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3. SAMPLING AND METHODS

Water samples were collected in the central Baltic Sea at
6 depth profiles and 3 surface water sites during the GEO-
TRACES cruise on RV Oceania in November 2011. Stichel
et al. (2012a,b) provided a detailed description of the sam-
pling procedures, REE/Hf pre-concentration, chromatog-
raphy, and mass spectrometric measurements. We will
therefore describe these only briefly here given that we basi-
cally followed the same protocols in the same laboratory at
GEOMAR, Kiel, procedures that are identical to the
agreed GEOTRACES protocols (http://www.obs-vlfr.fr/
GEOTRACES/libraries/documents/Intercalibration/Cook
book.pdf). Sixty liters of seawater were sampled using 3
acid-cleaned 20 L LDPE-collapsible cubitainers for each
sample. The deep and surface water samples were taken
from a standard rosette equipped with Niskin bottles and
a surface pump, respectively. Immediately after collection,
samples were filtered through 0.45 lm nitro-cellulose ace-
tate filters. The two river water samples were taken from
the Kalix river, Sweden, in June 2012 and the Schwentine
river, Germany in July 2012. Both samples were very rich
in particles. The Kalix river is characterized by low concen-
trations of suspended detrital particles but relatively high
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bottom waters, while the bottom water sample of the Land-
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from 110 to 220 m water depth at the Gotland Deep had
initial concentrations as low as at the surface (e.g.,
21.1 pmol/kg) and initial eNd similar to the inflowing signa-
ture of the North Sea (eNd = ��10, Andersson et al., 1992



associated with the hydrous Fe oxide component (Bau and
Koschinsky, 2006). However, it is intriguing that the Hf
concentrations increase by a factor of only 1.7 from oxy-
gen-depleted to euxinic waters, while dissolved Fe concen-
trations increase by up to an order of magnitude in
euxinic waters (Turnewitsch and Pohl, 2010). In addition,
the Landsort Deep even shows a decrease in Hf concentra-
tion of bottom waters. From our data we cannot make a



isotopes for a given Nd isotope composition compared to
terrestrial rocks and are generally consistent with the global
seawater Nd–Hf isotope trend. Note that the central Baltic
Sea is essentially dominated by continental inputs without
hydrothermal influence. Our data thus provide additional
support for the suggestion that hydrothermal influence is
probably not a significant source for the seawater Hf



two observations strongly suggest that the oceanic resi-
dence time of Hf is likely to be much shorter than that of
Nd.

The heterogeneously distributed signatures of dissolved
Hf isotope signatures in the Baltic Sea seem to contradict
the homogeneity of Hf isotope compositions in the open
ocean (Rickli et al., 2009; Zimmermann et al., 2009b; Sti-
chel et al., 2012a). Our preferred interpretation is that: (1)
the continental Baltic drainage systems have been under
the influence of glacial weathering regimes of very different
time scales and lithology (e.g., Lundqvist, 1986), which may
result in highly variable degrees of incongruent weathering.
Therefore, the central Baltic region is not representative of
the global continental source heterogeneity in terms of Hf
isotope compositions. (2) Mixing within the source areas,
such as reflected by large rivers and eolian dust, effectively
erase the large local Hf isotopic variability before entering
the open ocean.

6. CONCLUSIONS

The first combined Nd–Hf isotope compositions and
concentrations in a marginal brackish basin with anoxic
bottom waters (the central Baltic Sea) are presented in this
study. While Nd is distinctly enriched in bottom anoxic
waters, the overall variability of Hf concentrations is rather
small. In a high resolution profile at the Gotland Deep, the
different geochemical behavior between Hf and Nd is re-
vealed. We propose that Hf is rapidly removed by particles,
which prevents Hf accumulation in anoxic waters, while Nd
is closely associated with Mn and Fe redox cycling.

http://refhub.elsevier.com/S0016-7037(13)00510-3/h0005
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0005
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0005
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0010
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0010
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0010
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0010
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0015
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0015
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0015
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0020
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0020
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0020
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0020
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0025
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0025
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0025
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0030
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0030
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0030
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0030
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0035
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0035
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0035
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0035
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0040
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0040
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0040
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0040
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0045
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0045
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0045
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0050
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0050
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0050
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0055
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0055
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0055
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0055
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0060
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0060
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0060
http://dx.doi.org/10.1029/2010gc003363
http://dx.doi.org/10.1002/grl.50217
http://dx.doi.org/10.1002/grl.50217
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0075
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0075
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0075
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0075
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0075
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0080
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0080
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0080


Dalsgaard T., De Brabandere L. and Hall P. O. J. (2013)
Denitrification in the water column of the central Baltic Sea.
Geochim. Cosmochim. Acta 106, 247–260.

