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Abstract :

Nepheloid layers and turbidity currents transport large quantities of detrital sediments to deep-sea basins.
Locally they may control seawater — detrital particle interactions and modify dissolved REE concentrations
and eNd distributions of the oceanic margin. However, to date, such processes have been poorly
documented, especially in oceanic margins characterized by contrasted mineralogical compositions.
Dissolved REEs and eNd from three water stations collected in the northern South China Sea (SCS) close
to the Taiwanese deep-sea canyons have been analyzed, with the aim of determining the influence of
nepheloid layers and mineralogical composition of lithogenic inputs on dissolved REE and &Nd
distributions in the ocean. Results indicate that the most radiogenic €Nd value (-2.5+0.2), observed at
about 400 m, corresponds to the inflow of North Pacific Intermediate Water (NPIW) into the SCS. When
compared with previously published Nd isotope, our current study suggests that the eNd value of NPIW
which enters the SCS (from 300 to 800 m water depth) is not modified by unradiogenic sediments off the
southern margin of Taiwan Island, whereas they become less radiogenic along the margin of eastern
China due to Nd exchange with unradiogenic sediments (between -10.2 and -12.6) from the tropical soils
of Chinese rivers basins. We have proposed that pedogenetic minerals from Chinese tropical soils modify
the Nd isotopic compositions of seawater more efficiently than fresh detrital minerals resulting from very
high rates of physical erosion on Taiwan Island. The MREE/MREE*, La/Sm and La/Yb ratios in nepheloid
layers indicate that lateral transportation of lithogenic material within the water column can preferentially
adsorb LREE compared to MREE and HREE through the scavenging process. However, this process has
a negligible impact on seawater ¢Nd of the northern SCS. At the bottom of several water stations, a
negative excursion of eNd values, associated with an increase in MREE/MREE* ratios and a decrease in
La/Sm ratios, suggests a remineralization flux resulting from the dissolution of Mn oxides during early
diagenesis of deep-sea sediments.
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1. INTRODUCTION
Dissolved neodymium (Nd) isotopic composition (expressed in epsilon units, eNd) is

heterogeneous in the ocean due to lithogenic inputs from continents and the shorter residence
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time of Nd (about ~500-1000 yrs Tachikawa 1999, 2003; Arouze et al., 2009; Rempfer et al.,
2011; van de Flierdt et al., 2016) compared to the global turnover time of the thermohaline
circulation (about ~1500 yrs, Broecker and Peng 1982). Oceanic basins acquire different
isotopic Nd compositions through lithogenic inputs characterized by different eNd depending
on the age and nature of the outcropping rocks and sediments on continents (Goldstein and
Hemming, 2003; Frank, 2002). Away from the continental margins, éNd is considered as a
“quasi-conservative” proxy in the ocean and is widely used to trace changes in water mass
provenance and mixing of water masses both at the present time and in the past at different
time scales (e.g. Piepgras and Wasserburg, 1980; Nozaki and Alibo et al., 2003; Piotrowski et
al., 2005; Jeandel et al., 2007; Dubois-Dauphin et al., 2017; Wu et al., 2017; Colin et al.,
2019; Duhamel et al., 2020; Fuhr et al., 2021).

There is a general increase in the dissolved eNd of bottom water of the ocean along the
thermohaline circulation, from -15 in the North Atlantic to -4 in the North Pacific, which is
not associated with a subsequent general increase in the Nd concentrations (Frank, 2002).
This decoupling of Nd concentrations and éNd values in the ocean was initially referred to as
the “Nd paradox” (Goldstein and Hemming, 2003). Today it is assumed that the water masses
acquire their eNd values from downwelling surface water through lithogenic inputs by rivers
and wind transport, “boundary-exchange” processes that occur at the continental margin
(Lacan and Jeandel, 2005; Jeandel et al., 2007, 2016; Wilson et al., 2012; Tachikawa et al.,
2017), reversible scavenging in the water column (Bertram and Elderfield, 1993; Tachikawa
et al., 2003; Siddall et al., 2008, Wang et al., 2021; Robinson et al., 2022) and benthic flux
which releases Nd from pore fluids during early diagenesis of deep-sea sediments (Abbott et

al., 2015, 2019, 2022; Haley et al., 2017; Du et al., 2022). These processes, which figure in
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the interplay between particulates and seawater, are still not fully understood and further
investigations are required to quantify their respective roles in the Nd budget of the ocean
(Robinson et al., 2021, Wang et al., 2022). In addition, several previous studies infer that the
reversible scavenging between dissolved and particulate phases could be dependent on the
mineralogy of the lithogenic input to the ocean and/or the state of chemical weathering of the
lithogenic material (Blanckenburg and Nagler 2001, Hindshaw et al., 2018, Larkin et al.,
2021). Consequently, physical erosion and chemical weathering of rocks, combined with the
efficiency of sediment transfer to the oceanic margin, may impact the reactivity of the labile
fraction and its exchange with seawater (Larkin et al., 2021). Nevertheless, some important
issues regarding the mineralogical fractions that can exchange Nd with seawater are still
unsolved.

Marginal seas, associated with strong lithogenic inputs, are key areas for studying the
interaction between seawater and detrital particulates. Along the continental shelf or slope,
nepheloid layers induced by high velocity deep-sea currents, occur widely. These are turbid
layers containing significantly more suspended particles than the adjacent layers in oceans
(Tian et al., 2022). It has been shown that the high amounts of resuspended particles in
benthic nepheloid layers enhance exchange between particles and seawater, which influences
Nd isotopes of bottom waters (Gardner et al., 2018, Blazer et al., 2020). Several studies have
also identified a decrease in Nd concentrations of seawater collected in benthic nepheloid
layers (Casse et al., 2019), and link the depleted or sometimes elevated Nd concentrations of
bottom water to potential scavenging by resuspended particles in benthic nepheloid layers
(Stichel et al., 2015; Morrison et al., 2019; Wang et al., 2021). However, the dissolved REE

behaviors in benthic nepheloid layers are not yet constrained. Nevertheless, the resuspended

4



particles in the intermediate nepheloid layers are rarely investigated even though they have
the potential to significantly modify the Nd isotope signature of seawater in the water column.
Thus, the dissolved REE and eNd distributions collected in the nepheloid layers are crucial to
better understanding the “boundary exchange” process along the continental slope.

