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Table 1
Sampling locations with silicon isotope data (δ30Si(OH)4), nutrient concentrations as well salinity, potential temperature and potential density. External errors are given in 2σ standard deviation for the sample-bracketing method

(2σsdsmp. brack ) as well as for n duplicate measurements on different days given as (2σsdrepeated ).
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For Si isotope measurements the samples were purified via col-
umn chemistry following the method by Georg et al. (2006) as
modified by De Souza et al. (2012a) and were measured on a Nu-
Plasma HR MC-ICPMS (Nu instruments) at GEOMAR. The MC-ICPMS
is equipped with an adjustable source-defining slit set to medium
resolution to ensure separation of the 30Si peak from molecular
interferences. Measurements were carried out with a standard-
sample bracketing method (Albarède et al., 2004). All solutions
were measured at a Si concentration of 14 to 21 μmol/kg depend-
ing on the performance of the instrument and were introduced



64 P. Grasse et al. / Earth and Planetary Science Letters 380 (2013) 60–71





http://www.aviso.oceanobs.com/




68 P. Grasse et al. / Earth and Planetary Science Letters 380 (2013) 60–71
northward the Si∗ increases to about −6 μmol/kg (De Souza et
al., 2012b). According to salinity properties, waters between 100
and 170 m at Station 93 show a salinity minimum (Fig. 2), but in
our data set only the sample at 100 m depth actually shows the
expected negative Si∗ value (−7 μmol/kg, Fig. 5a). Samples from
St. 93 at 150 and 170 m depth are characterized by higher Si∗
values of −2.3 and +6 μmol/kg, respectively, whereby the more
positive values can be explained by admixture of water masses
originating from the shelf, which have undergone slight NO−

3 de-
pletion within the OMZ. This is also reflected by low N:P ratios
(∼ 8) at these stations. In general N:P ratios in the open ocean are
near 16:1 (Redfield, 1958), but due to different processes, such as
N2 fixation, N-loss, or remobilization of phosphate from the shelf
sediments the ratio can be strongly biased. Low oxygen concen-
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drothermal fluids, which are with values around −0.2� to −0.4�
close to igneous rocks (−0.3�) (Douthitt, 1982; Ding et al., 1996;
De La Rocha et al., 2000), result in lower Si isotope compositions.
In contrast, high δ30Si(OH)4 values (+1.3�) in the Southern Ocean
(De Souza et al., 2012a) can rather be explained by an admixture
with Si(OH)4 depleted waters from the Atlantic. In summary, the
factors controlling the large range of Si isotope signatures of the
deep Pacific Ocean (δ30Si(OH)4 = +0.6� to +1.6�) are not fully
understood, but most likely a combination of several processes is
responsible, which needs further investigation.

5. Conclusions

The distribution of the dissolved Si isotope composition of
Si(OH)4 as well as of the Si(OH)4 concentration were analyzed in
the Eastern Equatorial Pacific along two meridional transects from
the equator to 14◦S located between 100 and 1000 km off the
Ecuadorian and Peruvian coast. Surface waters in the study area, in
particular in its southern region, are strongly depleted in Si(OH)4,
which leads to highly fractionated Si isotope compositions reach-
ing δ30Si(OH)4 signatures of up to +4.4�. This is most likely a
function of northward advection of highly Si-depleted surface wa-
ter masses into the study area from the coastal upwelling areas off
Chile and Peru, which have undergone extensive diatom primary
productivity. Different subsurface and intermediate water masses
cannot be clearly distinguished in their δ30Si(OH)4 signatures given
that the Si isotope distribution is not only a function of the mixing
of water masses with distinct isotopic signatures but is also depen-
dent on different contributions from the dissolution of bSiO2. The
δ30Si(OH)4 signatures in subsurface intermediate water masses, in
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