




Dissolved iron sources in the North Atlantic Ocean quantified

Using a novel method based on the stable isotopic
composition of dissolved Fe, the relative importance of
four different dissolved iron (Fe) sources in the North
Atlantic Ocean have been precisely determined for the
first time

Results (contribution of dissolved iron):
Saharan dust: 71-87 %
North American margin sediments: 10-19 %
African margins contributes: 1-4 %
Hydrothermal venting Mid-Atlantic Ridge: 2-6 %

Tim M. Conway, Seth G. John (2014) Quantification of dissolved
iron sources to the North Atlantic Ocean, Nature, 511(7508),
212–215. doi:10.1038/nature13482.
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Copper and zinc oceanic mass balance revisited
…with the original approach that takes into account the hitherto ignored constraint of
their isotopes

Little, S. H., Vance, D., Walker-Brown, C., & Landing, W. M. (2014). The oceanic mass balance
of copper and zinc isotopes, investigated by analysis of their inputs, and outputs to
ferromanganese oxide sediments. Geochimica et Cosmochimica Acta, 125, 673–693.
doi:10.1016/j.gca.2013.07.046

Copper (Cu) oceanic mass balance appears to be roughly in balance, but the zinc
(Zn) one is far from being constrained... isotopes reveal that either an "isotopically
light sink" or "isotopically heavy source" is missing
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Designed for use on only a single litre of seawater representing a 1–20 fold
reduction in sample size and a 4–130 decrease in blank

First simultaneous method for the determination of iron, zinc and
cadmium isotopes in small volumes of seawater

Tim M. Conway, Angela D. Rosenberg, Jess F. Adkins, Seth G. John (2013), A new method for
precise determination of iron, zinc and cadmium stable isotope ratios in seawater by double-
spike mass spectrometry, Analytica Chimica Acta, Volume 793, Pages 44-52, DOI:
10.1016/j.aca.2013.07.025

The procedure yields data with high precision, allowing estimation of natural
variability in the oceans, which spans 1–3‰ for all three isotope systems
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The amount of dissolved iron released into the
ocean from continental margins displays
variability not currently captured by ocean-
climate prediction models. The amount of iron
leaking from continental margins sediments was
previously assumed to reflect rates of microbial
activity within the sediments

Dr. William Homoky and co-authors found that
rate of iron released from seafloor sediments
close to continents is actually far more varied
between regions because of local differences in
weathering and erosion on land

GEOTRACES scientists discover new variability in iron supply to the
oceans with climate implications

Homoky, W. B. et al. Distinct iron isotopic signatures and supply from marine 
sediment dissolution (2013), Nature Communications, 4:2143, DOI: 
10.1038/ncomms3143
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A data synthesis effort of over 13,000 observations of dissolved iron
concentrations. More than doubled the previous data compilation

Overall, more observations have been collected in the past 5 years under
the auspices of the International Polar Year and GEOTRACES efforts
than were collected in the prior ~15 years

Alessandro Tagliabue's and co-authors analysis was able to highlight
where observations are lacking in a particular region or time of year, which
they hope will assist future sampling efforts

A global compilation of dissolved iron measurements: focus on
distributions and processes in the Southern Ocean

Tagliabue, A., et al. (2012) A global compilation of dissolved iron measurements:
focus on distributions and processes in the Southern Ocean, Biogeosciences, 9,
2333-2349, doi:10.5194/bg-9-2333-2012.
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Substantial intra-basin variation of the dissolved metal/phosphorus
ratio in the different water masses of the Indian Ocean

The first simultaneous, full-depth, and basin-scale section-distribution of dissolved
Al, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb in the Indian Ocean (GI04), show an important
variability of the dissolved metal/phosphorus ratio among the water masses

These results question the validity of using an "extended Redfield ratio" to trace
metals. The consistent mechanism yielding these variations remains to be
understood.

Thi Dieu Vu, H., Sohrin, Y. (2013) Diverse stoichiometry of dissolved trace metals in
the Indian Ocean, Scientific Reports 3, DOI: 10.1038/srep01745
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Advanced Light Source x-ray spectromicroscopy (XANES) allows a fine description
of the marine Fe pool chemical speciation and mineralogy

New beautiful results on marine particle speciation, a challenge for
the GEOTRACES community...

