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	1. A glacial cycle begins

	Temperature decreases globally, ice builds up on the continents, sea level begins to fall

	

	2. The pressure on the sea floor decreases

	The upper and lower boundaries of the methane hydrate stability field in the sediment column shift upward

	

	3. Methane hydrate located below the lower stability boundary becomes unstable and decomposes

	Methane is released to the pore water, the methane concentration gradient steepens, and the upward methane flux increases
	Had the sea level remained stable, methane fuelled diagenesis would nevertheless have taken place and a flux of phosphate—which we call a ‘background’ flux— would have been delivered to the ocean. This is because the slow upward displacement of the methane hydrate stability field caused by accumulation and burial of sediment would support an upward directed methane flux.  The result of sea level fall is therefore to increase the phosphate flux above and beyond the background.


	4. Upward diffusing methane encounters downward diffusing sulfate, which increases the rate of anaerobic methane oxidation (AMO) in the sulfate-methane transition zone (SMT)

	The SMT moves upward in the direction of the sediment water interface
	Methane can also be oxidized using other electron acceptors such as manganese oxides, which would also release adsorbed phosphate to the pore water.

	5. Pore-water hydrogen sulfide accumulates at the displaced SMT


	Hydrogen sulfide reduces Fe (III) to Fe (II), thereby releasing phosphate associated with Fe oxides into the pore water. A phosphate maximum appears within the SMT, which supports upward and downward fluxes of phosphate. Ferrous sulfide precipitates.
 
	The upper part of the sediment column, located above the methane oxidation zone, contains reactive phosphorus that was delivered and buried during the previous glacial cycle. This accumulated mass of phosphorus is available for conversion to phosphate and may be thought of as a limiting factor controlling the expansion of the oceanic phosphorus inventory during a glaciation cycle.


	6. The zone in the sediment column within which phosphate associated with iron oxides can be released expands in the direction of the sea floor

	The phosphate concentration gradient steepens and the phosphate flux towards the sediment-water interface and into the ocean increases
	The kinetics of iron oxide reduction by H2S depends on the reactivity of the oxides, which depends on the mineralogy, time since deposition, etc. Sequential analysis of sediments suggests that the most reactive forms of iron oxide occur in the upper part of the sediment column. With time these oxides become exhausted or converted to less reactive forms with depth (time) in the sediment.   


	7. Nutrients are assimilated by primary producers and incorporated in biomass.




	Irrespective of which nutrient is limiting, primary production incorporates nutrient elements in organic matter, which settles to the seafloor and is progressively buried
	The part of the export production that reaches the seafloor in the deep abyssal ocean is oxidized aerobically, and the phosphorus it contains is converted to stable poorly soluble minerals such as fluorapatite and is removed from the oceanic phosphorus cycle. Reactive phosphorus in the material that settles on the continental margin is available for diagenesis and may be remobilized and returned to the ocean.


	8. Phosphate is released into the oceanic surface layer, temporarily decoupling the oceanic P and C cycles 


	Reduction of Fe oxides in continental margin sediments delivers phosphate to the upper water column. Oxidation of organic matter settling through the abyssal water column enriches deep water in CO2.  Oxidation in the underlying sediment converts phosphorus to stable phosphorous minerals 
	This is supported by observations: global rate of organic matter burial is maximal during the glaciation (Cartapanis et al. 2016); Boyle (1986); Wallmann, (2010) 

	9. Stratification of the water column breaks down during the termination of the deglaciation, destabilizes the water column, and facilitates vertical mixing. CO2 rich bottom water is transported to the surface ocean. Degassing releases CO2 to the atmosphere. 
	CO2 rich, nutrient poor water is brought to the surface. This weakens of the biological pump, which would otherwise draw down CO2 from the atmosphere. The partial pressure difference would be controlled by the supply of CO2 from the deep ocean. The CO2 flux would be directed from the ocean to the atmosphere and create a peak in atmospheric CO2.

	


	10. Upon termination of the glaciation the sea level rises and lowers the pressure on the sea floor. 
	The fluxes of methane and diagenetically released phosphate become weaker and return to pre-glaciation background levels
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