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Abstract  Large amounts of sediments originating from the Changjiang (Yangtze) River are deposited in the subaqueous delta and 
in the adjacent muddy area off the mouth and on the inner shelf of the East China Sea. The terrestrial sediments deposited in these 
areas not only contain information about the composition and environment of the source area, but they also record changes in an-
thropogenic activities. A sediment piston core (CJ0702) was extracted from the Changjiang subaqueous depocenter (31.00˚N, 
122.67˚E) in a water depth of 22.0 m. The core was subsampled at 1 – 2 cm intervals and analyzed for grain size, clay mineralogy, and 
major element geochemistry. Results indicate a relatively high sediment accumulation rate of approximately 3.11 cm yr−1. These pa-
rameters exhibited only minor cyclical fluctuations in the core, which resulted from many factors. During the past 120 years, the 
Changjiang River-derived sediment is the primary source of sediment in the offshore mud area without evidence for the Yellow 
River-derived sediment increasing. After the trunk stream shifted from the North Branch to South Branch, the variations of proxies 
are controlled by the periodic fluctuation possibly linked to El Niño-Southern Oscillation (ENSO) and the Pacific Decadal Oscilla-
tion (PDO). In addition, anthropogenic heavy metal concentrations can be divided into three stages, which coincide well with eco-
nomic development and environmental protection policies.  
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1 Introduction 
A river acts as a major land-ocean connection, discharg-

ing about 36000 km3 of freshwater and 23 billion tons of 
suspended and dissolved solids to the coastal area (Mil-
liman and Farnsworth, 2011). River deltas, which com-
bine complex physical, chemical, biological, and geolo- 
gical processes, are major areas of energy and material 
exchange between land and ocean (Hori et al., 2001). The 
transport, accumulation, and preservation of this huge 
amount of river-derived material have formed sedimentary 
records, which can be used to reconstruct past climate, 
environments, and ecosystem changes (Gao and Collins, 
2014). As they are covered by seawater, sediments depos-
ited on the seafloor contain a relatively continuous sequ- 
ence compared with those exposed to the atmosphere. The 
natural sediments found in coastal shelf areas (Stanley and 
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Chen, 1993; Hori et al., 2002; Petley, 2010; Orpin et al., 
2010; Gao, 2013), deep sea areas (Berger, 2013), ice (Da-
vies et al., 2012), and coral reefs (Yu et al., 2006) contain 
indicators, which may be useful for paleoclimate or paleo- 
environmental analysis. The coastal inner shelf has many 
advantages for studying environmental evolution based on 
the sedimentological record, especially during the Holo-
cene, due to the vast quantities of terrestrial sediment trans- 
portation and subsequent high sedimentation rates. 

Meanwhile, the Changjiang River is one of the five 
largest rivers in the world in terms of both sediment load 
and water discharge. It transports large amounts of terres-
trial materials to the East China Sea (ECS) (Huang et al., 
2001). The amount of annual sediment load discharged into 
estuaries and coastal and adjacent areas is estimated to be 
about 4.86×108

 t (Milliman et al., 1985b). These near-shore 
regions can act as sinks of anthropogenic pollutants, and 
potentially cause environmental degradation and changes 
in the substrate environment (Gao and Wang, 2008; Hao 
et al., 2008). Recent studies from these centers storing se- 
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diment have allowed the reconstruction of the local sedi-
ment dynamics, sedimentary formation and evolution, past 
sea-level changes, sediment transport, and provenance into 
regional paleoenvironmental and paleoclimatic changes 
(Hori et al., 2001, 2002; Chen et al., 2003; Wang et al., 
2005; Yang et al., 2007; Liu et al., 2010). In this fashion, 
the mud deposits from the Changjiang River in the ECS 
have recently become a research hotspot due to their high 
sedimentation rate and function of recording abundant 
information regarding sediment sources, climate change, 
and sedimentary evolution throughout the Holocene (Xiao 
et al., 2004, 2005; Liu et al., 2006, 2007; Qiao et al., 2011, 
2017; Liu et al., 2013). Previous studies have mostly fo-
cused on the sedimentary evolution of this river system 
over geological timescales (< 106

 yr), and relatively few 
studies have investigated changes operating on shorter 
timescales (100

