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Southern Ocean
• Antarctic Circumpolar Current (ACC) transport 

occurs along hydrographic fronts:

o Subtropical (STF)

o Subantarctic (SAF)

o Polar (PF)

o Southern Antarctic 
      Circumpolar Front (SACCF)

• Divide the Southern Ocean into distinct 
biogeochemical zones

• 30-40% of the anthropogenic CO2 uptake by the 
Southern ocean via physical and biological pumps 
(DeVries 2014)
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Iron hypothesis
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• Low concentrations of iron limit phytoplankton growth in 
the Southern Ocean (Martin, 1990)

➔ Low chlorophyll a concentrations (< 0.5 mg.m-3)

• High macronutrient concentrations contrast with 
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• Iron: Micronutrient present in very low concentrations in 
the open Southern Ocean. Essential for the metabolism of 
phytoplankton cells (Twining and Baines, 2013)
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• Manganese: Essential for the metabolism of phytoplankton 
cells (Twining and Baines, 2013). Limiting or co-limiting nutrient 
in some areas (Browning and Moore, 2023; Hawco et al., 2022)

figure based on Lohan and Tagliabue, 2018

From Hawco et al., 2022

Fe 
limitation

Mn 
limitation

• Iron: Micronutrient present in very low concentrations in 
the open Southern Ocean. Essential for the metabolism of 
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(from Stemmann and Boss, Annu. Rev. Mar. Sci, 2012)
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pFe and pMn data available 
on the GEOTRACES IDP 2021 V2

➔ Particulate Fe and Mn data in the Southern Ocean are scarce with no winter data

Winter Data
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Spring Winter
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Spring Winter

Hypothesis: 

The loss of dFe in surface should contribute to 
more pFe in spring compared to winter due to biological uptake

From Tagliabue et al., 2014 8



Ringard et al., Under review

• pFe content in surface waters of each station 
for both seasons

Total pFe   
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Ringard et al., Under review

• pFe content in surface waters of each station 
for both seasons

• mean pFe in winter > mean pFe in spring  
(significantly different p-value < 0.05)

• Opposite result to what was expected

Total pFe   

➔ Origin of these differences ?
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Ringard et al., Under review

Biogenic pFe   

• Minor contributor to total pFe (< 20%)

➔ Biological processes do not drive seasonal variations of surface pFe
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Ringard et al., Under review

Biogenic pFe   

• Minor contributor to total pFe (< 20%)

➔ Biological processes do not drive seasonal variations of surface pFe

Lithogenic pFe

• Significant contributor to total pFe (> 20%)

• Variations followed those of total pFe

➔ External episodic inputs of lithogenic particles drive seasonal 
variations of surface pFe
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Ringard et al., Under review

Biogenic pFe   

• Minor contributor to total pFe (< 20%)

➔ Biological processes do not drive seasonal variations of surface pFe

Lithogenic pFe

• Significant contributor to total pFe (> 20%)

• Variations followed those of total pFe

➔ External episodic inputs of lithogenic particles drive seasonal 
variations of surface pFe

• STZ: Winter dust pFe > Spring dust pFe 
(Kangueehi, 2021)

• PFZ: Stronger winter ACC inputs (Hatta et al., 

2013; Measures et al., 2013)

• AZ: Dust deposition from Patagonia 
(Erickson III et al., 2003; Mahowald et al., 2006; Meskhidze
et al., 2007 )
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Other 
polar projects

➔ GEOTRACES section in the South Indian and 
Southern Ocean

• PIs: Catherine Jeandel and Hélène Planquette
• January – March 2021
• Ship: Marion Dufresne II

SWINGS
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➔ GEOTRACES section in the South Indian and 
Southern Ocean

• PIs: Catherine Jeandel and Hélène Planquette
• January – March 2021
• Ship: Marion Dufresne II

• PIs: Stéphane Blain
• January – March 2024
• Ship: Marion Dufresne II

SWINGS MARGOCEAN

➔ Transport of matter from glacial origin to the 
open ocean (Kerguelen)

©obs-banyuls

Other 
polar projects
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