The South China Sea (SCS) is an ideal area to evaluate the effect of lithogenic input on
the dissolved Nd cycle of the ocean. The SCS receives sediments from numerous surrounding
major Asian rivers (e.g., the Pearl River, the Red River, and the Mekong River) characterized
by markedly more unradiogenic éNd values (from -13 to -11; Wei et al., 2012) than those of
the Pacific Ocean water masses which enter the SCS via the Luzon Strait (eNd from -2.5 to
-4, Wu et al.,, 2015). More specifically, suspended sediments from southwest Taiwan
represent the largest source discharged directly into the northern SCS, with a total load of 176
Mt/yr carried by several small rivers (Dadson et al., 2003). Typhoon-induced floods
commonly trigger turbidity currents that flow within submarine canyons off Taiwan (Zhang et
al., 2018). They also generate and maintain the large nepheloid layers on the shallow
continental slope to the southwest of Taiwan (Geng et al., 2018; Jia et al., 2019). This massive
sediment discharge may represent a major source of unradiogenic lithogenic Nd to the SCS
and could significantly influence the dissolved REE budget in the northern SCS, as has
recently been observed in marginal seas at the outlets of large river basins (Yu et al., 2017a;
Pham et al., 2019; Garcia-Solsona and Jeandel 2020). Previous records of dissolved REEs in
the SCS have shown that particles from rivers surrounding the SCS are dissolved and could
provide additional Nd to the surface water (Amakawa et al., 2000; Alibo and Nozaki 2000;
Wu et al., 2015, 2022). However, the contribution of suspended sediment discharge from

Taiwan’s rivers and of nepheloid layers to the distribution of dissolved REE concentrations
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and eNd, especially of intermediate- and deep-water masses, has not yet been investigated in
detail.

Here, we present the dissolved REE concentrations and ¢Nd values of seawater samples
collected at three water stations in the deep-sea canyon system off the southern coast of
Taiwan. When compared with previous eNd values obtained on seawater samples collected
along the eastern margin of China (Wu et al., 2015; 2022), the eNd results presented here
permit us i) to record the dissolved Nd concentrations and isotope compositions in the
northern SCS on the pathway of North Pacific Intermediate Water (NPIW) and Pacific
Deep-Water (PDW) entering the SCS; ii) to evaluate the impact of intermediate and benthic
nepheloid layers on dissolved REE concentrations and ¢Nd distributions and iii) to assess the
effect of “boundary exchange” along continental margins characterized by contrasted

mineralogical sediment compositions.

2. SEAWATER SAMPLES AND HYDROLOGICAL SETTINGS

35 seawater samples, each of 12L, were collected at three stations (HS1, HS6 and HS10)
located close to the deep-sea canyons of southern Taiwan during the HydroSed cruise, on
board R/V Marion Dufresne, in July 2018 (Table S1, Fig. 1). Station HS1 is located on the
western levee of Gaoping Canyon, whereas station HS6 is in a more distal position relative to
this canyon. Station HS10 is located on the eastern bank of the Penghu Canyon (Fig. 1). As
station HS6 was collected in the same water masses as stations HS1 and HS10 and in an
intermediate position between both stations, only the lower part of the water column has been
collected to constrain lithogenic inputs from bottom sediments. Seawater samples were

collected, and the relevant hydrographic parameters (conductivity, potential temperature, and
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depth) determined using a Sea-Bird SBE 911plus CTD-Rosette system equipped with a
transmissivity-sensor, a O,-sensor, a fluorimetry sensor and 24 Niskin bottles.

The Luzon Strait, with a depth of about 2400 m, is the only deep-sea channel connecting
the SCS to the western Pacific Ocean (Philippine Sea) (Li and Qu 2006; Qu et al., 2006)
(Figs. la and 1b). The water column in the Luzon Strait presents a strongly stratified structure
due to the inflow of surface and deep waters to the SCS and the outflow of intermediate water
masses to the Philippine Sea (Yuan 2002; Tian et al., 2006; Gan et al., 2016; Zhu et al., 2019).
In the surface layer, the North Pacific Tropical Water (NPTW, 19-20°C, 34.85%0-35.25%0; Qu
et al., 1999; Suga et al., 2000) flows into the SCS in the northern part of the Luzon Strait (Fig.
Ic). It is locally driven by the seasonal reversal of wind direction that induces a cyclonic gyre
in winter and an anticyclonic gyre in summer (Fig. 1, Wyrtki 1961).

For water stations HS1 HS6 and HS10, the relatively low salinity values, from 33.6%o to
34.3%o, above 100 m is mainly due to the freshwater discharge from Taiwanese rivers and
heavy monsoon rainfall over the northern SCS (Figs. 2a and 3). A salinity maximum of 34.7,
associated with a potential temperature of 18.5°C, is identified in our stations at a depth of 160
m (Figs. 2a and 2b). This water mass with slightly higher salinity is termed South China Sea
Tropic Water (SCSTW, 17-19°C, 34.6%0-34.7%0) (Xie et al., 2011). The water mass at
intermediate depth (300-800 m) is characterized by a slightly lower salinity 34.37%0-34.45%o
and a potential temperature of 5.8-11.2°C (Figs. 2a and 2b). This reflects a mixing of North
Pacific Intermediate Water (NPIW, 34%0-34.3%0; You et al., 2003) and South China Sea
Intermediate Water (SCSIW, 34.45%0-34.5%o; Chen et al., 2001; Xie et al., 2011) (Fig. 3).

As demonstrated by hydrographic analysis and numerical models (Qu et al., 2000; Fang

et al., 2009; Gan et al., 2016), the SCSIW flows eastward to the Philippine Sea at deeper
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depths of between 500 and 1500 m to compensate for the inflow of Pacific water in the
surface layer (e.g., Chao et al., 1996; Qu et al., 2000; Tian et al., 2006). This implies that the
NPIW does not intrude as far into the SCS as the NPTW. However, recent studies indicate
that the intermediate water exchange between the SCS and the Philippine Sea is very complex
with strong seasonal variability. During summer, there is a westward inflow of NPIW in the
northern part of the strait and an eastward outflow of SCSIW in the southern part; the flow
pattern across the strait is reversed in winter (Yang et al., 2010; Xie et al., 2011; Zhu et al.,
2019).

