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KEYWORDS Summary Spatial variations in grain-size parameters can reflect sediment transport patterns
Grain-size trend and depositional dynamic environments. Therefore, 616 surficial sediment samples taken from
analysis; the Zhejiang nearshore area in the East China Sea were analyzed to better understand the net
Sediment transport; sediment transport pattern in this region. The study area is generally dominated by clayey silt and
Sedimentary rate; has relatively coarse mud sediment in the southeast. The sorting coefficient of surface sediment is
Zhejiang nearshore area higher than 1.4, and sediment is poorly sorted throughout the study area. The skewness has a

strong correlation with the mean grain-size diameter. The net sediment transport pathways
obtained by the grain-size trend analysis indicate several distinct characteristics of the surficial
sediment transport. The sediment is transported southward under the action of the stronger
southward Zhejiang—Fujian Coastal Current (ZMCC) in winter in the upper part of the nearshore
area. Influenced by the obstruction of the Taiwan Warm Current (TWC) and the tidal current,
surficial sediment transport vectors display two areas of grain-size trend convergence and
indicate the net deposition environment has a high sedimentation rate. However, the transport
is mainly toward the north under the control of the prevailing northward ZMCC and the strong
TWC in the summer. The sedimentary rate is closely related to the processes of the sediment
transport. On the one hand, sediment transportation affects the depositional rate in a different
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environment. On the other hand, the modern sedimentary rate can reflect indirectly the
sediment source and sediment transportation.
© 2019 Institute of Oceanology of the Polish Academy of Sciences. Production and hosting by
Elsevier Sp. z 0.0. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The spatial variations in grain-size parameters are the natural
result of the comprehensive effect of sedimentary dynamics
processes in the marine environment. Grain-size parameters
can intensively reflect local sedimentary environments, such
as hydrodynamic conditions, sediment transport, subsidence,
and redistribution processes (Folk, 1966; Passega, 1964;
Pejrup, 1988). In particular, abundant information about
sediment transport is contained in the sediment grain-size
data. Therefore, grain-size analysis is extensively applied to
distinguish sediment types, recover sediment mechanisms,
and discuss sediment environmental evolution (Asselman,
1999; Cartier and Héquette, 2015; Ma et al., 2014; Pedreros
et al., 1996; Rosenberger et al., 2016; Roux, 1994). Many
geoscientists are trying to identify sedimentary transport
directions according to the spatial variation trends in grain-
size parameters. The spatial difference in grain-size para-
meters is defined as the grain size trends analysis and could be
regarded as the results of sediment transport and accumula-
tion (McCave, 1978). Three grain-size parameters (mean size,
sorting, and skewness) were utilized to develop a one-dimen-
sional trend model, which could identify the net surficial
sediment transport pathways (McLaren, 1981; McLaren and
Bowles, 1985). Based on an in-depth study of the McLaren
model, a two-dimensional trend method was developed to
define net sediment transport patterns: the Grain-Size Trend
Analysis (Gao, 1996; Gao and Collins, 1991). The results
showed that this pattern could mainly reflect actual sediment
transport in areas like estuaries, coasts, and continental
shelves (Balsinha et al., 2014; Cheng et al., 2004; Yamashita
et al., 2018; Zhang et al., 2013).

The East China Sea (ECS) is a marginal sea with a wide, flat
continental shelf in the western Pacific Ocean, which is sur-
rounded by the continent of Asia, China's Taiwan Island, the
Korean peninsula, the Kyushu of Japan, and Ryukyu Island. The
East China Sea Continental Shelf (ECSCS) is one of the best
examples of a river-dominated ocean margin, and its sediment
mainly comes from the continental river in surrounding areas.
The Yangtze River has long been considered the dominant
contributor to the inner-shelf mud area in the ECSCS, which
is mainly derived from finer suspended sediments and trans-
ported southward by the Zhejiang-Fujian Coastal Current
(ZMCC) (Guo et al., 2003; Milliman and Meade, 1983).
Researchers have carried out many studies considering sedi-
mentation along the ECSCS, obtaining many beneficial findings.
Studies have shown that nearly 47% of the Yangtze River-
derived sediment has accumulated in the ECSCS, of which
approximately 32% has been deposited in the inner shelf along
the Zhejiang—Fujian coasts (Dai et al., 2016; Liu et al., 2007;
Saito et al., 2001). Due to the continuous input of the terri-
genous and sea sediments, the basic distribution pattern of

