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ison to other regions with respect to chemical oceanography. Here w
Nd isotopes (e
Nd) and rare earth elements (REEs) in intermediate and deep waters of the mid-latitude (�40�S) South Pacific
along a meridional transect between South America and New Zealand. The goal of our study is to gain better insight into the
distribution and mixing of water masses in the South Pacific and to evaluate the validity of Nd isotopes as a water mass tracer
in this remote region of the ocean. The results demonstrate that biogeochemical cycling (scavenging processes in the Eastern
Equatorial Pacific) and release of LREEs from the sediment clearly influence the distribution of the dissolved REE concen-
trations at certain locations. Nevertheless, the Nd isotope signatures clearly trace water masses including AAIW (Antarctic
Intermediate Water) (average eNd = �8.2 ± 0.3), LCDW (Lower Circumpolar Deep Water) (average eNd = �8.3 ± 0.3),
NPDW (North Pacific Deep Water) (average eNd = �5.9 ± 0.3), and the remnants of NADW (North Atlantic Deep Water)
(average eNd =

2004; Lacan and Jeandel, 2005; Pahnke et al., 2008; Carter
et al., 2012; Piotrowski et al., 2012; Singh et al., 2012 ).
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The REEs can be divided into the light REEs (LREE)
from La to Sm, the Middle REEs (MREE) from Eu to
Dy, and the Heavy REEs (HREE) from Ho to Lu. Y be-
haves similarly to Ho because of the similar ionic radii
(e.g. Nozaki, 2001). REE concentrations generally increase
with water depth, similar to nutrients, as a consequence of
particle scavenging in the surface and gradual remineraliza-
tion of sinking particles, leading to REE release in deeper
waters. Dissolved REEs fractionate coherently within the
water column as a function of their ionic radii (e.g. Byrne
and Kim, 1990). The LREEs are more particle reactive
and therefore have shorter residence times than the HREEs,
leading to differences in the REE profiles with water depth.
Different water masses also present different absolute REE
concentrations and ratios between REEs depending on the
composition of their primary continental sources, as well as
the age of a particular water mass or the scavenging inten-



in circumpolar waters of the ACC (



(Callahan, 1972). However, in the depth range of UCDW in



measured in autosampler sessions with samples and
standards diluted to 50 or 60 ppb allowing duplicate mea-
surements. Some duplicates were considerably less concen-
trated (10–30 ppb) and were therefore measured in time
resolved mode. Typical total ion beam intensities for sam-
ples and standards ranged from 1.5 to 9 V for different mea-
surement sessions with the low voltages realized by time



Table 2
REE concentrations (pmol/l), Er/Nd ratios, Ce anomalies (Ce/Ce* = 2[Ce]/([La] + [Pr])) and GEOTRACES inter-calibration measurements (BATS) for this study.
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Stations

St. 22(SO213-22-2) 300 115 16.9 8.25 2.32 10.7 11.2 1.87 0.45 2.79 0.46 3.43 1.00 3.27 0.54 3.92 0.56 0.29 1.29

39�120S, 79�550W 650 107 15.6 5.84 2.36 10.6 10.4 1.71 0.45 2.36 0.43 3.86 1.14 4.02 0.59 4.24 0.71 0.39 0.65

4144 m depth 1500 148 22.3 6.78 2.87 12.7 12.9 2.16 0.61 3.23 0.55 4.84 1.44 5.36 0.86 5.98 1.14 0.42 0.54

2600 192 28.6 7.15 3.55 14.3 16.1 2.39 0.79 4.20 0.62 5.77 1.76 6.00 1.08 6.87 1.29 0.37 0.45

4142 178 33.8 7.74 4.68 21.0 21.0 3.70 0.92 4.94 0.85 6.85 2.00 6.85 1.06 8.02 1.36 0.33 0.40

St. 9(SO213-09-2) 750 110 17.5 7.97 2.60 11.5 11.4 2.05 0.56 2.62 0.48 3.91 1.11 4.03 0.65 4.32 0.80 0.35 0.79

37�410S, 95�280W 1500 148 24.1 9.89 3.06 13.1 14.0 2.14 0.61 3.27 0.54 4.54 1.33 5.02 0.84 5.30 1.02 0.36 0.73

3771 m depth 2200 163 31.1 17.5 4.48 18.3 18.9 3.05 0.73 4.37 0.72 5.71 1.68 6.24 0.97 6.85 1.30 0.33 0.98



of the individual REEs (Hathorne et al., 2012) identical to
the consensus values reported by van de Flierdt et al.
(2012).

2.2.3. Determination of nutrient concentrations

Dissolved silicate and phosphate concentrations were
measured at the Alfred Wegener Institute Bremerhaven fol-
lowing standard procedures (Grasshoff et al., 1999).

3. RESULTS
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silicate concentrations reach their maxima in the bottom
waters, phosphate maxima are present between 1500 and
3500, especially for samples 22–1500 (St. 22, 1500 m water



depths. Between approximately 2000 and 3000 m depth, the
increase in the concentrations is less pronounced for pro-
files 22 and 66. These two stations are influenced by north
and equatorial Pacific-derived waters at this depth range,
where Nd concentrations >30 pmol/kg are expected (Piepg-
ras and Jacobsen, 1988; Amakawa et al., 2004, 2009). The
fact that the observed concentrations are by 10–15 pmol/
kg lower may indicate pronounced scavenging processes
in the equatorial Pacific as discussed below (Section 4.2.1).

3.4. Nd isotope compositions

The Nd isotope compositions of the samples range from
�10.3 ± 0.3 to �5.4 ± 0.4 eNd units (Fig. 5, Table 1). Inter-
mediate waters, the domain of AAIW and its precursor
SAMW (300–1500 m depth) show a range of eNd









The impact of the two major water masses (LCDW and



�9.0 ± 0.3 (MuC-78) and �10.3 ± 0.3 (MuC-79) reflect the
advection of residual NADW. The difference of 1.3 eNd

units between these two samples may result from a larger
fraction of this water mass present at the location of sample
MuC-79, as inferred from its more negative eNd value, as
well as its lower nutrient concentrations and higher salinity
(see Table 1 and Figs. 11e,f and 2b,c).

Fig. 6 indicates that sample MuC-79 (eNd = �10.25,
[Nd] = 21.8 pmol/kg), falls on the mixing line of LCDW
and NADW, indicating mixing proportions of around
50% for the two water masses at 3100 m, 179�E, 45�S. Mix-
ing proportions of LCDW and NADW using temperature





4.4. Sediment–bottom water interactions

4.4.1. Release of REEs from the sediments of the Southeast

Pacific Basin

In our study area, the only example of sedimentary input
of REEs can be found in the bottom waters of the South-
east Pacific basin, where sample 9–3769 shows relatively
high LREE concentrations (e.g. [Nd] = 39.1 pmol/
kg)(Fig. 3). Without a considerable modification of the
Nd isotope composition (�



of the open mid-latitude South Pacific, overall confirm the
reliability of Nd isotopes as water mass tracer in this region.
Variations generally occur in correspondence with changes
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