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            Abstract
Dissolved iron is an essential micronutrient for marine phytoplankton, and its availability controls patterns of primary productivity and carbon cycling throughout the oceans1,2. The relative importance of different sources of iron to the oceans is not well known, however, and flux estimates from atmospheric dust, hydrothermal vents and oceanic sediments vary by orders of magnitude. Here we present a high-resolution transect of dissolved stable iron isotope ratios (Î´56Fe) and iron concentrations ([Fe]) along a section of the North Atlantic Ocean. The different iron sources can be identified by their unique Î´56Fe signatures, which persist throughout the water column. This allows us to calculate the relative contribution from dust, hydrothermal venting and reductive and non-reductive sedimentary release to the dissolved phase. We find that Saharan dust aerosol is the dominant source of dissolved iron along the section, contributing 71â€“87Â per cent of dissolved iron. Additional sources of iron are non-reductive release from oxygenated sediments on the North American margin (10â€“19Â per cent), reductive sedimentary dissolution on the African margin (1â€“4Â per cent) and hydrothermal venting at the Mid-Atlantic Ridge (2â€“6Â per cent). Our data also indicate that hydrothermal vents in the North Atlantic are a source of isotopically light iron, which travels thousands of kilometres from vent sites, potentially influencing surface productivity. Changes in the relative importance of the different iron sources through time may affect interactions between the carbon cycle and climate.
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                    Figure 1: The cruise track of the US GEOTRACES North Atlantic GA03 Zonal Transect.[image: ]


Figure 2: Dissolved Fe concentration and Î´56Fe results from the USGT North Atlantic GA03 Zonal Transect.[image: ]


Figure 3: The influence of hydrothermal venting on dissolved Fe and Î´56Fe.[image: ]


Figure 4: Quantification of the importance of sources to the dissolved Fe reservoir across the North Atlantic section.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Multiple oceanographic parameters and macronutrients from the USGT North Atlantic GA03 Zonal Transect.
The black vertical lines denote the separation between the 2010 and 2011 cruise legs. Data supplied by Ocean Data Facility.


Extended Data Figure 2 Dissolved Fe and Î´56Fe (relative to IRMM-014) results, multiple oceanographic parameters and macronutrients from the surface 1,000Â m of the USGT North Atlantic GA03 Zonal Transect.
The black vertical lines denote the separation between the 2010 and 2011 cruise legs. Non-Fe data supplied by Ocean Data Facility. The Mauritanian OMZ is delineated by the 120Â Î¼molÂ kgâˆ’1 dissolved oxygen contour (black dashed line).


Extended Data Figure 3 Dissolved nitrate, dissolved Fe concentration and dissolved Î´56Fe (relative to IRMM-014) from the surface 200Â m of four USGT GA03 North Atlantic stations where heavy Î´56Fe from dust deposition is observed.
The four stations were USGT10-9 (17.4Â°Â N 18.3Â°Â W), USGT10-10 (17.4Â°Â N 20.8Â°Â W), USGT11-6 (37.6Â°Â N 68.5Â°Â W) and USGT11-3 (38.7Â°Â N 69.1Â°Â W). The blue bar denotes the surface mixed layer and the green the fluorescence maximum at the two eastern stations (the fluorescence maximum is dispersed throughout the mixed layer in the west). A 2Ïƒ error is shown for Î´56Fe where the value is larger than the point. The grey arrows labelled D represent surface input of Fe from aerosol dust with a Î´56Fe of +0.68â€°. Nitrate data supplied by Ocean Data Facility.
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Iron sources in the North Atlantic Ocean
Iron availability limits phytoplankton growth throughout the oceans, acting as a key influence on the global carbon cycle and the oceanic response to changing climate. But large uncertainties remain as to the relative importance of the various sources of iron, including windblown dust and hydrothermal vents. This paper presents a high-resolution transect of seawater dissolved stable iron isotope ratios and iron concentrations in the North Atlantic Ocean. Saharan dust aerosol emerges as the dominant source of dissolved iron along the section, with sediments and hydrothermal vents also significant. Changes in these sources through time may have wide-ranging implications for the global carbon cycle.
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