surface sediments in the ECSCS indicated fine-grained sedi-
ments in the nearshore shallow sea and middle continental
shelf areas, with coarse sediments in the outer continental
shelf area (Li et al., 2012). Moreover, by using 2'°Pb and '*Cs
dating methods, studies on centennial deposition rates indi-
cated that the modern sedimentation rate in the coastal area
was higher than that offshore (Su and Huh, 2002; Xu et al.,
2012). Ultimately, the mud areas are gradually formed and
become depositional centers for the modern continental shelf
in the ECS (Liu et al., 2007; Xu et al., 2016).

Many previous studies have investigated the relationship
between the sediment distribution in the ECSCS and the
corresponding ocean dynamical environment. Some research-
ers have proposed that the position and deposition rate of the
muddy deposits in the continental shelf depend on the sedi-
ment supply and the transport ability of the marine dynamics
(McKee et al., 1983; Xu et al., 2016). The control of eddy
dynamics in the region plays an important role for the for-
mation of mud areas (Hu, 1984). A numerical simulation was
applied to analyze the mechanisms that control upwelling on
the mud sediment, and it is found that the upwelling can
increase the depositional process of fine-particle sediments
(Qu and Hu, 1993; Zhang et al., 2011). The sediment transport
in the ECSCS is strongly influenced by the Taiwan Warm
Current (TWC) and the coastal current in the ECS. Moreover,
the coastal currents in the ECS are necessary for the formation
of the coastal mud area in the inner shelf (Liu et al., 2007; Xu
et al., 2009). Based on the sedimentary velocity and granu-
larity of the sediment, the possible generating process of mud
areas was better elaborated (Demaster et al., 1985). After
analyzing the seasonal variation of suspension sources and
vortex dynamics in the mud area to the north of the ECSCS,
the results showed that there are obvious seasonal differences
in the sedimentation dynamics of the mud area (Wang et al.,
2014). According to the in situ observations of the ocean
temperature, salinity, flow, and suspension turbidity, the
results indicate that the major force driving the sediment
tosuspend and transport is the tidal current, and the sediment
supplied by the Yangtze River is transported southwards along
the coast (Sternberg et al., 1985). Satellite remote sensing
image data and numerical simulations were also used to study
the seasonal differences of the sedimentary processes of the
mud areas in the ECSCS, and the results indicated that the
inner mechanism has a close relationship with the seasonal
variations of the supply from river sediments, marine dynamic
factors, and the ocean current system (Moon et al., 2009;
Yanagi et al., 1996; Yuan et al., 2008). However, previous
studies mostly focused on the relationship between the sedi-
mentation processes with a single influencing factor, espe-
cially when sediment transport was analyzed. These previous
studies have primarily emphasized the influence of the marine
environment on the sediment transport pathway, providing
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somewhat superficial insight into the effects of sediment
transport on the sedimentary environment. Therefore, the
objectives of this paper are to (1) clarify the changes in the
surficial sediment distributions in the Zhejiang nearshore
area; (2) illuminate the sediment transport patterns by
grain-size trend analysis; and (3) expound on explicating
the interaction between surficial sediment transport patterns
and the marine deposition environment. In addition, combin-
ing the results with long-term accumulation rates based on
21%p dating helps improve understanding of erosion and
deposition in the nearshore mud area.