B. P. von der Heyden, A. N. Roychoudhury, T. N. Mtshali1, T. Tyliszczak, S. C. B.
Myneni. (2012). Chemically and Geographically Distinct Solid-Phase Iron Pools in
the Southern Ocean: Science 338 (6111): 1199-1201.

The paper identifies a diverse array of iron
particles, showing impressive variations in
the oxidation state and composition of iron
particles between the coasts of South
Africa and Antarctica

As particle speciation is directly linked to
the element solubilities, these differences
may affect the production of bioavailable
dissolved iron
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Arsenic detoxification by phytoplankton reveals that arsenic species 
could be good proxies of phosphorus limitation

Some phytoplankton species have the capacity to modify surface water
arsenic speciation, inhibiting its toxicity when phosphate concentrations are
below those for arsenic (As)

Wurl, O., L. Zimmer, and G.A. Cutter. 2013. Arsenic and phosphorus
biogeochemistry in the ocean: Arsenic species as proxies for P-limitation.
Limnol. Oceanogr. 58: 729-740.

During GEOTRACES cruise
(GA03), fine determination of As
speciation allowed establishing the
potential use of these detoxification
products as indicators of
phosphorus (P) limitation
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For the first time detailed mercury (Hg) speciation was determined along an Australia-
Antarctic section (Cossa, et al., 2011) and cadmium (Cd) isotopes along a South
Africa-Antarctic section (Abouchami W., et al., 2011). Both were acquired along two
IPY-GEOTRACES sections.

Hg species distribution suggests distinct features in the Southern ocean Hg cycle:
(i)net atmospheric Hg deposition on surface water near the ice edge, (ii) Hg
enrichment in brines during sea-ice formation and (iii) a methylmercury maximum
close to Antarctica, far from anthropogenic Hg emissions (see figure below).

Original Results in the Southern Ocean on Mercury speciation and 
Cadmium isotopes

GEOTRACES Science Highlights

Cossa, D., Heimbürger, L.-E., 
Lannuzel, D., Rintoul, S.R., Butler, 
E.C.V., Bowie, A.R., Averty, B., 
Watson, R.J., Remenyi, T., (2011), 
Mercury in the Southern Ocean, 
Geochimica et Cosmochimica 
Acta, 75(14): 4037-4052 DOI: 
10.1016/j.gca.2011.05.001
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Cd isotope ratios and concentrations are distributed into two distinct Cd isoscapes,
delimiting two biogeochemical provinces the Antarctic Circumpolar Current
(ACC) and Weddell Gyre (see figure).

A doubling of the isotope effect due to biological consumption of Cd is observed
during water transport from the Weddell Sea into the ACC. The increase in the
magnitude of Cd isotope fractionation, as a result of enhanced phytoplankton
biomass and altered species composition in the Southern Ocean, demonstrates
that Cd isotopes could potentially serve as a useful measure of biological
productivity.

Original Results… (cont.)
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Abouchami W., Galer S.J.G., de 
Baar H.J.W., et al. (2011), 
Modulation of the Southern Ocean 
cadmium isotope signature by 
ocean circulation and primary 
productivity, Earth and Planetary 
Science Letters, 305(1-2) DOI: 
10.1016/j.epsl.2011.02.044
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It is now possible to measure simultaneously and
precisely manganese (Mn), iron (Fe), cobalt (Co),
nickel (Ni), copper (Cu), zinc (Zn), cadmium (Cd), and
lead (Pb) concentrations in seawater using only 40 ml
of sample.

All the cooking recipes and techniques are given in
the recent detailed article of Dondra Biller and
Kenneth Bruland in Marine Chemistry (Biller and
Bruland, 2012).

Measuring precisely with only 40 ml of sample

Find more GEOTRACES highlights at: 
http://www.geotraces.org/science/science-highlight
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Biller Dondra V., Bruland Kenneth W. (2012) Analysis of Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb in 
seawater using the Nobias-chelate PA1 resin and magnetic sector inductively coupled plasma mass 
spectrometry (ICP-MS) Marine Chemistry 130-131 (2012) 12–20 DOI: 10.1016/j.marchem.2011.12.001
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