Unveiling Mineral Phase Distribution In The Chelyabinsk LL Chondrite
Using LIBS Mapping And Cluster Analysis

>

N
UMA UNIVERSIDAD DE MALAGA C. Burgos-Palop’-?, L. Garcia-Gémez', F.J. Fortes'2, J.M. Vadillo'-? o
M.R. Lépez-Ramirez23, M. Gritsevich#3, J.J. Laserna’ ]E q
TUMALASERLAB, Departamento de Quimica Analitica, Universidad de Malaga, 29010 Malaga, Spain. b
2|nstituto Universitario de Materiales y Nanotecnologia (IMANA), Universidad de Malaga EMSLI BS
SDepartamento de Quimica Fisica, Facultad de Ciencias, Universidad de M&alaga P ARIS

4Faculty of Science, University of Helsinki, Helsinki, Finland.
SInstitute of Physics and Technology, Ural Federal University, Ekaterinburg.

Abstract Experimental Set-up

Pulse/delay generator

The Chelyabinsk meteorite was analyzed using Laser-Induced Breakdown Spectroscopy (LIBS) combined with
Raman spectroscopy to characterize chemical and mineralogical heterogeneity across its inner matrix, fusion ===
crust, and metallic inclusions. LIBS spectra acquired at selected points revealed major elements including Fe, .
Mg, Si, Al, Ca, Cr, Mn, Na, and Ni. Relative intensity ratios normalized to Fe confirmed a higher abundance of rock-
forming silicates in the inner matrix, Fe-rich metallic inclusions, and intermediate compositions in the fusion crust.
High-resolution LIBS mapping (100 um) visualized the spatial distribution of mineral phases, with Na+ Ca
highlighting plagioclase, Fe + Mg olivine and pyroxene, Cr chromite, and Fe + Ni metallic phases. K-means
clustering integrated the elemental maps into a single classification, clearly distinguishing five mineral phases.
Calibration-Free LIBS (CF-LIBS) was applied at strategically selected points to determine semi-quantitative
elemental compositions. A ternary diagram based on the CF-LIBS-derived oxide percentages (FeO-MgO-SiO,)
confirmed the classification of Chelyabinsk as an LL-type ordinary chondrite. This workflow demonstrates that -
LIBS mapping combined with clustering and CF-LIBS allows rapid, minimally invasive assessment of meteorite

heterogeneity, mineral distribution, and classification, providing detailed microscale compositional information Spectrometer
while preserving the integrity of rare samples.

Chelyabinsk meteorite LIBS identification
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Average spectra provide differences in elemental AlU/Fe, Ca/Fe, and Mn/Fe ratios in the inclusions differ
composition between three regions. Fe is dominant in all significantly, reflecting the Fe-rich metallic nature of the
regions, especially in the metallic inclusions. Magnesium inclusions. Mg/Fe and Si/Fe ratios are significantly higher in
and silicon exhibit stronger emission in the light-colored the matrix compared to the inclusions and fusion crust,
matrix, reflecting mineral phases such as olivine and consistent with the enrichment of silicate minerals in the
pyroxene. matrix.

LIBS mapping
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Although LIBS provides elemental
information, a reliable mineralogical
interpretation can be achieved by
combining these results with Raman
spectroscopy.
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* Fe-Nimetallic phase
the data represented in the LIBS maps

were subsequently used as input
variables for K-means clustering

K-means integrated spatial and compositional information, improving
A) Na + Ca (pl.agloclase) C) Cr (chromite) mineral phase classification and revealing sample heterogeneity while
B) Fe + Mg (olivine and pyroxene) D) Fe + Ni (metallic inclusions) enabling the selection of representative points for quantitative analysis.

Quantitative LIBS analysis
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Conclusions
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