In the deeper layer (>2000 m), salinity (34.59%0~34.62%0) and potential temperature
(2.3~2.5°C) display narrow ranges that are identical to the water mass properties of the Pacific
Deep Water (PDW, 34.62%o, 2.1°C) in the Philippine Sea at about 2000 m (Figs. 2a, 2b and 3)
(Broecker et al., 1986; Chen et al., 2001; Wu et al., 2015, 2022), suggesting a westward
inflow of PDW in the Luzon Strait. The PDW sinks after crossing the Luzon Strait (Wyrtki
1961) and to compensate for this descending movement, intense vertical mixing occurs in the
SCS. Therefore, the renewal of the SCS deep water is rapid, about 30 to 100 yrs (Li and Qu
2006; Qu et al., 2006). The SCS Contour Current system refers to a deep-water current
(2000-2500m) that transports a vast amount of sediment counter-clockwise within the SCS
(Qu et al., 2006; Wang et al., 2011; Zhao et al., 2015)

The studied sites are located within the channel-levee system of southern Taiwan, which
is characterized by frequent turbidity currents (Zhang et al., 2018; Fig. 1). Transmissivity data
obtained on sites HS1, HS6 and HS10 allow us to identify several intermediate and benthic
nepheloid layers. Nepheloid layers were identified between 900 and 1200 m and at the bottom

(below 2000 m) at site HS1, and between 1600 and 1900 m and at the bottom (below 2400 m)
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at site HS10 (Fig. 2e). A benthic nepheloid layer was observed only at the bottom at site HS6
(below 2600 m), as we might expect given its more distal location relative to the active
Gaoping Canyon. This site, HS6, should be less influenced by the horizontal advection of

large volumes of sediments by turbidity currents and/or contourite currents.

3. METHODS

All seawater samples were filtered onboard, using AcroPak 500 capsule filters
(0.8-0.45um), and then transferred to ~10-12L acid cleaned (1M HCI) bottles. Seawater was
acidified to a pH of less than 2 with supra-pure 6N HCIl immediately after sampling in
accordance with GEOTRACES recommendations (van de Flierdt et al.,, 2012). Nd was
extracted and purified from the seawater matrix following the analytical procedures described
in detail by Lacan and Jeandel (2001). In brief, seawater REEs were first pre-concentrated
using SepPak Classic C18 cartridges loaded with a HDEHP/H2MEHP complexing agent, and
the REEs were then purified using a cationic resin (AG50W-X8). Finally, an Eichrom
Ln-Spec resin was used to extract and purify Nd following the method described in detail by
Copard et al., (2010).

The 'Nd/'*Nd ratios of all purified Nd fractions were analyzed using the
ThermoScientific Neptune®™ multi-Collector Inductively Coupled Plasma Mass Spectrometer
(MC-ICP-MS) hosted at the Laboratoire des Sciences du Climat et de |’Environnement
(LSCE) at the University Paris-Saclay (PANOPLY’s analytical facilities, France). The
isotopic compositions were measured at a Nd concentration of 10 to 15 ppb. During the
analytical sequence, every group of three samples was bracketed with analyses of Jndi-1

standard, which is characterized by certified values of 0.512115+0.000006 (Tanaka et al.,
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2000). Mass-dependent fractionation was corrected relative to '“Nd/'*Nd of 0.7219 by
applying an exponential-fractionation law. The deviation between results and certified values
of JNdi was inferior to 0.5 eNd units for all the eNd results presented in this study. The
external reproducibility (20) calculated for analytical sequences from repeated measurements
of JNdi-1 standards (n=20) was 0.18 epsilon units. Analytical uncertainties obtained in this
study fully conform to previous eNd results obtained by the GEOPS Laboratory under the
calibration exercise involving 15 international laboratories dedicated to Nd isotopes in
seawater (van de Flierdt et al., 2012). Total procedural blank values (including the Nd
pre-concentration step with C18 cartridge) were <100 pg, representing less than 0.5% of the
Nd signal measured for seawater samples characterized by the lowest Nd concentration
analyzed in this study.

Dissolved REE concentrations were analyzed on 250 mL seawater samples (split
seawater samples from on-board filtering and acidification) using a single collector sector
field high resolution inductively coupled plasma mass spectrometer (HR-ICP-MS) Thermo
Element XR hosted at the Laboratory GEOPS (PANOPLY’s analytical facilities at the
University Paris-Saclay, France), following the method described in detail by Wu et al.,
(2015). Briefly, an ultra-pure iron hydroxide solution and a spike solution enriched in #!Pr
and '°Tm were added to each sample with contents around 10-50 times higher than the REE
concentrations in samples. After 48h of equilibration, the pH was adjusted to ~8 by the
addition of ultraclean NH;OH (Ammonia solution 28%), leading to the formation of iron
hydroxides, which, in turn, efficiently scavenge REEs out of the seawater samples. The REE
co-precipitated fractions were then separated from the remaining solution through several

centrifugations and careful rinsing with Milli-Q water and several drops of NH,;OH. The
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residues were re-dissolved in ultra-pure 3N HNOj; and evaporated to dryness. The dried
samples were re-dissolved in 2mL 8N HNO; and 50uL HF to get rid of any silica gel that
might precipitate during Fe co-precipitation. After drying, REEs were separated from the
matrix using anion exchange columns (AG1-X8 resin, mesh 100-200). During analytical
sequences using HR-ICP-MS, REE concentrations were corrected for any sensitivity drift of
the machine by using internal standard monitoring. The added #!'Pr and '°Tm spikes allowed
the calculation of the REE extraction step recovery (higher than 92%) and finally REE
concentrations by considering the initial Pr and Tm contents in the samples. REE data was
calculated with uFREASI software (Tharaud et el, 2015). The accuracy of the determination
of REE concentrations was validated by analysis of two geological standards, BCR-2 and
BHVO?2, prepared at various dilutions with a deviation that was systematically lower than
5%. Blank contributions are considered negligible for all REEs since analysis of chemical
blanks (spike solutions before and after chemistry) revealed an REE signal that was
systematically lower than 1% (most often less than 1%o) compared to REE signals measured
for each sample. Finally, our measurements were characterized by analytical uncertainties that
were systematically below 5% (2c) for all REEs. Such uncertainties integrate the accuracy of
calibrations, the addition of a spike solution and its measurement, and, finally, the external

reproducibility.

4. RESULTS
4.1 Dissolved REE concentrations
Dissolved REE concentrations from all of the analyzed seawater stations are reported in

Table S2 and Figure 4, S1. The range of REE concentrations is comparable to previously
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published values for seawater in the SCS (Alibo and Nozaki 2000; Wu et al., 2015) and other
ocean basins (Amakawa et al., 2009; Grasse et al., 2017). With the exception of Ce, vertical
profiles of all dissolved REE concentrations display a similar behavior with maximum
concentrations (eg. 34 pmol/kg for Nd) at the surface and a minimum at subsurface (eg. 8
pmol/kg for Nd at 140 m) (Fig. 4, S1). Below this minimum the concentrations progressively
increase towards the bottom. . . At station HS1, Ce concentrations decreases from 9 pmol/kg
to 3 pmol/kg from the surface to 500 m, then increase gradually to 8-12 mol/kg at 1500 m,
with little variations in deeper waters. This pattern is specific to station HS1.

