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Context   

Trace elements (TE) are tracers of multiple biotic and abiotic processes in the ocean and some of them 

are essential for marine life. Vertical export by particles is a major removal process of a large fraction of 

TE from the surface ocean. However, the seasonal export dynamics and its controlling factors, critical for 

the understanding of the internal TE cycling, remain poorly constrained. It is thus critical to characterize 

the different vectors leading to the seasonal variation of trace element export, in line with carbon export, 

in order to increase our understanding of the various processes impacting the stoichiometry and the 

magnitude of these export fluxes. 

 

Objectives / scientific questions  

The Kerguelen Plateau is characterized by a naturally Fe-fertilized phytoplankton bloom that extends 

more than 1000 km downstream in the Antarctic Circumpolar Current (Blain et al., 2007). It thus 

provides an ideal natural laboratory for investigating limiting trace metal biogeochemical cycles. Our 

main question was this one: what are the major biotic and abiotic vectors, which control the vertical 

export of essential trace metals above the central Kerguelen Plateau? 

 

Main results  

The seasonal variations of export fluxes were first determined for particle mass, total POC and PON, for 

CaCO3 and BSi in particles collected in 12 cups rotated every 11 days and mounted on a Technicap PPS3 

sediment trap located at 292 m below the surface and above the Kerguelen plateau. POC was further 

partitioned between different biological carrier phases, that are: total diatoms (POCdiat), diatom spores 

(POCspore), diatom vegetative cells (POCveg) and fecal pellets (POCfp) in LOMIC. 

Then, following the TE characterization of particles and supernatant in the same 12 cups by SF-ICP-MS 

at LEMAR in spring 2019, we started to look at the evolution of composition of the trap material. To do 

this, we used different types of statistical analyses (cross-correlation, Principal Component Analysis 

(PCA) and Partial least Square Regression (PLSR), illustration 1). 

These parallel observations of the seasonal changes in the export fluxes of different biological carrier 

phases, and of trace metals, provided the opportunity to identify the main factors that control their export 

in this iron fertilized region of the Southern Ocean. To our knowledge, the results from this project 

allowed to present for the first time time series of sediment trap trace element and biogenic flux data over 

a growing season in the naturally fertilized Kerguelen Plateau region.  

 

mailto:helene.planquette@univ-brest.fr


Examination of the seasonal changes revealed two qualitatively different temporal patterns (illustration 

2): 

1) Basalt particles, the main lithogenic carrier phase, dominated the export flux early in the season 

and strongly decreased over time, reflected in the particulate export pattern of TE representative 

of lithogenic matter (Ti, Cr, Zr, Y, Th and Al) and of TE with a defined biological role (Mn, Co 

and Fe).  

2) The biological carrier phases, diatom vegetative cells and spores, revealed two pulsed export 

events, while vertical transport via fecal pellets remained stable over time. TE with known 

biological functions (Cd, Ba, Mo, Cu, Ni and V) were associated with one or both of these main 

export events.  

All these results are presented in a paper entitled “Vertical flux of trace elements associated with 

lithogenic and biogenic carrier phases in the Southern Ocean” which is currently under review for Global 

Biogeochemical Cycles journal.  

 

 
Illustration 1: Partitioning of total trace element export 

fluxes between different carrier phases. The plot 

presents the projections of both predictors (in black) 

and descriptors (in blue) in a 3-dimensional space 

formed by the 3 first latent variables resulting from 

PLSR analysis which explained 57.5%, 22.1% and 8.6% 

of the covariance. 

 
Illustration 2: schematic summary of the main vectors 

explaining the qualitative seasonal dynamics of TE 

export on the Kerguelen Plateau. 

 

Future of the project: 

In 2020, Wen-Hsuan Liao, postdoctoral researcher at LEMAR, determined the iron isotopic composition in the 12 

cup samples. To the best of our knowledge, this is the first sinking particle data in the SO (or the world) where we 

determined the Fe isotopic composition. We are planning to submit these results in a short paper (probably 

Geophysical Research Letters).  

Nombre de publications, de communications et de thèses 

 

1 publication (under review for Global Biogeochemical Cycles) 

 
1 talk on board the Swings cruise (R/V Marion Dufresne, Feb 2021) during a scientific seminar 



 


