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Abstract :

Clay-mineralogy study of Taiwanese river-mouth sediments, recent deep-water seafloor sediments
around Taiwan, along with sediments collected from the Tainan shelf edge, have been investigated to
access the source and transport of detrital fine-grained sediments. We determined the clay mineralogy in
both hemipelagites and turbidites in the top 50 cm of the deep-sea sediment cores to infer how sediments
are dispersed through river-fed turbidity currents, hypopycnal plumes, and oceanic currents. Our results
show that the clay mineral assemblages in both hemipelagites and turbidites of different provinces change
gradually between two major end-members: illite+chlorite and smectite. They are predominantly sourced
from Taiwan and Luzon, respectively. The relative abundances of clay minerals in turbidites and
hemipelagites are quite similar in most of the cores. Therefore, we argue that the adjacent turbidites and
hemipelagites of a core share common detrital clay sources. We found that smectite is relatively abundant
around Taiwan, indicating that the Kuroshio Current is an important transportation system, which brings
smectite from Luzon. Besides, the river-related canyon systems consist dominantly of illite and chlorite,
and less smectite, indicating that the smectite brought about by the Kuroshio Current is diluted by river-
fed hyperpycnal and hypopycnal flows. This also implies that flood-induced turbidity currents are efficient
agents for transporting Taiwan-derived sediments into the neighboring deep-sea basins.

Highlights
» lllite and chlorites are sourced mainly from Taiwan Island. » Smectite is a key clay mineral around

Taiwan transported by the Kuroshio Current. » The amount of smectite is diluted along river-related
canyon systems. P River-related canyons efficiently deliver Taiwan sediments into the deep-sea.
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1. Introduction
The provenance study of detrital sediments in the ocean is essential for a better

comprehension of environment and climate interactions that occurred in nearby land source
areas. Climatic variability and tectonics were regarded to be the primary controlling variables for
erosion on different geological timescales, though their comparative roles are still heavily
debated (Burbank et al., 2003; Clift et al., 2006; Dadson et al., 2003; Liu et al., 2007b; Molnar,
2004; Peizhen et al., 2001; Reiners et al., 2003). High sediment discharge and tectonic elevation
in tropical southeast Asia make river basins important areas for sw.2ving variables that regulate
weathering (Dadson et al., 2003; Huang et al., 2016; Mi'im.~ et al., 1999; Milliman and
Syvitski, 1992). Such discussion further strengthened the 1.~ed tor a better comprehension of the
variables controlling weathering and erosion in mountai.” ranges and the largest river basins in
the world (Canfield, 1997; Gaillardet et al., 1999; “ar Jasamy and Chen, 2006; Liu et al., 2007b;
McLennan, 1993; Milliman and Syvitski, 19'2; Singh et al., 2005; Summerfield and Hulton,

1994).

Taiwan is known to be an rec with one of the world's highest sediment yields (Dadson et
al., 2003; Li et al., 2011). Ti.» voriability and intensity of the processes controlling sediment
transport around Taiwar,, vhich include frequent typhoons, heavy rainfall, strong tectonic
activity, and intense ocei nic circulation, make it an ideal area to study the effect of these
processes on sediment transfer to the deep-sea. This paper, therefore, seeks to understand how
different variables play a role in the distribution of detrital fine-grained sediments around
Taiwan. The offshore areas around Taiwan receive detrital sediments from various sources
including the Taiwan Island, rivers in southeast China (e.g., the Jiulong River and Pearl River,
specifically supplying sediments to offshore southwest Taiwan), the Luzon Islands, and the

Ryukyu Islands through various sedimentary processes (Fig. 1). Deep-water sediments around
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offshore Taiwan are dominated by hemipelagites and gravity-flow deposits. This may lead to
different clay mineral distributions in offshore Taiwan, where it encompasses various types of

tectonic settings and basins.

There have been a few studies using clay mineralogy to unravel the sediment source-to-
sink for the seafloor sediments in the Northeast South China Sea (NE SCS) e.g., (Liu et al.,
2010b; Liu et al., 2008b; Wan et al., 2007). However, no study has been done using clay
minerals as tracers to study sediment source-to-sink in offshor. >as.2rn Taiwan, in the upper-
slope of the Manila accretionary wedge, and the Luzon forer rc wasin. We study clay mineralogy
to unravel the source-to-sink movement of recent deep- ..~ scdiments around Taiwan, including
the Ryukyu subduction zone, Huatung Basin in the P .ilippine Sea Plate, the Manila subduction
zone, and the rifted continental margin of the N'= Suuth China Sea near Taiwan (Fig. 1b, Fig. 2).
We focused on determining the changes n. clay mineral distributions in different sedimentary
facies (hemipelagites and turbidites, ir naiFcular) in the top 50 cm of seafloor sediments around
Taiwan to understand the sedimen. ai.nersal processes. River-mouth samples from 31 Taiwanese
rivers and a few grabbed surf.~e cediment samples from southern Taiwan Strait (Tainan Shelf)

were collected and analy: ed /ar a better understanding of the sediment sources.

The objectives o7 «nis research are:

1) To explore the sedimentary processes responsible for various deep-sea sediment facies
around Taiwan.
2) To unravel the distribution patterns of clay minerals in different sedimentary facies of

deep-sea surface sediments.



3) To decipher how sediments are dispersed through river-fed turbidity currents, hypopycnal

plumes, and oceanic currents, more specifically the Kuroshio Current, around Taiwan.

2. Geological Setting and Environmental Background

Taiwan is situated at the tectonic collision boundary between the Philippine Sea Plate and
the Eurasian Plate, leading to a rapid uplift rate of 5-7 mm/a in t.» Taiwan orogen (Dadson et
al., 2003; Li et al., 2011). The Taiwan £r0gen connects two opposite
dipping subduction systems: the Manila subduction zone t: the south where the South China Sea
lithosphere is being subducted eastwards beneath e Philippine Sea Plate, building an
accretionary wedge; and the Ryukyu subduction ’cae to the northeast where the Philippine Sea
Plate subducts beneath the Eurasian Plute. The Taiwan Island experiences roughly four
typhoons per year with  nominal  a.nual precipitation  of 2,500 mm/yr  along  with
frequent earthquakes, resulting in ramd mass-wasting and fluvial incision (Dadson et al., 2003;
Huang et al., 2016). Taiwar-se rivers currently have annual discharges of roughly 180-
380 Mt of sediments into the currounding waters (Dadson et al., 2003; Kao and Milliman, 2008;
Li et al.,, 2011). This v 'gyests that Taiwan is a significant source of sediments for the studied

region.

Taiwan-derived sediments are transported to the surrounding deep seas through an array
of submarine canyons. For example, the Penghu Canyon, Shoushan Canyon, Kaohsiung Canyon,
Gaoping Canyon, and Fangliao Canyon (from north to south) off southwest Taiwan, deliver a
vast amount of sediment from southwest Taiwan (Fig. 1b). Among these canyons, the river-
connected Gaoping Canyon plays a major role in transferring terrestrial sediments from
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mountainous catchments to the deep-sea through episodic gravity flows and hyperpycnal flows
(Liu et al., 2016a; Liu et al., 2002; Selvaraj et al., 2015; Sparkes et al., 2015; Yu et al., 2017,
Zhang et al., 2018). The Gaoping River delivers a higher amount of sediments to the adjacent sea
(~40-50 Mt/a, Dadson et al., 2003), compared to other southwest Taiwan rivers. In the eastern
part of Taiwan, the drainage systems associated with three main submarine canyons (the Hualien
Canyon, Chimei Canyon, and Taitung Canyon from north to south, which reach into the mouths
of the Hualien, Xiuguluan, and Beinan rivers, respectively; Hsieh . al., 2020) receive terrestrial
sediments discharged from eastern Taiwan (Fig. 1b). The sedi:a:.t uelivery of the Hualien River
(19-31 Mt/a), the Xiuguluan River (16-22 Mt/a), and the einan River (17-88 Mt/a) are higher
among other eastern Taiwan rivers (Dadson et al., 2007 Liu et al., 2008a), indicating river-
connected canyon systems play an important ro'e ‘1 t ansferring Taiwan derived sediments into
adjacent deep-seas. Besides, many submar ne ~.nannels, which seem not connected with subaerial
drainage systems, engrave the continen.”l slope and amalgamate with the submarine canyons,
suggesting prevalent marine errcioi 2’ processes. This indicates that seafloor sediment

remobilization is also common \.* the study area.

The deep-sea sedi nei.*s around Taiwan are mostly sourced from Taiwan Island with illite
and chlorite as characteri: tic clay minerals for seafloor sediments as seen in sediment cores in
NE SCS (Dadson et al., 2003; Liu et al., 2010a; Liu et al., 2008b; Wan et al., 2007). However,
surface oceanic currents play an important role in dispersing fine-grained sediments in deep-
water settings. The Kuroshio Current is the major surface oceanic current offshore around
Taiwan (Mensah et al., 2015). In winter, a branch of this current, named the Kuroshio Intrusion,
is observed flowing from offshore northeast Luzon to off southwest Taiwan and then westward

along the northern continental slope of the SCS; while in summer, it deviates from the winter
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trail to the south (Fig. 1a; Liu et al., 2010b; Yuan et al., 2006). In offshore eastern Taiwan,
the main Kuroshio Current turns to the east towards the Okinawa Trough after passing along and
off the coast of Taiwan (Fig. 1a). This significant oceanic current, therefore, plays a major role in
transporting suspended material around offshore Taiwan (e.g., Kaifu et al., 2020). Specifically,

the Kuroshio Current brings fine-grained sediments from the Luzon Islands (Liu et al., 2008b).

3. Materials and Methods

3.1. Sample collection

A set of 36 deep-sea sediment cores from eas*ari, southern, and southwestern offshore
parts of Taiwan, together with 31 river-mouth se.*™.ent samples from major Taiwanese rivers
and 5 grabbed surface sediment samples f, > southern Taiwan Strait (near the shelf edge called
Tainan Shelf) were collected for this stu./ (Fig. 2). The gravity (G), piston (P), calypso-piston
(C), and box (BC) cores were collec2a unboard R/V Ocean Researcher | during OR1-891, OR1-
1013, OR1-1048, OR1-1138, CLR5-0032 cruises and onboard R/V Marion Dufresne during
MD178, MD214 EAGEF . uises (Table S1). The sediment grabs from the southern Taiwan
Strait (sites S1, S2, S1z, S13, S17) were obtained during OR3-1938 cruise. In terms of the
tectonic framework, the locations of all studied sediment cores are divided into four major
provinces: (1) Ryukyu subduction zone, (Il) Huatung Basin of the Philippine Sea Plate, (IlI)
Manila subduction zone and Luzon volcanic arc, and (IVV) NE South China Sea (Fig. 1b). The
main provinces are further subdivided into small subgroups according to bathymetry and
possible sediment delivery processes (Table S1).

3.2. Analytical methods

7



All the sediment cores were split into two equal halves as working and archive halves.
The archive halves were visually described to comprehend the sedimentary features in the cores.
The working halves were sampled at 1-cm intervals and the samples were freeze-dried in
centrifuge tubes for further analyses. Measurements of non-destructive physical properties (i.e.,
gamma density, P-wave velocity, porosity, and magnetic susceptibility) at 1-cm intervals were
performed using a Multi-Sensor Core Logger (MSCL) onboard for the cores retrieved during
MD214 EAGER cruise and at the Taiwan Ocean Research Institute fr the cores retrieved during

OR1-1013, OR1-1048, OR1-1138, OR5-0032, MD178 cruises.

