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Context

The oceanic iron cycle is an essential component of the oceanic and planetary system. Iron is an essential
micronutrient for phytoplankton growth. Iron oxide particles play a major role in the cycles of other
micronutrients (Cu, Cd, Co, Ni, Zn), tracers (rare earths, Th, Pa Ra) and contaminants (e.g. Pb).

Objectives / scientific questions

This project aims at exploiting the combined studies of dissolved and particulate iron phases on the one hand,
and of iron concentrations and isotopic compositions on the other hand, with a double objective, 1) to progress
in our understanding of biogeochemical cycles in the North Atlantic, GEOVIDE cruise, and 2) to progress in our
understanding of the tracer that constitutes the iron isotopic composition.

Main results
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Figure 1: 'Biogeochemical' component of the dissolved | Figure 2 : Same as figure 1 but for the dissolved iron
iron content (concentrations, in nmol/kg) along the isotopic composition, expressed as 6°%/>*Fejrmm.o14

western part of the GEOVIDE section (Mid Atlantic
ridge on the left (~30°W), Portugal on the right).

Iron concentrations and isotopic compositions in dissolved and particulate phases have been produced on 6
full depth profiles over the main part of the GEOVIDE section, from Portugal to the Rekjanes ridge. As originally
planned in the project, the results have been combined with an optimum multiparameter mixing analysis to
estimate the part of the signal contributed by the water masses. This allows to deduce (by difference) the part of
the signals, not originating from the transport by water masses, and thus resulting from biogeochemical processes
at the basin scale. For example, external inputs (atmospheric deposition, sedimentary sources), subtractions (e.g.,
scavenging) and all types of dissolved/particulate exchanges (e.g., remineralization of organic matter).

Figure 1 illustrates these results with respect to dissolved iron concentration. It shows iron inputs, probably of
sedimentary origin at the Portuguese margin, including at the bottom at about 4000 m depth, a punctual input on
the flank of the mid-oceanic ridge, and a subtraction between 2000 and 4000m in the center of the basin.

Figure 2 illustrates these results for the isotopic composition of dissolved iron. The results coincide spatially in
part with the concentration results, but also show contrasts with the latter illustrating the additional dimension
brought by the isotopes (e.g., a strong signal appears around 1000 m at 20°W in isotope while nothing is visible
there in concentration). This figure shows a heavy isotope enrichment of the dissolved phase between Portugal
and 20°W at about 1000 m depth (red ellipse), which corresponds fairly well to the enrichment shown by the




concentrations at the Portugal margin, but seems to extend further offshore. This isotopic signature could provide
information on the nature of the iron input process (sedimentary or possibly atmospheric). In particular, it suggests
the absence of involvement of iron reduction processes. Conversely, the iron subtraction zone (green ellipse)
discussed above appears to be associated with a light isotopic signature of iron remaining in the water column.
This suggests that isotopically heavy iron would have been preferentially subtracted. These observations similarly
imply constraints on the subtraction processes, which are still under investigation.

Results of this type, combining concentration/isotopy/optimum multiparameter mixing analysis, have also
been obtained for iron in suspended particles. Finally, the differences of iron isotopic compositions in the
biogeochemical component of these two phases, dissolved and particulate (after correction of the part contributed
by the water masses) have also been studied.

As these measurements are particularly challenging, analytical developments are always carried out in parallel.
Work on the quality/validity of iron isotope and concentration measurements by ICPMS has been published (Lacan
et al. 2021; Yeghicheyan et al. 2019). A review work on iron isotopy has been published (Horner et al. 2021). Work
has been done combining an optimum multiparameter mixing analysis and an aluminum section in the North
Atlantic as well, south of GEOVIDE (20°N). This work is not directly related to this iron/GEOVIDE project, but it has
contributed to it through the study of water masses and their trace element contents (including iron, Artigue et al.
2020, 2021).

Future of the project :
Measurements are underway to complete the GEOVIDE section in the Irminger and Labrador Seas. We will have
to conduct the interpretative work and publish the whole.
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Data availablility
The GEOVIDE cruise data are not published yet. So not yet publicly available.