 – 102
 yr). Anthropogenic processes are very 

short relative to longer geologic timescales; however, as 
human society developed, an increasing number of stud-
ies have emphasized the importance and influence of 
these shorter timescale processes on even long-term evo-
lutionary processes in river systems (Yang and Chen, 2007; 
Fan et al., 2011; Liu and Fan, 2011; Wang et al., 2012). 
Unfortunately, these studies have only focused on indi-
vidual parameters in exploring the sedimentary evolution 
process of mud area during the past century. Hence, some 
related questions remain unanswered. Among them, the 
influential factors of grain size variation and sediment 
sources are still subject to ongoing debates.  

Under the relative stable environment with no great 
changes on tectonic activity, sea-level change and oceanic 
hydrodynamics, the continuous high sedimentation rates 
of the Changjiang River allow the unparalleled opportu-
nity to explore not only the offshore sedimentary evolu-
tion of the river system, but can also offer insights into 
the major factors influencing sedimentation, such as up-
stream internal basin dynamics, paleoclimatic change, 
and human activities. In particular, this study will explore 
the last 100 years at high resolution in muddy deposits 
sourced from the Changjiang River (Fig.1).  

2 Regional Setting 
The Changjiang subaqueous delta front is located in the 

ECS and is surrounded by the Yellow Sea, the Taiwan 
Strait, and the western Pacific Ocean. The ECS is located 
between the contiguous landmasses of Korea and China 
and forms a typical epicontinental shelf with strong tidal 
influences and complicated shelf circulation systems that 
exhibit characteristic seasonal and spatial variations (Lim 
et al., 2007). The ECS spans an area of 700000 km2 and 
has an average water depth of 349 m, although the water 
is < 200 m deep along most of the continental shelf.  

Terrestrial sediments from the adjacent areas enter the 
ECS via many rivers, although the primary sediment sour- 
ces are the Changjiang and Huanghe (Yellow) Rivers, whose 
sediment discharge exceeds 1.5×109

 t annually (Milliman 
and Meade, 1983). The Changjiang River, already the third 
largest river in the world in terms of length and water 

discharge, has a length of 6300 km, making it the longest 
river in Asia. This river is globally renowned for its tre-
mendous sediment and water discharges amounting to 
4.68×108

 t and 955×109
 m3 respectively. As a result, a large 

subaqueous, tidal-dominated delta has formed off the ri- 
ver mouth and covers an area of approximately 10000 km2 
(Liu et al., 2009b). 

 

Fig.1 Sample locations and regional circulation patterns off 
the Changjiang River Mouth and adjacent areas (cores 
Chjk01, E4, ZM11, and 18 are from Yang and Chen, 2007; 
Liu and Fan, 2011 and Wang et al., 2012). 

The Huanghe River, which originates on the Tibetan 
Plateau and flows across the dry Loess Plateau, also in-
fluences this area. The Huanghe is known for its large se- 
diment load, which amounts to more than 1.0×109

 t annu-
ally (Milliman and Meade, 1983). The Huanghe River 
shifted its course from the Bohai Sea to the southern Yel-
low Sea (SYS) between AD 1128 and 1855 (Yu et al., 
1986). During this period, the river formed a large sub- 
aqueous delta on the western edge of the SYS, now named 
the abandoned Huanghe River Delta (Fig.1). As the Huang- 
he River has flowed into the Bohai Sea since AD 1855, 
the abandoned Huanghe River Delta has been eroded 
since then. At present, it is now an important sediment 
source for both the SYS and ECS. Sediments from the 
Huanghe and Changjiang Rivers are transported and dis-
tributed through the SYS and ECS, thus forming a unique 
distribution pattern. The region of interest in this study, 
the mud area in the ECS, is a typical sedimentary deposit 
accumulated over the past 7000 years. Prior works have 
concluded that the Changjiang River is the primary 
source of sediment in this region (Liu et al., 2007; Xiao  
et al., 2009). Nevertheless, numerous offshore oceanogra- 
phic and tidal processes also influence the transport and 
redistribution of Changjiang River sediment from the river 
plume across the SYS and ECS. The river plume, known 
as the Changjiang diluted water (CDW; Fig.1), can ex-
tend for hundreds of kilometers from the river mouth, 
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reaching as far as Cheju Island in the summer. The river 
plume dispersal takes different routes depending on the 
season, with northeastward flows in summer and south-
ward flows in winter. Continental coastal currents, in-
cluding the North Jiangsu Coastal Current and the Yellow 
Sea Coastal Current (YSCC), commonly interact with the 
plume as they flow constantly southward along the west-
ern edge of the SYS and bring other sediments into the 
SYS and ECS.  