Dissolved REE concentrations normalized to Post Archean Australian Shale (PAAS;
McLennan 1989) reveal environmental fractionation between the light (LREE; La, Ce, Pr, and
Nd), middle (MREE; Sm, Eu, Gd, Tb and Dy) and heavy REEs (HREE; Ho, Er, Tm, Yb, and
Lu). PAAS normalized REE concentrations display similar patterns for all stations with a
pronounced Ce negative anomaly and a progressive increase of the REE concentrations from
the lightest to the heaviest REE (Fig. S2). This is a typical seawater PAAS normalized REE
pattern, because trivalent HREEs are strongly bound by stable carbonate complexes in
seawater and are less likely to be scavenged into particles compared to LREE in the water
column, thus leaving a HREE-enriched seawater (Bertram and Elderfield 1993). The Ce
anomaly is the result of the poor solubility of its oxidative state (+IV) and preferential
scavenging of this element (Sholkovitz et al., 1992; Jeandel et al., 2013).

Some specific REE ratios (La/Sm = Lay/Smy, La/Yb = Lay/Yby, Ce* =
Cen/(2*¥Pry-Ndy), MREE/MREE* = (Gdn+Dyn)/(Yby+tNdy); N denotes normalization to
PAAS) are used to assess the individual fractionation differences (Grenier et al., 2018; Pham

et al., 2019). La/Sm and La/Yb ratios imply a fractionation difference between LREE and
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MREE, LREE and HREE, respectively. La/Sm ratios range from 0.5 to 1.1 in the water
column (Fig. 5a). La/Sm ratios are low at the surface and increase gradually to a depth of 800
m. It displays a reduced variation in the intermediate nepheloid layers (1600-1900m) in
station HS10 and at bottom (stations HS1 and HS10), while an increased shift was recognized
in the 2200-2500m in station HS6. La/YDb ratios are low in the upper 150 m and remain stable
at a value of 0.3, with slight variations, at greater water depth in station HS1 and HS6, a
reduced ratios are recognized in the intermediate nepheloid layers in HS10 (Fig. 5b). Ce* are
0.4 at surface and decrease to a depth of 300 m, then they remain stable at a value of 0.1 (Fig.
5¢). MREE/MREE* ratio indicates an enrichment of MREE. The MREE/MREE* ratio is
around 1.3 at the surface and decreases to around 0.9 below 500 m with slight variations (Fig.
5d).
4.2 Nd isotope compositions

The Nd isotope compositions of the seawater samples are reported in the Table S1 and
figure 6. The vertical profiles of éNd from the three water stations located off southern
Taiwan are similar (Fig. 4). Surface seawater has the lowest éNd values, with values of
-4.5+0.2 at 10m for site HS10 and -4.1+0.3 at 70m for site HS1. The most radiogenic éNd
values, observed at a depth centered around 400 m, are -2.5+0.2 and -2.6+0.2 in stations HS1
and HS10, respectively. Below this layer, the eNd values decrease to around -3.8 and remain
constant below 1000m (average of -3.8 = 0.2, n=4 for HS1 and average of -3.6+0.2, n=5 for
HS10). At the bottom of stations HS1 (14 m above surface sediments) and HS10 (18 m above
surface sediments), there is a slight negative shift. The eNd values below 2000 m in station
HS6 stay constant at -3.9 0.1 to -3.8+0.2, and the slight negative shift observed at sites HS1

and HS10 is not observed in the bottom sample from station HS6 (24 m above surface
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sediments).

5. DISCUSSION
5.1 Vertical distributions of dissolved REE concentrations and €Nd in Southern Taiwan

In the northern SCS, the elevated fluorescence at ~50 m associated with elevated
turbidity and dissolved oxygen content reflects an enrichment in organic compounds at these
depths (Chen et al., 2011) (Fig. 2d). REE results revealed low concentrations in this highly
productive sub-surface layer, with a minimum at around 140 m depth (e.g, Nd concentration
is 8.63 pmol/kg) below the fluorescence and turbidity maximum (Fig. 4). This suggests that
the presence of particles and organic compounds cause a higher rate of REE scavenging and
adsorption in this sub-surface layer of the water column. This has been already observed in
the Northern and Southern Atlantic Ocean (Stichel et al., 2015; Wang et al., 2021).
Specifically, the formation of organic particles in the water column preferentially absorbs
LREEs dissolved in seawater. Thus, this process is reflected by low La/Sm and La/Yb ratios
of seawater at this depth (Figs. 5a and 5b). For the surface layer, the lower La/Sm and La/Yb
ratios in the three studied stations (HS1, HS6 and HS10) compared to the same ratios in the
Philippine Sea (St2; Wu et al., 2015) indicate that there are stronger biological activities in the
northern SCS and that these dominate the REE fractionation at surface level.

Besides biological activities, the dissolution of riverine particles could provide additional
REE to the surface water in northern SCS (Wu et al., 2022). The MREE/MREE* ratios of
surface water for stations HS1, HS6 and HS10 range from 1.21 to 1.33 (Fig. 5d). Such
MREE/MREE* ratios are slightly higher than the value in the Philippine Sea (1.16; St2). The

MREE/MREE* ratios of dissolved material from Taiwanese rivers and dust inputs ranges
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from 2.8 to 3 (Chung et al., 2009) and from 1.13 to 1.19 (Li et al., 2013), respectively. Since
acolian dusts are considered to be insignificant compared to river sediments inputs in terms of
terrigenous supplies to the northeastern SCS (Liu et al., 2010), we suggest that the REEs from
the dissolution of Taiwanese river particles, are the major source of REEs to the surface
seawater of the northern SCS, thus explaining the MREE/MREE* ratios described above.

The three studied stations (HS1, HS6 and HS10) are located on the direct pathway of
western Pacific water masses that enter the northern SCS and are thus suitable for determining
water mass exchanges between the SCS and the Philippine Sea. In the Philippine Sea, eNd
values of the NPTW at surface and subsurface depths vary slightly, from -2.1+0.3 to -3.4+0.4
depending on the level of lithogenic input (Wu et al., 2015, Brehens et al.,2018). For the
surface seawater collected in the northern part of the SCS, eNd values range from -3.4+0.2 to
-4.5+0.2 in the upper 100 m (Fig. 4), suggesting a modification of the Nd isotopic
composition of the NPTW entering the northern SCS. Higher dissolved REE concentrations
and stronger Ce negative anomalies observed at stations HS1 and HS10, compared to those of
the Philippine Sea (St2, St3), confirm a greater input of riverine sourced REEs and
pronounced scavenging of Ce by detrital sediments (Figs. S3 and 5c¢). However, the surface
water eNd values in stations HS1 and HS10 are not as negative as the dissolved éNd values of
seawater collected in the northern SCS along the eastern margin of China (Fig. 8a; from
-5.340.3 to ~-7.0+0.3 for stations St.11, St.12 and St.13; Wu et al., 2015). This implies that
surface water masses at stations HS1 and HS10 might be less modified by sediment inputs
from Taiwanese rivers.

