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Abstract The chemical weathering of Earth's silicate rocks regulates the global climate. However, the exact
role of continental weathering with orogenic building and island arc weathering with arc‐continent collisions
remains unclear. Here, we established a seawater neodymium isotopic composition (εNd) record for the northern
South China Sea (SCS) since 28 Ma, retrieving from planktonic foraminifera at International Ocean Discovery
Program Site U1501. The progressively restricted SCS connection from the Pacific Ocean and intensified
weathering inputs from the East Asian Continent correspond to an unradiogenic trend of εNd records between 17
and 9 Ma. The radiogenic trend of εNd records since 9 Ma could be induced by enhanced tropical island arc
weathering inputs in the context of the Luzon Arc‐Eurasian Continent collision, which resulted in significant
atmospheric CO2 consumption. This study highlights that enhanced weathering of tropical island arc potentially
significantly contributed to global cooling since the late Miocene.

Plain Language Summary Silicate weathering of continents and island arcs are key processes in
impacting the Earth's climate through removing CO2 from the atmosphere. However, the exact roles of these
two weathering systems during different geological periods remain poorly understood. This study presents new
seawater neodymium isotopic records in the northern South China Sea (SCS) since 28 Ma. These seawater
fingerprints could examine the evolution of weathering inputs from East Asian continental rocks and tropical
volcanic island arc that have influenced the northern SCS since the late Oligocene. Between 17 and 9 Ma, the
unradiogenic trend of εNd values indicates the gradual isolation of the SCS basin and intensified weathering
inputs from the East Asian Continent. In contrast, the more radiogenic trend in εNd values since 9 Ma,
corresponds to the collision of the Luzon Arc and the Eurasian Continent during this period, which led to rapid
weathering of the tropical island arc. The enhanced weathering of the tropical island arc could have increased
CO2 consumption, potentially contributing to global cooling. These findings highlight the important role of
tropical volcanic island arc in climate regulation and provide new insights into how tectonic evolution has
shaped the seawater Nd isotopic composition in the deep SCS basin.

1. Introduction
The Earth's cooling trend during the Cenozoic has been primarily attributed to several key processes: reduced
volcanic outgassing (Herbert et al., 2022), the burial of organic carbon on continental margins (Galy et al., 2007),
and enhanced silicate weathering in the Himalayas and Tibetan Plateau, which sequesters carbon dioxide (CO2)
through carbonate precipitation in the ocean (Raymo & Ruddiman, 1992; Song et al., 2023). Recently, it has been
hypothesized that arc‐continent collisions in the tropics could be responsible for CO2 depletion and glaciations by
rapidly exhuming and eroding mafic and ultramafic rocks within large volcanic island arcs (Bayon et al., 2023;
Jagoutz et al., 2016; Macdonald et al., 2019). However, the silicate weathering processes induced by the uplift of
volcanic island arcs and the Himalayas‐Tibetan Plateau have not been independently recorded in a certain area
(Jagoutz et al., 2016), a fact that prevents us from identifying the dominant role of volcanic arcs and crustal
continent rocks in the weathering to the ocean, especially since the late Cenozoic.
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The dissolved neodymium isotopic composition (143Nd/144Nd) of seawater, expressed as εNd, is not homogeneous
in oceans because of its residence time (∼500–1,000 years) (Siddall et al., 2008; Tachikawa et al., 2003) being
shorter than the mean mixing time of the global ocean (∼1,500 years) (Piepgras & Wasserburg, 1982). Seawater
εNd records are considered as quasi‐conservative tracers for fingerprinting the evolution of deep‐water masses
characterized by different isotopic compositions in the geological past (e.g., Colin et al., 2019; Dubois‐Dauphin
et al., 2017; Piepgras & Wasserburg, 1982). However, the εNd values of water masses can also be modified by
discharges of freshwater and sediments from rivers (Burton & Vance, 2000; Yu et al., 2017), by “boundary
exchange” corresponding to the exchange of Nd between water masses and sediments deposited on oceanic
margins (Jeandel et al., 2007; Lacan & Jeandel, 2005; Lacan et al., 2012), and/or the benthic flux from pore water
in certain oceanic areas (Abbott et al., 2015). These processes are particularly well pronounced in marginal seas
under the influence of large sediment inputs, such as in the Bay of Bengal (Singh et al., 2012; Song et al., 2023; Yu
et al., 2017) and the South China Sea (SCS) (Wu et al., 2017).