3 Materials and Methods 
One piston core (CJ0702), 375 cm-long, was extracted 

from the subaqueous depocenter (31.00˚N, 122.67˚E) in a 
water depth of 22.0 m by drilling vessel Kan407 in May 
2007. The exact location was approximately 90 km sou- 
theast of the present Changjiang River Mouth. The bore-
hole site was at the periphery of the mud area (Fig.1). 
Once transported to the Qingdao Institute of Marine Ge-
ology Laboratory, the core was split, described, and sub-
sampled. The entire core was divided into subsamples 
(approximately 1 – 2 cm-thick) for high-resolution analysis. 
In total, the core was divided into 240 subsamples from 
the top to the bottom. Subsamples were analyzed for grain 
size, 210Pb dating, clay mineral assemblage, and element 
geochemistry. To obtain the age of sediments and deter-
mine the sediment accumulation rates, the 210Pb dating of 
sediments was performed on the top 150 cm of the core. 
Forty fluvial sediments were collected from the Yellow 
River and Changjiang River in 2015 to be tested for clay 
mineral assemblage. 

Next, to prepare the subsamples for grain size analysis, 
sediments were pretreated with 10% H2O2 and 0.1 mol L−1 
HCl to remove organic matter and biogenic carbonate, 
respectively. The subsamples were analyzed with a Mas-
tersizer 2000 laser particle size analyzer. The measure-
ment range was between 0.02 and 2000 μm, with a reso-
lution of 0.01 Φ and reproducibility better than 3%. 

Core CJ0702 was taken from a sediment depocenter 
with notably high accumulation rates (DeMaster et al., 
1985; Yang and Chen, 2007). In this study, we calculate 
the accumulation rate by the method of constant initial 
concentration for 210Pb, short-lived radioisotope with a 
half-life of 22.3 years and a decay constant of 0.031 yr−1 
(Hohndorf, 1969). Dating sediments 210Pb is considered 
reliable and is widely distributed in the estuaries and in-
ner shelf areas (Yang and Chen, 2007; Fan et al., 2011; 
Liu and Fan, 2011; Hulse and Bentley, 2012; Wang et al., 
2012). To date the core, 31 subsamples were selected at 
intervals of between 2 and 10 cm in the core for the 210Pb, 
226Ra, and 137Cs analysis in order to constrain the sedi-
ment accumulation rates. 210Pb activities were determined 
using a BE3830 gamma-ray spectrometer (Canberra Ltd., 
USA) at the Experiment Testing Center of the Qingdao 
Institute of Marine Geology. 

Additionally, the resulting products for the atmospheric 
and terrestrial sources of 210Pb are referred to as sup-
ported 210Pb and excess 210Pbex (Goldberg, 1963). Con-
straining the 210Pbex activities can be used to calculate the 

accumulation rate of sediments over the centennial time-
scales. 

All samples were analyzed for major element geo-
chemistry at the Experiment and Testing Center of Qing-
dao Institute of Marine Geology, China Geological Sur-
vey. Major and trace elements (Si, Al, Ca, Mg, Na, total 
Fe, K, Ti, P, Cu, Zn, Ga, Rb, Sr, Zr, Nb, Cs, Ba, Hf, and 
Pb) were determined by X-ray fluorescence using a Phil-
lips PW 2440 spectrometer. The samples were prepared 
into fused glass disks following the method described by 
Xia et al. (2008). The concentrations of trace and rare earth 
elements were determined using the method described by 
Liu et al. (2009a). 