As previously deduced from local hydrological properties, the intermediate and deep

seawater are greatly influenced by the water masses from the western Pacific (NPIW and
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PDW) and local modified water masses (SCSIW). Diagrams of salinity versus Nd
concentrations and salinity versus e€Nd values are presented in figure 6 to evaluate the
conservative characteristics of the eNd for water masses entering the SCS through the Luzon
Strait. Since previous studies have demonstrated that the water masses in the Philippine Sea
are strongly influenced by NPIW deriving from the north, rather than by AAIW originating
from the south (Behrens et al., 2018; Fuhr et al., 2021), we do not take AAIW into account in
our mixing curve. The values of three end-members (PDW, NPIW and SCSIW) are chosen
from average values of water masses in the Philippine Sea (Wu et al., 2015; Brehens et
al.,2018) and SCS (Wu et al., 2015; 2022), which can be taken to closely represent the water
masses flowing at the studied sites. All results obtained on seawater samples below 300 m are
within the mixing line between the three end-members.

In stations HS1 and HS10, the intermediate waters (300-800 m) are located close to the
NPIW endmember, rather than SCSIW (Fig. 6b). The ¢Nd values (-2.5+0.2 and -2.6+0.2)
observed at 400 m for stations HS1 and HS10 are similar to the eNd values of intermediate
waters of the Philippine Sea (eNd=-2.8+0.3, St2 at 500 m, Wu et al., 2015) (Fig. 7a).
Moreover, seawater samples were collected in July, during the summer monsoon rainfall
period which is associated with large discharges into the northern SCS of sediments with
unradiogenic éNd values (Liu et al., 2016; Wei et al., 2012). It has been demonstrated that Nd
isotopic compositions of surface and intermediate waters, down to a depth of more than 1000
m, may be greatly impacted by seasonal-controlled riverine inputs in marginal seas such as
the Bay of Bengal (Yu et al., 2017). However, in regards to our study sites, this process seems
not to cause a shift towards negative values for Nd isotopes of the intermediate water at

stations HS1 and HS10. Consequently, the intermediate water masse from the northern SCS,
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close to the Luzon Strait, seems to be mainly influenced by the NPIW, without any significant
modification by local lithogenic inputs.

Below 1500 m, the deep-water masses are located close to the PDW endmember (Fig. 6).
eNd values vary within a narrow range from -3.7+0.2 to -4.0+0.2. Such Nd isotopic
compositions are also equivalent to the deep-water eNd values in the Philippine Sea (-4.1£0.5;
Wu et al., 2015) and in the North Pacific (from -4.2 to -3.2; Amakawa et al., 2004; Behrens et
al., 2018; Fuhr et al., 2021). Such results confirm that the eNd of the PDW generally
maintains its conservative character when it enters the SCS through the Luzon Strait.
Moreover, mooring observation indicates that the PDW mixes vigorously with intermediate
waters in the Luzon Strait (Tian et al., 2009, Zhou et al., 2023). Such intense vertical mixing
and rapid turnover in the SCS (30-50 yrs; Li and Qu 2006) cause the slightly more radiogenic
Nd isotopic compositions of deep water at stations HS1, HS6 and HS10 compared to the
compositions of deep water in the northern SCS (Fig. 7b). This is supported by the fact that
seawater results from 800 m and 1500 m lie well within the mixing curve between PDW and
NPIW end-members in the salinity versus Nd concentration and salinity versus eNd diagrams
(Fig. 6).

In summary, despite the fact that the eNd values of surface waters are slightly modified
by local lithogenic discharge, the Nd isotope compositions of water at mid- and deep depth
retain their conservative characteristics off southern Taiwan. The ¢Nd values can thus be used
with confidence to track the intrusion of Pacific water masses at intermediate and deep
depths.

5.2 Spatial distributions of dissolved ¢éNd of intermediate water masses in the northern

SCS
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Intermediate waters collected at stations St7, St8, St9 and St13 (Fig. 1) are characterized
by more negative values (eNd=-3.6+0.4 at 600 m in St7; eNd=-3.7+0.4 at 600 m in St8;
eNd=-4.0+£0.3 at 500 m in St9; eNd=- -3.2+0.3 at 400 m in St13; Wu et al., 2015) than stations
HS1 and HS10 (Fig. 7b). However, these stations are located to the southwest of stations HS1
and HS10 under the same current system which turns along the Northern margin of the SCS.
Such results suggest that the eNd of intermediate water masses at a greater distance (St7, St8,
St9 and St13) from the Luzon Strait are modified over the course of their circulation along the
eastern China margin. Two mechanisms may explain this modification of the Nd isotopic
signatures: 1/ vertical mixing of the NPIW with SCS deep-water characterized by relatively
more negative eéNd values (~-4; Wu et al., 2015); 2/ boundary exchange of intermediate water
masses with unradiogenic sediments (~-12; Wei et al., 2012) of the northern margins of the
SCS.

After the intrusion of the NPIW into the SCS, vertical mixing occurs between the NPIW
(eNd of ~-2.7) and the PDW (Tian et al., 2009), which is characterized by more negative
values (~-4; Wu et al., 2015). From the salinity versus eéNd diagram (Figs. 8a and 8b) we can
see that intermediate water masses (from 300 to 800 m) display a tendency toward the PDW
end-member from the northern and southern Luzon Strait (HS1, HS10 and St6) to the eastern
China margin (St7, St8, St9 and St13) with its concentration do not vary much. This shows
that NPIW is gradually modified by vertical mixing of deep water after it enters the Luzon
Strait. Station 5, collected in the central part of the Luzon Strait in winter, is characterized by
the lowest eNd values and fits closely with the SCSIW end-member. This is in agreement
with the situation of an outflow of the SCSIW to the Philippine Sea that has been observed for

this part of the Luzon Strait during winter (Tian et al. 2006). In contrast, the samples from
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stations HS1 and HS10, collected during summer, indicate relatively “pure” NPIW that has
intruded from the Philippine Sea. Such results indicate that Nd isotopic compositions have not
been modified, at least off southern Taiwan.

