
Figure 6. Projected DIC outflux at the seafloor in the year

2300 under a high emission scenario. 

Approach:

• Organic Matter Reactivity Estimates

• ssPF distribution and thaw rate estimate

with different warming scenarios

• CMIP Arctic bottom water Forcings

• 1D Diagenetic Model stack setup for the

whole arctic
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What is Subsea Permafrost?
• Subsea permafrost (ssPF) is perennially frozen ground beneath the Arctic seafloor 

(in shades of blue, Fig. 1)

• About 40% of the shallow Arctic shelf is underlain by this frozen sediment reservoir.

• ssPF stores large amounts of organic carbon, about 2800 PgC stored beneath the 

seafloor (Strauss et al., 2025), this is ~5x more than in the atmosphere (~750 PgC)

• Rapid Arctic warming accelerates thaw, allowing microbes to convert ancient carbon 

into dissolved inorganic carbon (DIC) and methane (CH₄) via methanogenesis

Impact of Subsea Permafrost Thaw on the Arctic Carbon Cycle
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Figure 2. Contributions of ssPF to Arctic Ocean carbon cycling. 

Source of the image (Geels et al., in prep)

Figure 1. Extent of permafrost in the Northern Hemisphere. SSPF is represented in 

shades of blue. Overduin et al. (2019). 

Figure 7. Modeled evolution of the DIC to alkalinity ratio 

over time under a medium and a high emission scenario. 

Figure 5. Model setup and forcings, Geels et 

al. (in prep)

Projected ssPF thaw enhances Arctic Ocean 

acidification by increasing benthic DIC 

fluxes and CH₄ oxidation in the water 

column.

Figure 3. Organic matter reactivity estimates, Lefebvre et al. 

(in prep), Arndt et al. (2026).
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Figure 4. Thaw rate estimate with different warming

scenarios, Wilkenskjeld et al. 2022

Sediment processes

Methanogenesis in thawing ssPF produces CH₄, DIC, 

and alkalinity. 

Anaerobic oxidation of methane (AOM) consumes 

most dissolved CH₄, further increasing sediment DIC 

and alkalinity. 

Early diagenesis in shallow marine sediments 

modulate sediment DIC and alkalinity fluxes

Benthic–pelagic exchange

CH4 escapes only in gaseous form. 

The nature and magnitude of ssPF-driven DIC and 

alkalinity fluxes from sediments to the water column is 

controlled by carbonate dynamics 

Water column processes

Escaping CH₄ is largely oxidized aerobically, 

converting CH₄ to DIC in the water column.

→ Net impact on the Arctic Ocean carbon cycle

Enhanced DIC input to Arctic waters and 

modified alkalinity fluxes, influencing Arctic 

Ocean acidification state, carbon storage and 

air-sea CO2 exchange
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