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Dust mineralogy has multiple 

impacts in the Earth System
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Image credits: NASA, NOAA, Krueger et al. (2004)

é these impacts are modulated by mineralogy.

Iron oxides

Quartz 

Feldspar

Iron containing minerals 

Calcite
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Credit: NASA - The Visible Earth. 

Jacques Descloitres, MODIS Rapid 

Response Team, NASA/GSFC

Challenges to represent mineralogy in 
Earth System Models: 

é limited knowledge of the composition 
of parent soils

é and the resulting size-distributed 
mineralogy at emission
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Challenges to represent mineralogy in 
Earth System Models: 

é limited knowledge of the composition 
of parent soils

é and the resulting size-distributed 
mineralogy at emission
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Modelling dust mineralogy

Soil 
mineralogy 

maps
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Soil mineralogy maps
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Global soil mineralogy atlases (pre-EMIT)
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Journet et al. 2014

HWSD

FAO soil classification Mean mineralogy 

Mineralogical composition for 

clay (◖ < 2 µm)  and silt (◖ 2-63 µm) size classes

ÅClaquin et al. 1999, Nickovic et al. 2012: 8 minerals.
Illite, smectite, kaolinite, quartz, feldspars, calcite, gypsum and hematite (iron oxides).

ÅJournet et al. 2014: 12 minerals.
Illite, smectite, kaolinite, vermiculite, chlorite, mica, quartz, feldspars, calcite, gypsum, hematite and goethite.
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New mineralogy maps from NASA EMIT

VSWIR Spectra of Dust Source Minerals

Dust Minerals have distinct 

spectral signatures
The EMIT instrument 

is measuring from the 

ISS since July 14, 

2022.

Target mask for EMIT retrievals 

covering arid land regions 

Jet Propulsion 

Laboratory
California Institute

of Technology

Level 3 products ï map of 10 (+2) minerals to be used within ESMs

(Green et al. 2020)
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EMIT soil maps

Check:  

EMIT Global Dust Source and Emission Mineral 
Abundance Maps for Dust and Climate 
Modeling , 
By C. Pérez García -Pando et al.  
PICO 5.6 

EMIT data products

Image courtesy of Phil Brodrick (NASA-JPL) 

Jet Propulsion 

Laboratory
California Institute

of Technology

Å Abundance of 10 minerals in the soil relevant for their 

climate impact, with an unprecedented spatial 

resolution

ÅQuartz and feldspar are not retrieved

Å No direct information on soil texture  

https://lpdaac.usgs.gov/data/get-started-data/collection-overview/missions/emit-overview/
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C1999 Hematite (%w) clay J2014 Hematite (%w) clay

J2014 Goethite (%w) clay

Li et al. (2021) multi-model 

study attributes 97% of the 

uncertainty range in dust 

Direct Radiative Effect to 

uncertainties in the abundance 

of iron oxides.

Claquin et al. (1999), Nickovic et al. (2012)

Journet et al. (2014)

EMIT Hematite (%w) clay

EMIT Goethite (%w) clay

Soil mineralogy: iron oxides mass fraction (%w)
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Emitted mineralsô PSD

12
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Size resolved mineral fractions at emission
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CESM-CAM6                 MONARCH                   GFDL-AM4                 GISS-ModelE 
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Obs. From Perlwitz et al. (2015)

Quartz mass fraction evaluation against in situ data
Multi-annual model experiments
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Bimodal dust 

size distribution

Pérez García-Pando et 

al., in prep.

Perlwitz et al., 2015a,b;

 Pérez García-Pando et 

al., 2016;

 

Refining the size-resolved mineral fractions at emission

Basic BFT

BFT with fitted 

mineral soil 

distributions
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Refining the size-resolved mineral fractions at emission:
GISS-ModelE

Basic BFT BFT with fitted mineral 

soil distributions

Basic BFT BFT with fitted mineral 

soil distributions
Relative mass mineral fraction per size bin

Bin size range (µm)

Evaluation against in situ measurements

Pérez García-Pando et al., in prep.
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The atmospheric cycle of 
minerals
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Model characteristics

18

Model CESM-CAM6 MONARCH GFDL-AM4 GISS-ModelE

Soil mineralogy C1999 / EMIT
C1999 /

J2014 / EMIT
C1999 / EMIT C1999 / EMIT

PSD
Modal model

3 modes

Sectional model

8 bins

Sectional model

5 bins

Sectional model

5 bins

Size range (diameter) 10 µm 20 µm 20 µm 32 µm

Emission method BFT BFT BFT Modified BFT

Mixing state Internally mixed

Externally mixed 

Fraction of iron oxides 

mixed with other 

minerals

Externally mixed 

Fraction of iron oxides 

mixed with other 

minerals

Externally mixed 

Fraction of iron oxides 

mixed with other 

minerals

References
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Horowitz et al. (2020), 

Song et al. (2024, ACP in 

review)

Obiso et al. (2024, ACP 

accepted), Perlwitz et al. 

(2015a,b)
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GISS-ModelE C1999     (1.78%w)     MONARCH C1999 (1.6%w)      

19

Sensitivity to model vs. soil map information
Iron oxides mass fraction (%w) at surface PM10 concentration

Same soil map, different model

Same model, different soil map

MONARCH J2014  (2.3%w)    

7.1%
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Regions and observations for the analyses

20

Dust source regions defined in Kok et al. (2021)
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Emitted dust mineralogy (mass fractions) 
MONARCH with C1999, J2014 and EMIT soil maps

EMIT compared to previous maps Ą large differences in the partition of phyllosilicates 

          lower calcite mass fraction at emission 

            larger fraction of goethite than hematite

Emitted mass fractions per region and globally depending on the soil map used

21
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MONARCH: EMIT vs C1999 and J2014
Iron oxides (%w) in surface PM10 concentration
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MONARCH: EMIT vs C1999
Calcite, quartz and feldspar (%w) in surface PM10 concentration
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MONARCH: EMIT vs C1999
Phyllosilicates (%w) in surface PM10 concentration






