We use a mixing model to predict the Nd isotopes of the intermediate water (between
300-800 m), supposing the added Nd isotopes result only from the upwelling of PDW from

lower depths (Wang et al., 2021). We predict the eyq using the following equation:

[Ndnpiw * eNg™ + [Nd]aqa * X

predicted __
ENd = Nd
[ ]measured

We take the SCS basin-scale view and suppose that the eNd values of intermediate water
at 300-800 m are the result of vertical mixing of NPIW and water masses in lower depth; then
once the eNd added is determined, the predicted Nd isotope compositions (exgPedicted) due to
upwelling is related to the amount of Nd added ([Nd].q¢=[Nd]measurea-[Nd]nprw). We take the
maximum &yg®d of -4 (eNd of PDW) for our calculation. The predicted eNd value results
calculated using the above formula, versus the eNd values measured in the northern SCS are
shown in figure 8c. The ¢Nd results for stations St5, St7, St8 and St9 are more negative than
the predicted results, suggesting that, apart from the vertical mixing, another source of Nd
with negative eNd values needs to be taken into consideration.

The boundary exchange process can modify eNd values of intermediate water and thus
may account for the eNd offset (engmeasured —gygPredicted) Tt is interesting that this offset becomes
more pronounced for stations along the southwest margin of Taiwan (HS1 and HS10; offset
<0.5) to the eastern China margin (St7, St8 and St9; offset >1.5) which will be discussed in
the later sections (Fig. 8d).

5.3 The role of intermediate nepheloid layers in dissolved REE concentrations and ¢éNd

distributions
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The re-suspended particles transported in nepheloid layers could act as a major source or
sink for the REEs (Tian et al., 2022, Garder et al., 2018), and their increasing exchanges with
seawater are liable to impact the dissolved REE pattern and ¢Nd. Nepheloid layers are widely
distributed in the northern SCS (Geng et al., 2018; Jia et al., 2019) and could contribute
significantly to the boundary exchange process. Intermediate nepheloid layers were observed
at station HS1 from 900 to 1200 m, at station HS10 from 1600 to1900 m, at station St7 from
1000 to 1500 m and at station St 8 from 500 to 1000 m (Fig. 9, Wu et al., 2015). Except for
station HS1, similar variations of La/Yb, La/Sm and MREE* are found in seawater samples
collected in all intermediate nepheloid layers (Fig. 9). This suggests that similar processes
dominate the REE fractionation in nepheloid layers in the northern SCS.

Seawater samples collected in intermediate nepheloid layers reveal slightly lower La/Sm,
La/Yb and MREE/MREE* ratios in comparison with samples collected directly above and
below. Allochthonous detrital particles are believed to preferentially adsorb LREEs and
MREEs and precipitate authigenic Fe-Mn oxides (Gutjahr et al., 2007; Du et al., 2016). The
decreased La/Sm, La/Yb and MREE/MREE* ratios can be related to comparatively greater
scavenging of LREEs and MREEs by the detrital material which is transported laterally in the
nepheloid layers (Fig. 10). This deep scavenging has been also observed in the north Atlantic
oxygen minimum zone, where detrital materials result from aeolian dusts (Stichel et al., 2015).
It supports the role of detrital materials as a sink of dissolved REE by scavenging at greater
depth. We can conclude that the scavenging process dominates REE fractionation in the
intermediate nepheloid layers of the northern SCS.

There is no change of La/Sm, La/Yb and MREE* in the intermediate nepheloid layer in

station HS1. It could be related to stronger reversible scavenging in this station, suggested by

20



lower Ce concentrations and stronger negative Ce anomaly in upper 1000 m (Fig 4, 5¢). This
might obscure the variations in the intermediate nepheloid layer. A decrease of La/Yb and
MREE can also be found outside the nepheloid layers (at around 2000m in station St7 and
bottom of St8). It might be some lateral advection of a water parcel that has been in contact
with a nepheloid layer and transported the already depleted signal.

A slight decrease in Nd concentrations has been found in nepheloid layers (Fig. 9) where
it has been linked to the removal of Nd from seawater by a process of scavenging by
re-suspended particles. This scavenging has also been observed in the nepheloid layers along
the coast of Papua New Guinea (Grenier et al., 2013), in the estuary and Gulf of St. Lawrence
(Casse et al., 2019), along the coast of Iceland (Morrison et al., 2019) and in the southern
Atlantic Ocean (Wang et al., 2021) where it causes a depletion of dissolved Nd concentrations
(Gardner et al., 2018). However, there are no significant vertical variations in the dissolved
eNd of nepheloid layers in the northern SCS, with the exception of the bottom of station St9
(Fig. 9), whereas the ¢éNd values of sediment from the margins of Taiwan and China (from
-10.2 to -12.6; Liu et al., 2016) are 6 to 8 epsilon units lower than PDW (eNd of -4). We can
thus conclude that for stations HS1, HS10, St7 and St8 exchange between suspended
sediments in nepheloid layers and seawater appears, in this case, to not significantly modify
the Nd isotopic signatures of the water masses. One hypothesis to explain such lack of
variations is that the particle dissolution rate of the labile phase of the suspended sediments
cannot efficiently release Nd characterized by unradiogenic isotope compositions to the water
column (Abott et al., 2019). This suggests a potential control by the mineralogical
compositions of the sediments transported in nepheloid layers. However, we cannot also

exclude the possibility that suspended particles in the nepheloid layers become fully
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equilibrated with ambient seawater in the open ocean and therefore are no longer considered
to be particle reactive (Stichel et al., 2020).
5.4 Impacts of detrital material mineralogy in Nd exchange with seawater

Water masses flowing along the southern margin of Taiwan and the eastern margin of
China are influenced by the various river systems that transport sediments with contrasting
mineral compositions to these margins (Liu et al., 2016). The mineral compositions of surface
sediments collected at different depths along the margin of Taiwan (Liu et al., 2008) and of
Eastern China (Liu et al., 2010) are shown in figure 11. Specifically, sediments from the
southwest margin of Taiwan are dominated by minerals resulting from high rates of physical
erosion, such as illite (more than 60%), while smectite and kaolinite account for less than
15% (Fig. 11a; Liu et al., 2008; 2016). Such mineralogy is associated with extremely high
rates of physical erosion on Taiwan Island (Dadson et al., 2003; Liu et al., 2008). In the case
of the margin of eastern China, minerals derive mainly from South China drainage systems
(e.g., Pearl River), which are characterized by tropical soils resulting from stable tectonic
conditions and intensive chemical weathering. The mineralogy of surface sediments from the
margin of eastern China is thus characterized by low proportions of illite and chlorite, higher
smectite contents (up to 50%) and higher illite crystallinity, especially at intermediate depth
(200-1000 m) where NPIW intrudes into the SCS (Fig. 11b; Liu et al., 2010). The higher illite
crystallinity (Fig. 11b) suggests a more pronounced state of weathering for illite deriving from
tropical soils of the stable Chinese craton (Liu et al., 2016). Higher illite crystallinity values
and smectite proportions on the eastern margin of China, compared to the southern margin of
Taiwan, are coexistent with the modified intermediate water eNd values in the northern SCS