Grain size pre-treatment processes were done fr., ~ii dried sediment samples using 15%
hydrogen peroxide and 10% hydrochloride for 1-~ da,s to remove organic matters and
carbonates, respectively. Sodium hexametaphochhaw was added to all the samples and they were
put in an ultrasonicator to deflocculatea -~.nd disperse sediment grains before carrying out
grain size analyses using a Beckman C~ui.~r LS13 320 laser diffraction particle-size analyzer at
the Sediment Analysis Lab of the Ncotional Central University (SALNCU), which can analyze

grains between 0.017 um and 2 Ou? pum.

We delineatec the var.ability of sedimentary facies based on both sedimentological data
such as visual descriptic.;, MSCL results (P-wave velocity and gamma density), and grain-size
data such as grain-size volume distribution pattern, median, sorting, kurtosis, and skewness (Fig.
3, Figs. S1-S13). Sediments were described with special attention to distinguish turbidites from
hemipelagites. The definition of hemipelagite facies can be found in Stow et al. (1998) and in our
studied cores it consists of homogeneous silty-clay with dispersed foraminifera and occasional
vague laminations. They are typically marked by the finest median grain-size (< 10 um, Lehu et

al., 2015). The turbidite facies is primarily identified by its coarser grain-size with higher median
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values (>10 um), and an upward-fining trend (Fig. 3). Turbidites are commonly interbedded with
hemipelagites. The base of each turbidite layer is commonly marked by an erosive surface or

sharp boundary with noticeable breaks in grain-size and sediment color.

In order to analyze clay mineralogy, we selected 1to 2 cm of sediment segments at
different intervals, depending on changes in sedimentary facies from both turbidites and
hemipelagic deposits in the top 50 cm of the cores. Clay minerals were identified by X-ray
diffraction (XRD) using a Bruker D2 Phaser X-ray diffractomete: >t CALNCU. For clay mineral
analysis, the bulk sediments were pretreated with hydrogrn >roxide (10%) and acetic acid
(15%) to remove organic matter and carbonates, respe...*’e.y. Then, the clay fraction (< 2um)
was segregated from the bulk sediment solution basec on conventional Stokes’ settling velocity
principles and centrifuged. Each sample was tans..itted by moist smearing to slides and was
kept for air-drying. XRD runs were then ce.”ed out three times following air-drying, ethylene—
glycol solvation, and heating at 490°C “nr 2 hours. The identification of clay minerals was based
primarily on the position of the () v 1) series of basal reflections on the three XRD diagrams
(Fig. 4). A few chosen ethylee glycolated XRD curves from different provinces were used to

perform a qualitative ana’ysi. ot clay minerals for comparison (Fig. 5).

Semi-quantitativ. estimates of basal reflection peak areas for major mineral groups of
smectite (15-17 A, including mixed-layers of smectite-illite at 15-16 A), illite (10 A), and
kaolinite+chlorite (7 A) were performed on glycolated specimens using PeakFit software after
background subtraction. Relative proportions of kaolinite and chlorite were determined using the
ratio at the 3.57/3.54 A peak area. Weighting factors introduced by Biscaye (1965) or
Holtzapffel (1985) are not used in this study to produce comparative weight percentages of each

clay mineral, because such regular weighting factors do not occur through systemic experiences
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(Liu et al., 2010b). Replicate analyses of a few chosen samples gave +3 % accuracy. Clay
mineral data from prior studies (Liu et al., 2007b; Liu et al., 2009) of the Pearl River and Luzon
rivers, where they applied the same method to calculate the relative percentage of the main four

clay minerals were used in this study for comparison and to track the source regions.

The illite crystallinity was calculated as the full width at half maximum (FWHM) of the
illite 10 A peak and the illite chemical index was estimated usina a ratio of 5 A and 10 A peak
areas for ethylene-glycolated samples. Both parameters are bz.>fus in identifying sources of
sediments and their transport routes (Diekmann and Wopfner, 1396; Li et al., 2011); Gingele et

al., 2001; Gingele, 1996; Kuo et al., 2012; Liu et al., 2072 vi'an et al., 2010).

4. Results
4.1. Sediment facies for seafloor sedimenw.

Based on both sedimentc 'ogical data and grain-size data, we distinguished two end-
member sediment facies (turbicite and hemipelagite facies) for the studied cores from different
provinces around Taiwar (FI.). 3, Figs. S1-S13). Most of the studied cores are characterized by
both facies. For exampl~ the core MD18-3527-BC, located in the East Nanao Basin, consisting
of both hemipelagites and turbidite (Fig. 3). Nearly 1/4 of the studied cores are composed mainly

of homogeneous silty-clay, pertaining to hemipelagic deposits (Figs. 6, 7, 8, 9, 10, 11).

Our results show that more turbidites are found in the canyon-related depositional
systems (e.g., Taitung, Gaoping, and Formosa Canyons; Figs. 7, 10, 11). Frequent turbidite
layers are also found in the deformed forearc basin in the Southern Longitudinal Trough as well

as in some perched basins in the upper slope of the Manila accretionary wedge (Figs. 8, 9).
10



Hemipelagites are found particularly away from the canyons, on bathymetric highs, and some

perched basins in accretionary wedges (Figs. 6, 7, 8, 9).

4.2. Distribution of clay minerals in Taiwanese river sediments and Tainan Shelf sediments

The clay fraction (<2 um) of the studied Taiwanese river-mouth sediments consist
mainly of illite (32%-76%, with an average of ~60%) and chlorite (13%-58%, with an average
of ~30%) with no or a small amount of kaolinite and smectite (Tahle S2). A few rivers contain
very scarce to a small amount of smectite (< 8%) such as t1e ‘ilan, Lanyang, Dongaobei,
Heping, Liwu, Hualien, Lele, Beinan, Zhiben, Gangkou, ard Zhvashui rivers. Minor to moderate
amounts of smectite (10-19%) are found in the Erjher Zer gwen, Jiangjun, Jishui, and Bazhang
rivers in southwest Taiwan. Two rivers in the Cu stal Range (the Dingzilou and Xiuguluan

rivers) contain higher amounts of smectite (©C"% «nd 40%, respectively).

The average contents of chlori> are greater in eastern Taiwan (~33%) than in western
Taiwan (~27%). The abundance of chicrie in the Dongaobei, Liwu, Hualien, and Nanao rivers is
as high as 58%, 48%, 47%, ar‘'' 44", respectively (Table S2). The kaolinite contents of the
Gangkou, Shiniu, Paoli, Sici.nnr,, Erjhen, Jiangjun, and Bazhang rivers are varied in the range
from around 8% to 12Y%. wiur an average value of about ~10%. The Gangkou, Shiniu, Paoli, and
Sichong rivers are located in the Hengchun Peninsula, the southern tip of Taiwan, whereas the
Erjhen, Jiangjun, and Bazhang rivers are located in southwest Taiwan (Fig. 2). However,
the kaolinite contents vary in the range of 0-7% in other rivers in southwest Taiwan and 0-3% in
the east Taiwan Rivers. Illite crystallinity and illite chemistry index of the river sediments vary in

the range of 0.17°-0.43°A26 and 0.18-0.35, respectively. The illite chemistry index for the
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sediments from all the Taiwanese rivers is less than 0.35, indicating that illite in Taiwan is

mainly Fe-Mg rich.

The clay-mineral assemblages of the Tainan Shelf sediments (Table S3) consist mainly of
illite (38-54%, with an average of 47%) with moderate amounts of smectite (16-38%, with an
average of ~24%) and chlorite (17-22%, with an average of ~21%), and minor amounts of
kaolinite (7-9%, with an average of ~8%). Illite crystallinity and illite chemistry index of the

sediments vary in the range of 0.26°-0.33°A26 and 0.27-0.39, respc~tively.

4.3. Distribution of clay minerals in different provinces

The clay mineral analysis in different province. =ound Taiwan shows the spatial and
downcore variations in the contents of clay miner s for both hemipelagites and turbidites of the
studied sediment cores (Table S1, Figs. 6, /, & 9, 10, 11). The ternary diagrams (Figs. 12a, 12b)
of three end-member clay minerals of 1.'ite+chlorite, smectite, and kaolinite show that the clay-
mineral assemblages in both hemipal-gites and turbidites of different provinces change
progressively between two end-:emuers: illite+chlorite and smectite.

4.3.1. Ryukyu subduction znne (Frovince |)

The clay-minera, assemblages in both hemipelagites and turbidites in the sediment cores
from western forearc basins consist mainly of illite (48-60%) and moderate amounts of chlorite
(20-44%) with no to small amounts of kaolinite (0-3%); besides, the amounts of smectite in
hemipelagites are comparatively higher (9-26%) than turbidites (2-18%) (Province 1.1; Fig. 6).
Whereas, the hemipelagites and turbidites in the sediment cores from Hateruma forearc basin
consist comparatively of more smectite (28-59%) and kaolinite (4-6%) (Province 1.2; Fig. 6).

Likewise, in the slope basins of the Yaeyama Ridge, the sediment core located to the south of the
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Hateruma Basin contain comparatively more smectite (27-57%) than the core located to the
south of the Nanao Basin (16-36%) (Province 1.3; Fig. 6).
4.3.2. Huatung Basin of the Philippine Sea Plate (Province II)

The sediment cores from levees of the Taitung Canyon consist only of turbidites and
contain mainly illite (30-53%), comparatively less smectite (17-49%), moderate amounts of
chlorite (17-29%), and minor amounts of kaolinite (2-6%) (Province 11.2; Fig. 7). Whereas, the
core from a bathymetric high near the offshore Coastal Range of Taiwan consist only of
hemipelagites and contain mainly smectite (41-66%), cernuradvely less illite (22-35%),
moderate amounts of chlorite (11-22%), and scarce kaolini.~ (1-3%) (Province 11.1; Fig. 7).
4.3.3. Manila subduction zone and the Luzon volcanic arc ‘Province 1)

The clay-mineral assemblages in both hen *oelagites and turbidites in the cores from the
Luzon volcanic arc (located north of the L «tar Island), consist mainly of smectite (32-66%) and
comparatively less illite (23-42%) wiu: moderate amounts of chlorite (10-22%) and scarce
kaolinite (2-4%) (Province I11.1; Fi~ &) Likewise, the hemipelagites in the core from the North
Luzon Trough (NLT), an un-de.~rmed Luzon forearc basin consist mainly of smectite (31-63%)
and comparatively less illi*~ {22-48%) (Province 111.2; Fig. 8). Whereas, the hemipelagites and
turbidites in the core frcm the Southern Longitudinal Trough (SLT), a deformed Luzon forearc
basin adjacent to Taiwan, consist dominantly of illite (61-69%) and contain minor amounts of
smectite (0-10%) (Province 111.2; Fig. 8).

In the Manila accretionary wedge system (Province 111.3), both hemipelagites and
turbidites in the cores from the upper-slope perched basins consist dominantly of smectite (45-
75%) and contain moderate amounts of illite (13-35%) (Province 111.3.1; Fig. 9). Whereas the

cores from the lower-slope perched basins consist only of hemipelagites, consist mainly of illite
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(30-61%) and contain minor to high amounts of smectite (8-53%) (Province 111.3.2; Fig. 9). The
clay-mineral compositions in both hemipelagites and turbidites in the cores from the Gaoping
and the Penghu Canyon systems (Provinces 111.3.3, 111.3.4; Fig. 10) are dominated by illite (50-
72% and 35-56%, respectively) but with more smectite in the Penghu Canyon (18-45%) than in

the Gaoping Canyon (0-20%).