At modern times, the SCS is a semi‐enclosed marginal sea connected to the western Pacific Ocean through the
Luzon Strait at a modern sill depth of ∼2,400 m, which is the only passage for the Pacific Ocean deep‐water
masses (North Pacific Deep Water, NPDW; Upper and Lower Circumpolar Deep Water, UCDW and LCDW)
to enter the SCS (Qu et al., 2006; Wyrtki, 1961). The SCS receives a large amount of suspended sediments
(approximately 700 million tons annually) from surrounding drainage basins (e.g., the Pearl River, the Red River
and the Mekong River), representing 3.7% of the estimated global fluvial sediment discharge into the world's
oceans (Milliman & Farnsworth, 2011). Given that the εNd values of these riverine sediments are markedly more
unradiogenic (εNd values from − 13 to − 11) (Wei et al., 2012) than those of Pacific Ocean deep‐water masses that
enter the SCS via the Luzon Strait (εNd values of − 4 to − 2.5 for NPDW; εNd values of − 9 to − 6 for LCDW/
UCDW) (Amakawa et al., 2019; Wu et al., 2015), the SCS is an ideal setting for evaluating the influence of
lithogenic Nd inputs from these large Asian rivers. In addition, seawater εNd has been recognized as a sensitive
tracer of the weathering of volcanic island arcs and the partial dissolution of volcanogenic particles, both of which
are characterized by radiogenic Nd isotopic compositions (Bayon et al., 2023;Wu et al., 2017). These signals with
more radiogenic εNd values from the weathering of volcanic island arcs: εNd values from +2 to +8 for volcanic
rocks in the Philippine Islands (Sajona et al., 2000; Solidum et al., 2003); εNd values from+6.5 to+7.1 for stream
sediments on Luzon Island (Goldstein & Jacobsen, 1988) and εNd values from − 3.7 to +5.3 for sediments
offshore of the southern Philippines Arc in the western Pacific (Wei et al., 2012). These sediments can be
transported to the deep SCS basin by the intruding Pacific Deep Water (PDW) (Wu et al., 2017).

The εNd values of planktonic foraminifera have been shown to reflect the Nd isotopic composition of bottom
water and/or porewater rather than ambient seawater at calcification depths, as element Nd is mainly hosted and
concentrated by Fe‐Mn oxyhydroxide coatings formed after deposition at the sediment‐seawater interface
(Piotrowski et al., 2012; Tachikawa et al., 2014). Furthermore, the signal of εNd reflects the integrated weathering
inputs and represents a denudation flux that integrates both physical erosion and chemical weathering processes
(Bayon et al., 2023; Yu et al., 2018). In this study, we analyzed the εNd values of mixed planktonic foraminifera
from International Ocean Discovery Program (IODP) Site U1501, located on the northern margin of the SCS, to
establish the past Nd isotopic composition of deep water and the long‐term evolution of weathering inputs.
Overall, our new results make it possible to assess the relative contribution from crustal continents (i.e., the East
Asian Continent) and the western Pacific island arcs to weathering inputs, which are closely linked to regional
tectonic evolution over time.

2. Materials and Methods
Drilling at IODP Site U1501 (18°53.09′N, 115°45.95′E, water depth of 2,846 m; Figure 1) on the northern SCS
has recovered a continuous deep‐sea sedimentary record of terrestrial erosion in South China since the Eocene
(Jian et al., 2018, 2019; Jin et al., 2022). The age model for Site U1501 has been well established using
biostratigraphic data (calcareous nannofossils and planktonic foraminifera), magnetostratigraphic data and
87Sr/86Sr ratios of foraminifera shells (Figure 2) (Jian et al., 2018, 2019). For this study, we investigated the upper
300 mbsf (meters below the sea floor) of the sedimentary sequence over the last 28 Ma.

