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CO2 uptake capacity is determined by CO3
=

Seawater pH Chemistry



Air / Seawater CO2 Partitioning

600 Gton C

1800 Gton C as CO3
=

Gton C = 1015 g

We expect a partitioning
of ~1:3 between air and
ocean
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Interplay between deep ocean temperature and pCO2
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CaCO3 Equilibrium

CaCO3 -> Ca2+ + CO3
=
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CaCO3 Equilibrium
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CaCO3 Equilibrium
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than would result from a
slower CO2 perturbation
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Long lifetime of
anthropogenic C release

Compare to nuclear waste

Melt the ice sheets

Melt the clathrate deposits in the ocean
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Gridded ocean accounting
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Clathrate Sensitivity to Temperature
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Methane Sulfate Boundary

Base of Stability Zone
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Radiative Impact of a Clathrate Carbon Release
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Amplifying Feedback
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Initial Forcing
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Mechanisms for Meltdown

Methane could react with SO4 to form CaCO3 in the sediment.

Methane carbon could escape diffusively to the ocean on a time
  scale of Myr.  Atmospheric pCO2 would be stabilized by the
  silicate weathering thermostat (timescale = 400 kyr).

Bubbles could coalesce and escape if bubble fraction > 10%.

Hydrostatic pressure spike upon melting could destabilize 
   sediment column.  Timing governed by heat transport to 
   deep sediments, thousands of years.  



Clathrate bottom line

The clathrate inventory of the ocean is very sensitive 
    to ocean temperature.

It could easily melt down in the future, in response to 
    fossil fuel CO2 release.  This will take thousands of years,
    at least.

The extent of the meltdown depends on how quickly and
    completely the  reservoir responds.

The clathrate reservoir has probably grown through geologic
   time, and therefore gotten more tippy.  


