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Abstract 
 
Deep-water formation in the Labrador Sea ventilates the deep ocean, allowing the ocean to exchange 

important gases such as CO2 and oxygen with the atmosphere, and strongly contributes to the global 

thermohaline circulation. This deep convection brings low oxygen water to the surface, driving a 

strong flux of oxygen from the atmosphere into the ocean. Direct observations of oxygen disequilibria 

during deep-water formation events are scarce. Here we quantify how closely oxygen approaches 

equilibrium during deepwater formation events using dissolved oxygen data from six Argo floats in the 

Labrador Sea between 2003 to 2016. At the end of convection, we find that mixed layer oxygen is 

consistently undersaturated at -6.3% to -7.5% in all cases where convection depths reached greater 

than 800 m. We also show for the first time that the oxygen saturation at the end of convection in the 

Labrador Sea is correlated with two factors, the date convection ended and the maximum depth of 

convection. Uncertainties in parameterizing gas exchange limit our ability to determine the degree to 

which the Labrador Sea is a net sink for oxygen, with the net annual uptake ranging from 3.1 ± 3.4 

mol m-2 yr-1 to 20.3 ± 5.9 mol m-2 yr-1 depending on the parameterization used. However, during 

the rapid restratification period after deep-water formation, lateral input of low oxygen waters from 

outside the convective region quickly decreases the oxygen inventory. This provides evidence that 

the Labrador Sea is a region of net oxygen uptake with lateral restratification being the dominant 

process returning deep oxygen levels to lower values rather than in situ respiration. Four of the six 

optode oxygen sensors used in this study experienced in situ drift with an average of -2.98 μmol kg-1 

year-1, which we corrected to stable deep-water oxygen values determined from repeat hydrography. 