About 30 mg of well‐preserved mixed species planktonic foraminifera were measured from 68 samples at the
Géosciences Paris–Saclay laboratory at the University Paris–Saclay. After cleaning and weak acid leaching, we
follow the method outlined by Copard et al. (2010) for Nd purification. The 143Nd/144Nd ratios were analyzed
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using the Thermo Fisher NeptunePlusMulti–collector Inductively Coupled PlasmaMass Spectrometer (MC–ICP–
MS) hosted at the Laboratoire des Sciences du Climat et de l’Environnement (LSCE), France. During the
analytical sessions, every three samples were bracketed using JNdi–1 Nd standard solutions (Tanaka et al., 2000)
(Details are presented in Text S2 in Supporting Information S1).

Figure 1. (a) Location map showing available seawater εNd records from the Southern Ocean (Frank et al., 2002; Holbourn et al., 2013; Scher & Martin, 2004), the
equatorial‐north Pacific Ocean (Holbourn et al., 2013; Jian et al., 2023; Kender et al., 2018; Le Houedec et al., 2016; Ling et al., 1997; McKinley et al., 2019) and the
South China Sea (SCS) (Ma et al., 2018; Shu et al., 2024). The map also illustrates modern deep Pacific Ocean circulation (Kawabe & Fujio, 2010), including Antarctic
Circumpolar Current, Lower and Upper Circumpolar Deep Water (LCDW and UCDW), and North Pacific Deep Water (NPDW) (details in Text S1 in Supporting
Information S1); (b) Regional map depicting the locations of International Ocean Discovery Program Sites U1501 and U1499, ODP Site 1148 in the northern SCS. The
map also highlights major river drainage systems and the modern schematic pathways of LCDW, UCDW and NPDW.
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3. Results
The εNd values obtained from samples of mixed planktonic foraminifera collected from Site U1501 exhibit large
variations, with an amplitude of approximately 3.6 epsilon units (ranging from − 8.3 ± 0.17 to − 4.7 ± 0.15) since
28 Ma (Figure 2 and Data Set S1). The long‐term variations in the foraminiferal εNd record reveal an initial
excursion toward less radiogenic εNd values of approximately two epsilon units around 28 and 26Ma. This shift is
followed by long‐lasting negative shifts in εNd values, persisting from 26 to 17 Ma (slightly down to lower values
reaching − 7.6) and then from 17 to 9 Ma (markedly down to lower values reaching − 8.3). In contrast, after 9 Ma,

Figure 2. Variations in εNd values of planktonic foraminifera and detrital fraction, terrigenous mass accumulation rates (TMARs, g/cm
2/kyr) at International Ocean

Discovery Program Site U1501 since 28 Ma. The reconstruction of mass fluxes based on stacked TMAR records from multiple sites and seismic data in the northern
South China Sea is also shown (Clift, 2006; Jin et al., 2023). The green cross symbols on the εNd plot represent key transition points, calculated by the first derivative.
The pink band represents the LOESS smoothing. Bold pink lines indicate periods of significant variation in εNd values.
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the εNd record toward a more radiogenic value of more than three epsilon units (Figure 2). Notably, the amplitudes
of εNd variation become more pronounced between 9 and 3 Ma, characterized by peaks of increasingly radiogenic
values (Figure 2). The εNd records of fish teeth from Sites U1499 (Shu et al., 2024) and 1148 (Ma et al., 2018),
both located proximate to Site U1501, exhibit similar ranges to those at Site U1501 between 27 and 10 Ma
(Figure 3c), indicating that εNd values at Site U1501 reliably reflect the local bottom water signal.

4. Discussion
The Nd isotopic composition of foraminifera at Site U1501 (εNd values from − 8.3 to − 4.7) represents a mixture of
signals from lithogenic Nd derived from river sediments around the SCS (εNd values, − 13 to − 11) and intruded
PDW masses, NPDW (εNd values of − 4 to − 2.5) and UCDW and/or LCDW (εNd values of − 9 to − 6) (Figure 1)
(Kawabe & Fujio, 2010; Wu et al., 2017). Therefore, the long‐term variations in foraminiferal εNd values at Site
U1501 over the last 28 Ma may have resulted from (a) major changes in the sediment provenance due to the
reorganization of the main Asian river systems; (b) changes in εNd of deep water masses from the Pacific Ocean;

