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Abstract A synthesis of published and newly acquired stable and radiocarbon isotope data from soil, river,
and marine particulate organic carbon (OC) from the South China Sea drainage and sedimentary basin
reveals that OC derived from bedrock-erosion (petrogenic OC) and marine productivity comprises the major
contributors to bulk OC in particulate matter reaching abyssal depths, while soil-derived OC appears
negligible. Aluminum-radiocarbon relationships of sediments suggest that soil OC initially associated with
detrital terrestrial minerals is lost and replaced by marine OC during transport beyond the continental shelf.
We estimate that petrogenic OC sinking to a ~30,000 km2 region of the deep northeastern South China
Sea accounts for 0.6% of global petrogenic OC burial. The basin-wide OC isotope patterns coupled with
sediment trap observations highlight both the spatial variabilities of OC components as they propagate from
source to sedimentary sink and the signiﬁcance of petrogenic OC to deep ocean sediments.

Plain Language Summary

Sediment traps deployed in the ocean intercept settling particulate
organic matter of marine and terrestrial origin. Terrestrial organic matter includes contributions from soils
as well as bedrock-derived organic matter mobilized by erosional processes and is exported by rivers into the
ocean, where it contributes to sinking sediment ﬂuxes. In this sediment trap study from the northeastern
South China Sea, we constrain the ﬂux and type of organic carbon exported to the deep ocean using stable
and radiocarbon isotopes. We ﬁnd that bedrock-derived and marine organic matter comprise the dominant
types of sedimentary organic matter reaching the deep South China Sea, whereas soil organic matter is
conspicuously absent. Both bedrock-derived carbon and marine carbon are associated with terrestrial
mineral particles as revealed by the high aluminum contents of all collected sediments, implying that soil
organic matter must be lost from mineral surfaces and replaced with marine carbon. These ﬁndings raise
fundamental new questions concerning the role of organic matter-mineral interactions in the ocean.

1. Introduction
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Over 99% of reduced organic carbon (OC) on Earth is found as kerogen disseminated in ancient sedimentary
rocks, with this vast carbon pool affecting biogeochemical cycles on geological timescales (Hedges, 1992). As
rock-derived or petrogenic organic carbon (OCpetro) is exposed at the Earth’s surface and eroded, its intrinsic
recalcitrance—having survived diagenetic and metamorphic processes associated with burial, lithiﬁcation,
and exhumation—implies that it may exhibit conservative behavior, largely bypassing the complicated carbon cycle ﬁrst recognized by Matti Sauramo (1938, 1939) during subsequent mobilization and transport.
The balance between oxidation and reburial of OCpetro modulates the oxygen and carbon dioxide content
of the atmosphere over geological timescales (Berner, 1990; Hedges, 1992). OC contents of sediments reﬂect
recent organic matter (OM) production derived from terrestrial and aquatic biospheres (OCbio) intermixed
with OCpetro from physical erosion of bedrock (Galy et al., 2015). Carbon isotopic mixing models assist in disentangling the contributions from these respective components and provide quantitative constraints on
OCpetro versus OCbio contents necessary to disentangle OC sources (e.g., Hilton et al., 2015).
From the context of sediment provenance, the South China Sea (SCS) is arguably one of the best constrained
marginal sea systems in the world due to the pronounced gradients in clay mineralogical assemblage associated with its different source regions (Liu, Colin, et al., 2010; Liu et al., 2016). Taiwan has been recognized as
an important source of OCpetro to the northeast SCS (Zheng et al., 2017), with the occurrence of OCpetro in
modern Taiwanese rivers ﬁrst reported by Kao and Liu (1996), and the efﬁciency of OCpetro export to the
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Figure 1. (a) Map of mooring stations TJ-A, TJ-C, and TJ-G. (b) Fm and δ C catchment-wide overview of the South China
Sea comprising soil, river, marine surface sediments, and sediment trap data. Soils are categorized into agricultural soils,
forest and mangrove soils, and paleosols. The agricultural soils include proﬁles from Taiwan and Luzon (Becker-Heidmann
et al., 1996). The forest (Ding et al., 2010; Shen, Sun, et al., 2001; Shen, Yi, et al., 2001; Shen et al., 2004) and mangrove
(Zhang et al., 2012; Zhang et al., 2013) soil proﬁles and paleosols (Ding et al., 2012) all come from mainland China. Fluvial
sediments include Zhujiang River (Gao et al., 2007; Liu et al., 2017; Tao et al., 2012; Wei, Shen, et al., 2010; Wei, Yi, et al., 2010)
and southwestern Taiwanese rivers (Kao et al., 2014). Radiocarbon isotopic composition of Zhujiang River dissolved
inorganic carbon given by Liu et al. (2017). Marine surface sediments are from the Gaoping Canyon and adjacent shelf (Kao
et al., 2014). Sediment trap samples proximal to Taiwan (Kao et al., 2014; Zheng et al., 2017) and in the deep South China Sea
are highlighted in the ﬁgure. Characteristic source end member carbon isotopic compositions are outlined. (c) C/N ratio
13
versus δ C of bulk organic matter with data from Gaoping River reported by Hilton et al. (2010).

