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Introduction

1. Critical zone
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The critical zone, « between the sky, the vegetation and the rocks ».
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2. Export of nanoparticles in the critical zone

Export of natural NPs by
watercourses seems to be the

main vector even if it is still poorly
estimated
Products of weathering :

Surface runoff & weathering
Clays
Metal oxides (Fe)
Sulfides
Carbonates
Phosophates

Hypothesis: the export of fine particles is a major agent in the destruction of soils and the export of
solutes in the critical zone.
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3. The role of weathering in the production of natural NPs

Physical weathering

Freeze-thaw weathering above the
glacier leads to an accumulation of
debris on the surface.

Ice moves
in a circular

motion
L] Rocks are plucked from the back

®
/ wall as ice freezes to the rocks.
)

L

Moraine at the
end of the glacier.

Moraine Maximum erosion

where weight of
ice is greatest.

!

Abrasion deepens
the hollow.

www.internetgeography.net

= mechanical breakdown

Silicate rock
(CaSiO3)

Chemical weathering

(Ruddiman, 2008)

CasiO; + H,CO, Ca*2 si*+4 Si0, + CaCO,
e . : HCO,~
Silicate Carbonic acid 2 Shells of
i . lons dissolved
bedrock in soils b ocean plankton
In river water
Weathering Transport Deposition
on land in rivers in ocean
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4. Climate change enhanced weathering

Accelerated weathering of the rocks and minerals in soils will be promoted by
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https://www.ipcc.ch/assessment-report/ar6/
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5. Objectives

Weathering‘

Gains
and
losses

Dissolved

Rock el

1. To determine the composition of NPs
produced during weathering

Clay minerals, ultrafine grains of silicates and iron oxides

2. Quantify the fluxes of these NPs transported
_____________________________________________ in rivers and their proportions

Mainly clay minerals

Weathering

Gains
and
losses

3. Improve understanding of biogeochemical
processes related to major elements

dissolved
part

Nanophases

m—=-0om=wO

Modified from Bern et al., 2018
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6. Strategy for achieving objectives
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— to quantify the role of nanophase formation in the dynamics of the critical zone. 6



Method

1.Field and sampling : Landscape Evolution Observatory

« Three 10° replicate artificial hillslopes 30m in length and
covered with 1m of crushed basalt

> 7 7 ’ » 3 precipitation events with a period of = 1 month each separated with a dry
period

« Collection of effluent solutions at high frequency, and under a
variable hydrological regime

« Collection of basaltic soil before/after 6months of irrigation
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Result

1. Chemical composition of NPs
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Result

1. Chemical composition of NPs
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2. NPs mass distribution

Result
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Result

3. Export rate

NPs export rate : Dissolved export rate :
* Si:84 ug/hr/m? e Si:3187 ug/hr/m?

* Al: 0.12 ug/hr/m? * Al:16.67 ug/hr/m?

* Fe:1.35ug/hr/m?2 * Fe: 0.07 ug/hr/m2

NPs

" Dissolved Dissolved NPs

Si Al Fe

11



Conclusion & Perspectives

Guadeloupe

Surface runoff

| %Xport\

R » s Y cEae . - Particular system with
apnEi Ve, F50ilS s @0 B of | River/ Y
RS2 P reon, ae O rock age from 2.7 Ma
\ ] _h,\\
Ml o q} o0 SR to present

\!
f 0 o _~‘

Al NPs mainly exported

Young system with fresh rocks

Si NPs mainly exported
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