Clay mineral analysis on < 2 μm fraction was conducted 
at the Institute of Oceanology, Chinese Academy of Sci-
ences. The grains were separated following Stoke’s set-
tling velocity principle after carbonate and organic matter 
were removed by treatment with 15% hydrogen peroxide 
and acetic acid (25%), respectively. Clays were fully dis-
persed by an ultrasonic cleaner, dried at room temperature, 
and smeared on glass slides for analysis. Clay mineral 
analysis was conducted using X-ray diffraction with a D8 
ADVANCE diffractometer with CuKa (alpha) radiation 
(40 kV, 40 mA) at the Institute of Oceanology, Chinese 
Academy of Sciences. Clay mineral fractions were identi-
fied and calculated using the described methods of Tham- 
ban et al. (2001) and Biscaye (1965).  

4 Results 
4.1 210Pb Chronology and Lithology  

Core CJ0702 is generally uniform in color and sedi-
ment fraction, and is dominantly made up of silt and clay 
with minor sand. The core, from top to bottom, consisted 
of yellowish-brown clayey silt with intercalated dark gray 
silty laminae and some wormholes. There were abundant 
intercalations of clayey silt and silt, with 1 – 3 mm-thick 
silt interbeds in the lower section. The bottom section was 
composed of dark gray clayey silt with lenses or lamina-
tions of silt or occasional fine sand (referring to Hu, 2014). 

Profiles of excess 210Pbex revealed a mean sediment 
accumulation rate of 3.11 cm yr−1. The top section of ho-
mogeneous 210Pbex and the bioturbated fabrics indicated a 
mixed layer thickness of 10 cm. Below the mixing layer, 
the excess 210Pbex concentrations decreased steadily from 
the mixing layer to a depth of 120 cm (Fig.2) and then 
maintained a constant value below 120 cm. Therefore, a 
mean accumulation rate of 3.11 cm yr−1 was calculated 
from the 210Pb data (standard deviation of r2

 = 0.56). This 
result is consistent with the previous results collected from 
the same area (Yang and Chen, 2007; Fan et al., 2011; 
Liu and Fan, 2011; Wang et al., 2012). Based on this ac-
cumulation rate, core CJ0702 spans roughly 120 yr, from 
approximately 1887 to 2007 along its 375 cm length. 

The core represents only the past 120 years; thus, geo-
logic factors, which allow us to ignore sediment compac-
tion effects, tectonic uplift or subsidence, and sea-level 
changes, will not be significant in its interpretation. In 
addition, there were no substantial changes to either ocean 
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circulation in this area nor in the large-scale sediment 
transport patterns over this short timescale. The data show 
periodic fluctuations in grain size, clay mineralogy, and 
geochemistry (Figs.3 – 6), suggesting that these variations 
result from many factors, such as provenance, weathering, 
and local hydrodynamics. There were only modest varia-
tions in the relatively high accumulation rate (3.11 cm 

yr−1).  

 

Fig.2 210Pbex concentration profiles and accumulation 
rate for core CJ0702. 

 

4.2 Variations in Grain Size  

Grain size fluctuated periodically for the whole length 
of the core (Fig.3). The mean grain size ranged from 5.58 – 

7.66 Φ, with an average of 7.13 Φ. These values generally 
correspond to those of deposition within muddy systems. 
The clay content ranged from 13% to 39%, with an aver-
age of 30%. The silt content ranged from 56% – 78%, with 
an average of 68%. The core contains a small amount of 
sand, ranging from 0 – 24%, with an average of 2%. The 
standard deviation, or sorting coefficient, ranged from 1.32 
to 2.17, with an average of 1.59, indicating relatively poor 
sorting. The skewness ranged from −0.40 to 0.76 (average 
= 0.08) and had a mostly symmetrical distribution. 