ocean from this orogen highlighted by Hilton et al. (2011). Globally, it has been estimated that 43þ61
25 Mt
OCpetro are discharged from land to ocean annually (Galy et al., 2015). Taiwan discharges a disproportionately
high amount of OCpetro, comprising 3% of this global annual land-ocean ﬂux (Wang et al., 2016). Sediments
discharged from the Gaoping River draining southwestern Taiwan largely bypass the narrow shelf and slope
environments, where very little terrestrial sediment is trapped, and a large fraction is exported directly into
the deep ocean (Hsu et al., 2014; Kao et al., 2014; Zhang et al., 2018). Here we examine the fate of both
OCbio and OCpetro in deep waters of the northern SCS in the context of Taiwan and adjacent continental
inputs and investigate its relationship with lithogenic sedimentary particles.

2. Materials and Methods
Bottom-tethered sediment trap moorings detailed in Zhang et al. (2014; 2018) were deployed in May 2014
and recovered in May 2015 at three stations, TJ-A, TJ-C, and TJ-G with local water depths of ~2,100,
~3,850, and ~2,100 m, respectively (Figure 1a). At these three mooring sites, ﬁve sediment traps are subject
of this investigation including: TJ-A-Up (~510 m), TJ-A-Down (~1,960 m), TJ-C-Mid (~2,045 m), TJ-C-Down
(~3,795 m), and TJ-G-Down (~2,055 m). Each sediment trap consists of 21 sampling bottles of 500 ml, ﬁlled
with seawater containing HgCl2 and NaCl, continuously collecting settling particles for a whole year at
18-day time intervals. Upon recovery, sediment trap samples were kept cool at 4 °C until they were sieved
(<1 mm), split, washed by ﬁltration, and oven-dried at 40 °C for ≥48 hr in the State Key Laboratory of
BLATTMANN ET AL.
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Marine Geology at Tongji University, Shanghai. Aluminum contents were measured by inductively coupled
plasma-optical emission spectroscopy (ICP-OES) following methods and sample pretreatment established
at Tongji University, Shanghai (Liu et al., 2009). The total OC and nitrogen content as well as radiocarbon
and stable carbon isotope composition of bulk OC were measured on an elemental analyzer-isotope ratio
mass spectrometer (EA-IRMS, Elementar vario MICRO cube—Isoprime visION) coupled to a Mini Carbon
Dating System (MICADAS) accelerator mass spectrometer at ETH Zurich (Ionplus; McIntyre et al., 2016).
Inorganic carbon was removed prior to measurement using an in-cup hydrochloric acid vapor fumigation
method at 65 °C for three days (Hedges & Stern, 1984; Komada et al., 2008). All contents, including nitrogen,
were measured on acidiﬁed sample material. Analytical reproducibility of stable carbon isotopic composition
is reported as one standard deviation based on reproducibility of in-house atropine standard run in parallel to
samples. Radiocarbon isotopic data were reduced using BATS software (Wacker et al., 2010) and corrected for
constant extraneous carbon contamination (Wacker & Christl, 2011; Table S1 for data and propagated errors).
Dissolved inorganic carbon was collected from ocean surface waters at all mooring locations following procedures described in Blattmann et al. (2018). These were analyzed for their radiocarbon isotopic composition
by sparging the CO2 into the gas ion source of the MICADAS AMS (Wacker et al., 2013).