4.3.4. NE South China Sea (Province V)

In the NE South China Sea near Taiwan, the cla/miieral assemblages in both
hemipelagites and turbidites in the sediment core from the 'o.‘er [ainan continental slope consist
mainly of smectite (49-57%) and comparatively less i''ite 29-35%) (Province IV.1; Fig. 11). In
contrast, the core from middle Tainan continenta’ s'ope consists mainly of Illite (35-47%) and
comparatively less smectite (24-45%). Thr er.inelagites and turbidites in the sediment core
from the middle reach of the Formosa Canyo.™ consist mainly of smectite (30-61%) and contain
comparatively less illite (26-46%). Ir cou.trast, the core from the distal part of Formosa Canyon
located near the junction of the Ecnghu Canyon consists mainly of illite (40-68%) and contains

scarce to moderate amounts of s ~ectite (2-35%) (Province 1V.2; Fig. 11).

5. Discussion
5.1. Clay minerals at sediment sources

The main terrestrial sediment sources for the deep-sea areas around Taiwan are the
Taiwan Island, the Luzon volcanic arc, Ryukyu Islands, and SE China. Prior studies pointed out
that smectite is the characteristic clay mineral from Luzon Island and kaolinite is an index
mineral from SE China, in particular from the Pearl River (Liu et al., 2007b; Liu et al., 2009; Liu
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et al., 2016b). As for the Ryukyu Islands, there is no literature reporting the characteristic clay
minerals in river sediments. However, we expect that smectite would be the characteristic
mineral for the Ryukyu Islands as their tectonic setting is similar to the Luzon Islands.

Our study shows that the clay minerals in river-mouth sediments around Taiwan consist
mainly of illite (~60%) and chlorite (~30%) with no or a small amount of kaolinite and smectite,
except for some rivers in this study (see Section 4.2, Table S2). This indicates that illite and
chlorite are the dominant clay minerals for Taiwan-derived sedimei.*s. The averaged contents of
chlorite are relatively greater in eastern Taiwan (~33%) tha> 1. western Taiwan (~27%), in
agreement with results by Li et al. (2011). Besides, we fou.d that there is more smectite in river
sediments sourced from the Coastal Range (see Sectiv> 4.2), suggesting that smectite is an
additional characteristic clay mineral for sedime.”s r.erived from eastern Taiwan, the Coastal
Range in particular. The Coastal Ranged- teri'/ed smectite cannot be transported far away from
the coast through hypopycnal sediment .!'imes as those river plumes will be diverted to the north
and parallel to the coastline by the ¥ urc<hio Current.

Comparing the clay-mi.erar compositions in Tainan Shelf sediments and southwest
Taiwanese river-mouth se<in,>~s, we found that both areas are dominated by illite but with
more smectite and kaoln.'te in Tainan Shelf sediments than in southwest Taiwanese river-mouth
sediments (see Section 4.2). Therefore, we consider the Tainan Shelf as one of the source
domains. According to the literature and our study, we use three end-member clay minerals of
illite+chlorite, smectite, and kaolinite to plot our results and to infer possible sediment sources
(Figs. 12a, 12b). Also, we use the mineralogical ratio of smectite/(illite+chlorite) and

kaolinite//(illite+chlorite) as an indicator of continental sources in order to reflect the source
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terranes (Fig. 13), and particularly the ratio smectite/(illite+chlorite) as an indicator of the
Kuroshio Current transport (e.g. Liu et al., 2010Db).
5.2. Ages of studied sediment cores

We studied the top 50 cm of seafloor sediments to understand the sediment dispersal
processes around Taiwan. The top 50 cm-thick seafloor sediments around Taiwan are generally
deposited within a short period according to previous studies. For this short time span, the
oceanic circulations, climate, and tectonics can be considered simiia. to the present-day situation.
We expect high sedimentation rates in cores taken from locatiz"s 2!ung river-attached submarine
canyon systems and areas close to land. For example, sclimentation rates along the Gaoping
Canyon, range from up to 10 mm/yr in the canyon heau ‘Huh et al., 2009) to 1.6 mm/yr in the
middle of the canyon (Yu et al., 2017). In the L er slope and near the coastline of southwest
Taiwan and away from the Gaoping Ca: vor, the rate of sedimentation is still high, up to 5
mm/yr (Wang et al., 2016; Su et al., 2028). From these studies, we assume high sedimentation
rates in the river-connected Gaoring Canyon system and for the upper slope close to the
shoreline. Our studied cores ‘Oki-GS5-2-M, OR1-GS6-2-M, OR1-1-G, MD18-3553-BC)
pertain to this category, in?~ar.g ages of the top 50 cm of these cores are typically less than 500

years.

Moderate to low sedimentation rates may be expected in the cores collected from sites in
river-detached submarine canyon systems and in the perched basins without terrestrial sediment
inputs. In the lower accretionary wedge lying in between the Penghu and Gaoping Canyon
systems, the rate of sedimentation is still high as Lin et al. (2014) reported a rate of around 3
mm/yr at site MD05-2914 (water depth ~1,635 m). Therefore, we expect a relatively high

sedimentation rate in our studied core located in the perched basin of the lower Manila
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accretionary wedge (MD18-3552-BC). As for the river-detached canyons, such as the Formosa
Canyon, the rate of sedimentation is relatively low, up to ~ 0.2 mm/yr as reported in Gong et al.
(2012). So, for our studied cores along the Formosa Canyon (OR1-20-G, OR1-19-M), we
believe low sedimentation rates, suggesting ages of the top 50 cm of the cores are typically less
than ~3,000 years. Similarly, the Penghu Canyon is a river-detached canyon located closer to
Taiwan, where we assume the rate of sedimentation should be slightly higher than that along the
Formosa Canyon but less than that along the Gaoping Canyon. Tiic top 50 cm sediments in the
studied cores (OR1-PC2-G, MD178-3267-C, MD178-3275-, w:Z178-3261-C) should also be

less than ~3,000 years.

The lowest sedimentation rate is found in the arecs without canyons/channels and far
away from the shoreline. As pointed out by “u e. al. (2018), the upper slope of the Manila
accretionary wedge shows a relatively lov. sedimentation rate. Therefore, we assume a low
sedimentation rate in the studied corez lou~ted in the upper-slope perched basins of the Manila
accretionary wedge (OR-12-G, MD1c 3949-BC, OR1-14-G, OR1-13-G).

Similarly, in eastern Tan.an, we expect a high sedimentation rate for the cores in the
river-connected submarire c.nyons such as in the levees of the Taitung Canyon (MD18-3535-
BC and MD18-3538-BC . Whereas, the core PO1B-P in the Southern Longitudinal Trough
(SLT), is connected to the river-channel networks (Fig. 8), containing stacked turbidites
indicating a high sedimentation rate. In the study by Lehu et al. (2016) and our study, we used
two cores in common, those are OR1-KS06-G and OR1-KS09-P located in the slope of the
Luzon volcanic arc and at the bottom of the slope of the Ryukyu arc near the Hoping Basin,
respectively. In Lehu et al. (2016), it is estimated that the sedimentation rates for the mentioned

cores are ~1.05 mm/yr and ~ 0.37 mm/yr, respectively, indicating a relatively lower
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sedimentation rate than the Gaoping Canyon system in southwest Taiwan. In addition,
Lallemand et al. (2015) estimated the sedimentation rate for the studied core OR1-KR03-P,
located offshore and near the Coastal Range on a bathymetric high, is up to ~1.09 mm/yr for top
210 cm depth of sediments, suggesting a relatively high sedimentation rate.

The sedimentation rate in a few locations of our study area is not explored in previous
studies. However, we believe that the cores in Nanao (MD18-3525-BC) and East Nanao (MD18-
3526-BC and MD18-3527-BC) basins that are not directly connecied to the Hoping Canyon may
have comparatively lower sedimentation rates than the crr~s cullected from river-attached
canyon systems. We also assume relatively low sedimenw tion rates for cores in the Hateruma
forearc basin, which is located far away from Taiwan an..' not connected to any river-connected
submarine canyons. Likewise, in southwest Taivve". th.e cores from the Tainan continental slope
(MD178-3262-C, MD178-3264-C) and in ne “outh China Sea near the Manila Trench (OR1-18-
G) are assumed to show relatively lower ~edimentation rates than the cores located near land and
connected to river-attached subma~ine canyons. Therefore, in our study, we assume the ages
for the top 50 cm of the seai.nor sediment cores located near Taiwan and river-connected
submarine canyons aroun ‘iovan are generally less than 500 years. Whereas, for the cores
located in the river-detached submarine canyon system and in a few perched basins far away
from Taiwan, the age may be up to ~3,000 years.

5.3. Depositional mechanism of clay minerals for different sedimentary facies around Taiwan

5.3.1. Ryukyu subduction zone (Province 1)

We divide the sedimentary units of the Ryukyu subduction zone into forearc basins and
accretionary wedges with perched basins on top of folded-and-thrusted strata (Province-I; Fig.

1b). The forearc basins are separated by more or less north-trending bathymetric ridges (Fig. 6).
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The subdued bathymetric high between the Nanao and East Nanao Basins may impede most of
the turbidity currents draining into the East Nanao Basin (MD18-3527-BC) as judged from much
less turbidite occurrence in the East Nanao Basin (Fig. 6). The bathymetric ridge in between the
East Nanao Basin and the Hateruma Basin is around 1,500 m in height. This ridge becomes the
barrier for eastward-directed turbidity currents flowing along the axis of a series of forearc basins

in the study area.

The gravity-flow sediment deposition in the forearc ba<...~ ¢ the Hoping, Nanao, and
East Nanao basins (Province-1.1; Fig. 6) is primarily caused "y aownslope transport of sediments
from the Taiwan Island, Ryukyu arc massif, and the Yar yome accretionary prism (e.g., Hsiung et
al., 2017; Lallemand et al., 2013; Lehu et al., 2015). A. few channels on the western slope of the
Hoping Basin serve as major conduits for coars~ seunnents delivered from Taiwanese rivers (i.e.,
Dongaobei, Heping, and Nanao rivers) to *. Hoping and Nanao Basins through the Heping
Canyon system (Fig. 6). This indicate: the: flood-induced hyperpycnal turbidity currents should
also be an important agent for trinsporting Taiwan-derived sediments into the forearc basins.
Our clay mineral study als¢c suggests similar sedimentary processes for the deposition of
turbidites as judged from high amounts of illite and chlorite in the silty and sandy turbidites of
the sediment cores from western forearc basins (see Section 4.3.1, Fig. 6). Besides, the
hemipelgites in the sediment cores from western forearc basins and perched slope basins of the
Yaeyama accretionary wedge, south to the Nanao Basin (MD18-3534-BC), contain higher
amounts of smectite than the turbidites (see Section 4.3.1, Fig. 6), indicating that the Kuroshio

Current pathways may contribute minor to moderate amounts of smectite to the sites.

The gravity-flow deposition in the Hateruma forearc basin (Province-1.2; Fig. 6) can be

caused by downslope transport of sediments from the nearby Ryukyu arc massif and islands (i.e.,



Yonaguni, Iriomote, Ishigaki, Tarama islands), and the Yaeyama accretionary prism. The amount
of smectite and kaolinite in the Hateruma forearc basin is higher than in western forearc basins
(see Section 4.3.1, Fig. 6). This indicates that smectite from the Ryukyu Islands may have been
transported to the Hateruma forearc basin (Fig. 14). As well, the high amounts of smectite in the
perched slope basins located to the south of the Hateruma Basin (MD18-3531-BC), also

indicates that the Ryukyu Islands are additional clay mineral sources to this site.

