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Goal 1:

* Understand atmospheric cycling of biogeochemically important
species: Al, Ca, Fe (done before), Si, Ti

* Al, Ca, Fe, Si, Ti are dominate elements in dust (with O)

e Oceans:

* Fe: important as there are iron limited microorganisms. Studied
previously.

* Si: important for shell formation (e.g. diatoms)
* Al: opal reminderalization—> linked to Si
* Ca: lots of Cain oceans already: important to links to CaCO3

* Land and Atmosphere

 Caisimportant basic element to counteract acids
* (Danny Leung’s work here).



EMIT project: Earth surface mineral dust
iInvestigation: NASA Venture project . .......cesmsimutations

(Scanza et al., 2015): speciation
of dust matters for radative

Radiative Forcing

Space Imaging Particle forcing

Spectroscopy Emission : —
and SIS R Y « Dust composition is important
Transport & & - & for RF

 Obtaininfo about dust
composition from Imaging
Spectrometer on Space station

* Inputinto models to calculate
mineral compositions

* Modelsinclude 8 minerals from
EMIT instead of one dust tracer.

Arid Dust Source
Regions




Goal 2: Evaluate EMIT

More elemental data than mineralogy
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How do we go from Minerals to elements?

Table S1. Mass percentage elemental composition of minerals in desert dust based on the measurement
and compilations from (Menut et al., 2020).

Mineral
Calcite
Feldspar
Goethite
Gypsum
Hematite
Ilite
Kaolinite
Quartz
Smectite
Vermiculite

Al

0
10.96

0.55

2.67
10.47
20.42

8.57
6.84

Ca

40
3.84
0.02

23.3
0.12

1.45
0.03

0.91
0.98

Fe

0.34
62.90

57.48
4.01
0.24

2.55
6.7

S1

0
25.24

0.89

2.11
24.11
20.27

46.7
27.44
16.09

Ti

0
0.04

0.01

0.22
0.52
1.00

0.07
0.65

Pro: more data than
minerals

Con: nota 1:1 relationship

Only can use in dust
dominated regions



Include not just —
dust sources, but

Other € 100
* Add in literature search of 1w
other sources I

e Based on Fe database:
* Mining/Smelting

Source (Tg)

b. Percentage Contribution

* Industrial combustion rr— S - -
o " || —
* Wildfires = //.- =
* Volcanic (important for / =
many) ron oxides w0 = &
1 30 N Q [ |
IUite . % \ ] §
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Al: Illite, Kaolinite, Feldspar oty S g oype reeibipid
Ca: Calcite, Gympsum, Feldspar =vivadt e S sl Sl 4o Fires

Si: quartz
Ti: Kaolinite, Illite..
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Station data: climatological averages

* Do ok job simulating
* But not great...
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Cruise data: individual measurements
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Again, ok, in the right range, but not great.
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Obs
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We do better for Fe: we’ve been doing it longer
Better emission datasets
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Not much Si data, especially cruises

0.01 0.05 0.10 0.20 05 1.0
Si PM10 ug/m3
1000f ' ' LT
3 4 K 3
s 1
PR 7]
.- -
S %
100 X, x/x/ /X-""%:)z%i ><‘g
e K )
2 [ X -’ i
= - ’
1.0 Ko o m
] W oo E:.‘ ] [} ]
E -
[ 7 ﬁ kL [ 2
*, r 7 O
0ag” HX .
E+ e d ]
£ L ! ! L7
0.1 1.0 10.0 100.0
Model

10 50.
N= 77r=048
Australia
Asia
Europe

North America

High Latitudes

Obs

001 005 010 020 05 10
Si PM10 ug/m3
T T P T
rd
100} d
F pd
e
rd
,
’
s
o s,
10F 7 . 7
E 7 -
3 O D
[ Eﬂ]_,-' //
. /
ya
Fd
."’ <
01p .- <> //
0.1 1.0 100

10 50. 100
N= 18 r=0.39
Australia
Asia
Europe

North America
High Latitudes



TIPM10
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Non dust fraction

Differs by element: Ca has largest
area, Fe smallest area

Cannot use these elements as
proxies for dust in non-dust
dominated regions

We needed to do all the sources
to estimate where we can use
these elements for dust.




Dep ratios PD/PI

Using Kok et al., 2023, for 55%
dustincrease since PI

Dust dominated minerals show
50% increase....

Ca has lowest increase (hatural
sources with no data to indicate

change are important)

Most of Northern Hemisphere
shows large increase




Elemental distributions

* First estimates of Al, Ca, Si and Ti from non-dust sources
* Tells us where these elements can be used as proxy for dust, and where not.
« Can be improved. (we are working on volcanoes: see Lily Wu’s talk)

* New distributions and deposition
* Deposition could be important for ocean and land biogeochemistry

* Increased deposition of these minerals since preindustrial due to dust and
anthropogenic increases.

 Can provide limited information about EMIT:

 Can we hard to interpret as one mineral, but we will test more rigorous in
upcoming paper
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