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A fundamental process in regulating the global climate is the exchange of CO2 and heat between the 

atmosphere and the ocean. This exchange is facilitated within the oceanic mixed layer. The vertical 

transfer of properties from the mixed layer to the ocean interior is therefore an important process in 

the climate CO2 and heat budget. Submesoscale flows are capable of varying the mixed layer 

stratification and stability, altering the vertical motions within the mixed layer and below. This study 

applies in situ ocean observations as well as ancillary winds and surface heat fluxes to emphasize 

how atmospheric forcing interacts with submesoscale processes to characterise the variability of the 

upper ocean. In the Atlantic Subantarctic Zone, two ocean gliders were deployed as part of the third 

Southern Ocean Seasonal Cycle Experiment (SOSCEx Ill), continuously sampling the energetic 

Antarctic Circumpolar Current from mid-winter to the end of summer. The observational strategy 

was to monitor a single location (within 20 km) for one seasonal cycle (winter to summer) and 

provide persistent high-resolution information of temperature, salinity, surface and depth-mean 

currents and fluorescence. We find that in the presence of a wind directed along a surface buoyancy 

front in the direction of the flow induces a cross-frontal Ekman flow that destratifies the mixed layer. 

This flux is able to erode the mixed layer stratification and deepen the mixed layer depth. 

Interspersing the down-frontal winds were synoptic scale up-front wind reversals that promote a 

stabilising flux that restratified the mixed layer. This restratifying flux is dependent on the strength 

of the horizontal buoyancy gradient and the mixed layer depth to override mixing and increase the 

mixed layer stratification. Chlorophyll measurements within the mixed layer suggest that 

phytoplankton production increase during stabilised mixed layer conditions. Additionally, potential 

vorticity calculations indicate a highly unstable mixed layer during mixed layer deepening phases, 

while a restratification of the mixed layer returns the potential vorticity to a stable state. These 

results suggest that submesoscale horizontal buoyancy fronts are likely important in determining the 

stability of the Atlantic Subantarctic mixed layer and can have an important influence on the 

biogeochemistry in the Southern Ocean with impacts on climate predictions. 