Figure 3. Temporal variations in seawater εNd values, climate change and tectonic evolution of the South China Sea (SCS) and the Luzon Arc since the late Oligocene.
(a) Marine benthic δ18O (Westerhold et al., 2020); (b) Benthic foraminifera δ13C at ODP Site 1148 and Pacific Ocean composite records (Chen et al., 2015);
(c) Comparison of εNd values Sites U1501, U1499 (Shu et al., 2024) and 1148 (Ma et al., 2018), and the equatorial‐north Pacific Ocean end‐member (details are
presented in Figure S1 in Supporting Information S1); (d) Main tectonic evolution in the SCS and the North Luzon Arc (Hall, 2002; Huang et al., 2018); Schematic
diagram illustrating the paleogeographic reconstructions and weathering inputs from the East Asian Continent and the Luzon Arc at (e) 28 Ma, (f) 17 Ma, and (g) 9 Ma
(after Hall, 2002).
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and (c) variations in the relative contributions of lithogenic Nd inputs from crustal rocks located on the western
edge of the SCS and from basaltic rocks of island arc along the eastern edge of the SCS. This could provide
important clues to evaluate and discuss the reorganization of deep‐water circulation in the Pacific, and more
importantly, silicate weathering inputs from the East Asian Continent and island arc since the late Oligocene.

The sources of terrigenous sediments on the northwestern SCS have been well constrained by previous studies,
which show that the sediments originated dominantly from South China via the Pearl River since the late
Oligocene (Clift et al., 2002; Wan et al., 2007). A recent study based on clay minerals and Sr–Nd isotopic
compositions of clay‐sized sediments from Site U1501 confirmed a consistent sediment source mainly originating
from the Pearl River basin since 30 Ma, driven by the uplift of the SE Tibetan Plateau (Jin et al., 2022). Therefore,
the foraminiferal εNd record cannot be associated with any changes in the provenance of the detrital sediments.

4.1. Impacts of Changes in the εNd Values of the PDWandHydrological ExchangesWith the Pacific Ocean

We compiled available seawater Nd isotope ratios from potential end‐members (locations of sites and references
are shown in Figure 1; records are presented in Figure S1 in Supporting Information S1) to evaluate the impact of
bathed water masses. Seawater εNd records from the high‐latitude Southern Ocean end‐member show a relatively
stable trend since the late Oligocene (Figure S1 in Supporting Information S1). In contrast, seawater εNd records
from the equatorial‐north Pacific Ocean display an overall increasing trend of ∼4 εNd units between 20 and 4 Ma,
resulting from the increase in volcanic activities, rapid erosion of radiogenic island arcs and/or reduced entrance
of unradiogenic deep‐water masses from the Indian Ocean (Figure 3c and Figure S1 in Supporting Informa-
tion S1) (Bayon et al., 2023; Frank et al., 2002; Kender et al., 2018; Le Houedec et al., 2016; Ling et al., 1997; van
de Flierdt et al., 2004).

There is a clear and consistent offset between the εNd records of Site U1501 and the equatorial‐north Pacific
Ocean end‐member before 17 Ma (Figure 3c). Between 17 and 9 Ma, seawater εNd records from Site U1501 and
the equatorial‐north Pacific end‐member display distinct, almost opposite variations (Figure 3c). This unradio-
genic trend is further corroborated by εNd values from fossil fish teeth at Site U1499 (water depth of 3,758 m),
which show a shift of ∼3 epsilon units between 17 and 10 Ma (Figure 3c) (Shu et al., 2024). A comparison of
terrigenous MAR data between Sites U1501 and U1499 reveals a stable pattern, with persistently higher values at
Site U1501 between 17 and 11 Ma (Figure S2 in Supporting Information S1). This suggests that Site U1501 with
shallower water was more strongly influenced by sediments from continent input, characterized by unradiogenic
εNd values, during this period. In contrast, εNd values at Site U1499 show amore unradiogenic trend over the same
period (Figure 3c). This unradiogenic trend at Site U1499 has been attributed to the subsidence and deepening of
the SCS basin, allowing more invasion of LCDW (average depths of ∼4,000 m, εNd average of − 6.4) relative to
UCDW (average depths of ∼2,800 m, εNd average of − 4.5) after 15 Ma (Shu et al., 2024). However, Site U1501
experienced a gradual transition from the outer shelf‐upper slope (water depth <1,000 m) during the early
Oligocene to a lower slope (∼2,500 m) at 28‒24 Ma, eventually reaching its modern depth (∼2,846 m) (Jian
et al., 2019). Given the shallower depth, Site U1501 was predominantly influenced by UCDW inflow from the
Pacific, with almost no contribution from LCDW. Therefore, the discrepancy in the vertical structure of the water
column, bathed at Sites U1501 and U1499, explains the offset in εNd values between the two sites.