The core CJ0702 can be divided in to three sections 
according to grain size variation (Fig.3). The bottom sec-
tion (from 1887 to 1903) shows that the mean grain size 
increases gradually as the skewness becomes greater, in- 
dicating the coarsening of the sediment. The sorting coef-
ficient increased gradually from the bottom of the core, 
through the middle section, and into the upper section of 
the core. The middle section (from 1903 to 1980) demon-
strates that the mean grain size is greater than the bottom 
section and has relatively modest variation. In addition, 
the skewness was much greater than the bottom section. 
This suggests that the sediment becomes coarser, thus 
matching the grain size variation. The top section (from 
1980 to 2007) illustrates greater fluctuation ranges in terms 
of grain size, sorting coefficient, and skewness. These 
variations displayed relatively complex dynamics. 

 

Fig.3 Distribution of the grain size parameters in core CJ0702 (modified after Hu, 2014). 
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4.3 Clay Mineralogy 

The dominant clay mineral in Core CJ0702 was illite 
whose content ranged from 55% – 75%, with an average 
of 65%. The chlorite content was the next highest, rang-
ing from 9% to 18%, with an average of 14%. Smectite 
and kaolinite contents ranged from 2% to 22% and 4% to 
16%, respectively. Their average contents were 11% and 
10%, respectively (Fig.4). 

There were no clear variations in the contents of the 
four quantifiable clay minerals in core CJ0702. This find-
ing shows a relative stable source, but the greatest varia-
tion is observed at the top. However, quantitatively distin-
guishing the proportions of Changjiang River and Huang- 
he River sediment sources in this core proved to be diffi-
cult by using the mineralogical method evidenced by Fan 
et al. (2001).   

 
4.4 Distributions of Major and Trace Elements  

Sediment SiO2 contents ranged from 51% – 63%. The 
average contents of Fe2O3, CaO, MgO, and K2O varied 
between 3.13% and 6.54%. The concentrations of the 
other major elements were very small. The coefficients of 
variation of the major elements varied between 0.01 and 
1.84, with an average of 0.38. These measurements indi-
cated that there was little fluctuation in the major element 
contents throughout the core. Fe, Mg, K, Ti, and Mn were 
mainly of terrestrial origin and were thus positively cor-
related with Al, with correlation coefficients higher than 
0.77. As the chemical elements in the sediment were 
strongly influenced by sediment grain size (Zhao and Yan, 
1994), we removed this effect by normalizing the ele-
ments with Al2O3 (Fig.5). 

Five distinct phases were observed in core CJ0702. 1) 

 

Fig.4 Downcore variations in clay mineralogy in core CJ0702. Black lines represent a five-point moving average for 
each clay mineral. 

 

Fig.5 Downcore variations of the major elements in core CJ0702. 
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From the bottom of the core at 375 – 320 cm, the contents 
of SiO2, Na2O, CaO, Ti2O, and P2O5 were lower than the 
upper sections and increased upward, whereas Fe2O3, 
MgO, K2O, and MnO were in the opposite trends, which 
were higher than the upper sections in contents and de-
creased upsection. 2) From 320–230 cm, there were fluc-
tuation variations and three value peaks found in all ele-
ments curves. The Fe2O3 and MnO showed an opposite 
distribution trend with other elements in this section. 3) Be- 
tween 230 and 145 cm, the contents of all elements exhi- 
bited small periodic changes and low fluctuation, and most 
of the major elements displayed an increasing trend in this 
section. 4) Between 145 and 60 cm, there were greater 
fluctuations in the contents of the major elements com-
pared to the underlying interval and a very weak periodic-

ity. In addition, most of the major elements showed an in- 
creasing trend. 5) From 60 cm to the top of the core, ele- 
mental concentrations were relatively stable, except the ele- 
ments Fe2O3, K2O and MnO which have a sharp decrease.  

There were no notable coherent trends in the down- 
core distribution of trace element concentrations except 
the heavy metals Pb, Hg, and Zn (Fig.6). Trace element 
abundances can be divided into four categories: those with 
concentrations greater than 1000 µg g−1 (Cl); those with 
concentrations greater than 100 µg g−1 (S, Zn, Sr, Zr, Ba, 
Rb); those with concentrations greater than 1 µg g−1 (Cu, 
Pb, As), and those with concentrations lower than 1 µg g−1 
(Cd, Hg). The coefficients of variation of Cl, S, and P and 
some heavy metals were all greater than 12%, indicating 
a certain degree of dispersion and relatively large changes.  