(Fig. 11). This suggests that more pronounced states of weathering of minerals are likely to
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influence the dissolved Nd isotopes. This agrees with a previous study which suggests that
chemical weathering of fresh rock under glacial conditions induces more exchange with
seawater (Zhao et al., 2019). In addition, partial dissolution of detrital particles (such as
smectite, amphibole and/or volcanic glass) or weathering of volcanic sediments have been
demonstrated to modify ¢éNd values of pore water (Du et al., 2022; Wang et al., 2022). All
these studies suggest that smectite exchanges Nd with seawater more efficiently than illite or
chlorite minerals. In the northern SCS, smectites derive mainly from the volcanic area of
Luzon and to a lesser extent from chemical weathering of primary minerals in the soils of
South China (Liu et al., 2016). More intense erosion and weathering of sedimentary rock
enhances the reactivity of the labile fraction and its transfer to seawater (Larkin et al., 2021).
Thus, pedogenic minerals (e.g., smectite, kaolinite, iron oxides and other pedogenic minerals)
may play a major role in the Nd exchange between particulates and dissolved seawater (Fig.
10).

As the NPIW flows into the SCS via the Luzon Strait, stations HS1 and HS10, located
off the southwest coast of Taiwan, record its “original” ¢Nd values (Fig. 11c) because of the
low efficiency of primary minerals like illite to exchange Nd with seawater. But as the NPIW
progresses along the eastern margin of China (St7, St8 and St9), increasing inputs of
pedogenic minerals induce additional lithogenic Nd, which is characterized by an
unradiogenic signature, and significantly modify the eNd values of the intermediate water
masses from -2.5 to -3.8 (Fig. 11c). Although the specific impact of mineralogy on the
boundary exchange of Nd needs further validation by field experiments, it seems that Nd from
sediments that have undergone chemical weathering are more easily exchanged with Nd from

seawater rather than the Nd from sediments that have undergone physical erosion.
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5.5 The role of benthic nepheloid layers versus benthic flux

Benthic nepheloid layers are present at the bottom of the three water stations HS1, HS6
and HS10, as observed from the vertical transmissivity (Fig. 9). We note that seawater
samples and CTD data for stations St7 and St8 are not available for the deepest depth of the
water column. Thus, no benthic nepheloid layers have been observed at the bottom of these
stations which means that they cannot provide any information regarding interactions between
deep-sea sediments and seawater.

It has been shown that suspended sediment concentrations of >0.5 mg/L are delivered
from Taiwanese rivers (eg. Gaoping River) directly into the deep ocean, mainly during
Typhoon events in the Gaoping canyon (Zhang et al., 2018). As in other nepheloid layers
within the water column, bottom scavenging seems to affect the REE content and
fractionation of bottom water, as is widely observed in the South Atlantic (Casse et al., 2019).
The fact that the La/Sm ratio decreases while the La/Yb ratio remains unchanged in the
benthic nepheloid layers at station St9 (Figs. 5 and 9), indicates a pronounced enrichment of
MREEs compared to LREEs and HREEs. MREE enrichment at the bottom of St9 contrasts
with the vertical distributions of MREE in the intermediate nepheloid layers observed in the
water column (Fig. 9). In this case, a flux from lower sediments in anoxic layers, which
contain more MREE compared to LREE and HREE, provides a reasonable explanation for the
distribution of dissolved REE concentrations observed at the bottom of these stations (Fig.
10). The re-mineralization of oxides in anoxic layer sediments just below sediments interface
may release abundant REEs to pore water (Haley et al., 2004; Deng et al., 2017), since the
MREE:s display a peculiar affinity towards manganese oxides (Bayon et al. 2004; Pattan et al.

2005). It is likely that the remineralization flux from the degradation of particles (authigenic
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manganese oxides and/or phosphates) results in the transfer of MREE-enriched signals to pore
water resulting, in turn, in MREE enrichment in the uppermost pore waters (Deng et al., 2017;
Du et al., 2022; Creac’h et al., 2023). A fraction of REEs is likely to diffuse to benthic water
and, as originally indicated here by our results, subsequently causes an increase in the
MREE/MREE* ratio of bottom seawater. Overall, the potential benthic flux carrying MREEs
greatly impacts the REE fractionation of the bottom of St9.

In addition, at the bottom of stations St9, the eNd values are more negative than in the
shallower waters of these stations. As we discussed above, the resuspended particles in
nepheloid layers seem not to greatly change the Nd isotope compositions of seawater, thus the
potential Nd sources must be the subsurface sediments. We take St9, which displays a
significant eNd excursion, as an example to calculate the Nd isotopic compositions of the
added Nd sources. The mass balance calculations would be:

e s [INdloriginat + NS * [Nd]aga = el * [Nd] finar

We use the water masses at similar depth (2200 m) in the nearby station St7 as original water
masses from lateral advection for St9 (2250 m), then all the Nd added from the benthic flux is
[Nd]aqq=[Nd]sio-[Nd]s¢7. Thus, the calculated x4 is -10.9 + 1.1, which corresponds to the
Nd isotopic signature of surface sediments in the northwestern margin of the SCS (from ~-9.3
to -11.8, Liu et al., 2016). This suggests that the early diagenesis of subsurface sediments may
preferentially release Nd with the same isotopic signature as the deep-sea sediments. This
process is different from the scavenging effect observed in the nepheloid layers within the
water column. Our results support the idea that benthic flux may significantly affect the Nd
isotope compositions of bottom seawater (Abbott et al., 2015).

For stations HS1 and HS10, the bottom water displays a slight negative excursion and no
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increase in Nd concentration. Considering the occurrence of benthic nepheloid layers, a
scavenging process might decrease the Nd added from benthic flux but attenuate the
modification of Nd isotopes. In addition, the mineralogical composition of the margin of
South Taiwan mainly consists of minerals resulting from physical erosion which should be
less reactive to Nd exchange with pore water and seawater than sediments on the eastern
margin of China (station St9).

