Dust aerosol mineralogy retrieved from its infrared optical
signature: a laboratory study highlights the potential of
infrared remote sensing for aerosol climate studies
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Mineral dust : a Qlobal. phenomenon with multiple Cesa
effects on the climate system .
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A sandstorm seen by ESA astronaut
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i, o~ International Space Station
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Mineralogy Is central in]rull'»ing dust effects ‘ Cesa
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Dust mineralogy. varies at'the global scale Cesa

Surface soil mineralogy
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Dust mineralogy. varies at'the global scale Eesa
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Dust mineralogy. varies atthe global scale Cesa

Dust mineralogy still not measured
systematically
regional and global mapping of airborne
dust mineralogy is still missing




Simulation chamber experiments on mineral dust esa
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Experiments onworldwide dust sources
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Mineral'signatures found in IR extinction spectra
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Mineral:signatures found in IR extinction spectra
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Di Biagio et al., 2014, 2017
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Can we retrieve dust miner.alogy»based on extinction Eesa
spectra in the 740-1250 cm~! (8 = 12 um) IR window?

Dust aerosols extinction spectra Single minerals extinction spectra
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Can we retrieve dust miner.alogy»based on extinction Eesa
spectra in the 740-1250 cm~! (8 = 12 um) IR window?

Dust aerosols extinction spectra Single minerals extinction spectra

clays+feldspars+qua rtz I Illlte

CESAM dust IR

lerary of single
spectra from 19 mineral spectra

E xtinction (a2 11 )

ldwid |
Wzth| esourc\?s £ //QZMX

1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l
800 900 1000 1100 1200 900 1000 1100 1200

Wavenumber (cm-") ‘ ‘ Wavenumber (cm™)

Dust extinction spectra = f; ., (Single mineral extinction spectra)

\ 4

Minerals content (quartz, clays, feldspars, calcite, ..)

a == | 4 m= __ c2 ' E = ] = 5= === g ™ § 3 I * _——n + THE EUROPEAN SPACE AGENCY




Measured extinction as
linear combination of
single mineral spectra
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Retrieve mineralogical composition,
particularly coarse-size minerals
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Measured extinction as
linear combination of
single mineral spectra
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Agreement of rettieved « optical » mineralogy Cesa

against X-Ray Diffraction analyses

LSM = Linear Spectral Mixing XRD = X-Ray Diffraction o
Di Biagio et al., 2023
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Conclusions and perspectives

» IR extinction spectra can be used to retrieve the global-scale features of dust
mineralogy, in particular its coarse component (quartz, feldspars, clays, calcite)

» Different extinction signatures enable to distinguish dusts with different origins
and compositions

» Modifications of the dust extinction spectra with time can inform on the
size—dependent particles mineralogy changes during transport

» The present analysis supports the use of IR remote sensing spectral and
hyperspectral observations (such as those of IASI & IASI-NG & FORUM) to
measure the size—segregated mineralogy of global dust

» Need further fundamental studies on both natural dust and single minerals!
» Application of the methodology to real IR remote sensing observations is needed!!
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Conclisions am;i perspectlves

IR remote sensing can complement UV-VIS-NIR retrievals from the EMIT NASA mission
(sensitive only to fine-sized dust components: clays, iron oxides, carbonates)

Hematite Goethite

Fﬁst EMT =1 ‘J g

=l"I= - W - I % .l_ + —_— . - + THE EUROPEAN SPACE AGENCY