2. Regional setting

This study area lies in the southwest of the ECSCS between
28°N—31°Nand 121°30'E—123°E (Fig. 1). The northern coast of
the Zhejiang Province is located in the southern wing of the
Yangtze River Delta and Qiantang River Estuary Plain, while
southern regions are the low hilly shoreline of volcanic rock
(Fig. 2). The terrain of the nearshore area slopes downward
from northwest to southeast and until plunges down to the
East China Sea, with some mountains becoming islands. The
Zhoushan Archipelago, adjacent to the Yangtze Estuary and
Hangzhou Bay, is northwest of the study area. Islands are
scattered in the Zhoushan sea area, where fjords are plentiful

between the islands and the water depth is greater. There are
large and small mountainous river dispersal systems, such as
the Qiantang River. Large amounts of sediment from these
rivers are transported to the nearshore area, with a part of
sediment originating from the Yangtze Estuary. The twists and
turns of the nearshore area create a coastline of more than
6000 km, distributed with bays like the Hangzhou, Xiangshan,
Sanmen, Taizhou, and Yueqing Bays. The coastal types of
Zhejiang Province could be generalized into the muddy (about
50% of total length), bedrock (40%), and sand coast (4%).
Under the influence of the hydrodynamic condition and sedi-
ment source, these coasts have obvious seasonal variations:
erosion in summer and deposition in winter.

The climate factors, such as heat, temperature, precipi-
tation, and evapotranspiration, vary obviously with seasonal
and latitudinal changes. The annual temperature increases
from the north to the south, varying from 16 to 21°C. The
annual rainfall is between 900 and 1300 mm, with a tendency
to be higher in the south and lower in the north in coastal
regions. The main tidal characteristics are mixed semidiurnal
tides with medium tide ranges and high current velocities.
The flood currents come from the outer shelf and flow toward
the nearshore area, while the ebb currents have the opposite
behavior. Moreover, this area is often threatened by typhoons
and strong tropical storms. Surge waves are more frequent
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Figure 1

Schematic map of the bathymetry and regional circulation pattern in the ECSCS and adjacent areas during summertime

(modified after Liu et al., 2010). Water depth in meters. The dashed square indicates the study area. SSCC, South Shandong Coastal
Current; YSWC, Yellow Sea Warm Current; KCC, Korean Coastal Current; NJCC, North Jiangsu Coastal Current; CDW, Changjiang
(Yangtze River) Diluted Water; ZMCC, Zhejiang—Fujian Coastal Current; TWC, Taiwan Warm Current; KC, Kuroshio Current; TC,

Tsushima Current.
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Figure 2

Location of the surface sediment and columnar core samples in the Zhejiang nearshore area. Water depth in meters. (The

numbered core samples were chosen for 2'Pb and '*’Cs experiments.)

than wind waves affected by the southeasterly winds (Liu
et al., 2006; Zhang et al., 2014).

The general current circulation system in the study area is
dominated by the KC, TWC, and coastal current (Fig. 1). The
KC, which originates from the north equatorial warm current,
intrudes onto the ECSCS on the large scale and flows north-
east along the edge of the continental shelf (Andres et al.,
2008; Li et al., 2013; Zheng and Huang, 1993). The TWC is
parallel to the KC and is characterized by a high temperature,
high salinity, and low turbidity, and it flows northward all year
round along the coast, with stronger currents in the summer
thanin the winter (Fang et al., 1991). The ZMCCisformedin a
seashore environment and flows northward in the summer
and southward in the winter due to monsoons (Su, 2001). The
circulation patterns mentioned above control the sediment
transport processes and affect the sediment framework in
the study area.

3. Material and methods
3.1. Field sampling

616 surficial sediment samples were collected with box core
from the Zhejiang nearshore area on board of the R/V
Yezhizheng in June 2013 (Fig. 2). The positions of the samples

were determined using a differential GPS system. The sam-
ples were about 3 cm thick and were taken from the super-
ficial layer of each box core, and 10 g samples were chosen
for the grain-size analytical experiment. Meanwhile,
80 columnar cores (2.2—3.5m long each) were collected
with a vibrocorer. According to the geological and topo-
graphic features of the study area, 27 columnar cores were
chosen for 2'°Pb and '*’Cs experiments.