3. Results and Discussion
3.1. Carbon Isotope End Members in the SCS
Characteristic source end member carbon isotopic compositions are comprehensively outlined by synthesizing catchment-wide relevant sediments surrounding the SCS (Figure 1b). In the context of these source
regions, carbon isotope data for all sediment trap data available from the SCS are highlighted. The terrestrial
OC sources include soils and river sediments from South China, Taiwan, and Luzon. The carbon isotopic characteristics of OC sourced from soils and rivers exhibit a large spread in stable carbon isotope (exceeding the
range of 15 to 30‰) and radiocarbon isotope (from bomb to near 14C-dead) composition reﬂecting OC
type (freshwater aquatic, C3, and C4) and OC age as related to soil OC turnover, reservoir effects, and contributions of OCpetro. These carbon isotope end members are discussed in Texts S1 and S2.
The δ13C and C/N ratio values are typically used to identify sedimentary OM sources with marine and terrestrial OC in the SCS characterized by values of 22.1 ± 1.1‰, C/N 6.63 ± 1, and 25.5‰, C/N 22, respectively
(Liu et al., 2007; Meyers, 1994). In the SCS (Figure 1c), terrestrial input from the Gaoping River is characterized
by relatively low C/N molar ratios (~6) and δ13C values (mostly between 25 and 24‰), reﬂecting high contributions of bedrock-derived OM (Hilton et al., 2010). Traps TJ-G-Down, TJ-A-Down, TJ-C-Down, and TJ-C-Mid
are characterized by higher δ13C values and C/N ratios, approaching 22‰ and 8, respectively. The measured 14C contents of bulk OC from sediment trap TJ-G-Down represent the lowest ever reported for deepsea sediment traps (≥2,000 m) globally. Given these very 14C-depleted signatures within the Gaoping
Submarine Canyon, it is evident that OCpetro must be a major contributor to OC supplied to deep-sea basin.
3.2. Organic Carbon Provenance in the Deep SCS
The 13C versus 14C (δ13C vs Fm) plot shown in Figure 1b reveals that all of the deep SCS sediment trap
samples from the 2014–2015 deployment lie on a line (R2 = 0.89). This suggests that sinking particulate
OC (POC) contains varying proportions of OC derived chieﬂy from only two sources, with one component
evidently being OCpetro sourced from Taiwan. The second source is assigned to marine productivity,
because (i) TJ-A-Up (~510-m water depth), which is most inﬂuenced by upper ocean (biological pump)
processes and is most distal from land, exhibits stable carbon isotopic characteristics consistent with this
end member; (ii) contributions of soil OC should introduce more scatter into the data due to their more
varied carbon isotopic compositions as a function of depth and soil type; and (iii) radiocarbon contents
decrease with increasing total sediment ﬂux (Figure S1), coherent with lateral inﬂux of OCpetro diluting
marine input. The marine OC mirrors the radiocarbon content of the ocean surface water dissolved
inorganic carbon, which averages 1.04 ± 0.01 Fm (n = 7). Additionally, the δ13C signatures of the marine
(22.0 ± 0.1‰) and petrogenic (25.4 ± 0.1‰) OC end members, deﬁned by Fm values of 1.04 and 0 for
the linear regression in Figure 1b, respectively, are identical to the marine (22.1 ± 1.1‰) and terrigenous
(25.5‰) end members adopted in previous time series surveys of water column suspended sediments
from the photic zone and deep waters in the SCS (Liu et al., 2007). These results indicate an absence of
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inputs of isotopically-heavy terrigenous OC that would otherwise overlap with the marine end member,
despite the presence of such isotopic pedogenic OC signatures on land. Thus, from a bulk compositional
perspective, soil OC contributions to deep-ocean sinking POC appear to be negligible, and consequently,
sedimentation of terrigenous OC in the northern SCS is overwhelmingly dominated by petrogenic OC.
This sharp contrast in fate of petrogenic and pedogenic OC implies that the latter is either remineralized
or preferentially deposited in more land-proximal shelf or slope environments. This export of OCpetro to
the deep SCS reveals strong sorting of sedimentary OC and supports the notion that fresh pedogenic
OC is trapped on the continental margin (Zheng et al., 2017), potentially in muddy regimes along submarine canyon ﬂanks, where high terrestrial OC-burial ﬂuxes have been previously described (Hsu
et al., 2014).
