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Introduction 


We present here two supplementary figures. The first one is the climatological mean of AOU and spiciness in the Southern Ocean to support some of the arguments discussed in the paper. The data has been obtained from GLODAP (Key et al, 2004). 

The second figure presents two histograms of the events statistical distribution in time (presented as day of the year) and depth. 
Text S1.
The Southern Ocean contains several frontal systems that segregate water masses with very different properties. The fronts are not fixed and vertical but with complex 3D and highly dynamic structure. Our detection method identifies anomalies of AOU and spiciness in the ocean interior and assumes that these anomalies are caused by intrusions of surface water into the mesopelagic zone. However, AOU and spiciness do not only change in the vertical scale but also in the horizontal scale (Fig S1). Close to fronts, the gradient of these variables can be high and in consequence, create anomalies in the ocean interior. However, due to the latitudinal gradient signs of AOU and spiciness these anomalies will present a difference in sign between the two variables. For instance, high AOU southern waters intruding into low AOU northern waters will cause an increase in AOU (positive anomaly) and a reduction in spiciness (negative anomaly). The detection method excludes these anomalies by looking for both AOU and spiciness negative anomalies. 
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Figure S1. Climatological mean latitudinal sections of AOU (top) and spiciness (bottom) in the Southern Ocean. Data obtained from GLODAP (Key et al. 2004).

Text S2

As commented in the paper, events were unevenly distributed in time and depth. Detected events were more commonly found in spring and summer (Fig S2 - left) and in depths ranging 300 to 400m (Fig S2 - right).
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Figure S2: Histograms of the day of the year (left) and the detection depths (right) of detected events.

Text S3

AOU' detection threshold was set to -8 micomol/kg based on the following to results: 


1. The average concentration of POC in detected anomalies clearly increased for AOU'<-8 (Figure S3a). This increase meant that the majority of anomalies with strong AOU' transport POC and therefore contribute to the eddy-pump.
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Figure S3a: Histogram showing the average POC concentration in detected anomalies as a function of the threshold in AOU.
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