3.2. Grain size experiment

The samples were pretreated with 10% H,0, and 0.1 N HCl to
remove organic matter and biogenic carbonate, respectively.
Then, the samples were dispersed with 0.5% (NaPOs)e
and subsequent ultrasonic dispersion. The grain size was
measured with a Malvern Mastersizer 2000 Laser particle
size analyzer (Malvern Instruments Ltd., UK), with a measur-
ing range from 0.02 to 2000 pm, a particle resolution of
0.01 ¢, and relative error of <2%. Three main grain-size
parameters, including mean diameter (u), sorting coefficient
(o), and skewness (Sk), were calculated using the statistic
moment method (McManus, 1988):

n
="y P
1
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where §; is the size class, P; is the percentage of size S; (in ¢
units), and n is the total number of size classes. The Shepard
classification scheme (Shepard, 1954) was adopted in this study
to describe the sediment types of surficial sediment samples.

3.3. Columnar cores and 2°'Pb dating

The subsamples of 27 columnar cores for 2'°Pb, #?°Ra, and
137Cs analysis were selected at 5—10 cm intervals to calculate
sediment accumulation rates for the sample sites. 2'°Pb
activities were determined by a BE3830 gamma-ray spectro-
meter (CANBERRA Ltd., USA) following a standard operation
procedure (Xia et al., 2011), and the uncertainties associated
with sample measurements were typically less than 10%.
Supported 2'Pb activities were assumed to be equal to
the measured ??°Ra activities, and excess 2'°Pb activities
were calculated by subtracting the supported 2'°Pb activities
from the total 2'°Pb activities measured (Pfitzner et al.,
2004). The influence of grain-size variations on the 2'°Pb
activities was eliminated by normalizing the 2'°Pb activities
to the corresponding clay (<4 wm) content of each sample
(Palinkas et al., 2006). The sediment accumulation rates
were calculated by means of a Constant Initial Concentration
model (Oldfield et al., 1978). Analyses of grain size and 2'°Pb
dating experiments were carried out at the Center of Testing,
Qingdao Institute of Marine Geology, China Geological Survey.

3.4. Grain-size trend analysis

Grain-size trends were calculated in this study by operating
the two-dimensional model that can describe net sediment
transport patterns (Gao and Collins, 1994). This method is
based on the assumption that the trend used for the analysis
has a significantly higher probability of occurrence in the
direction of net transport than in any other directions (Gao,
1996). It tries to identify the possible net transport paths by
comparing two neighboring sampling sites. By employing the
three most frequently used grain-size parameters (u, o, and
Sk), the most appropriate grain-size trends for trend analysis
can be found (Gao and Collins, 1994). Then, by comparing the
three grain-size parameters between the two nearest neigh-
boring stations within a characteristic distance, a dimension-
less trend vector is defined. The vector has a unit length and
points from the station with the higher sorting coefficient
toward that with the lower sorting value. Each of the two
neighboring stations are compared in a grid of surficial sedi-
ment samples, and all of the grain-size trend vectors are
generated. A single resultant vector is produced after sum-
ming the identified trend vector at each sampling station and
its neighboring stations. This resultant vector represents the
tendency of the sediment transport at the station. Finally, a
smoothing operation is performed to remove background
noise by averaging the resultant vector at any sampling

station and the resultant vectors of its neighboring stations
to produce a residual vector. The transport vector maps can
successfully reflect the net sediment transport trend via this
sequence of steps.

4. Results and discussion

4.1. Sediment compositions and distributions
patterns

Surface sediments were classified and plotted in a ternary
diagram of sand (>0.063 mm), silt (0.004—0.063 mm), and
clay (<0.004 mm) contents (Fig. 3). Five primary sediment
types occur in the Zhejiang nearshore area: clayey silt (YT),
sand-silt-clay (STY), silty sand (TS), silt (T), and fine sand (FS)
(Fig. 4). YT is the dominant sediment type (74% of all
616 surficial sediment samples) and is primarily deposited
in the center of the nearshore area with a NE—SW banding
distribution, which is also known as the mud area in shallow
sea water. T (2%) is scattered along the coastline and mainly
originates from the Yangtze River and some mountain rivers.
From the center to the eastern deep water more than 50 m,
STY (16%), TS (6%), and FS (2%) gradually become present,
and sediments become gradually coarser in grain size. Over-
all, there are coarse-fine-coarse gradations in the grain sizes
of the sediments from the nearshore to the offshore.