The northeastern SCS primarily receives terrestrial sediment from sources with the following sediment
ﬂuxes: (1) Taiwan 176 Mt/year, (2) South China 102 Mt/year, and (3) Luzon >13 Mt/year (Liu et al.,
2016). The deep northeastern SCS is characterized by clay mineral assemblages composed mainly of illite,
chlorite, and smectite, while sediments with abundant kaolinite proportions, characteristic of the Zhujiang
River, are restricted to shelf environments hugging the Chinese mainland (Liu et al., 2016; Liu, Colin, et al.,
2010). It thus appears that soil OM sourced from the Zhujiang River, which evades remineralization, may
ﬁnd a fate similar to that of kaolinite, with which it is likely associated, leading to its deposition on the
wide shelf (>200 km) separating the Chinese mainland from the deep SCS. The absence of a soil OC signature in the deep SCS suggests that despite the Zhujiang River being one of the world’s largest rivers by
discharge, its ultimate legacy in terms of the deep SCS sediment record is disproportionally small, at least
during interglacial periods. In contrast, the shelf areas around Taiwan and Luzon facing the northeastern
SCS are very narrow, allowing terrestrial sediments to reach the deep northeastern SCS (as shown by clay
mineral composition of marine surface sediments; Liu et al., 2016). Nevertheless, despite this limited
accommodation space, biomolecular analysis of turbidity current-entrained sediments sourced from
Taiwan, collected within the triangle spanned by the moorings of this study at bathypelagic depths in
the wake of historic Typhoon Morakot in 2008, revealed that fatty acids, an abundant lipid class (800–
1,000 μg/g), were predominantly of marine origin, whereas less-abundant sterol signatures (10–20 μg/g)
suggested mixed terrestrial and marine contributions (Selvaraj et al., 2015). Thus, only vestigial molecular
remains of pedogenic OC apparently persist in the bathypelagic realm of the SCS despite entrainment of
terrestrially derived sediments in turbidity currents, consistent with the inferred predominance of OCpetro
based on the isotopic composition of bulk OC in settling particles intercepted by the sediment traps.
Furthermore, challenging previous conjectures that suggested indiscriminate transfer of all types of terrestrial OC by turbidity currents (Kao et al., 2014; Liu et al., 2012; Zheng et al., 2017), we ﬁnd that the
increased export efﬁciency of terrestrial OC into the bathypelagic realm is highly selective toward OCpetro.
The stable carbon isotopic composition of the OCpetro end member (Fm = 0 by deﬁnition) was centered at
25.4‰ during the 2014–2015 sediment trap campaign. Given the strong erosion, exposing bedrock in
the wake of extreme weather events (Tsai et al., 2010), this isotopic ﬁngerprint can conceivably vary with
time. At this stage, caution should be exercised in interpreting potential shifts through time as differences
in sample preparation, measurement, and data correction may introduce offsets between the data sets
reported previously (Kao et al., 2014; Zheng et al., 2017) and this study. However, assuming that the data sets
are comparable, δ13COCpetro appears to exhibit a lower value in 2008 (Kao et al., 2014; Zheng et al., 2017). This
change in OCpetro signature from the southwestern Taiwan catchment over timescales of years may reﬂect
differential erosion of OCpetro from different formations. Within the mountainous region of the Gaoping
River catchment, the two formations comprising the vast majority of areal bedrock exposure are the (1)
Lushan Formation (approximately two thirds of the mountainous catchment area, δ13Corg = 25.3 ± 1.7‰
n = 5) and (2) Pilushan Formation (approximately one fourth of the mountainous catchment area,
δ13Corg = 22.4 ± 1.5‰ n = 5; Hilton et al., 2010). Small areal contributions of low-grade sedimentary rocks
from the foreland from the Cholan and Tuokoshan Formations are typically lighter (average
δ13Corg = 27.1‰; Sparkes et al., 2015). From the calculated δ13C of OCpetro in the traps and direct measurements on the rocks, it is apparent that the deep SCS is receiving OCpetro sourced predominantly from the
Lushan Formation, which appears to compete with the isotopically heavier Pilushan Formation. More data
from bedrock samples and from longer-term sediment trap time series using consistent methods are needed
for in-depth comparison to test this hypothesis.
