
SUPPLEMENTARY INFORMATION 
 

Physical transport processes: effect on 234Th export fluxes 

In order to explore the influence of advective and diffusive fluxes on the 234Th export 

fluxes, below we discuss the limitations to quantify such processes in the present work 

and provide an estimate of their magnitude with respect to the 234Th downward export 

fluxes at 100 m.  

The physical transport processes (V) can be expressed as the sum of the advective and 

diffusive components along the x, y and z direction as follows: 
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Where the advection fluxes in the different directions are defined by u, v and w, which 

represent the velocities, multiplied by the respective 234Th activity gradients, !!!"
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, and the diffusivity fluxes are expressed by the multiplication between the 

different diffusivity coefficients, Kx, Ky and Kz and the respective second derivative of 

the 234Th activity gradients, !
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Advection 

The main stream of the currents along the transect was eastward (see Strass et al., this 

issue), however, we do not have the 234Th gradient in that direction to be able to 

calculate the zonal advection fluxes. Yet, considering that 234Th profiles measured 

further west (51ºS, 12ºW) (Roca-Martí et al., this issue) were reasonably consistent with 

the ones measured along the 10ºE transect we assume that the horizontal gradient in 



234Th inventories is small, hence the lateral net flux, although we cannot provide a 

proper estimate. 

 Given that the 234Th deficits represent a time integral over a few weeks, the meridional 

advection fluxes were calculated using the mean meridional velocities in the upper 100 

m to be 0.025 m s-1 (Naveira Garabato et al., 2001). Thus, the meridional advective 

fluxes would represent <10% of the downward 234Th flux. 

Strass et al. (2002b) observed upwelling and downwelling mesoscale cells that, despite 

being rather weak, had effects on biological processes. However, 234Th export fluxes 

from the same expedition presented in Rutgers van der Loeff et al. (2002), remained 

constant in time and space. The 234Th deficits examined here do not suggest strong 

upwelling or downwelling either. During Eddy-Pump mesoscale vertical velocities were 

however not determined. While measurements of horizontal currents by the ships 

acoustic Doppler current profiler (ADCP) revealed variations on the mesoscale (Strass 

et al., this issue) we do not have reason to assume that the associated vertical velocities 

exceeded those reported in previous studies. Averaged in time over periods longer than 

the timescale associated with the mesoscale dynamics (days to months) the eddy-driven 

meridional overturning will approximately compensate the wind-driven Ekman flow 

(Bryden, 1979; Strass et al., 2002b). In fact, buoy trajectories shown in Strass et al. (this 

issue) do not give evidence for an Ekman or meridional flow in the mixed layer. 

Additionally, due to the integration time scale of the 234Th proxy, temporal peaks of 

intense vertical advective flow lasting a few days typically could also be unnoticed. 

Thus, we neglect possible upwelling and downwelling fluxes linked to mesoscale 

dynamics due to their relative temporal nature regarding velocities and direction, since 

they might be masked by longer integration times on 234Th export fluxes and by 



geostrophic flows.  

Downwelling of surface waters occurs in the Antarctic Convergence, with average 

annual velocities up to 200 m y-1, although in the transect covered during this study the 

maximum downwelling velocities are expected to be in the order of ~50 m y-1 (Sallée et 

al., 2010). Upwelling of deep-water masses occurs further south, in the Antarctic 

Divergence (average latitude 65ºS; Gordon, 1971), thus it is considered to play a 

minimal role compared to the 234Th downward flux in our study area. However, 

assuming a typical annual average upwelling velocity of 0.1 m d-1, reported by 

Buesseler et al. (2001) based on the mean climatological winds, and similar to that 

reported earlier by Gordon et al. (1977) (15 x 10-5 cm s-1) that were used in previous 

studies taken place in the same region (i.e. Friedrich and Rutgers van der Loeff, 2002; 

Klunder et al., 2011), and downwelling velocities reported in Sallée et al. (2010), the 

vertical advective fluxes in the upper 100 m would represent <10% of the estimated 

export fluxes, except for the southernmost stations where this percentage would 

increase to 13% and 15% at 52ºS and 53ºS, respectively. 

Diffusion  

Although generally small compared to advection fluxes in the open ocean, diffusion 

fluxes can also be considered when estimating 234Th fluxes. However, due to the scarce 

spatial coverage, as well as the lack of horizontal diffusion coefficients, only the vertical 

diffusion could be calculated. Leach et al. (this issue) and Strass et al. (this issue) 

provide vertical diffusivity values, based on the Thorpe scale (KT), ranging from 10-4 to 

10-3 m2 s-1, and derived from a free-falling microstructure profiler (MSS) of 4 x 10-5 m2 

s-1. These diffusion coefficients where obtained during the expedition but at different 

locations, however, they are in agreement with previous reported values for the ACC 



(Cisewski et al., 2005; Naveira Garabato et al., 2004).  

Here the !
!!!"
!!!

 is defined as the activity gradient between 100 ± 20 m depth and we 

consider a Kz value of 10-4 m2 s-1, the mean of the Kz values reported by Leach et al. 

(this issue) and Strass et al. (this issue) and of the same order of magnitude that the Kz 

reported by Law et al. (2003) and Hibbert et al. (2009) for the ACC. The vertical 

diffusivity flux would represent <10% of the 234Th export flux, similar to the meridional 

advective fluxes. 

Overall, the advective and diffusive fluxes estimated would represent 7-17% of the 

234Th export fluxes at 100 m contributing to increase the 234Th flux uncertainties from 6-

12% to 10-21%.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	  	   
Figure S1: Dissolved iron profiles from this study (black dots) compared to Klunder et 
al. (2011) (white triangles) and Chever et al. (2010) (white squares) (left panels), and to 
234Th/238U ratios (grey diamonds) and Chl-a concentrations (green triangles) (right 
panels). Profiles are grouped according to the location of the fronts, indicated by grey 
dashed lines. See Figure 1 for the station number of each DFe and 234Th profile. Station 
numbers for Chl-a profiles: St. 60 and 63 (north of SAF), St. 69 (between SAF and 
APF), St. 75, 76 and 81 (between APF and SPF) and St. 84 (south of the SPF). The 
shaded areas, on the right panels, indicate 234Th concentrations above equilibrium (i.e. 
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234Th/ 238U ratios >1). Note that Chl-a concentrations for stations located between APF 
and SPF are the double of those indicated by the axis (i.e., max. Chl-a =1.16 mg m-3, 
instead of 0.58 mg m-3). 
 
 
 
 
 



 



Figure S2: Sea surface Chl-a concentrations (in mg m-3) (from MODIS-Aqua obtained 
using the algorithm of Johnson et al., 2013) for the austral summers of 2007/2008 
(Rutgers van der Loeff et al., 2011 and Planchon et al., 2013; panels a.1, b.1 and c.1) 
and 2011/2012 (i.e., this study; panels a.2, b.2 and c.2). The 2011/2012 - 2007/2008 
differences are shown in panels a.3, b.3 and c.3. Subplots a.1 and a.2 present the sea 
surface Chl-a prior to the sampling periods, i.e, January and February 2008 (a.1) and 
December 2011 (a.2). Subplots b.1 and b.2 present the sea surface Chl-a during the 
sampling periods, i.e., February and March 2008 (b.1) and January 2012 (b.2). Subplots 
c.1 and c.2 present the sea surface Chl-a for the entire summer (December, January, 
February and March) of 2007/2008 (c.1) and 2011/2012 (c.2).  
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