 

Fig.6 Downcore variations of the heavy elements in core CJ0702. 

5 Discussion 
5.1 Sediment Source of the Muddy Area 

Mud deposition offshore the Changjiang River Mouth 
began in the mid-Holocene when the modern current cir-
culation patterns developed in the ECS (Liu et al., 1999; 
Li et al., 2007; Xiang et al., 2008). Since that time, sedi-
ments from the Huanghe and Changjiang Rivers have 
been considered the main sources of sediments to the 
ECS. It is likely the muddy area is primarily sourced from 
the Changjiang River-derived sediment, but is also influ-
enced by the Huanghe-derived sediment (Liu et al., 2010; 
Hu et al., 2014). Based on the calcite variation, which has 
been used as indicator of the Huanghe River provenance 
in sediments (Milliman et al., 1985a), the sediment flux 
from the Huanghe River to the research area has inten-
sively increased during the last 600 years (Liu et al., 2010). 
This conclusion, however, is the subject of ongoing de-
bates and should be further considered with more precise 
dating and proxies.  

Our data show no obvious change in smectite content, 
which indicates a relatively stable source in the core (Fig.4). 
Clay minerals indicate dominant sourcing from the Chang- 

jiang River (Fig.7). First, as a result of the Huanghe River 
changing its course from the Bohai Sea to the SYS be-
tween AD 1128 and 1855, the amount of sediment dis-
charge resulted in the progradation of a large subaqueous 
delta, now named the ‘abandoned Huanghe River Delta’, 
along the western SYS. The shoreline near the abandoned 
Huanghe River Mouth has rapidly moved eastward by 
about 90 km at a rate of 100 m yr−1 (Zhang, 1984; Ye, 1986; 
Li, 1991). According to Pang et al. (2016), most of the 
sediments are accumulated in the abandoned Huanghe 
River Delta. The resuspended sediment from the aban-
doned delta is transported southeastward and interface 
with the Yellow Sea Warm Current (YSWC) to generate 
the southwestern Cheju Island mud. This means that the 
majority of the sediments are discharged into the SYS to 
form the subaqueous delta and adjacent area while lower 
amounts of sediments are transported to the farther ECS. 
After the abandonment of the Huanghe River Delta at AD 
1855, the Huanghe River has gradually eroded and trans-
ported the delta sediments to the SYS and ECS. Follow-
ing the avulsion of the lower reaches after the reduction in 
sediment supply, the shoreline near the abandoned Huang- 
he River Delta has receded by more than 20 km during the 
past 150 years (Liu et al., 2010). This phenomenon indi-
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cates that vast amounts of eroded sediments, approximately 
5×108

 t yr−1 (Hu et al., 1998), should be transported by 
longshore currents to the ECS and should be a likely 
source to the samples analyzed in this study. This is in 
contrast to the lack of variation in sediment source, as 
suggested by clay mineralogy (Figs.4 and 7). 

 

Fig.7 Ternary plot of the clay minerals in core CJ0702. 
Sediments derived from the Changjiang River and 
Huanghe River are presented in the blue area and yel-
low area, respectively.  

Second, the Changjiang River-derived sediment dem-
onstrates various patterns in different season. The CDW 
flows eastward and northeastward to interact with the Tai- 
wan Warm Current in summer. This current then trans-
ports some amount of Changjiang River-derived sediments 
that are deposited at the offshore area of the Changjiang 
River Mouth. The CDW flows southward with the exten-
sive YSCC in winter. This strong longshore current re-
sults in a high concentration of resuspended sediment in 
the west Yellow Sea and in the Changjiang offshore area. 
The resuspended sediments originating from the aban-
doned Huanghe River Mouth are transported southeast-
ward along the Changjiang Bank and interface with the 
YSWC, eventually generating the southwestern Cheju Is- 
land mud (Sun et al., 2000; Pang et al., 2016). The Chang- 
jiang River-derived sediments that are deposited onto the 
offshore area are resuspended and transported by the 
CDW southeastward, thus contributing to the mud depo-
sition.  

