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Strong relationship between atmospheric and seawater CO2

http://www.fondriest.com/environmental-measurements/parameters/water-quality/ph/

• Increase of  atmospheric CO2 causes increase of  CO2 in seawater and consenquent drop in pH

• The inverse processes can be also observed – lower CO2 concentration in seawater causes

decrease in atmospheric CO2
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Iron fertilisation causes lower atmospheric CO2 during LGM

(Ciais et al., 2013)

• After LGM, inhibition of  ocean fertilization via lower Fe-rich dust deposition caused an

increase in CO2 by 15 ppm, corresponding to 10% of  atmospheric CO2

Atmospheric CO2 concentration

during glacial intervals was 180-

200 ppm CO2



What are processes controlling carbon cycle during glacier recession –

tidewater and land-based glacier?

Photo credits to D. Ignatiuk (right), A. Kies (left)

Aim

(Chu, 2014)



Earlier approach in carbon cycle associated with glaciers

(Corbel, 1964)(Apollonio, 1973)



Earlier approach in CO2 comsumption – silicate weathering

• During glacial/interglacial transition, 
enhanced chemical weathering of  silicates
caused high CO2 consumption in tectonically
active mountain ranges (e.g. Himalayas)

(Sharp et al. 1995)

• Net consumption of  CO2

CaAl2Si2O8+2 CO2+3 H2O = Ca2++Al2Si2O5(OH)5+2 HCO3
-

terrestrial environment

Ca2+ + 2HCO3
- = CaCO3 + CO2 + H2O

marine environment



Historical perspective: CO2 comsumption via silicate weathering

• During glacial/interglacial transition, 
enhanced chemical weathering of  silicates
caused high CO2 consumption in tectonically
active mountain ranges (e.g. Himalayas)

(Sharp et al. 1995)

• Net consumption of  CO2

CaAl2Si2O8+2 CO2+3 H2O = Ca2++Al2Si2O5(OH)5+2 HCO3
-

terrestrial environment

Ca2+ + 2HCO3
- = CaCO3 + CO2 + H2O

marine environment



Increase of  ocean primary production in vicinity of  glaciers

(Arrigo et al., 2017)

• In sector of  sea under an influence of  glacier meltwater, primary production increases leading to 

consumption of  atmospheric CO2 but factors controlling this process are poorly known



(IPCC SR OCCC, 2019; Vaughan et al., 2013)

Enhancement of  meltwater runoff via glacier ablation

• Glacier ablation also leads to a 
higher yield of  weathering
products (suspended sediment and 
dissolved solids)



(Anderson et al., 1997)

(Hallet et al., 1996)

• Unlike to solute yield, suspended sediments load from 

glaciers is higher as compared with non-glacierised basins

Elevated yield of  suspended sediment in glacierised basins





Deep water upwelling is observed at the tidewater glaciers

(Chuche et al., 2014)

• Higher subglacial runoff in tidewater glacier causes upwelling

of  deep waters

• Upwelling waters should get to photic zone to cause an increase

in primary production

(Hopwood et al., 2018)
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(Meire et al., 2016)

Nutrients upwelling at tidewater glaciers
front

• In tidewater glaciers, upwelling of  deep

nitrogen rich water causes an increase in 

the primary production, leading to CO2 

consumption



Nutrients upwelling – iron in fjord system

(Hopwood et al., 2016)

• There is lack of  clear signal of  iron release from glacier derived meltwater and sediments, as 

concentration of  dissolved iron (left image) and sediment-bound (right image) are low at the 

glacier front



(Hopwood et al., 2019)

Nutrients upwelling – tidewater glacier impact
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Ice bergs release iron

(Raiswell et al., 2016)

(Hopwood et al., 2019)
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Sediment-bound nutrients from land-based
glaciers

• Nutrients are transported in sediment-bound form

• High rate of  physical erosion under glacier may
faciliate transport of  geochemically active suspended
sediment

nutrients

(Jeandel et al., 2015)
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(Hawkings et al., 2014)

Sediment-bound nutrients

• High suspended sediment load and sediment-bound iron content during the ablation season



Sediment-bound glacier-derived iron
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(Hawkings et al., 2014)

(Hodson et al., 2017)

• Iron yield in sediment-bound form appears to be two orders of  

magnitude higher than dissolved and colloidal iron yields
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Sediment-bound nutrients hypothesis

(Hawkings et al., 2014, 2018)

• Sediment-bound iron appears to be in highly bioavailable form (Fe2+) potentially affecting an

increase in ocean primary production



Svalbard research



Negative feedback effect 
enhances CO2 consumption

Glacier ablation
and recession

Higher nutrients 
yield

Release of  nutrients 
to the ocean

Higher CO2

consumption

Decrease of  CO2
in seawater and 

atmosphere

(Arrigo et al.., 2017)
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What is global contribution of  glaciers to CO2 consumption?

• Relatively small contribution
to CO2 consumed from 
weathering globally (300 Tg, 
Ciais et al., 2013), but further
research are required.

• Upscalling using remote
sensing?

• Glaciers?

• Upwelling in front of  
tidewater glaciers?

• Dust from glacier-free parts
of  basins?

(Wadham et al., 2019)



Carbon cycle in catchment with receding glacier – solvig puzzles

https://pl.pinterest.com/pin/518406607103509152/ (Hopwood et al., 2018)



Carbon cycle in catchment with receding glacier – solvig puzzles

https://pl.pinterest.com/pin/518406607103509152/ (Hopwood et al., 2018) (Stachnik et al., in review)



Lukasz_Arctic

Thank you! 

Questions?