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Previous studies have estimated ﬂuvial OCpetro export (Kao et al., 2014) as well as net CO2 sequestration from
chemical weathering on Taiwan based on OCpetro oxidation and OCbio burial (Hilton et al., 2014). As the journey of OCpetro does not end once it is discharged into the ocean, it is important to constrain the abyssal
OCpetro ﬂuxes in order to quantify the net effect on atmospheric CO2. Kao et al. (2014) argued in favor of conservative OCpetro transfer into the deep SCS, citing low dissolved oxygen contents and high accumulation
rates. Although degradation of OCpetro within river basins during sediment transport has been studied
(e.g., Bouchez et al., 2010), no such insights currently exist for the marine realm to support this assumption.
OC in marine surface sediments collected from the shelf and land-proximal regions of the Gaoping Canyon
(“Taiwan Proximal Marine Surface Sediments” in Figure 1, shaded in red) exhibits highly depleted radiocarbon
contents, in line with substantial Taiwanese supply of OCpetro to the ocean. With respect to stable carbon isotopic compositions, these marine sediments show δ13Corg values, which are both considerably lighter and
heavier than that of the mixing line proposed for the 2014–2015 sediment trap samples. This suggests that
pedogenic OC of either C4 or C3 origin or OCpetro sourced from different formations results in signature offsets from the mixing line. If marine OC strongly dilutes the terrestrial OC supply, pedogenic OC signatures
may only become apparent once labile marine OC is remineralized upon ﬁnal burial. Taiwanese OCpetro, having undergone higher grade metamorphism and thus exhibiting higher δ13Corg values (Yui, 2005), may be
more recalcitrant and undergo selective preservation during the ﬁnal stages of transport and early diagenesis
in surﬁcial sediments. Revisions of previously estimated carbon budgets for weathering of mountain belts
(Hilton et al., 2014) would be necessary if a signiﬁcant fraction of OCpetro in the marine realm is indeed remineralized prior to burial. Remineralization of OCpetro has been observed within the Amazon River system
(Bouchez et al., 2010), and it is thus likely that similar degradation may occur in the marine realm. Previous
studies have used a OC × Fm versus OC crossplot for estimating average OCpetro content in sediments
(Galy et al., 2008; Zheng et al., 2017). Applying this approach to the sediment trap data collected in this study
(Figure S2) results in an average OCpetro of 0.37 ± 0.08%, which has a higher tendency than nontyphoon sediment trap sediments within the upper Gaoping Canyon (0.28 ± 0.06%; Zheng et al., 2017), hinting that hydrodynamic sorting processes may result in preferential export of particles laden with OCpetro to the deep sea.
Here we develop an independent assessment of the annual OCpetro vertical ﬂux into the deep SCS sediments
based on our novel sediment trap-based observations of ocean bottom ﬂuxes. The locations of the three
mooring systems TJ-A, TJ-C, and TJ-G span a triangle with an areal coverage of nearly 30,000 km2, comprising
approximately one 25th of the deep SCS seaﬂoor with water depth ≥2,000 m, deﬁning the area for the abyssal
OCpetro ﬂux estimate. Based on the annual average vertical OCpetro ﬂuxes measured for the three corners of
the triangle, we apply a bilinear model describing OCpetro in all points within the triangle and integrate over
the entire area in order to yield a total annual OCpetro ﬂux (Text S3). This is a highly simpliﬁed model for assessing ﬂux over an enormous area that ignores effects of hydrodynamics, currents, and conduits of preferential
transport such as the Manila Trench (Talling et al., 2013), along-slope transport driven by bottom ﬂow (Liu
et al., 2016) or focused accumulation of pelagic sediment on drift deposits (Kienast et al., 2005; Shipboard
Scientiﬁc Party, 2000). In the current study, sediment trap TJ-G-Down is deployed on the levee of the
Gaoping Submarine Canyon and includes time intervals with sediments sourced from turbidity currents
(Zhang et al., 2018). We propose that a reasonable ﬁrst-order estimate for pelagic OCpetro burial can be
obtained using this approach. As sediment ﬂuxes from trap studies are inherently biased with respect to
ﬂuxes from the bottom nepheloid layer below the trap and preferential transport along the thalweg of the
canyon, this vertical ﬂux estimate is considered conservative. Within the deﬁned area, and for this deployment year, we estimate that 0.242 Mt OCpetro was exported to the underlying deep-sea sediments. Relative
to estimates of total Taiwanese (Wang et al., 2016) and global OCpetro (Galy et al., 2015) export, this corresponds to an estimated sink of 19 and 0.6% of annual OCpetro export ﬂux, respectively. This ﬁrst-order estimate only takes vertical ﬂux (intercepted by the bottom sediment trap) into account and is likely highly
dependent on the year. Future consideration of lateral ﬂuxes and geographic expansion to take into account
deposition beyond the deﬁned area is necessary to develop a full budget of OCpetro in the deep SCS.