The distributions of size fraction components (sand, silt,
and clay) correspond well with those of the surficial sediment
types (Fig. 4). The sand component is distributed much less
widely, mainly in the offshore area, compared with the silt
and clay in the study area (Fig. 5a). The high content of the
sand component benefits from the contributions of residual
sand sediment from the ECSCS (Niino and Emery, 1961; Shen,
1986). The silt component is distributed in the western
nearshore area and presents a zonal distribution, ranging
from 50% to 70%. A relatively high silt component appears
near the Zhejiang coast, which is abundant in terrigenous
sediment supply transported by the ZMCC and some mountain
rivers (Fig. 5b). The clay component (average 28%) is gen-
erally distributed in the middle of the Zhejiang nearshore

Sand (%>0.063 mm)
100

100 75 50 25

Clay (%<0.004 mm) Silt (%0.004-0.063 mm)

Figure 3 Ternary diagram of sand/silt/clay proportions of
samples in the Zhejiang nearshore area (S, sand; T, silt; Y, clay;
YS, clayey sand; TS, silty sand; SY, sandy clay; S-T-Y, sand-silt-
clay; ST, sandy silt; TY, silty clay; YT, clayey silt).
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Figure 4 Spatial distribution of the surficial sediment types in the Zhejiang nearshore area. Water depth in meters.

area, known as the mud area in the inner shelf (Fig. 5c) (Liu
et al., 2007; Xu et al., 2016). The clay content gradually
diminishes toward the edges of the center area.

4.2. Log-ratio and correlation analysis of
grain-size parameters

The spatial distribution of the mean diameter of the surface
sediments shows a clear coarse-fine-coarse trend from the

shallow water to the deep water of the nearshore area
(Fig. 6a). The mean diameters of the surface sediments vary
generally from 2.9 ¢ to 7.5 ¢ and reach their peaks at the
center region, which is the mud area in the nearshore area.
The surface sediment becomes coarser with increasing
distance from the nearshore region. Finally, the coarsest
sediments (<3 ¢) occur in the southeastern regions of the
nearshore area. The sorting coefficients of surface sediment
are generally larger than 1.3, indicating relatively poor
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Figure 5 Spatial distributions of the contents of the sand (a), silt (b), and clay (c) in the Zhejiang nearshore area.
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Figure 6 Spatial distributions of the mean diameter of the surface sediment (a), the sorting coefficient (b), and the skewness (c) in

the Zhejiang nearshore area.

sorting in the study area (Fig. 6b). However, the sorting is
relatively better in the southeastern regions with the dis-
tribution of the coarser sediments. The spatial distribution of
the sorting coefficient is similar to that of the mean size. Size
distributions in the study area are almost symmetrical, with
values of skewness varying from —2.4 to 2.8 (Fig. 6c). Higher
values are generally located at the two sides of the center
mud area. And lower values occur over the central eastern
parts. The main factors affecting the spatial distribution of
grain-size parameters are sediment sources and character-
istics, hydrodynamic conditions, and topography features.
The correlativity between the sorting coefficient, skew-
ness, and mean diameter is presented in Fig. 7. As the mean

diameter decreases from 3 ¢ to 6 ¢, the sorting coefficient of
surface sediments keeps the high value from 2.4 to 2.8 and
generally does not change obviously (Fig. 7a). However, with
the further decrease in mean diameter from 6 ¢ to 8 ¢, it
seems a sorting improves. The skewness has a strong correla-
tion with the mean grain diameter. For surface sediments
with a median diameter of 3—5.5 ¢, their skewnesses are
positively skewed (Fig. 7b). When the median grain diameter
is higher than 6 ¢, the sediment size distributions become
more negatively skewed, with part cases of positive skew-
ness. Overall, it shows that the skewness changes from
positive to symmetrical and then to negative with the
decrease in median grain diameter. These tendencies of
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Figure 7 Relationship between mean size (¢) and sorting (a), and mean size (¢) and skewness (b) in the Zhejiang nearshore area.
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the skewness change are probably related to the accumula-
tion and erosion of the sedimentary environment in the study
area.