The source for kaolinite in the Hateruma Basin is unclz.- ~. study of the ODP1202B
core (Diekmann et al., 2008), located in the Southern Oknav'a Trough near Taiwan, shows
around ~ 7% of kaolinite for recent sediments. Diekmru.:n ¢ al. (2008) and Dou et al. (2010)
interpreted the source of kaolinite as most likely der’ved from the East China Sea shelf. We,
therefore, assume that the source of kaolinite ir the i 1ateruma Basin is also most likely from the

East China Sea shelf.

5.3.2. Huatung Basin of the Philippin: S¢~ Plate (Province I1)

The Huatung Basin lies ¢ ¥shore from eastern Taiwan and is bounded by the Ryukyu
Trench in the north, the Ganua i*tage in the east, and the Luzon arc in the west (Fig. 1b). Three
river-connected subm-rii @ cunyons influence the northern Huatung Basin near Taiwan: the
Hualien Canyon, the Ch:..iei Canyon, and the Taitung Canyon from north to south, reaching into
the river mouths of the Hualien, Xiuguluan, and Beinan rivers, respectively (Fig. 1b). They
receive sediments discharged from the Central Range and the Coastal Range of Taiwan to the
Huatung Basin (Lehu et al., 2015; Malavieille et al., 2002). Frequent occurrences of turbidity
currents (Lehu et al., 2015) along the above three river-connected canyon systems indicate that
flood-induced hyperpycnal turbidity currents may be an important agent for transporting Taiwan-

derived sediments into the Huatung Basin.
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This study examined sediments recovered from levees of the Taitung Canyon at two sites
of MD18-3535-BC and MD18-3538-BC, as well as at one site, OR1-KR03-P, located in an
isolated bathymetric high south of the Chimei Canyon (Fig. 7). The very fine-grained sandy and
silty turbidites on levees of the Taitung Canyon consist mainly of illite and smectite (see Section
4.3.2, Fig. 7). These turbidites are interpreted to result from overspilling of flood-induced
turbidity currents from the Taitung Canyon or the Hualien Canyon and its tributary (the Chimei
Canyon), carrying sediments sourced from eastern Taiwan (Coas..' Range and Central Range;

Fig. 2) and the Luzon volcanic arc.

The core on the bathymetric high near the Coas.o! hange of Taiwan is not affected by
turbidity currents and contains only hemipelagic drposi.s (Fig. 7). They consist mainly of
smectite and comparatively less illite (see Sect'on +.3.2, Fig. 7), indicating that the main clay
mineral source for this site is from Lu.> through the Kuroshio Current flow path with

additional contribution from the Coasi=' kage of Taiwan.

5.3.3. Manila subduction zone anu the Luzon volcanic arc (Province I11)

We divide the Mani'a su"duction zone and the Luzon volcanic arc off southern Taiwan
into morphotectonic ('~its of tae North Luzon volcanic arc, Luzon forearc basins, and the Manila
accretionary wedge fron. cast to west (Fig. 1b). The Luzon forearc basins can be sub-divided into
the North Luzon Trough (NLT), an undeformed forearc basin, and the Southern Longitudinal
Trough (SLT), a deformed forearc basin near the Taiwan orogen. The Manila accretionary
wedge, lying in between the Manila Trench to the west and the NLT to the east, can be sub-
divided into the lower-slope and upper-slope domains by the splay fault. The western part of the
accretionary wedge is influenced by two major canyon systems, namely the Penghu and Gaoping

canyons draining sediments from the Taiwan orogen (Fig. 1b).



The sediment cores in the colliding Luzon volcanic arc, north of the Lutao Island are
completely disconnected from any major river drainage systems and are mainly consist of
smectite and illite (see Section 4.3.3, Fig. 8). This indicates the thin silty turbidites in this
location were most likely triggered by the slope failure of sediments from the Luzon volcanic
arc, and the hemipelagites can be sourced from the Luzon volcanic arc, the Lutao Island, and
Taiwan.

The sediment core from the SLT contains multiple layers c1 ‘ery fine to medium-grained
sandy turbidites (Fig. 8), indicating dominantly turbidite dez~s:.izn in the locale (Lehu et al.,
2015). The turbidites and hemipelagites in this core cons.>t dominantly of illite with moderate
chlorite (see Section 4.3.3, Fig. 8), indicating that the +~uiment source is predominantly from
Taiwan. There are many submarine channels i ‘ne SLT, with channel heads connecting to
rivers, such as the Zhiben River, the Jinlur Rir er, and the Dazhu River in southeast Taiwan (Fig.
8) serve as major conduits for coarse seuments delivering from Taiwanese rivers. This indicates
that flood-induced hyperpycnal turhid.*v currents and hypopycnal plumes off river mouths are
major agents for transporting 7 “iwan-derived sediments into the SLT. However, the sediment
core from the NLT con<ists 2nly of hemipelagites and contains mainly of smectite with
comparatively less illite \~ee Section 4.3.3, Fig. 8), indicates that hemipelagites are sourced from
the Luzon volcanic arc through the Kuroshio Current and Taiwan.

In the upper-slope perched basins of the Manila accretionary wedge, the hemipelagites
and sandy turbidites in the sediment cores consist predominantly of smectite (Fig. 9). This
indicates that higher amounts of smectite have been delivered from Luzon into the Hengchun
Ridge through strong Kuroshio Current effects, and these sandy turbidities are derived by slope

failure in the submarine Hengchun Ridge.

22



In the lower-slope domain and along the river-connected Gaoping Canyon, the sediment
cores from the west bank (OR1-1-G) and Slope fan (MD18-3553-BC; Hsiung et al., 2018) of the
lower Gaoping Canyon contain frequent, very fine-grained sandy turbidites (Fig. 10), indicating
the coring sites are highly influenced by overspilling of turbidity currents from the Canyon. In
contrast, the sediment cores from the west bank of the upper Gaoping Canyon (OR1-GS5-2-M
and OR1-GS6-2-M) consist dominantly of hemipelagites (Fig. 10). This may be due to the coring
sites being located with an elevation of around 500 m above .~ adjacent canyon thalweg,
restricting the influence of overspilling turbidity curren:~ from the canyon. Both the
hemipelagites and turbidites in the sediment cores cons.~t mainly of illite and chlorite (see
Section 4.3.3, Fig. 10). This suggests the flood-indice = hyperpycnal turbidity currents and
hypopycnal plumes off river mouths are major 29c.cs .or transporting Taiwan-derived sediments
into the Gaoping Canyon system. Morec ‘er. the hemipelagites and turbidites in the sediment
cores from the Penghu Canyon system consist mainly of illite with moderate to high amounts of
smectite (see Section 4.3.3, Fig. 1™ "’hs suggests that hemipelagites are sourced mainly from
Taiwan, and Luzon through the Kuioshio Current, while turbidites are derived by overspilling

turbidity currents from the ~ar, n.

The amount of sn ectite in the Penghu Canyon system is higher than in the Gaoping
Canyon system, indicating that the Gaoping Canyon is dominantly influenced by the river-
canyon system, diluting the smectite supplied through the Kuroshio Current.
According to Zhang et al. (2018), the hyperpycnal flows associated with river floods during
typhoons are the main triggering mechanism for transportation of terrestrial sediments into the

deep sea in the river canyon system like the Gaoping Canyon system. Therefore, the clay mineral
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compositions of the sediment cores along the Gaoping Canyon system are similar to that of the

Gaoping River (Fig. 10, Tables S1, S2).

The sediment cores in the perched basins of the Manila lower-slope domain and south of
the Gaoping Canyon consist mainly of illite (30-61%) and contain minor to high amounts of
smectite (8-53%) (Fig. 9), indicating that the clay minerals can be sourced from Luzon through
the Kuroshio Current and overspilling of sediments from the Gaoping Canyon. The variations in
smectite amounts in the Manila accretionary wedge system such «: frcm high to moderate in the
upper-slope perched basins and Penghu Canyon system, re pec ively, show the strength of the

Kuroshio Current.

5.3.4. NE South China Sea (Province 1V)

We divide the NE South China Se~. ~ea, Taiwan into depositional units of the Tainan
continental slope (TCS), Formosa Canyon, a4 SCS near the Manila Trench, which is located
south of the Gaoping and Penghu Ca v, systems (Fig. 1b). The variations in smectite amounts
such as higher in the lower TCS han ¢he upper TCS and Tainan Shelf sediments (see Sections
4.2 and 4.3.4, Fig. 11), indicate that the strength of the Kuroshio Current decreases along the
Tainan Shelf boundar:,

The presence of ..ore smectite and comparatively less illite in the middle reach of the
Formosa Canyon (OR1-20-G) (see Section 4.3.4, Fig. 11), suggests that the clay mineral sources
of hemipelagites are mainly derived from Luzon through the Kuroshio Current and secondarily
from Taiwan, and turbidites may have been caused by slope failures in the Formosa Canyon. In
contrast, the presence of more illite and chlorite in the distal part of the Formosa Canyon and

near the confluence of the Penghu Canyon (OR1-19-M; Fig. 11), indicates the influence of
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overspilled turbidity currents from the Penghu Canyon, providing Taiwan-derived sediments to

the Formosa Canyon.

The relatively high kaolinite content in the TCS and the middle reach of the Formosa
Canyon (Fig. 13) indicate that Tainan Shelf sediments have been one of the source contributors
for TCS and Formosa Canyon as judged from the presence of more kaolinite in Tainan shelf
sediments. The sediment core from the South China Sea near the Manila Trench consists mainly
of illite and smectite (Fig. 11), indicating that the clay minerals >re sourced from Taiwan and
Luzon.

5.4 Summary of source and transport mechanism of clav .. incrals around Taiwan

As discussed above, we assume that the ton £U cn. of studied cores around Taiwan are
recent sediments (< 3,000 yr B.P) and for this c1or. ume span, the oceanic circulations, climate,
and tectonics can be considered similar w. che present-day situation. From our clay mineral
results, it is clear that the clay miner~l «~semblages in the studied cores around Taiwan are
mainly controlled by supply frora 1.23jor provenance via current transport. The clay-mineral
assemblages in both hemipel.anes and turbidites of different provinces change progressively
between two end-membe's: 1'ite+chlorite and smectite (Fig. 12b). Illite and chlorite are derived
predominantly from Taiw in river sediments and smectite is derived predominantly from Luzon
river sediments. Scarce to minor amounts of kaolinite in the studied sediments indicate no
contributions of sediments from rivers in SE China (Fig. 12a).

The spatial and downcore variations of clay mineral contents in hemipelagites of the
studied sediment cores indicate that the hemipelagic sediments are derived from various
provenances, and transported through the Kuroshio Current and other oceanic currents or

hypopycnal plumes off river mouths, which encompasses a wide geographic area (Fig. 14). The
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minor to significant downcore variations in the studied cores mainly depends on the varying
strength of surface currents and types of transport (e.g., cyclonic circulations, Caruso et al., 2006,
and seasonal changes of paths for the Kuroshio Current, Nan et al., 2015).