3.3. Aluminum-14C Relationships in Global Context
The downward trend in radiocarbon contents with increasing aluminum content, obtained from oceanic settling particulate matter intercepted by sediment traps, has been attributed to resuspension of lithogenic
sediment-associated OC (Figure 2; Hwang et al., 2008; Hwang et al., 2010). Although trends in Al-14C
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Figure 2. (a) Radiocarbon isotopic composition of bulk organic carbon versus aluminum content of sediment. (b) Stable
carbon isotopic composition of bulk organic carbon versus aluminum content of sediment. The Japan Sea and New
England Slope show mixing between a marine source (Fm = 1 and 0% Al content) with lithogenic material bearing an aged
14 13
radiocarbon signature. The Arctic Canada Basin shows a more chaotic Al- C- C relationship characterized by relatively
high aluminum contents throughout. The scatter and aged signature suggests contributions from aged terrestrial organic
carbon and reworked marine sediments. In stark contrast, the SCS shows uniformly high Al contents but marked variations
14
13
in C and a subtle trend with C, suggesting mixing between two predominantly lithogenic sources with one bearing
a petrogenic carbon signature and the other a modern, marine signature.

relationships may be due to sediment resuspension, direct input of aluminosilicate-rich and aged OCcontaining particulate matter constitutes an equally valid explanation. In the SCS, the decrease in
radiocarbon content with a corresponding increase in aluminum content indicates binary mixing with the
slope of the relationship clearly implying mixing between two sources supplying lithogenic material with
vastly different radiocarbon isotopic compositions—one being modern and the other strongly depleted in
14
C. From the 14C-depleted character of the TJ-G trap and from previous studies (Kao et al., 2014; Zheng
et al., 2017), it is evident that OCpetro supplied by Taiwan is responsible for this contribution. As the decrease
in lithogenic fraction in the distal traps is modest and given the primary presence together with marine OC, it
is evident that any soil OC initially associated with the sedimentary aluminosilicates must have been lost,
replaced, and diluted with marine OC to such an extent that its presence is no longer evident in bulk OC isotopic signatures. The active margins of Luzon and Taiwan stand in strong contrast the passive margin settings
of the Canada Basin and New England Slope, where the 14C-Al relationship was ﬁrst observed. In particular,
prior reports and in situ observations of frequent turbidity currents, which commonly originate from the
Gaoping Submarine Canyon, promote efﬁcient sediment and OC transfer to the deep sea adjacent to
Taiwan (Dadson et al., 2005; Hilton et al., 2011; Hsu et al., 2014; Zhang et al., 2018), likely contributing to
the pronounced 14C-Al patterns observed in this study. It has been argued previously that active and passive
margin settings differ greatly in their OC export and preservation patterns (Blair & Aller, 2012). Our observations also suggest that despite rapid export to the deep sea, soil OC may be lost very quickly. Similar to 14C,
13
C-Al relationships in the SCS sinking particles also reﬂect increased contributions of (isotopically lighter) terrestrial OC with increased aluminum contents, supporting the notion that OCpetro contributions are diluted
with marine OC. If ﬂuvial sediments were deposited on the shelf environments and subject to reworking,
we would expect a continuous degradation of terrestrial OC and addition of marine OC, leading to a weakening of the 14C- and 13C-Al trends. While controls on the carbon isotope-aluminum relationships remain
speculative, it is evident from the SCS observations that OCpetro remains associated with and is closely
coupled to sedimentation of lithogenic minerals. In addition, while clay minerals of pedogenic origin are also
strongly represented in addition to bedrock-derived aluminosilicates and contribute to the lithogenic mineral
fraction (Liu et al., 2016), pedogenic OC appears to lose this association, with indiscernible vestiges of this
environmental bulk carbon isotope signature manifesting itself in settling sediments in the deep SCS.