In the late Oligocene and early Miocene, the deep SCS basin was spreading and largely open to the Pacific Ocean
via a large deep strait (Figure 3e) (Hall, 2002; Huang et al., 2018). In such a configuration, the exchange of deep‐
water masses between the Pacific Ocean and the SCS was strong (Figure 3e). Thus, the variations in εNd records
from Site U1501 before 17 Ma show small fluctuations, similar to the equatorial‐north Pacific Ocean end‐
member, with slight negative εNd shifts due to the proximity of large Asian rivers (Figure 3c).

However, the SCS basin subsequently became progressively more restricted since the middle Miocene (Chen
et al., 2015), with reduced water mass intrusion from the Pacific Ocean as a result of (a) the subduction of the SCS
oceanic lithosphere eastward beneath the Huatung Basin/Philippine Sea Plate at ∼18‒17 Ma and; (b) the
development of tectonic‐morphological barriers, including the Hengchun Ridge accretionary prism, the Taiwan
accretionary prism and the North Luzon Arc at ∼17‒16 Ma (Figure 3d) (Huang et al., 2018). This isolation of the
deep SCS basin from the Pacific Ocean has been recognized as a primary factor controlling the benthic δ13C
depletion in the SCS relative to those of the Pacific Ocean since 16Ma (Figure 3b) (Chen et al., 2015). In addition,
reconstructions of the terrigenous MAR at Site U1501, mass fluxes based on stacked records and seismic data for
the northern SCS (Figure 2) indicate a higher rate of erosion during the early to middle Miocene, resulting from
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strong tectonic activity (Clift, 2006; Jin et al., 2023) and enhanced monsoon (Clift et al., 2014). This variation in
sediment flux (Figure 2) is almost consistent with the significant shift to more unradiogenic foraminiferal εNd
values at the study site (Figure 3c). The combined effects of a restricted SCS and increased continental inputs
likely explain why εNd values at Site U1501 became more unradiogenic, with greater amplitudes of variations
after about 17 Ma and up until 9 Ma (Figure 3f).

4.2. Arc‐Continent Collision Driven Seawater εNd Variations Since the Late Miocene

Afterward, over the last ∼9 Ma, the foraminiferal εNd record at Site U1501 indicates a shift toward more
radiogenic compositions and seems in line with records of the equatorial‒north Pacific end‒member (Figure 3c).
The reduction in Pacific deep‒water hydrological exchanges with the deep SCS basin since the middle Miocene
(∼16 Ma), rules out the increased contribution of PDW masses over the last 9 Ma. In addition, evidence has
suggested enhanced aridification of Central Asia and eolian input to the North Pacific at ∼9–8 Ma (Shen
et al., 2017; Yang et al., 2021), implying dust serves as a potential radiogenic Nd source. However, numerous
studies indicate that eolian dust contributed minimally to the northern SCS relative to huge fluvial sediments since
the early Miocene (Jin et al., 2022; Liu et al., 2016; Wan et al., 2007). Therefore, dust deposition may have left
radiogenic imprints on SCS seawater but insufficiently contributed to the rise in εNd values since 9 Ma. The
reconstructed terrigenous MAR records from Site U1501 and stacked mass fluxes from the northern SCS (Jin
et al., 2023) show a decrease in terrigenous input beginning in the middle Miocene but do not indicate any notable
reductions around 9 Ma (Figure 2). These records imply a reduction in unradiogenic lithogenic Nd contributions
from Asian river basins since the middle Miocene, however, without a distinct decrease occurred at 9 Ma. Thus,
the positive shift in the εNd record at Site U1501 after 9 Ma likely reflects a relatively increased contribution of
radiogenic Nd in the deep seawaters, related to volcanic island arc inputs at the eastern edge of the SCS.