The spatial variation of clay mineral contents in turbidites from different provinces
depends on the various sources and depositional processes involved in individual provinces, such
as slope failures, channelized turbidity currents, and overspilling of turbidity currents from
canyons. The downcore variation of clay-mineral contents can oo Seen among the turbidites
(from 4% to 28%). or within a turbidite (from 1% to 25%) o. Zwudied sediment cores. This
changing clay-mineral content among turbidites in a corce nrobably reflects different sediment
sources. Whereas the changing clay-mineral content wiv “« a turbidite is a bit complicated. We
do not notice any systematic shift in clay-minet.' ccatents within a turbidite. The variation is
evident for the coarse turbidite fraction o ty i.1 a tew turbidites with less smectite in the coarse
fraction of the turbidite compared to the finer fraction of the turbidite and hemipelagites (e.g.,
core MD18-3525-BC and MD18-?52¢-F.C in Fig. 6 and Fig. S1). This changing clay-mineral
content within a fining-upwaru turbidite is probably due to different depositional agents. The
coarse fractions are prede~inordy tractional deposits from the turbidity current itself, whereas
the finer sediments man.'v accumulated from suspension clouds related to turbidity currents or
from other sediment sources such as nepheloid layers (e.g., Baker, 1976). Therefore, in the cores
MD18-3525-BC and MD18-3526-BC, the coarse fraction of the turbidites consist dominantly of
illite and chlorite and contain scarce amounts of smectite, indicating more influence of tractional
deposits from the turbidity currents derived from Taiwanese rivers. In most of the studied cores,

the relative abundance of clay minerals within turbidites and hemipelagites is quite similar.
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Therefore, we argue that the adjacent turbidites and hemipelagites of a core share common
detrital clay sources.

Assuming that there is no illite formed by diagenesis and it is of detrital origin in studied
sediment samples, we use illite chemistry index and illite crystallinity as indicators of the
intensity of chemical weathering. The values of illite chemistry index and illite crystallinity for
the studied sediment samples are < 0.5 and < 0.45 (°A20), respectively (Table S1). They both
imply Fe-Mg rich un-weathered illite, characteristic of physically ei1oded rocks (Kuo et al., 2012;
Liu et al., 2007b; Wan et al., 2010).

High ratios of smectite/(illite+chlorite) in the co.»s from a bathymetric high off the
Coastal Range, the Luzon volcanic arc, the upper-_‘upe perched basins of the Manila
accretionary wedge, and few cores in the nortre.~.¢ South China Sea off southwestern Taiwan
(Fig. 13) consist dominantly of smectit+. i"dicating strong influence by Kuroshio Current
pathways that bring smectite fro.» the Luzon (Fig. 14). The high ratio of
kaolinite/(illitetchlorite) in the upr~r-_rpe perched basins (Fig. 13) indicates that the kaolinite
may derive locally from the :denychun Peninsula, as the river-mouth sediments from the
Gangkou, Paoli, and Shini* i *2/s in the Hengchun Peninsula contain more kaolinite (~8-11%).
The moderate ratio of kcahinite/(illite+chlorite) in the Tainan continental slope and middle part
of the Formosa Canyon (OR1-20-G) indicate that the kaolinite may derive from Tainan Shelf
sediments (Fig. 13). The Hoping Canyon, the Nanao Basins, the Southern Longitudinal Trough
off eastern Taiwan, and the Gaoping Canyon off southwest Taiwan consist dominantly of illite
and chlorite, interpreted as derived mainly from Taiwanese rivers by the river-fed hyperpycnal

and hypopycnal flows (Fig. 14).
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6. Conclusions

For the first time, we studied the clay mineralogy of recent deep-sea sediments around
Taiwan in hemipelagites and turbidites within the top 50 cm of the sediment cores to determine
the source and transport of detrital fine-grained sediments. River-mouth sediments around
Taiwan were also studied for clay mineralogy to constrain the source characteristics of the
Taiwanese rivers. Our results show that the clay mineral assemblages in both hemipelagites and
turbidites of different provinces progressively change betw.c  ‘wo major end-members:
illite+chlorite and smectite. Illite and chlorite are sourced frcm Taiwan whereas smectite is
mainly transported from Luzon by the Kuroshio Current. (Ho./ever, smectite can also be sourced
from the Coastal Range of Taiwan and the Ryukvu 'slands. In summary, we propose that the
sediment cores consisting dominantly of illitc anu chlorite are associated mainly with river-
related canyon systems, interpreted as deriv. e mainly from Taiwanese rivers by hyperpycnal and
hypopycnal flows, whereas the sedir»m <ores consisting dominantly of smectite, indicating
strong influence by Kuroshio Curten. hathways. The relative abundances of clay minerals in the
adjacent turbidites and hemipelalites are quite similar, indicating that they share common
detrital clay sources, but the ‘ariation of clay minerals is more evident in a few coarse turbidite
fractions. Our study of cla/ mineralogy and sediment provenances for recent deep-water seafloor
sediments around Taiwan can serve as a reference for paleoclimatic and paleoceanographic

reconstructions around Taiwan.
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8. Supplementary Figures and Tables

All the detailed sedimentological logs, core photos, grain-size o.ta, MSCL, and clay mineral
compositions for every studied core are shown in the suppleme~tay figures (Figs. S1 to S13).
Clay mineral compositions (%) and illite indices in core: seuiments from different provinces,
Taiwanese river-mouth sediments, and Tainan Shelf _~d.ments are shown in supplementary

tables (Tables S1 to S3).
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Chen, 2000) and shaded relief bathymetry offshore Taiwan. Major faults, canyons, and river

sediment sampling locations (black circles) are shown on this map. The classified provinces are
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Hoping Canyon, HsR: Hsuehshan Range, KC: Kaohsiung Canyon, MT: Manila Trench, NB:
Nanao Basin, NLT: North Luzon Trough, PC: Penghu Canyon, SC: Shousan Canyon, SLT:
Southern Longitudinal Trough, TC: Taitung Canyon, TCS: Tainan Continental Slope, WF:
Western Foothills, WPC: West Penghu Canyon and the splay fault bordering the lower-slope

(LS) and upper-slope(US) domains.
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Fig. 3. Representative figure for identification of turuiites (T) and hemipelagites (H) of a
sediment core using core photo, lithological desrrigdons, grain-size data (grain-size volume
distribution pattern, median, sorting, kurtosis, :nd skewness), and petrophysical characteristics
(P-wave velocity and gamma density) fron. VISCL. See supplementary figures for other cores.

The shaded yellow areas indicate the .. hiu.te layers.
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Fig. 4. Representative X-ray diffraction pattern of < 2 1tm.actions of a particular interval from a
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solvation, and heated samples, respectively.
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Fig. 5. Glycolated X-ray diffraction patterns of representative samples from different provinces.
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Fig. 6

Fig. 6. Figure showing drainage patterns with distributions of clay mineral percentages in
surrounding Taiwanese river sediments and lithological descriptions with vertical clay mineral
distributions of the studied cores in Province-l. Abbreviations: ENB: East Nanao Basin, HB:
Hateruma Basin, HC: Hualien Canyon, HpB: Hoping Basin, HpC: Hoping Canyon, NB: Nanao

Basin. Contour lines show the elevation in 250-m intervals.

46



i

] ‘D'Wzilou :

23° 30"

22°30

-1.000 m

000 m

-3.000 m

4,000 m

000 m

121° 30" 122 00 122030’ 123° 00’
MDn. 3535-BU MD18-3538-BC
o—|Clay [Sitv~ay) ™ Sit [VFSand] | Clay [sity-clay [ sit [VFsand]
1-2
34 | MF, I
— — - 4-5
% T
10 - 810 O I
S 12413 T <34 T
"E_ 14418 ~ \ ¥ 8‘11516 o
L
s 0 17— 7 15 19 \ T
g 20—h w— S T
o
z H b 21 22_ T
a - T
g 526 | —— \
/-28 -
30— — K T

T

]
|
|
|

Province-Il.1 (Near

Coastal Range)

47

Smectite Ilite Kaolinite  Chlorite
---------- -,..-_‘_’_' il ) NOo Sample
Fig. 7

Province-ll.2 (Levees of the Taitung Canyon)

Province-ll (Huatung Basin of the

Philippine Sea Plate)



Fig. 7. Figure showing drainage patterns with distributions of clay mineral percentages in
surrounding Taiwanese river sediments and lithological descriptions with vertical clay mineral
distributions of the studied cores in Province-Il. Abbreviation: CR: Coastal Range. Contour

lines show the elevation in 250-m intervals.
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Fig. 8. Figure showing drainage patterns with distributions of clay mineral percentages in
surrounding Taiwanese river sediments and lithological descriptions with vertical clay mineral
distributions of the studied cores in Province: 1l1.1, 111.2. Abbreviations: NLT: North Luzon

Trough, SLT: Southern Longitudinal Trough. Contour lines show the elevation in 250-m

intervals.
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Fig. 9. Figure showing drainage patterns with distributions of clay mineral percentages in
surrounding Taiwanese river sediments in Province 111.3 and lithological descriptions with
vertical clay mineral distributions of the studied cores in Provinces: 111.3.1 and 111.3.2.
Abbreviations: FLC: Fangliao Canyon, KC: Kaohsiung Canyon, SC: Shousan Canyon. Contour

lines show the elevation in 250- m intervals.
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Fig. 10. Figure showing drainage patterns with distributions of clay mineral percentages in
surrounding Taiwanese river sediments in Province 111.3 and lithological descriptions with
vertical clay mineral distributions of the studied cores in Provinces: 111.3.3, 111.3.4.
Abbreviations: FLC: Fangliao Canyon, KC: Kaohsiung Canyon, SC: Shousan Canyon. Contour

lines show the elevation in 250- m intervals.
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Fig. 11. Figure showing drainage patterns with distributions of clay mineral percentages in
surrounding Taiwanese river sediments and lithological descriptions with vertical clay mineral
distributions of the studied cores in Province-1V. Abbreviation: WPC: West Penghu Canyon.

Contour lines show the elevation in 250-m intervals.
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Fig 12. (a) Comparison between clay mineral ternary diagrams of different provinces. (b)

Ternary diagram of all provinces divided into turbidites and hemipelagites. Clay mineral data of

Taiwan rivers and Tainan Shelf (this study), Pearl River (Liu et al., 2007b), and Luzon rivers

(Liu et al., 2009) are plotted to track the source regions.
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Fig. 13. Binary diagrams < howing smectite/(illite+chlorite) and kaolinite/(illite+chlorite) ratio for
turbidites and hemipelagites of all provinces. Dashed lines indicate higher values of

smectite/(illite+chlorite) and kaolinite/(illite+chlorite) ratios.
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Simplified Geological Units of Taiwan
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Fig. 14. Map showing a svnunsis of spatial sediment transport processes/paths in the deep seas

around Taiwan basea o, cnaracteristic clay minerals from various source terrains. The arrows in

black (solid and dashed) showing the different types of Kuroshio intrusion (modified from

Caruso et al., 2006). Abbreviations: HF: Hyperpycnal flows, I: lllite, C: Chlorite, S:

See Fig. 1 for other abbreviations.
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Supplementary Figures and Tables

Clay-mineral distribution in recent deep-sea sediments around Taiwan:
Implications for sediment dispersal processes
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Methods to identify hemipelagites and turbidites: We delineate the variability of sedimentary
facies based on both sedimentological data such as visual description, MSCL results (i.e., gamma
density, P-wave velocity), and grain-size data such as grain-size volume distribution pattern,
median, sorting, kurtosis and skewness. We use the logarithmic method of moments for the grain
-size parameters (i.e., sorting, kurtosis and skewness), obtained by using the GRADISTAT

software. Whereas, the grain-size volume distribution patterns were plotted by using the
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MATLAB software. Sediments were described with special attention to distinguish turbidites
from hemipelagites. All the detailed sedimentologic logs, core photos, grain-size data, MSCL,
and clay mineral compositions for every studied core are shown here. Hemipelagites are
typically marked by the finest median grain sizes (<10 um). The turbidite facies is primarily
identified by its coarser grain-size with higher sand fractions, higher median values (>10 pm),
and an upward-fining trend. The base of each turbidite layer is commonly marked by an erosive
surface or sharp boundary with noticeable breaks in grain-size aiw. sediment color. Due to the
unavailability of a few data such as results of MSCL and ¢z~ (hotos for some of the studied
cores, we focused mainly on the results of grain-size for v>nse cores to distinguish sedimentary

facies.