With these relatively stable current circulations, we in-
fer that the sedimentary dynamics is stable with a fixed 
sediment transport. Only a small amount of Huanghe Ri- 
ver-derived sediments are deposited in the mud area off 
the Changjiang River Mouth. All the proxies, including the 
grain size (Fig.3), clay mineral assemblage (Fig.4), che- 
mical element (Figs.5 and 6) present a relatively stable 
environment which suggest a stable source of Changjiang 
River during the past 120 years.  

5.2 Influential Factors in Grain Size Variation 

Although sediment source terranes can strongly influ-
ence grain size variation, we suggest that hydrodynamic 

factors, such as currents, runoff, and wave action, played 
a primary role in grain size variability observed in the 
current work. Previous studies have revealed some factors 
that influence the variation of grain size in the same study 
area within sediment cores Chjk01, E4, 18, and ZM11 
(Fig.1; Yang and Chen, 2007; Liu and Fan, 2011; Wang 
et al., 2012). It has been proposed that the most important 
factor resulting in grain size variation is a branch shift of 
the Changjiang trunk stream into the sea. This shift results 
in a variable distance between the sampling station and 
the location of the Changjiang trunk stream into the sea. 
In addition, there is no relationship between the variation 
of water and sediment discharge and the Asian monsoon 
index. The down-core distribution of grain size indicates 
small fluctuations without sharp grain size changes, thus 
suggesting a relatively stable depositional environment 
without extreme changes. This is supported by the lack of 
fundamental changes in the source terrane. Therefore, we 
suggest that the sedimentation processes are mainly con-
trolled by the hydrodynamic changes resulting from the 
periodic climate change and event-related processes. 

There is an increasing trend of grain size before 1900 
according the grain size distribution in Fig.3. The Chang-
jiang River trunk stream to the sea shifted from the North 
Branch to the South Branch after the 1870s, which re-
sulted in a smaller distance between our research site and 
the trunk stream (Yang and Chen, 2007). During the next 
20 years, the trunk stream shifted in the south branch 
while the distance with sampling station varied slightly. 
Therefore, the sediment grain size becomes coarser from 
the bottom to 1900 with the adaptation to the new envi-
ronment (Fig.3).  

Within the middle section of the core (Fig.3), we sug-
gest that there is a shift in the dominant control on grain 
size. Previous grain size variations can be attributed to 
branch shifting, this part of the section indicates control 
by local climate cycles, such as the Pacific Decadal Oscil-
lation (PDO) and the El Niño-Southern Oscillation (ENSO). 
The PDO has caused decade-scale climate change in the 
northern Pacific, whereas ENSO often causes inter-annual 
variations in sea surface temperatures in the tropical Pa-
cific. These two factors lead to variations in precipitation 
across China, resulting in changes in annual to decadal 
fluvial sediment and water discharges (Huang and Wu, 
1989; Wang and Gong, 1999; Yang et al., 2004; Zhou  
et al., 2009; Liu et al., 2010; Ren et al., 2012).  

The wavelet analysis of the Chemical Index of Altera-
tion (CIA) indicates that the CIA has a consistent cycle, 
similar to the 2- to 8-year periodicities of ENSO (Fig.8). 
In addition, the higher CIA values match with the ENSO 
and PDO events consistently (Fig.8). The variations in 
CIA (McLennan, 1993) are due to the periodical variations 
in sediment and water discharges caused by extreme ev- 
ents, with corresponding changes in grain size. Therefore, 
the periodical climate change is the dominant factor de-
termining the parameter variations of the middle section 
in the core.  

In terms of the top section (from 1980 to 2007), greater 
fluctuation ranges are found in terms of grain size, sorting 
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coefficient, and skewness. These variations display rela-
tively turbulent dynamics. We propose that the major hu- 
man projects, including the Three Gorges Dam, Estuarine 
Deepwater Channel, and flood water (e.g., 1998 flood wa-

ter) may have contributed to this variability. However, we 
cannot accurately define which is the strongest control in 
this study; thus, we recommend that further research on 
this topic should be conducted.  

