Quantifying the impacts of an exogenous dust input to the
soil and stream chemistry of an upland Mediterranean
watershed using a reactive transport modeling framework
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Introduction

Dust impacting ecosystems

Source: https://swiftfoundation.org/saharan-desert-dust-feeds-amazon-tropical-rainforest-nasa-finds/

https://murciaplaza.com/los-cielos-de-murcia-se-tinen-de-nara
nja-por-particulas-de-polvo-en-suspension-del-sahara
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Dust impacting ecosystems

(Chadwick et al., 1999; Pett-Ridge et al.,
2009a; Aciego et al. 2017)




Methods

Field site: Sapine watershed, Mont Lozere

Characteristics:

= Average annual precipitation of 2000 mm.

= ET estimate of 600 mm.

= Average temperature of 8°C.

= \Vegetation: beech, kept for the past 70 years.

= Stream is perennial. i
» Located in corridor of Saharan dust imports.
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Location: 44°37’N; 3°82’'W, Mont Lozére, Parc
National des Cevénnes, south of France.
Mediterranean Hydrometeorological Observatory
Cévennes-Vivarais (OHMCV), part of the French
Network of Critical Zone Observatories :
(OZCAR). B ;
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Located in corridor of Saharan dust imports. >
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Aerosol optical depth

Saharan dust plume, February 2021.
Source: severe-weather.eu



Methods

Field-based analyses

Geochemical analyses with

ICP-QMS Mass-transfer coefficients
Stream and rain water samples Measure of elemental gain or
Soil and bedrock samples loss of soil compared to its parent
Plant litter and leaves material (usually bedrock)

S Cj,sCi,r
18 T
Cj,’rci,s

. j: mobile element

: s: soil
B¥  r: bedrock
- C: concentration [M M]

i: immobile element (Ti, Zr, or Nb)

Strontium (Sr) and neodymium
(Nd) isotopes

Radiogenic Sr and Nd isotopes
are good source tracers

1.Chemical separation of Sr and
Nd using column chemistry

2. Isotope measurements (%Sr,
873r,143Nd and *4Nd) with
MC-ICP-MS



Mass-transfer coefficients

Distance (m)

Results

Mass transfer coefficient Txr;
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Mass-transfer coefficients

Results

Mass transfer coefficient Txr;
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Ca/Na molar ratios

Ca/Na molar ratio

Results
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Results

Ca/Na molar ratios
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Strontium (Sr) and Neodymium (Nd) isotopes

143Nd/144Nd

Results
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Sr and Nd isotopes

Results
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Results

Sr and Nd isotopes
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Sr and Nd isotopes

143Nd/144 Nd

Results
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Discussion

Field evidence of dust deposition

e Gained solid-phase calcium (mass-transfer coefficients)
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Discussion

Field evidence of dust deposition

e Gained solid-phase calcium (mass-transfer coefficients)

e Episodically increased Ca/Na molar ratios in stream water

e Departure from bedrock Sr and Nd signatures

Question: How does this exogenous source of mass affect the
geochemistry of the system?
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Reactive transport model

| Reacting fluids

Discussion

Abd, A. S., & Abushaikha, A. S. (2021).
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Discussion

Dust implementation into a reactive transport framework

T 1
N

modified from Golla et al. (2024)

In the distributed version of CrunchTope,
all minerals travel collectively at a
constant rate in the same direction
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Discussion

Dust implementation into a reactive transport framework

L. 2

N

modified from Golla et al. (2024)

In our new version of the code,
each mineral can be assigned a velocity
individually:

e upwards for uplift

e downwards for burial
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Discussion

Dust implementation into a reactive transport framework

L. 2

3

N

modified from Golla et al. (2024)

In our new version of the code,
each mineral can be assigned a velocity
individually:

e upwards for uplift

e downwards for burial

We use this capability to implement
dust to the actively weathering and
uplifting profile in Sapine.
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Discussion

Sapine model results: mass transfer coefficients

Mass transfer coefficient 7.7
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Discussion

Sapine model results: depth of dust transport
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Slow down of reaction rates

Discussion
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Conclusions

Conclusions
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Questions?

Conclusions
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