3.4. Implications
Differential across-shelf export and preferential preservation of OCpetro in deep SCS sediments imply that the
terrestrial signature recorded in bulk OC may be primarily of petrogenic origin. It is thus expected that deep-
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sea surface sediments retrieved from settings beyond the continental margin in the SCS record terrestrial
organic geochemical signatures related primarily to the erosion of bedrock. Proxies such as bulk OC isotopes
and even biomarkers such as alkanes, which may be of petrogenic origin, should therefore be interpreted
with caution given that they may partially reﬂect bedrock signatures in addition to commonly extracted information about continental vegetation (Zhou et al., 2017) and atmospheric CO2 content (Kienast et al., 2001).
The negligible input of terrestrial biospheric OC in the modern SCS may contrast sharply to glacial periods
when lower sea level permitted greater terrigenous export into the OC into the deep SCS (Zhao et al.,
2017). For example, increases in kaolinite contributions during the most recent glacial period mark heightened contributions from the Chinese mainland (Liu, Li, et al., 2010) that likely coincide with elevated pedogenic OC contributions, which evaded trapping on the shelf and margin areas. Nevertheless, it is evident that
terrestrial OC in deep-sea sediments, even within the tropics, may be predominantly petrogenic in origin. It is
within the terrestrial OC export hot spot of Southeast Asia (Schlünz & Schneider, 2000) that Taiwan and likely
other source terrains characterized by short, steep river catchments (Komada et al., 2004) in this region deliver vast amounts of OCpetro to the ocean. However, in contrast to biospheric OC, the remineralization of
OCpetro results in the net release of carbon dioxide to the atmosphere, while its burial has no net effect on
atmospheric chemistry (Galy et al., 2008; Hedges, 1992). The observations from this study are consistent with
limited remineralization and high efﬁciency export of OCpetro into the deep sea. Incorporation of OCpetro
ﬂuxes into biogeochemical and atmospheric models are needed to assess the effects of active orogens like
Taiwan and other potential OCpetro sources in Southeast Asia on atmospheric chemistry.
The observed aluminum-carbon isotope relationships in settling particles from the SCS clearly indicate that
terrigenous minerals, which initially must have been associated with some form of terrestrial OC, are repopulated with OC of marine origin in the deep ocean. Given the abundance of pedogenic sedimentary aluminosilicate particles found in the SCS catchment (Liu et al., 2009; Liu et al., 2016), pedogenic OC associated with
such mineral phases appears to be lost beyond the margin environment. In contrast, OCpetro exhibits a more
enduring afﬁnity to aluminosilicates such as bedrock-derived illite and chlorite (Liu et al., 2016; Wang et al.,
2016), possibly due to its encapsulation within shale-derived lithoclasts, which act as high-density agents
of transport and protection. These observations imply that OC-aluminosilicate relationships are more
dynamic than generally considered, challenging existing paradigms concerning (controls on) OC preservation in deep-sea sediments. Globally, the terrestrial OC component in deep-sea records inherits a distorted
preservation pattern with the petrogenic signature dominating.

4. Conclusions
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Petrogenic OC sourced from Taiwan mixes with marine OC as it is transported to and dispersed within the
deep SCS. In contrast to the efﬁcient transfer of petrogenic OC to the deep SCS, there is little evidence for
export and sequestration of terrestrial biospheric OC from surrounding catchments (South China, Taiwan,
and Luzon) in the SCS deep basin. Aluminum-radiocarbon relationships suggest that either terrestrial OC
associated with mineral soils is preferentially deposited in land-proximal regions or that it undergoes loss
from lithogenic mineral surfaces and replacement by marine OC during transport and sedimentation.
Overall, in the context of carbon isotope characteristics of terrestrial source regions of the SCS, we ﬁnd that
only a very speciﬁc terrestrial component, OCpetro, ultimately dictates deep ocean terrestrial POC ﬂux. In a ﬁrst
estimate of OCpetro ﬂux over an expansive swath of ocean ﬂoor based on direct sediment trap observations,
we calculate an annual deposition ﬂux of 0.242 Mt OCpetro over a 30,000 km2 swath of the deep northeastern
SCS, accounting for approximately 19% of total OCpetro exported from Taiwanese rivers and 0.6% globally.
Future assessments of OCpetro directly into the seaﬂoor will help constrain the global carbon cycling and ultimate preservation efﬁciency of OCpetro during its source-to-sink transport.
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