4.3. Net sediment transport pathways

The net sediment transport patterns, obtained by the grain-
size trend analysis, reveal several distinct characteristics in
the Zhejiang nearshore area (Fig. 8). The arrows indicate the
direction of sediment transport. The lengths of the resultant
vectors do not represent the intensity of sediment transport
but rather the significance of transport trends (Gao and
Collins, 1994). The surficial sediment transport seems rela-
tively complicated due to the comprehensive influence of the
topographical conditions, hydrodynamic characteristics, and
sediment sources in the study area.

In the northeastern Zhoushan Archipelago area, the sedi-
ment is clearly transported southward due to the stronger
southward ZMCC prevailing in winter. Meanwhile, both the
velocity and duration of the flood-tide are larger than those
of the ebb-tide under the influence of the funnel shape
topography of Hangzhou Bay. This can be seen from the
distribution trends of the bathymetric contour (Fig. 2).
Affected by the transportation function of the tidal current
flowing from the outer shelf to Hangzhou Bay, the accumula-
tion of sediment supplied mainly from the Yangtze River
occurs in this region. Transport trends in this region also
show that there is a depositional environment with a con-
vergence of the transport vectors. Likewise, in the southern
Zhoushan Archipelago area, the sediments are transported
southeastward through some fjords between these islands.
There is also a significant convergence, counter-balanced by
the TWC and the coastward flood current.

To the south of Sanmen Bay, the residual vector pattern
shows northeastward transport along the coast because the
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Figure 8 Distribution of residual transport vectors in the
Zhejiang nearshore area.

surficial sediment transport is a comprehensive and long-
term system process. The ZMCC is dominant northward in the
summer (Su, 2001). Moreover, the powerful TWC flows north-
ward through the Taiwan Strait, preventing the sediments
transported by the ZMCC from continuing seaward transport.
The seasonality of these currents helps to determine the
paths of transport. Therefore, the sediments are transported
toward the northeast along the coast in this region. However,
it can clearly be seen that the vectors display a northwestern
trend in the eastern part of this area. Surficial sediment
transport is controlled by the combined effects of the TWC
and a tidal current flowing from the sea, which results in
the surface sediment being transported northwestward.
Thus, transport trends in this region also indicate a smaller
convergence.

In addition, it is worth mentioning that the nearshore
upwelling plays a significant role in intensifying the sediment
transportation pattern toward the coast in some periods.
Some studies have shown that the sea-bottom upwelling can
prompt the fine particles from the outer shelf to be trans-
ported and deposited toward the coast (Hu, 1984; Qu and Hu,
1993; Wang et al., 2014). Under the control of the sediment
transport process mentioned above, the sediments from the
Yangtze River and other sources are accumulated along the
coast in the study area, with enormous thickness deposition
(referred to as mud belt deposit) on the inner shelf of the ECS
(Liu et al., 2014).

4.4, Spatial distributions of sedimentation rate

The spatial distribution of 2'°Pb sediment accumulation rates
in the study area is shown in Fig. 9. Generally, the sedimen-
tation rate gradually decreases from north to south. The
highest rates are seen in the Zhoushan Archipelago area,
dominantly varying from 2.4 to 3.9 cm/a, and the lowest are
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seen at the southeastern outer shelf at less than 0.2 cm/a.
Then the sedimentation rate declines from nearshore to
offshore, both in the northern and southern regions. How-
ever, the deposition rate is relatively high (2.8 cm/a) in the
central part of the study area and gradually declines from the
center to the coast and offshore areas. Some previous studies
have shown similar results along the coast of the ECS (Chen
et al., 2004; Demaster et al., 1985; Liu et al., 2006; Su and
Huh, 2002). Overall, the shoreward shallow area is a high
modern sedimentary rate area in water less than 40 m deep
(Figs. 9 and 2). From nearshore to offshore, the depositional
rate is gradually reduced with increasing water depth.
Finally, the sedimentary rate is almost zero with a depth
of more than 70 m, which is presumably associated with
erosion.