Various lines of evidence have suggested that arc‐continent collision in the tropical SE Pacific since the late
Cenozoic accelerated the uplift and exposure of island areas, which in turn enhanced erosional inputs into the
ocean (Bayon et al., 2023; Hall, 2002; Molnar & Cronin, 2015). The substantial turbidite sedimentary sequences
in the Luzon forearc basin, massive deposition of sediments corresponding to 5–6 km of crust in the Borneo
Basin, and extensive sections of forearc basement in Timor since the late Miocene are indicative of these pro-
cesses (Hall, 2002; Huang et al., 2018). The Luzon Arc consists of a ∼1,200 km chain of Miocene to recent
stratovolcanoes and volcanic necks, stretching from Mindoro to the coastal range of Taiwan Island (Hall, 2002,
2009). It appears that the initial collision of the North Luzon Arc and the Eurasian Continent began in the latest
Miocene (Figure 3d), supported by: (a) reconstruction models (9–6Ma) (Sibuet et al., 2002; Sibuet & Hsu, 2004);
(b) the emergence of the Taiwan accretionary prism (<8.5–6.4 Ma) (Chen et al., 2017); (c) the presence of
Taiwan‐derived syn‐collisional sediments in the forearc basin (6.5 Ma) (Huang et al., 2018; Lin et al., 2003); and
(d) older cooling events in the Central Range (7.1 ± 1.3 Ma) (Mesalles et al., 2014).

Given the heavy rainfall in the tropical rain belt (∼15°S–20°N) and the steep topography that characterizes the
catchment areas of island arcs, there is considerable physical erosion and chemical alteration of the extensive low‐
latitude volcanic island arcs (Bayon et al., 2023; Hartmann et al., 2014). We propose that the tropical arc‐
continent collision starting in the late Miocene resulted in faulting and fracturing of the Luzon Arc, promoting
further uplift and exposure. These newly exposed areas then become highly susceptible to weathering, along with
heavy rainfall in the tropics, causing high rates of physical and chemical erosion of basaltic rocks in the Luzon
Arc. The enhanced weathering inputs from volcanic island arc (mainly the Luzon Arc and the Pro‐Philippine Arc)
introduced significant radiogenic Nd into the surrounding and Pacific seawaters and then migrated to Site U1501
(Figure 3g). The intermediary of water masses, which carries radiogenic Nd from island arc weathering, explains
why the detrital sediment εNd records at Site U1501 remain stable, whereas the foraminiferal values exhibit
radiogenic trend since 9Ma (Figure 2). The interpretation is consistent with previous study that the collision of the
Australian–Banda–Sunda Arcs over the last 4 Ma was the main source of radiogenic seawater Nd recovered from
marine sediment along the northwestern Australian margin, with unradiogenic Nd of detritus (Bayon et al., 2023).
Furthermore, the pronounced radiogenic trend in εNd values could be buffered by unradiogenic inputs after 3 Ma
(Figure 3c), which may be due to an increased influx of detrital sediments from Taiwan Island (εNd values of
western Taiwan riverine sediments, − 14 to − 12) to the northern SCS since the late Pliocene (Dou et al., 2016;
Wan et al., 2010).
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4.3. Mass Balance of Weathering Input From Island Arc Relative to Asian Continent Since 9 Ma

Additionally, we attempt to quantify the contribution of weathering input from the island arc relative to the Asian
continent since 9Ma, using a mass balance approach based on the foraminiferal εNd data set at Site U1501. Before
9 Ma, εNd values were predominantly influenced by the East Asian Continent weathering input (W) and Pacific
deep‐water masses (S), expressed by Equation 1:

(εNd)W[Nd]W + (εNd)S[Nd]S = (εNd)A( [Nd]W + [Nd]S) (1)

After 9 Ma, weathering input from the island arc (I) contributed to the Nd balance, expressed by Equation 2:

(εNd)W[Nd]W + (εNd)S[Nd]S + (εNd)I[Nd]I = (εNd)A( [Nd]W + [Nd]S + [Nd]I) (2)