Supplementary Figures

Province-1 (Ryukyu subduction 7one)

Province-1.1 (Western forearc basns)

a MD18-3525-BC = Grain size data . Multi-Sensor Core Logger(l_VISCL) ;
ot Clay | Sitpdey | Sit | VF Sand : Gran' 22 (m) prasean St 23405 8 T Skewness(y) 1S 17 18 19 20 Powave Velosity ms)
1\ 02 "
56 ]
10— —
1314 [ E—
£ 20—
O
; 224
g %27
0| 82
30 i
335 | —
3738 &
40— b
443 |
464 R—
Yol T

P = 5 & o f T T 1 T T T 1
T-Turbidite facies, H-Hemipelagic facies i Median (um) 12 14 16 18 Kurtosis (0) 05 00 05 10 15 20 ©ammaDensity (g/cc) 4499 1500 1600

Volure(%)

58



59

MD18-3526-BC

o_| Clay [sitycay | it [vFSand]

Depth (cm)

"50

T-Turbidite facies, H-Hemipelagic facies

Smostits_its_Kaclinite Chiortse

MD18-3527-BC

I Clay [ Silty-clay

sit | _

1-2

Depth (cm)

2829
30

Y 435

T-Turbidite facies, H-Hemipelagic ~_

S

|sm-m. e _Kaolinite Chiorite

Grain size data Multi-Sensor Core Logger (MSCL)

- TR i 2 3 4 5 6 1 1T2 16 20 24 P.wave Velocity (mis
Grain size (m) T Soting 4 [ R | Shewness ) e—_ 1 ave Velocly ()
T
T
H
T
T
H
T
T
H
T
H r
10 ' ¢ Median {um) ! Kumala‘ ‘ Gamma Density (glce) . ‘ ‘ .
- 12 .1 b -050.0 us 10 15 zn 800 %00 1000 1100
© 12 5 4 5 %
[ e
Grain size da. Multi-Sensor Core Logger (MSCL)
Grain size (pm) 7 "‘ Son |g(¢) Y 5 f f Skewness (¢) ”"‘ 'i7 14 2i° P-waveVelccity(MIS)]
H <
[ C
H
= h . Med T 1 T T 1 o e o |
‘as ian (ym) 12 18 Kurtosis (¢) 00 05 10 Gamma Density (g/cc) 1350 1400 1450 1500 1550
Vommf/.)
o 1 2 3 4
|



d OR1-1013-KS09-P Grain size data

9 10111213 i 2.0 25 3.0
0—l-Clay [ sity-clay | sit | A Sorting (¢) : ; | Skewness ()
A T spgzedt
56
H
10
17-18 H
:—C: 24-25 |
Q.
a H
30
33-34 N iy
37-36 ‘ H
e — Ir
l IH
43-44[W
3-4 Ir £
47-48 [I— | H S
v o I S
T-Turbidite facies, H-Hemipelagic facies i Median (um) 14 6 118 210 Kurtosis () olo 012 0' 4 016
i i inif NS*mplc

Fig. S1. Figures for identification of turbidi*~s .nd hemipelagites of sediment cores in Western
forearc basins (Province 1.1) using lithologiu~l descriptions, grain-size data (grain-size volume
distribution pattern, median, sorting. k-.-tosis, and skewness), petrophysical characteristics (P-
wave velocity and gamma dens.'v) 1,om MSCL and core photos. The shaded yellow areas
indicate the turbidite layers anu *he horizontal color bands inside lithologs indicate vertical clay

mineral distributions of t| 2 stiidied cores.
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Province-1.2 (Hateruma forearc basin)
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Fig. S2. Figures for identification of turbidites and hem.nelgites of sediment cores in Hateruma
forearc basin (Province 1.2) using lithological d s~.rintions, grain-size data (grain-size volume
distribution pattern, median, sorting, kurt~.sis anu skewness), petrophysical characteristics (P-
wave velocity and gamma density) 1."m MSCL and core photos. The shaded yellow areas
indicate the turbidite layers and the he ‘izontal color bands inside lithologs indicate vertical clay

mineral distributions of the stucied vres.
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Province-1.3 (Slope basins of the Yaeyama Ridge)
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Fig. S3. Figures for identification of turbidites and hemipelagites of sediment cores in slope
basins of the Yaeyama Ridge (Province 1.3) using lithological descriptions, grain-size data
(grain-size volume distribution pattern, median, sorting, kurtosis, and skewness), petrophysical

characteristics (P-wave velocity and gamma density) from MSCL and core photos. The shaded
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yellow areas indicate the turbidite layers and the horizontal color bands inside lithologs indicate

vertical clay mineral distributions of the studied cores.
Province-11 (Huatung Basin of the Philippine Sea Plate)

Province-11.1 (Near Coastal Range)
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Fig. S4. Figure for idei.*iidtion of turbidites and hemipelagites using lithological descriptions

and grain-size data (grain-size volume distribution pattern, median, sorting, kurtosis, and

skewness) of a sediment core located near the Coastal Range (Province 11.1). The horizontal

color bands inside lithologs indicate vertical clay mineral distributions of the studied core.
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Province-11.2 (Levees of the Taitung Canyon)
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Fig. S5. Figures for identification of turbidites and hemipelagites of sediment cores in levees of
the Taitung Canyon (Province 11.2) using lithological descriptions, grain-size data (grain-size
volume distribution pattern, median, sorting, kurtosis, and skewness), petrophysical

characteristics (P-wave velocity and gamma density) from MSCL and core photos. The shaded
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yellow areas indicate the turbidite layers and the horizontal color bands inside lithologs indicate

vertical clay mineral distributions of the studied cores.

Province-111 (Manila subduction zone and Luzon volcanic arc)

Province-111.1 (Luzon volcanic arc)
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Fig. S6. Figure for identification of turbidites and hemipelagites of a sediment core located in
Luzon volcanic arc (Province 111.1) using lithological descriptions and grain-size data (grain-size
volume distribution pattern, median, sorting, kurtosis, and skewness). The shaded yellow area
indicates the turbidite layer and the horizontal color bands inside lithologs indicate vertical clay

mineral distributions of the studied core.
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Province-111.2 (Luzon forearc basins)
a. Deformed forearc basin
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b. Un-deformed forearc basi,
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b OR1-1138-10-G Grain size data Multi-Sensor Core Logger (MSCL)
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Fig. S7. Figures for identification of turbidites and hemirelagites of sediment cores in Luzon
forearc basins (Province 111.2) using lithological « ercr’ptions, grain-size data (grain-size volume
distribution pattern, median, sorting, kurtssis anu skewness), petrophysical characteristics (P-
wave velocity and gamma density) 1.»m MSCL and core photo. The shaded yellow areas
indicate the turbidite layers and the hec izontal color bands inside lithologs indicate vertical clay

mineral distributions of the stucied v res.
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Province-111.3 (Manila accretionary wedge)
Province-111.3.1 (Upper slope perched basins)
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OR1-1138-12-G Grain size data Multi-Sensor Core Logger (MSCL)
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d OR1-1138-14-G Grain size data Multi-Sensor Core Logger (MSCL)
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Fig. S8. Figures for identification of turbidites and i..mir elagites of sediment cores in upper
slope perched basins of Manila accretionary w:zdge (Province 111.3.1) using lithological
descriptions, grain-size data (grain-size vrui e Jistribution pattern, median, sorting, kurtosis,
and skewness), petrophysical characte. stics (r -wave velocity and gamma density) from MSCL
and core photos. The shaded yellow a’et. indicate the turbidite layers and the horizontal color

bands inside lithologs indicate v :riioal clay mineral distributions of the studied cores.

Province-111.3.2 (Lower sl2ne 2=rched basins)
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C Grain size data
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Fig. S9. Figures for identification of tur.’dies and hemipelagites of sediment cores in lower
slope perched basins of Manila acrreionary wedge (Province 111.3.2) using lithological
descriptions, grain-size data (grai'i-_ize volume distribution pattern, median, sorting, kurtosis,
and skewness), petrophysical ~h.-acteristics (P-wave velocity and gamma density) from MSCL
and core photos. The hunoaal color bands inside lithologs indicate vertical clay mineral

distributions of the studied' cores.
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Province-111.3.3 (Gaoping Canyon system)
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C MD18-3553-BC Grain size data Multi-Sensor Core Logger (MSCL)
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Fig. S10. Figures for idc:cfication of turbidites and hemipelagites of sediment cores in Gaoping
Canyon system (Province 111.3.3) using lithological descriptions, grain-size data (grain-size
volume distribution pattern, median, sorting, Kkurtosis, and skewness), petrophysical
characteristics (P-wave velocity and gamma density) from MSCL and core photos. The shaded
yellow areas indicate the turbidite layers and the horizontal color bands inside lithologs indicate

vertical clay mineral distributions of the studied cores.
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Province-111.3.4 (Penghu Canyon system)
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Fig. S11. Figure for identification of turbidites ¢ nu he.nipelagites using lithological descriptions,
grain-size data (grain-size volume distribu:or. pattern, median, sorting, kurtosis, and skewness),
petrophysical characteristics (P-wave veiccity and gamma density) from MSCL, and core photo
of a sediment core located in Peng'... Cuiryon system (Province 111.3.4). The shaded yellow areas
indicate the turbidite layers ara (e horizontal color bands inside lithologs indicate vertical clay

mineral distributions of th. _tuu.ed core.
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Province-1V (NE South China Sea)

Province-1V.2 (Formosa Canyon)
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Fig. S12. Figures for identification of turbidites and hemipelagites of sediment cores in Formosa

Canyon (Province 1V.2) using lithological descriptions, grain-size data (grain-size volume
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distribution pattern, median, sorting, kurtosis, and skewness), petrophysical characteristics (P-
wave velocity and gamma density) from MSCL and core photos. The shaded yellow areas
indicate the turbidite layers and the horizontal color bands inside lithologs indicate vertical clay

mineral distributions of the studied cores.

Province-1V.3 (South China Sea near the Manila Trench)
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Fig. S13. Figure for identification uf turbidites and hemipelagites of a sediment core in NE South
China Sea near the Manila Tronch (Province 1V.3) using lithological descriptions, grain-size data
(grain-size volume distrirdtion pattern, median, sorting, kurtosis, and skewness), petrophysical
characteristics (P-wave velocity and gamma density) from MSCL and core photo. The horizontal

color bands inside lithologs indicate vertical clay mineral distributions of the studied core.
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Supplementary Tables

Table S1. Clay mineral compositions (%) and illite indices in cored sediments from different

provinces around Taiwan. Abbreviations: H: Hemipelagite, T: Turbidite.

