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Muddy sediments are the most prominent constituents of sedimentary successions
in tide-dominated river deltas and have highly complex depositional mechanisms.
In this study, we performed fine-grained (4-11 pym) quartz optically stimulated
luminescence (OSL) dating on two sediment cores collected at a shipwreck site in
the turbidity maximum zone (TMZ) of the modern Yangtze River mouth, China,
which were compared with previously published dating results including 45-63 um
quartz OSL dating, radionuclide dating, porcelain artifacts recovered from the
wreck, macro-plastics, and the morphological history recorded in marine charts.
We investigate the luminescence characteristics of muddy sediments trapped in
the TMZ and discuss the implications of OSL ages in understanding depositional
mechanisms in tide-dominated river mouths. The results indicate that most OSL
ages of muddy sediments in the delta front setting are overestimated compared
with other dating methods. We suggest that OSL age overestimation reflects the
trapping of sediments from offshore in the TMZ imported by saltwater intrusions
and storm events. The offshore inputs contain high percentages of residual
luminescence and are also subjected to incomplete bleaching due to turbid
water conditions and near-bed dispersal in the salt-wedge river mouth. We
thus suggest that the reduced bleaching efficiency of muddy sediments in delta
front settings needs to be accounted for in understanding sedimentary processes
and distinguishing between different sedimentary facies in tide-dominated river
mouths. Furthermore, we propose that differences in quartz OSL ages of fine- and
medium-grained fractions may arise in response to extreme events.

KEYWORDS

tide-dominated river mouth, OSL age overestimation, offshore inputs, residual
luminescence, saltwater intrusion, storm event
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Introduction

Muddy sediment is very prominent in sedimentary
sequences of tide-dominated river deltas and is deposited in
a range of sedimentary environments such as in channels and
tidal flats (Dalrymple and Choi, 2007). However, it is difficult to
distinguish between the sedimentary successions of tidal flats
and distributary channels owing to the fact that both are
characterized by interbedded sand and mud layers (Hori
et al., 2001). Optically stimulated luminescence (OSL) dating
(Aitken, 1998) may provide insights regarding the depositional
mechanisms of such muddy sediments accumulated in channels
which
characterized by turbid water conditions, particularly in the
turbidity maximum zone (TMZ) (Geyer, 1988; Burchard et al,,

of tide-influenced river mouths are

generally
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2018). As a consequence, incomplete surface and in-transport
bleaching of muddy sediments may produce overestimated OSL
ages in such circumstances. Moreover, storm events may
introduce large volumes of fluid mud into the tide-
dominated river mouth from offshore, with suspended
sediment concentrations of between 10 and >100g/L
recorded near the sea bed (Ge et al., 2020). Such fluid mud
may contain substantial quantities of reworked, older sediments
with high percentages of residual luminescence. Thus,
understanding the luminescence characteristics of muddy
sediments in tide-influenced or tide-dominated deltaic
successions is valuable in improving the interpretation of
associated depositional mechanisms.

The Yangtze River Delta is a typical tide-dominated river
delta (Figure 1; Goodbred and Saito, 2012) and there have
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FIGURE 1

Location maps. (A) Yangtze River mouth (after Niu et al., 2021). (B) Locations of cores KZ01-A and KZ02 in the present-day North Channel and
the turbidity maximum zone (TMZ; after Shen and Pan, 2001). (C) Bathymetry of the Yangtze River mouth in 1842 CE, showing the location of core
KZ01-A at the northeast margin of the Tongsha Shoal and core KZ02 at water depth between 5 and 10 m (the delta front slope) (after Niu et al., 2021).
The bathymetry map of 1842 CE is based on the marine chart of the British Navy. Core A5-4 was collected from Cheng et al. (2020). Core HM

was collected from Nian et al. (2021).
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been a number of studies using OSL to date its Holocene
sediments (Sugisaki et al., 2015; Wang et al., 2015; Nian et al.,
2018a, 2018b, 2019, 2021; Nian and Zhang, 2018; Wang et al.,
2018, 2019). Wang et al. (2015) reported consistent OSL ages
of fine-grained (4-11 um) and coarse-grained (100-200 um)
quartz in a late Quaternary sediment core located in the pro-
delta of the Yangtze River mouth. In contrast, in the palaeo-
incised valley, Nian et al. (2018a, 2018b) reported incomplete
bleaching of coarse-grained (90-125um or 150-180 pum)
quartz in early to mid-Holocene sediments. Nian et al.
(2021) further reported overestimated fine-silt quartz OSL
ages of recent delta front sediments and attributed this to
incomplete bleaching. Taking the Yangtze River mouth as an
example, this paper aims to investigate the OSL dating results
of different mud fractions of recent delta-front sediments in
order to further elucidate our understanding of sedimentary
mechanisms in tide-dominated river deltas.

