strong Na emission lines

Factor 11: Strong K emission lines
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—— Factor 9

Factor 11
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Variations in felsic composition
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Summary
Sy ® Different types of factors were identified: experimental conditions or real compositional variations

among the shots
® The main contribution comes from the baseline felsic composition in the selected dataset

® Starting from a group of similar compositions, the method can be used to observe finer effects

Outlook
® Apply to ChemCam datasets with more compositional variations

® Also interesting for hyperspectral datal
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Summary
Summary ® Different types of factors were identified: experimental conditions or real compositional variations
2nd eutlook among the shots

® The main contribution comes from the baseline felsic composition in the selected dataset

® Starting from a group of similar compositions, the method can be used to observe finer effects

Outlook
® Apply to ChemCam datasets with more compositional variations

® Also interesting for hyperspectral data!

Thank you for your attention!
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