The sediment transport pathway is important because it
determines the topography of the nearshore area. However,
the sedimentation rate is a key parameter for the evolution
of erosion and deposition in marine topography. The spatial
distributions of sedimentation rate are closely related to the
sediment sources, hydrodynamic conditions, and sediment
transport. In the waters adjacent to the Zhoushan Archipe-
lago and Xiangshan Bay, a large amount of sediment from the
Yangtze River is transported southward under the control of
the ZMCC and deposited rapidly, which leads to high sedi-
mentation rates. Accordingly, the transport trends in the high
modern sedimentation rate area also show that there is a
depositional environment with the convergence of the trans-
port vectors (Fig. 8).

In the southern area of Sanmen Bay, the TWC prevents the
suspended sediment from being further transported to the
outer shelf in the ECS. The thick, finer sedimentary layers
occur in the nearshore area, which are known as the mud area
in the inner shelf. Previous studies have revealed that mud
areas are the depositional center during high sea levels since
the last deglaciation period (Li et al., 2012; Liu et al., 2007;
Xu et al., 2012). When it comes to the sand composition
deposited in the southeastern Zhejiang nearshore area, the
lowest sedimentation rate appears and approaches zero
(Figs. 4 and 9). This is influenced by the residual sand in
the middle and outer shelves of the ECS (Wang et al., 2012).
The residual sediments belong to the marine sedimentary
environment in the last stage of the late Pleistocene and are
reformed by modern marine dynamics. Ultimately, a coarser
reconstructive deposition called the residual sand is left in
place, and the suspended finer sediment is carried by the
flood current to the nearshore area (Liu, 1987; Xu et al.,
2009).

5. Conclusions

Surface sediments of the Zhejiang nearshore area were
analyzed in this study in order to better understand the
sediment transport process. Grain-size distributions of the
surface sediment show a mud area and the domination of
clayey silt. Generally, the mean diameters of the surface
sediments display an apparent coarse-fine-coarse trend from
the shallow water to the deep water of the nearshore area.
However, the sorting coefficient of surface sediments is
relatively high, and sediment is poorly sorted over the study
area. There is no significant correlation between the sorting

coefficient and the medium grain diameter. Nevertheless,
the skewness has a strong correlation with the mean
grain diameter. Coarse sediment is associated with higher
skewness of the corresponding size distribution, while the
size distribution of finer sediment shows a relatively lower
skewness.

The grain-size trend analysis was employed to ascertain
the net surficial sediment transport pattern in the Zhejiang
nearshore area. The results reveal that the sediment trans-
port is closely related to the sediment sources, hydrodynamic
conditions, and topographical features in the ECSCS. There
are several distinct characteristics of the surficial sediment
transport. In the northern part of the study area, sediments
are transported southward under the action of the stronger
southward ZMCC in the winter. Simultaneously being affected
by the obstruction of the TWC and the tidal current, surficial
sediment transport vectors display two grain-size trend con-
vergences and indicate a high-speed sedimentation environ-
ment. Accordingly, there is a high modern sedimentation rate
in this region. In the southern part, however, the transport is
mainly toward the north under the control of the prevailing
northward ZMCC and the strong TWC in summer. The surficial
sediment transport trends agree well with the sedimentation
rate distribution pattern on the basis of the 2'°Pb dating data,
which implies that the sedimentation rate validates the
results of the grain-size trend analysis and makes up for
the disadvantages of the grain trend size analysis in predict-
ing erosion and deposition of the topography. The results of
this study only represent long-term average sediment trans-
port. Further studies should pay attention to the specific
exchange process between surface sediment and suspended
sediment.
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