In 2017, we collected two sediment cores (KZ01-A and
KZ02) in the offshore section of the North Channel, which is
located in the TMZ and the delta front platform of Yangtze
River mouth (Figure 1; Niu et al., 2021). Core KZ01-A was
collected at a shipwreck site; core KZ02 was collected in the
Channel ca. 10 km seaward of the shipwreck site. Previously
published AMS 'C ages in the two cores suggested that the
dated materials are mostly reworked from older deposits (Niu
etal.,, 2021). Niu et al. (2021) also reported the overestimated
medium-grained (45-63 um) quartz ages compared with the
age of porcelain artifacts recovered from the sunken ship. In
this study, we further examined the fine-grained (4-11 pm)
quartz OSL ages in these two cores and made comparison with
results of other dating techniques, including the medium-
grained OSL ages and ages inferred from *'’Pb and '*’Cs
dating, porcelain artifacts, and macro-plastic distribution.
We also used the evolutional history recorded in marine
charts and literatures to constrain the chronologies of the
two cores. We suggest that this study can broaden the
application of OSL technique in the investigation of
sedimentary processes in the fluvial-marine transitional
environment, particularly in the tide-dominated or tide-

influenced river mouths.

Geographical setting

The Yangtze River mouth, with a length of 120 km and a
width of 90 km at its outer limit, is characterized by four
outlets of three-tier bifurcations (Figure 1B; Chen et al,
1988). The main river is primarily divided by Chongming
Island into the North Branch and South Branch, which is then
separated into its North Channel and South Channel by
Changxing-Hengsha Island 1B). The South
Channel is further subdivided into North and South
Passages by the Jiuduansha Shoal (Figure 1B). At present,

(Figure
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more than 98% of the Yangtze River freshwater discharges
through the South Branch into the sea, and the North Branch
has become a tide-dominated abandoned channel (Dai et al.,
2016). The North Channel is the largest distributary channel
of the Yangtze River mouth, discharging around 50% of the
freshwater and suspended sediments into the East China Sea
(Mei et al., 2018).

The bifurcation pattern described above formed less than
200 years ago (Figure 2; Chen et al, 1988; Li et al,, 2011).
According to the earliest marine charts of the Yangtze River
mouth, the Changxing-Hengsha Island had not separately
emerged by the mid-19th century and was connected to the
Tongsha Shoal at the river mouth (Figures 1C). The South
Channel had formed by that time and was the major
distributary channel discharging most of the freshwater and
suspended sediments from the South Branch (Chen et al,
1988). A flood-dominated channel was present at the site of
North Channel, which was closed at the upstream end by sand
shoals connected to the Chongming Island, and with water
depth <5 m at its downstream end (Figure 1C). In the late 19th
century, the upstream end of the flood-dominated North
Channel was forced open by extreme Yangtze River floods
(Figure 2A) and then became an important pathway for
freshwater and suspended sediment discharge (Chen et al,
1988; Li et al, 2011; Mao, 2014). At the beginning of the
20th century, water depth at the downstream end of the
North Channel increased, possibly flushed by the Yangtze
floods (Figure 2B; Mei et al., 2018). The northern margin of
the Tongsha Shoal was subject to ongoing erosion in the 20th
century (Chen et al, 1988), which exposed the previously
buried shipwreck site in the North Channel (Figure 2C). In
addition, in the mid-20th century, the formation of the
North Passage made the Jiuduansha Shoal independent from
the Tongsha Shoal (Figure 2C), and the present pattern of the
outlets at the Yangtze River mouth was then
established (Figure 2D; Chen et al., 1988; Li et al, 2011;
Mao, 2014; Su and Fan, 2018).

Tidal range at the Yangtze River mouth is between 2 and

four

4 m, with a mean value of 2.66 m (Chen et al., 1988), but may
reach 5 m during summer and autumn typhoon events. The
average wave height is 0.9 m in fair weather, while maximum
wave height exceeds 6 m during stormy conditions (Zhu et al.,
1988). The wave base is ca. -10 m in the fair weather and
reaches -30 m in storms (Xu et al., 1989). The TMZ occurs at
the delta front platform where the mouth shoals and
subaqueous distributary channels dominate; suspended
sediment concentration (SSC) is 0.1-0.7 g/L near the water
surface but is much greater (1-8 g/L) near the bed (Shen et al.,
1992; Li and Zhang, 1998; Shen and Pan, 2001). Fluid mud is
always observed at slack tides in the tide-dominated channels,
particularly at the head of the salt wedge and in storm
conditions, reaching a biggest thickness of ca. 0.9 m (Shen

and Li, 2011; Ge et al., 2018, 2020).
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Historical marine charts showing morphological changes of the Yangtze River mouth from 1879 to 2010 CE (after Su and Fan, 2018).