Here, (εNd)W, (εNd)S, (εNd)I and (εNd)A correspond to the εNd values from the East Asian Continent weathering,
seawater masses, island arc weathering and Site U1501. [Nd]W, [Nd]S, and [Nd]I represent Nd flux, contributing
to foraminiferal Nd at Site U1501. We do not follow the conventional method of separately estimating the end‐
member contributions as Nd fluxes are completely unconstrained within a million‐year geological timescale.
Instead, we simplify the model by combining the Nd flux and its fractions of the total Nd mass into a single
parameter and obtain the relative contribution of island arc versus continental weathering (Yu et al., 2022). Over
the last 9 Ma, we obtain [Nd]I = 1/11[Nd]W (see Text S3 in Supporting Information S1 for details). In theory,
both the reduction of continent weathering input and enhanced island arc weathering input could lead to radio-
genic variation in εNd at Site U1501. The mass balance result indicates that, in conservative assumptions, injection
of the Nd flux of arc island weathering under the long‐term decreasing continental weathering input, accounting
for 1/11 Nd flux from continental weathering, is sufficient to explain the observed radiogenic εNd since 9 Ma.
Such results do not demonstrate that the contribution of island arc weathering is small, 1/11 of continental
weathering, however, highlight the significant role of island arc in the Nd budget. These findings align with
studies highlighting the disproportionately between minor island arcs area and significant contribution to global
weathering (Jagoutz et al., 2016). Specifically, weathering of island arcs accounts for approximately 25% of
global weathering flux with ∼3% of land area (Milliman & Farnsworth, 2011).

4.4. Impact of Western Pacific Island Arc Weathering on Global Cooling Since the Late Miocene

In general, basaltic rocks in warm and wet tropical belts have much higher CO2 consumption rates than granitic
watersheds outside of the tropics, often by two orders of magnitude (Dessert et al., 2001). The continent‒island
arc collisions have led to the obduction of volcanic island arcs onto continents, creating kilometers‐thick ophiolite
complexes and increasing the surface area of highly weatherable ultramafic‒mafic rocks (Hartmann et al., 2014;
Jagoutz et al., 2016). In the context of the warm and humid tropics, this has led to a greatly intensified flux of
silicate weathering, ultimately playing an important role in the consumption of atmospheric CO2 concentrations
and triggering global cooling in the past (Macdonald et al., 2019; Park et al., 2020).

Consequently, our new seawater εNd records from the northern SCS indicate that weathering of tropical island arc
in the context of arc‐continent collision has increased substantially over the last 9 Ma. Such results thus provide
strong evidence to support the previously proposed hypothesis that orographically driven chemical denudation of
western Pacific island arcs could have played an important role in chemical weathering and global cooling since
the late Miocene (Bayon et al., 2023; Jagoutz et al., 2016; Macdonald et al., 2019; Park et al., 2020).

In addition, εNd records from Site U1501 present cyclic‐like oscillations at million‐year timescales after the
middle Miocene (Figure 2). Orbital forcing generally drives periodic variations in climate systems, involved in
seasonal contrasts, precipitation, and chemical weathering (De Vleeschouwer et al., 2020; Pälike et al., 2006).
Therefore, the cyclic oscillations in εNd records at Site U1501, in the case of real signals, are likely related to
changes in weathering input from the continent and island arc, modulated by astronomical forcing. However, the
limited resolution of εNd data in this study hindered us from identifying reliable orbital solutions. Further study
with high‐resolution records will be necessary to understand the mechanism of orbital forcing in chemical
weathering.
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5. Conclusions
The εNd values of mixed planktonic foraminifera from IODP Site U1501 in the northern SCS were analyzed and
discussed, in order to trace past changes in weathering input and its links with tectonics and climate change. The
foraminiferal εNd records reveal a more unradiogenic trend between 17 and 9 Ma, which was induced by the
progressive isolation of the SCS basin from the Pacific Ocean and intensified weathering inputs from the Asian
Continent. In contrast, the markedly more radiogenic εNd trend observed since 9 Ma is attributed to the collision
between the Luzon Arc and the Eurasian Continent, leading to the rapid weathering of large volumes of radio-
genic basaltic rocks under tropical climates. This process may have played an important role in the consumption
of atmospheric CO2 and contributed to global cooling since the late Miocene. In summary, the εNd record at Site
U1501 demonstrates a dynamic balance of weathering inputs between the East Asian Continent and the Luzon
Arc since the late Oligocene, under the control of regional tectonic evolution.

Data Availability Statement
The data are available at Li & Wan (2025).
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