Province Sub Provinces Cores (Cruise, Core Sedimentary Clay mineral content
Water depth, Intervals Facies
Core length, (cm)
Longitude (°E),
Latitude (°N))
Ilite Chlorite  “<aolinite Smectite  Illite llite
(%) (%) %) (%) Crystallinity chemistry
(°A20) index
Province-I Western forearc  OR1-KS09-P 5-6 H 56 2" 0 17 0.20 0.31
(Ryukyu basins (I.1) (OR1-1013, 9-10 H 52 2y 0 23 0.27 0.35
subduction 17-18 H 50 K 0 26 0.27 0.36
z0ne) 2,900m, 20-21 T 56 34 0 8 0.28 0.38
98.cm, 24-25 H 51 25 0 2 0.26 0.32
122.18, 29-30 H A 0 0 19 0.26 0.39
24.13) 33-34 T 9 36 0 15 0.23 0.34
37-38 H 48 34 0 18 0.23 0.33
39-40 49 39 0 12 0.22 0.34
43-44 T 62 33 0 5 0.25 0.30
47-48 60 24 0 16 0.29 0.35
50-51 T 68 29 0 3 0.21 0.19
MD18-3525-BC 0-2 A 58 32 0 10 0.20 0.30
(MD214-18, 5-6 T 59 35 0 6 0.18 0.26
3,660 m, 10-1. H 54 34 0 12 0.25 0.35
55 cm, 214 H 59 29 0 12 0.27 0.32
122.66, 20-21 T 50 33 0 17 0.22 0.28
23.99) 23-24 T 57 29 0 14 0.28 0.26
26-27 T 58 34 0 0.25 0.23
28-29 T 60 37 0 0.22 0.20
34-35 H 52 32 0 16 0.24 0.34
37-38 T 55 27 1 17 0.27 0.34
42-43 H 52 29 1 18 0.28 0.37
46-47 T 52 44 2 2 0.21 0.34
MD18-3526-BC 1-2 T 54 33 0 13 0.25 0.34
(MD214-18, 5-6 T 55 31 1 13 0.24 0.39
3,476 m 9-10 H 48 27 2 23 0.23 0.39
49 cm, 13-14 T 56 30 1 13 0.21 0.35
122.86, 16-17 T 53 29 0 18 0.26 0.37
23.89) 20-21 H 60 31 0 9 0.30 0.26
24-25 T 59 29 0 12 0.29 0.26
26-27 T 61 32 1 6 0.17 0.23
30-31 H 55 26 1 18 0.20 0.33
34-35 T 58 29 0 13 0.20 0.30
36-37 T 57 31 0 12 0.24 0.23
38-39 T 64 34 0 2 0.18 0.22
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45-46 H 57 27 0 16 0.20 0.27

49-50 H 57 26 0 17 0.23 0.29

MD18-3527-BC 1-2 H 52 20 3 25 0.26 0.24

(MD214-18, 9-10 H 51 22 3 24 0.25 0.35

4,575 m, 14-15 H 58 25 2 15 0.24 0.27

35¢cm, 17-18 H 54 24 2 20 0.21 0.29

123.22, 21-22 T 58 33 1 8 0.30 0.38

23.69) 28-29 H 56 29 0 15 0.25 0.31

34-35 H 54 25 0 21 0.27 0.40

Hateruma MD18-3528-BC 0-1 H 40 20 6 34 0.26 0.39
forearc basin (MD214-18, 4-5 H 41 19 5 35 0.26 0.34
(1.2) 3,502 m, 15 cm, 9-10 H 44 20 6 30 0.33 0.30
123.59, 23.85) 14-15 H 46 20 6 28 0.27 0.34

MD18-3529-BC 0-1 H 36 17 5 42 0.26 0.40

(MD214-18, 3-4 H 37 16 5 42 0.29 0.32

3,480 m, 9-10 H 38 17 3 40 0.31 0.34

41 cm, 18-19 H 29 14 ’ 53 0.31 0.36

123.72, 25-26 H 33 11 5 47 0.27 0.38

23.78) 33-34 H 31 15 5 49 0.20 0.25

40-41 H 29 1. 4 56 0.29 0.31

MD18-3530-BC  0-1 H k- 6 5 47 0.25 0.40

(MD214-18, 9-10 H K 14 4 51 0.29 0.32

3,326 m, 17-18 H 30 15 4 51 0.28 0.37

57 cm, 26-27 H 5 19 6 40 0.28 0.46

123.90, 30-31 T 28 13 5 54 0.37 0.38

23.74) 32-33 T 34 14 5 47 0.40 0.32

40-41 ) 32 12 5 51 0.27 0.36

49-50 H 27 10 4 59 0.37 0.30

Slope basins of MD18-3531-BC 1-2 H 36 14 4 46 0.27 0.28
the Yaeyama (MD214-18, 9-1 H 34 17 5 44 0.25 0.41
Ridge (1.3) 3,590 m, w7 H 45 19 5 31 0.23 0.27
68 cm, 24-25 H 26 13 4 57 0.36 0.41

123.69, 29-30 H 46 21 6 27 0.35 0.38

23.57) 3$5-36 H 35 16 5 44 0.26 0.35

44-45 H 40 18 5 37 0.21 0.28

49-50 H 39 19 5 37 0.20 0.29

Dl "%74-BC 01 H 40 25 3 32 0.23 0.39

(MD. '4-18, 7-8 H 41 20 3 36 0.27 0.42

3,010m, 13-14 T 55 26 3 16 0.29 0.34

36 cm, 16-17 T 50 22 3 25 0.28 0.40

122.47, 22-23 H 47 25 2 26 0.28 0.35

23.73) 29-30 H 43 25 3 29 0.33 0.44

35-36 H 49 27 0 24 0.29 0.27

Province-I1 Near the OR1-KR03-P 1-2 H 35 22 2 41 0.22 0.36
(Huatung Coastal Range (OR1-1013, 34 H 31 19 3 47 0.27 0.44
Basin of the (1.1) 1,205 m, 19-20 H 26 13 2 59 0.24 0.33
Philippine Sea 398 cm, 22-23 H 30 16 3 51 0.27 0.36
Plate) 121.63, 29-30 H 29 14 2 55 0.25 0.32
23.25) 33-34 H 27 13 2 58 0.26 0.29

39-40 H 26 12 2 60 0.24 0.23

45-46 H 29 15 2 54 0.25 0.36

49-50 H 22 11 1 66 0.25 0.31
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Levees of the MD18-3535-BC 0-1 T 46 28 4 22 0.27 0.34
Taitung (MD214-18, 3-4 T 46 29 4 21 0.28 0.32
Canyon (11.2) 5,714 m, 7-8 T 47 25 4 24 0.28 0.33
32cm, 9-10 T 40 22 4 34 0.22 0.27
122.73, 12-13 T 33 21 2 44 0.29 0.31
23.08) 14-15 T 38 18 3 41 0.24 0.21
17-18 T 40 25 4 31 0.27 0.39
20-21 T 30 22 3 45 0.27 0.35
22-23 T 36 23 4 37 0.26 0.34
25-26 T 32 17 2 49 0.28 0.38
27-28 T 47 20 5 28 0.32 0.29
30-31 T 34 22 3 41 0.26 0.36
MD18-3538-BC 1-2 T 53 25 5 17 0.32 0.30
(MD214-18, 3-4 T 42 26 A 26 0.25 0.45
4,799 m, 4-5 T 50 22 5 23 0.36 0.33
25cm, 8-9 T 39 22 S 34 0.27 0.39
122.33, 13-14 T 37 25 5 33 0.26 0.46
22.54) 15-16 T 38 2t 6 33 0.28 0.46
18-19 T 38 23 5 34 0.27 0.41
21-22 T 44 . 6 28 0.27 0.37
24-25 T 3 11 3 37 0.25 0.36
Province-111 Luzon volcanic OR1-KS06-G 1-2 H 37 18 3 46 0.24 0.31
(Manila arc (111.1) (OR1-1048, 5-6 H 40 19 3 38 0.31 0.31
subduction 1,947 m, 15-16 H 5 19 3 43 0.25 0.34
zone and 212 cm, 24-26 H 31 19 3 47 0.23 0.40
Luzon 121.50, 29-30 T 33 20 2 45 0.26 0.38
volcanic arc) 22.85) 37-39 \ 22 10 2 66 0.31 0.29
48-50 H 23 13 2 62 0.28 0.31
OR1-GI2B-G 4-5 H 41 20 3 36 0.23 0.31
(OR1-891, 14- 5 T 35 19 3 43 0.26 0.38
631 m, 150 cm, 25 H 42 22 4 32 0.26 0.39
121.47, 22.75)
Luzon forearc ~ OR1-PO1B-P  0-1 T 67 31 0 2 0.19 0.27
basins (111.2) (OR1-1013, -8 T 68 31 0 1 0.21 0.27
1,229 m, 14-15 T 66 32 0 2 0.18 0.28
212 ©m, 22-23 T 68 32 0 0 0.19 0.27
L. 27-28 H 64 31 0 5 0.25 0.38
2220 32-33 T 69 30 0 1 0.21 0.26
35-36 H 61 28 1 10 0.28 0.36
38-39 T 66 32 0 2 0.18 0.23
40-41 T 68 32 0 0 0.20 0.28
43-44 T 62 34 0 4 0.20 0.27
45-46 T 63 33 0 4 0.21 0.31
48-49 T 66 33 0 1 0.17 0.22
OR1-10-G 1-2 H 37 25 7 31 0.31 0.48
(OR1-1138, 6-7 H 31 15 4 50 0.27 0.33
3,283 m, 15-16 H 39 13 3 45 0.27 0.24
189 cm, 24-25 H 23 11 3 63 0.26 0.28
121.13, 29-30 H 48 18 3 31 0.24 0.23
21.27) 42-43 H 39 18 3 40 0.23 0.25
49-50 H 35 17 3 45 0.22 0.24
= Upper MD18-3549-BC 1-2 H 29 16 5 50 0.37 0.38
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slope (MD214-18, 5-6 H 34 1 5 50 0.38 0.24
perched 1,892 m, 9-10 H 20 12 4 64 0.34 0.34
basins 101 cm, 16-17 H 30 16 5 49 0.41 0.38
(111.3.1) 120.53, 25-26 T 33 1 5 51 0.37 0.26
21.47) 34-35 H 30 1 4 55 0.36 0.24

44-45 H 23 9 4 64 0.27 0.25

48-49 H 35 14 6 45 0.30 0.27

OR1-12-G 1-2 H 18 8 3 71 0.26 0.31

(OR1-1138, 5-6 H 17 7 4 72 0.28 0.28

1,743 m, 11-12 T 22 8 4 66 0.37 0.30

87 cm, 15-16 H 17 6 3 74 0.31 0.27

120.67, 24-25 H 19 8 4 69 0.33 0.32

21.07) 29-30 H 16 7 3 74 0.30 0.32

34-35 H 21 10 5 64 0.26 0.30

42-43 H 17 8 o 72 0.31 0.33

46-47 H 16 10 70 0.33 0.39

49-50 H 16 7 % 73 0.28 0.32

OR1-13-G 2-3 T 32 S 6 49 0.32 0.26

(OR1-1138, 7-8 T 31 12 7 50 0.28 0.30

1,000 m, 11-12 T 23 1 5 62 0.28 0.35

105 cm, 15-16 T .. ) 5 65 0.26 0.29

120.64, 24-25 T 1” 7 4 70 0.29 0.34

21.27) 29-30 T 19 8 4 69 0.27 0.34

38-39 T 9 7 3 71 0.32 0.33

46-47 T 19 6 5 70 0.31 0.27

OR1-14-G 1-2 T 19 7 4 70 0.25 0.39

(OR1-1138, 5-6 20 9 4 67 0.22 0.39

1,611m, 13-14 T 20 7 4 69 0.33 0.28

200 cm, 27-28 T 20 7 5 68 0.28 0.27

120.58, 38- 9 T 22 10 6 62 0.26 0.32

21.23) 249 T 13 8 4 75 0.29 0.33

Lower MD18-3552-BC 12 H 49 19 5 27 0.32 0.35
slope (MD214-18, 8-y H 47 19 4 30 0.27 0.26
perched 1,753 m, i5-16 H 43 25 6 26 0.31 0.48
basins 87 cm, 23-24 H 36 15 4 45 0.31 0.38
(111.3.2) 119 95, 35-36 H 44 23 6 27 0.32 0.43
1.8, 45-46 H 48 24 5 23 0.35 0.42