 

Fig.8 Downcore distribution of the CIA (Left) and responses to ENSO and PDO (Right): A) Variation of CIA with time; B) 
Wavelet analysis of CIA; C) Global wavelet spectral. The black line represents five points average line and the columns 
represent the date of PDO and ENSO referenced from Wang and Gong (1999). 

5.3 Response of Sedimentary Processes to  
Anthropogenic Activities 

Since the onset of the Industrial Revolution (1760s), 
natural resources have been discovered and increasingly 
exploited. The extraction, transport, and refinement of 
these resources by humans have resulted in significant 
environmental changes. As a result, the levels of anthro-
pogenically sourced heavy metals in the environment 
have increased dramatically (Thevenon et al., 2011) and 
this contamination has become an essential indicator of 
environmental health (Chen et al., 2014). The Changjiang 
River basin, particularly the Changjiang Delta, is one of 
the most developed areas in China. As a result, large 
amounts of anthropogenic heavy metals have been deliv-
ered into the Changjiang River and deposited onto the 
subaqueous delta and adjacent mud area of the ECS (Lin 
et al., 2002). Correlation analysis shows that the Pb, Hg, 
As, and S concentrations reflect these anthropogenic con-
tributions to sediments (Liu and Fan, 2011).  

Similarly, heavy metals have been used as proxies for 
human activities in Core CJ0702, which we discuss as 
part of three discrete stages (Fig.6) detailed below.  

Stage 1 (before 1950): China had a long history as an 
agrarian society and had a low level of industrialization 
until the 1950s. However, even during this stage, the In-

dustrial Revolution had been underway for more than 100 
years. Furthermore, the Changjiang River basin was in-
volved in the World War II and China’s War of Libera-
tion between 1931 and 1949. The economic status of this 
area was poorly developed, and the heavy metal conta- 
mination by human activities was limited and maintained 
at a lower level than seen today (Lin et al., 2002; Fig.6). 

Stage 2 (1950 – 1990s): After the founding of the so- 
called ‘New China’, agriculture and industry rapidly de- 
veloped, leading to the increased use of the Changjiang 
River basin as an integral waterway. The discharge of 
polluted materials increased rapidly, corresponding to an 
increase in heavy metal contamination in the core (Fig.6). 
The section between 60 cm and 100 cm represents the 
1980s. During this period, China reformed and adopted 
an open-door policy, which instigated the rapid develop-
ment of the economy. Subsequent, extensive changes in 
the environment and increased quantities of heavy metals 
delivered offshore are clearly visible in the core. 

Stage 3 (1990s – present): From the 1990s to the pre-
sent day, a series of environmental protection policies have 
been implemented. Concentrations of Hg, As, S, and Pb 
in core CJ0702 gradually decreased from the middle of 
the 1990s (at a depth of 35 cm) (Fig.6). Thus, the influx of 
polluted materials, such as heavy metals, through the 
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Changjiang River Basin, subaqueous delta, and adjacent 
mud area has been controlled.  

5 Conclusions 
In this study, we established a high-resolution record of 

sedimentary processes near the Changjiang River Mouth 
from core CJ0702 in the subaqueous delta in the ECS. 
Core CJ0702 contains information about key environmen- 
tal and human activities over the past 120 years. We ob-
serve a high sediment accumulation rate of 3.11 cm yr−1 
and relatively stable sedimentary processes during the past 
century. Though the course of the Huanghe River shifted 
to the Bohai Sea after 1855, the large subaqueous delta of 
the abandoned Huanghe River has been gradually eroded 
and transported to the Yellow and East China Seas. Thus, 
the Changjiang River has been the primary source of sedi- 
ment to the core site.  

Results suggest that the PDO and ENSO are vital fac-
tors that influence the sedimentary processes and are re-
sponsible for producing cycles in grain size variation. 
Event deposition, such as flood, storm, and human pro-
jects, also likely contributed to the sedimentary sequence 
in addition to climatic-drive grain size cycling. Indeed, 
human activities have had a great impact on the sediment 
composition, such that heavy metals in the core are 
closely correlated with anthropogenic activities tied to the 
industrial growth in this area.  
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