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Carbon export in the open ocean

Scientific context

The open ocean is an important sink of carbon
Strong contribution of high southern latitudes
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Southern Ocean: HNLC area
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Micronutrients supply
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Dust deposition:
major source of micronutrients
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Dust cycle
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Issue

What is the atmospheric flux of dust derived 
micronutrients that reaches the remote Southern Ocean?
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FLATOCOA
« FLux Atmosphérique d’Origine Continentale sur l’Océan Austral »

Measurements of trace metals
Two-year sampling

Kerguelen islandsCrozet

46°S 51°E 49°S 70°E
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Total atmospheric deposition sampling

Duplicate systems

Bi-monthly sampling
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Analytical techniques
ICP-AES and HR-ICP-MS
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Aerosol sampling
Filtration at ground level 
on Téflon® filter
Bi-monthly sampling

Analyzed by X ray 
fluorescence spectrometry 
(Al, Na)
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Iron total deposition flux
Accumulated iron flux at Kerguelen for 2009-2010 (nmol.m-2)

Averaged iron flux at Kerguelen over 2009-2010:
 540 nmol.m-2.d-1
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Iron total deposition flux
Accumulated iron fluxes at Crozet for 2010 (nmol.m-2)

Averaged iron flux at Crozet:
 480 nmol.m-2.d-1 (Ker: 540 nmol.m-2.d-1)
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Dates

Linear 
regression



Iron fluxes in literature
From atmospheric dust transport model
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Simulated average dust 
deposition flux (g.m-2.yr-1)

Estimated Fe flux (3,5% Taylor & Mc Lennan, 1985):
< 360 nmol.m-2.d-1

 (Jickells et al., 2005)



Iron fluxes in literature
Indirect measures

Calculation from:
 measured surface aerosol concentrations at sea level,
 dry deposition velocity,
 scavenging ratio for rain deposition (Luo et al, 2003; et Tegen et al, 2002) 

Ftotal = Fdry + Fwet     
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15-45 nmol.m-2.d-1
(Wagener et al., 2008)

Fdry = Cair . Vdeposition    

Fwet = Cair  . SR . rainfall   



First conclusion
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< 360 nmolFe.m-2.d-1 ~ 540 nmolFe.m-2.d-1

Slight underestimation of the model

15-45 nmolFe.m-2.d-1 <  540 nmolFe.m-2.d-1

Indirect measures inadequate



Iron dry deposition
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Fdry deposition = Cair . Vdeposition     

Dry deposition velocity over the Southern Ocean :
Vd = 1-3 cm.s-1 (Ezat and Dulac, 1995; Wagener et al, 2008)

FLATOCOA Wagener
et al, 2008

Air iron 
concentration

(ng.m-3)
mediane ± SD

Iron dry 
deposition

(nmol.m-2.d-1)

1,86  ± 1,75 1,00  ± 0,49

20 - 60 31  ± 11



Second conclusion
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Discrepancy on total deposition comes from wet deposition 

FLATOCOA Wagener
et al, 2008

Air iron 
concentration

(ng.m-3)
mediane ± SD

Iron dry 
deposition

(nmol.m-2.d-1)

1,86  ± 1,75 1,00  ± 0,49

< 10% > 50 %

of total deposition



Iron wet deposition

Scientific context Issue Method Results

Not applicable : scavenging ratio

Fwet deposition = Cair  . SR . rainfall

FLATOCOA Wagener
et al, 2008

Air iron 
concentration

(ng.m-3)
mediane ± SD

Rainfall
(mm.d-1)

1,86  ± 1,75 1,00  ± 0,49

2  -- 3 3,1  ± 0,3



Scavenging ratio
Scavenging ratio of atmospheric dust
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Scavenging ratio
Scavenging ratio of atmospheric dust

Strong dust gradient from ground to high altitude
Flux controlled by dust amounts at altitude

Deposition area
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Dates

SR
kg/kg

SR in atmospheric 
models

Experimental SR



Probable dust transport and deposition behaviour

Transport over clouds

Scavenged by rain much faster than 
mixed in the boundary layer

Significantly effective mechanism
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Conclusion
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First direct validated measurements of atmospheric deposition over the Southern 
Ocean:
Kerguelen: 540 nmolFe.m-2.d-1

Crozet : 490 nmolFe.m-2.d-1

Low gradient of atmospheric flux between Kerguelen and Crozet islands:
possible extrapolation over a large area.

Atmospheric models seem slightly underestimated fluxes over the 
Southern Ocean.

Indirect measures (scavenging ratio, aerosol concentration at groung level) 
underestimate strongly dust depostion: aerosols near the surface is not 
representative of the atmospheric column.



To complete the job...
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Prospective:
Global dust transport and deposition validated data over the Southern Ocean 
including solubility of iron et al. .

Requiered:
Solubility in Kerguelen rain water,
Uncertainty of measured deposition using duplicate sampling and variability on 
the both sites,
Source region investigation: Patagonia,
Very long transport using CO satellite data as continetal air masses tracker
Tuning a global dust model.



Iron total deposition flux
Accumulated iron fluxes at Kerguelen and Crozet for 2010 (nmol.m-2)

Averaged iron flux at Crozet:
 480 nmol.m-2.d-1
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Dates

Kerguelen

Crozet