An adapted sampling strategy of seawater at the sediment interface and pore water is
encouraged, and further investigations on the major and trace element of these fluids would

undoubtedly help us gain a better understanding of benthic flux in the northern SCS.

6. CONCLUSIONS

Three vertical profiles of dissolved REE concentrations and Nd isotope compositions
from water stations close to Taiwanese deep-sea canyons have been analyzed and combined
with previous REE results obtained from 16 stations located in the Northern SCS. The aim is
to evaluate the impact of intermediate and benthic nepheloid layers and of contrasted
mineralogical sediment compositions of the margin of southern Taiwan and the eastern
margin of China on dissolved REE concentrations and ¢Nd distributions. We conclude that:

1/ The Nd isotope compositions of seawater reflect the advection of water masses from

the western Pacific Ocean to the northern SCS. The surface seawater of the northern SCS

yields a eNd value that is slightly less radiogenic than NPTW values, thus indicating a

modification of Nd isotopic composition by lithogenic input from Taiwan’s rivers. At

intermediate depth, the most radiogenic value (eNd = -2.48) was found at around 400 m

off southern Taiwan and results from an inflow of NPIW through the northern part of the
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Luzon Strait. Below 1500 m, the eNd values in the SCS are identical to PDW eNd values
recorded in the Philippine Sea.

2/ Intermediate water at a greater distance from the Luzon Strait (margin of eastern China)
shows a negative eNd value resulting from the upwelling of less radiogenic deep-water of
the SCS, as well as boundary exchange with unradiogenic continental sediments. We
have shown that intermediate water (from 300 to 800 m water depth) becomes less
radiogenic along the margin of eastern China due to Nd exchange of seawater with
unradiogenic sediments (from -10.2 to -12.6) deriving from the tropical soils of Chinese
river basins. We have proposed that pedogenetic minerals from Chinese tropical soils
modify the Nd isotopic compositions of seawater more efficiently than fresh detrital
minerals resulting from very high physical erosion rates on Taiwan Island.

3/ In the nepheloid layers, scavenging of suspended particles greatly impact the REE
fractionation in this layer. However, Nd isotope compositions do not show any significant
change compared to neighboring layers. In contrast, a remineralization flux from particle
degradation could play a role in the dissolved REE concentrations at the bottom, and this
process causes a slight negative shift in the eéNd values of the bottom water. The exact
mechanism of this remineralization flux requires further investigation of the REE and Nd

isotopes of pore water of sediments in the studied area.
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APPENDIX A. SUPPLEMENTARY MATERIAL

Supplementary material includes three supplemental figures and two tables. Figure S1 is the
vertical profiles of dissolved REE concentrations at station HS1, HS6 and HS10; Figure S2 is
the PAAS normalized REE patterns of three stations. Figure S3 is the PAAS-normalized REE
pattern of surface water of the northern SCS (this study) and stations St2 and St3 in the
Philippine Sea (Wu et al., 2015). Table S1 is the original data of seawater Nd isotope
compositions (expressed as ¢éNd), concentrations from this study along with hydrographic

parameters. Table S2 is original data of seawater REE concentrations.
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PDW 34.62 32.6 -3.9+0.4 Wu et al., 2015;

Brehens et al., 2018

Figure captions

Fig. 1. Sampling map of seawater stations in the SCS and western Pacific Ocean. The red
circles represent the HydroSed sites in this study, the blue circles indicate other seawater
stations mentioned in the discussion (Wu et al., 2015). The circulations are based on (Kawabe
et al., 2009, 2010, You et al 2003; Liu et al., 2016). The topographic map (b) is an
enlargement of the solid square indicated in (a), it shows the specific locations of seawater
sites and two deep-sea canyons (Gaoping Canyon and Penghu Canyon) in northern Taiwan.
(c) The salinity contours along the transect in the Luzon Strait. The salinity data were taken

from the World Ocean Atlas 2013.

Fig. 2. Vertical profiles of salinity (a), potential temperature (b), dissolved oxygen (c), Fluor

concentration (d) and turbidity (e) at stations HS1, HS6 and HS10.

Fig. 3. Salinity versus potential temperature diagrams of three water stations investigated in
this study and other seawater stations in the SCS and western Pacific (Wu et al., 2015). Water
masses are labeled as follows: Pacific Deep Water-PDW, Upper Circumpolar Deep Water -
UCDW, North Pacific Intermediate Water - NPIW, South China Sea Intermediate Water -

SCSIW, North Pacific Tropical Water - NPTW, South China Sea Tropical Water - SCSTW.
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Fig. 4. Vertical profiles of dissolved La, Ce, Nd, Sm, Yb concentrations and ¢Nd values at

stations HS1, HS6 and HS10.

Fig. 5. Vertical profiles of La/Sm (a), La/Yb (b), Ce* (¢) and MREE/MREE* (d) ratios in the
northern SCS (HS1, HS6, HS10, St7, St8 and St9), Luzon Strait (St5), Philippine Sea (St2)

(data of Stations St2, St5, St7, St8 and St9 are cited from Wu et al., 2015).

Fig. 6. Mixing relationships of major water masses in the SCS based on salinity versus Nd

concentration (a) and salinity versus eNd (b) of seawater in stations HS1, HS6 and HS10.

Fig. 7. Comparison of eNd from stations HS1, HS6 and HS10 of this study and Northern SCS
(St7, St8 and St9) (a), the Luzon Strait (St5 and St6) and the Philippine Sea (St2) (b). (results

of St5-St9 and St13 are from Wu et al., 2015)

Fig. 8. Mixing relationships of major water masses at intermediate depth (300-800 m) in the
SCS based on salinity versus Nd concentration (a) and salinity versus eNd values (b). (c)
Measured eNd values versus predicted eéNd values. (d) Spatial distribution of eNd offset.

(results of St5-St9 and St13 are from Wu et al., 2015).

Fig.9. Vertical profiles of turbidity (yellow line), La/Yb (blue dots), MREE* (red dots).
La/Sm (green dots) and Nd concentrations (brown circles) and isotopic compositions (brown
dots) in stations HS1, HS10, St7, St8 and St9. Grey and blue shallow squares highlight the

nepheloid layers and bottom turbidity intervals, respectively.
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Fig 10. Simplified schematic diagram of dissolved REE cycle in seawater

Fig. 11. Clay mineral distributions along depth transects off southwestern Taiwan (a; Liu et
al., 2010) and northern SCS (b; Liu et al., 2010). (c) Nd isotopic compositions and
concentrations of HS1 southwest of Taiwan and St7 in northern SCS (results of St7 are from

Wu et al., 2015).
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Fig. 3
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