49-50 H 53 18 5 24 0.29 0.22

01.o-KP5-G 0-1 H 46 21 5 28 0.34 0.38

(OR5-0032, 9-10 H 51 23 6 20 0.28 0.41

2,880 m, 19-20 H 46 21 5 28 0.33 0.39

242cm, 28-29 H 51 25 6 18 0.31 0.35

120.33, 39-40 H 50 22 6 22 0.38 0.43

21.35) 49-50 H 40 15 5 40 0.33 0.38
MD18-3540-BC  1-2 H 57 24 5 14 0.29 0.38

(MD214-18, 5-6 H 61 26 5 8 0.37 0.37

2,876 m, 15-16 H 56 21 5 18 0.39 0.28

84 cm, 20-21 H 47 20 5 28 0.30 0.37

120.42, 29-30 H 35 16 5 44 0.38 0.46

21.28) 42-43 H 30 13 4 53 0.41 0.48

48-49 H 37 20 4 39 0.31 0.37

Gaoping OR1-GS5-2-M 0-1 H 72 24 4 0 0.33 0.22
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Canyon
system
(1.3.3)

Penghu

Canyon
system
(111.3.4)

(OR1-1138, 45 H 60 33 7 0.31 0.44
1,268 m, 8-9 H 72 23 5 0.30 0.29
34cm, 16-17 T 67 23 5 0.31 0.27
120.03, 21-22 H 54 22 6 18 0.31 0.32
22.09) 25-26 H 56 27 5 12 0.33 0.43

33-34 H 54 27 6 13 0.30 0.40
OR1-GS6-2-M 0-1 H 61 24 5 10 0.32 0.35
(OR1-1138, 7-8 H 66 20 6 8 0.34 0.30
1,618 m, 16-17 H 60 24 6 10 0.24 0.28
35cm, 20-21 H 52 26 6 16 0.37 0.42
120.14, 26-27 H 50 24 6 20 0.31 0.36
21.86) 28-29 H 53 23 4 20 0.37 0.32
34-35 H 60 29 6 5 0.42 0.47
MD18-3553-BC  0-1 T 66 31 3 0 0.20 0.23
(MD214-18, 5-6 T 68 27 “ 1 0.28 0.24
2,769 m, 9-10 T 68 23 5 0.38 0.28
44 cm, 14-15 T 66 23 g 7 0.36 0.29
120.09, 21-22 T 63 o3 5 7 0.23 0.25
21.65) 29-30 T 66 24 5 5 0.36 0.24
32-33 T 61 . 5 8 0.33 0.36
36-37 T 5 5 6 10 0.38 0.39
38-39 T 50 26 5 10 0.33 0.37
43-44 H 57 24 5 14 0.37 0.40
OR1-1-G 0-2 T 6 28 4 2 0.26 0.29
(OR1-1138, 8-9 T 67 27 4 2 0.34 0.34
2,745 m, 12-13 T 62 29 6 3 0.31 0.35
74 cm, 19-20 66 27 4 3 0.32 0.26
120.11, 25-26 T 66 26 5 3 0.34 0.34
21.43) 30-31 H 64 25 5 6 0.36 0.33
32- 3 T 64 24 5 7 0.34 0.38
.38 H 63 30 4 3 0.37 0.35
40-42 T 65 28 4 3 0.26 0.27
4233 H 64 27 4 5 0.32 0.34
14-45 T 63 31 4 2 0.31 0.35
47-48 T 61 26 6 7 0.34 0.37

~ MD 3261-° 33-35 T 50 22 5 23 0.20 0.31
DL R, 43-45 T 51 18 5 26 0.30 0.28
1,520 m, 19.5m,

14..03, 22.43)
MD-3275-C 0-2 H 43 13 4 40 0.36 0.27
(MD178-10, 10-12 H 43 19 6 32 0.34 0.36
1,442 m, 20-22 H 46 17 5 32 0.38 0.32
33.8m, 30-32 H 46 20 6 28 0.31 0.42
119.83, 22.25) 48-50 H 42 17 5 36 0.37 0.29
ORI-PC-2-G 1-2 H 56 17 5 22 0.29 0.29
(OR1-1138, 45 H 54 17 5 24 0.31 0.29
2,767 m, 14-15 H 38 15 5 42 0.36 0.40
100 cm, 24-25 H 41 15 4 40 0.32 0.36
119.56, 29-30 H 36 14 5 45 0.31 0.33
21.84) 34-35 H 39 16 4 4 0.34 0.29
38-39 T 53 16 5 26 0.30 0.28
40-41 T 35 16 4 45 0.33 0.43
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44-45 H 49 15 4 32 0.29 0.27

46-47 T 36 16 5 43 0.37 0.31

48-49 T 36 15 5 44 0.38 0.32

MD-3267-C 0-2 H 56 21 5 18 0.32 0.31

(MD178-10, 12-14 H 55 20 4 21 0.36 0.33

3,203 m, 22-24 H 50 23 5 22 0.34 0.39

7.2m, 30-32 T 52 22 6 20 0.36 0.40

119.67, 42-44 H 47 22 6 25 0.33 0.38

21.61) 48-50 H 49 17 6 28 0.39 0.37

Province-1V Tainan MD-3262-C 2-4 H 38 15 5 42 0.36 0.40
(NE South continental (MD178-10, 12-14 H 35 15 5 45 0.30 0.38
China Sea) slope (IV.1) 1,200 m, 22-24 H 47 22 7 24 0.29 0.39
29.2 m, 34-36 H 44 22 6 28 0.44 0.39

119.29, 22.11) 48-50 H 47 22 R 25 0.45 0.41

MD-3264-C 2-4 H 35 10 4 51 0.33 0.27

(MD178-10, 7-9 T 29 10 A 57 0.36 0.34

2,820 m, 18-20 H 35 11 r 49 0.36 0.33

21.8m, 36-38 T 34 1 5 50 0.37 0.32

119.33, 21.54) 48-50 H 34 10 5 51 0.35 0.33

Formosa OR1-20-G 0-1 T 45 1o 6 30 0.28 0.27
Canyon (I1V.2) (OR1-1138, 5-6 H 2z ) 4 61 0.34 0.34
2,956 m, 7-8 T 34 18 6 44 0.32 0.44

211 cm, 10-11 T 35 14 4 47 0.22 0.23

119.14, 16-17 T 1 16 5 48 0.24 0.27

21.34) 22-23 T 35 17 6 42 0.27 0.39

28-29 H 29 15 4 52 0.39 0.31

31-32 Y 32 13 5 50 0.30 0.32

37-38 T 33 12 4 51 0.31 0.31

43-44 T 28 13 4 55 0.35 0.41

46- 7 T 46 18 6 30 0.25 0.25

~ 50 H 29 10 4 57 0.36 0.29

OR1-19-M RUET H 68 26 4 2 0.26 0.32

(OR1-1138, 4-5 T 60 24 5 11 0.32 0.30

3,406 m, -8 H 60 22 5 13 0.32 0.32

36 cm, 10-11 T 55 23 6 16 0.34 0.36

119 57, 13-14 T 57 25 6 12 0.31 0.34

21, 18-19 H 40 19 6 35 0.33 0.40

27-28 H 46 23 6 25 0.35 0.39

30-31 H 51 20 6 23 0.39 0.34

32-33 T 41 22 7 30 0.29 0.40

34-35 T 54 23 6 17 0.36 0.39

South China OR1-18-G 0-2 H 56 23 7 14 0.32 0.40
Sea near the (OR1-1138, 4-5 H 47 13 6 34 0.36 0.26
Manila Trench 3,318 m, 12-13 H 34 15 5 46 0.30 0.35
(IV.3) 204 cm, 24-25 H 34 14 5 47 0.27 0.30
119.81, 31-32 H 41 17 6 36 0.37 0.36

20.83) 38-39 H 37 18 6 39 0.32 0.36

47-48 H 39 19 6 36 0.35 0.37
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Table S2. Clay mineral compositions (%), and illite indices in river-mouth sediments around

Taiwan.

River Sediments

Clay mineral content

Ilite (%) Chlorite (%) Kaolinite (%) Smectite (%) Tiilte Crystallinity (°A20) Illite chemistry index

Yilan River 76 23 0 1 0.36 0.31

Lanyang River 75 24 0 1 0.34 0.30

Dongaobei River 35 58 0 7 0.18 0.23

Nanao River 56 44 0 0 0.20 0.31

Heping River 69 26 2 3 0.24 0.20

4 Liwu River 48 48 0 4 0.26 0.19
z Hualien River 45 47 0 8 0.20 0.19
§ Dingzilou River 32 13 2 53 0.26 0.27
ﬁ Xiuguluan River 32 25 3 40 0.9 0.28
E Lele River 57 37 3 3 n1, 0.25
Beinan River 58 35 2 5 0.1 0.28

Zhiben River 73 27 0 0 v.26 0.20

Jinlun River 72 28 0 0 0.21 0.18

Dazhu River 69 31 0 0 0.23 0.28

Anshuo River 76 24 0 0 0.35 0.24

Fenggang River 72 28 0 s 0.41 0.25

Fangshan River 68 32 0 n 0.40 0.25

Shiwen River 69 31 0 0 0.25 0.22

Linbian River 73 27 0 0.31 0.32

Donggang River 72 28 0 0 0.26 0.18

e Gaoping River 65 28 7 0 0.32 0.29
'nE: Erjhen River 59 22 9 10 0.33 0.35
.g Zengwen river 57 19 7 17 0.36 0.31
F Jiangjun River 60 21 9 10 0.38 0.34
g Jishui River 54 7 7 19 0.36 0.32
% Bazhang River 49 24 12 15 0.43 0.34
¢ Zhuoshui River 66 3L 3 1 0.29 0.24
Sichong River 62w 8 0 0.38 0.29

23“;':\;;” Paoli River 61 30 9 0 0.39 0.29
Rivers Shiniu River 62 28 10 0 0.40 0.30
Gangkou River 57 28 11 3 0.35 0.34

Table S3. Clay mineral compositions (%), and illite indices in Tainan Shelf sediments.

Tainan Shelf sediments

Clay mineral content

1lite (%) Chlorite (%) Kaolinite Smectite (%) [llite crystallinity (°A26) Ilite chemistry index
(%)
S1 47 22 9 22 0.31 0.38
S2 49 22 9 20 0.33 0.39
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Journal Pre-proof

S12 54 22 8 16 0.26 0.27
S13 47 21 8 24 0.27 0.30
S17 38 17 7 38 0.28 0.33
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Highlights:

e lllite and chlorites are sourced mainly from Taiwan Island.
e Smectite is a key clay mineral around Taiwan transported by the Kuroshio Current.
e The amount of smectite is diluted along river-related canyon systems.

e River-related canyons efficiently deliver Taiwan sediments into the deep-sea.
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