David K., Frank M., O’Nions R. K., Belshaw N. S. and Arden J.
W. (2001) The Hf isotope composition of global seawater and

http://refhub.elsevier.com/S0016-7037(13)00510-3/h0085
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0085
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0085
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0090
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0090
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0090
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0090
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0095
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0095
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0095
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0100
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0100
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0100
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0105
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0105
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0105
http://dx.doi.org/10.1029/2000RG000094
http://dx.doi.org/10.1029/2000RG000094
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0115
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0115
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0120
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0120
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0120
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0125
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0125
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0125
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0130
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0130
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0130
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0130
http://dx.doi.org/10.1029/2008gc002123
http://dx.doi.org/10.1029/2008gc002123
http://dx.doi.org/10.1029/2009GC002508
http://dx.doi.org/10.1029/2009GC002508
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0145
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0145
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0145
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0145
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0150
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0150
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0155
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0155
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0155
http://www.smhi.se/polopoly_fs/1.10354!Oxygen_timeseries_1960_2009.pdf
http://www.smhi.se/polopoly_fs/1.10354!Oxygen_timeseries_1960_2009.pdf
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0160
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0160
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0160
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0165
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0165
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0165
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0170
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0170
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0170
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0170
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0175
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0175
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0180
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0180
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0180
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0180
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0180
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0185
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0185
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0185
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0185
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0190
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0190
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0190
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0195
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0195
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0195
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0200
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0200
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0200
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0205
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0205
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0210
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0210
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0210
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0215
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0215
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0215
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0215
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0220
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0220
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0220
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0225
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0225
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0225
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0230
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0230
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0230
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0230
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0230
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0235
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0235
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0235
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0235
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0240
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0240
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0240
http://dx.doi.org/10.1029/2008GB003353
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0250
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0250
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0250
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0250
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0255
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0255
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0255
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0260
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0260
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0260
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0260
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0260
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0265
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0265
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0270
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0270
http://refhub.elsevier.com/S0016-7037(13)00510-3/h0270


Pohl C. and Fernández-Otero E. (2012) Iron distribution and
speciation in oxic and anoxic waters of the Baltic Sea. Mar.

Chem. 145–147, 1–15.
Pohl C. and Hennings U. (2005) The coupling of long-term trace

metal trends to internal trace metal fluxes at the oxic–anoxic
interface in the Gotland Basin (57�19,200 N; 20�03,000 E) Baltic
Sea. J. Mar. Syst. 56, 207–225.

Pohl C., Loffler A. and Hennings U. (2004) A sediment trap flux
study for trace metals under seasonal aspects in the stratified
Baltic Sea (Gotland Basin; 57�19.200 N; 20�03.000 E). Mar.

Chem. 84, 143–160.
Reissmann J. H., Burchard H., Feistel R., Hagen E., Lass H. U.,

Mohrholz V., Nausch G., Umlauf L. and Wieczorek G. (2009)
Vertical mixing in the Baltic Sea and consequences for
eutrophication – A review. Prog. Oceanogr. 82, 47–80.

Rempfer J., Stocker T. F., Joos F., Dutay J. C. and Siddall M.
(2011) Modelling Nd-isotopes with a coarse resolution ocean
circulation model: Sensitivities to model parameters and
source/sink distributions. Geochim. Cosmochim. Acta 75,
5927–5950.

Rickli J., Frank M. and Halliday A. N. (2009) The hafnium–
neodymium isotopic composition of Atlantic seawater. Earth

Planet. Sci. Lett. 280, 118–127.
Rickli J., Frank M., Baker A. R., Aciego S., de Souza G., Georg R.

B. and Halliday A. N. (2010) Hafnium and neodymium
isotopes in surface waters of the eastern Atlantic Ocean:
Implications for sources and inputs of trace metals to the ocean.
Geochim. Cosmochim. Acta 74, 540–557.

Rickli J., Frank M., Stichel T., Georg R. B., Vance D. and
Halliday A. N. (2013) Controls on the incongruent release of
hafnium during weathering of metamorphic and sedimentary
catchments. Geochim. Cosmochim. Acta 101, 263–284.

Schlitzer, R. (2012) Ocean Data View, <http://odv.awi.de>.
Schneider B., Ceburnis D., Marks R., Munthe J., Petersen G. and

Sofiev M. (2000) Atmospheric Pb and Cd input into the Baltic
Sea: A new estimate based on measurements. Mar. Chem. 71,
297–307.

Sholkovitz E. R., Shaw T. J. and Schneider D. L. (1992) The
geochemistry of rare-earth elements in the seasonally anoxic
water column and porewaters of chesapeake bay. Geochim.

Cosmochim. Acta 56, 3389–3402.
Sholkovitz E. R., Landing W. M. and Lewis B. L. (1994) Ocean

particle chemistry: The fractionation of rare earth elements
between suspended particles and seawater. Geochim. Cosmo-

chim. Acta 58, 1567–1579.
Siddall M., Khatiwala S., van de Flierdt T., Jones K.,

Goldstein S. L., Hemming S. and Anderson R. F. (2008)
Towards explaining the Nd paradox using reversible scav-
enging in an ocean general circulation model. Earth Planet.

Sci. Lett. 274, 448–461.
Staubwasser M., Schoenberg R., von Blanckenburg F., Krüger S.
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