Materials and methods

Lithostratigraphy and sedimentary facies
of two sediment cores

Cores KZ01-A (31°21'02.962" N, 122°04'E) and KZ02
(31°19'50.610” N, 122°10'E) were obtained using rotary
drilling in October 2017 in the subaqueous section of the North
Channel, Yangtze River mouth (Figure 1), to study the
sedimentary environmental evolution at the shipwreck site (Niu
et al, 2021). Water depth at the two core sites was measured at
9.0 and 7.8 m below mean sea level (Yellow Sea datum of 1985),
respectively. Core KZ01-A is 13.8 m long and core KZ02 is 13.9 m
long; core diameter is 10 cm in both cores.

Six depositional units are identified in the stratigraphy of core
KZ01-A from the base upwards (Figure 3A; Niu et al,, 2021):
homogeneous prodelta mud (unit I, 13.8-8.25 m), interbedded
sand and mud of delta front slope (unit II, 8.25-7.4 m), mouth
shoal sand (unit III, 7.4-6.78 m), flood-dominated channel
mud (unit IV, 6.78-4.15 m), storm deposits containing the
woods of sunken ship (unit V, 4.15-3.22 m), mouth shoal sand
and interbedded sand and mud of subaqueous distributary
channel (unit VI-1, 3.22-2.45 m; unit VI-2, 2.45-0 m). Macro-
plastics are evident at depths 2.84-2.89 and 1.5 m (unit VI).
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Core KZ02 is divided into four depositional units in ascending
order as follows (Figure 3B): prodelta mud (unit I,
13.9-8.6 m), interbedded sand and mud of delta front slope
(unit II, 8.60-7.75m), shoal sand (unit III,
7.75-2.58 m) and interbedded sand and mud of subaqueous
distributary channel (unit IV, 2.58-0 m).

The sunken ship at the site of core KZ01 contains porcelain
artifacts of the late Qing dynasty (Niu et al, 2021). Some
porcelain artifacts have been engraved on the bottom with

mouth

»

characters “[EJA” (Tongzhi, the title of an emperor during
1862-1875 CE), which provides a maximum age for the
shipwreck (and therefore unit V of core KZ01-A) of 1862 CE
(Niu et al., 2021). Based on China’s plastics production report
(CPCIA, 1984-2014), the macro-plastics found in unit VI of core

KZ01-A constrain the age of this unit to post-1950 CE.

Sample preparation and measurements
for OSL dating

Six samples in core KZ01-A and four samples in core
KZ02 were carefully collected for OSL dating, and ages of
their medium-grained fractions are reported in Niu et al.
(2021) (Figure 3). For this study, we applied OSL dating to
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Lithostratigraphy and interpretation of sedimentary facies in cores KZ01-A (A) and KZ02 (B) (after Niu et al., 2021). Laboratory numbers of OSL
samples, MAM ages of medium-grained quartz, age of porcelain artifacts discovered in the sunken ship, and ages of macro-plastics are indicated on
the left side of the profiles (after Niu et al,, 2021). All ages are calibrated to before 2017 CE.

the fine-grained (4-11 um) quartz fraction. The samples were
firstly treated with HCl and H,0, to remove carbonates and
organic matter, respectively. After collecting the fine-grained
fractions based on Stokes’ law, these were etched with 30%
H,SiFs for three to four days, followed by washing with HCI
and distilled water to extract pure quartz grains. The fine-grained
fraction was settled in acetone and deposited on stainless steel
discs. The purity of quartz was examined by detecting the
infrared-stimulated luminescence following the method of
Duller (2003).

All OSL measurements were carried out using a Rise TL/OSL
DA-20 DASH reader with 7.5 mm Hoya U-340 filters in front of
an ET EMD-9107 photomultiplier tube. Laboratory irradiation
was produced by a calibrated beta *°Sr/*’Y source. Blue LED
stimulation (470 nm, 90% of 97 mW/cm? full power) and IR LED
(870 nm, 90% of 129 mW/cm” full power) were used in the
measurement. The equivalent dose (D,) of the quartz grains was
determined by the single-aliquot regenerative-dose (SAR)
protocol (Murray and Wintle, 2003). A 200°C preheat for 10s

Frontiers in Earth Science 05

and a 160°C cut-heat for 0 s were used in the SAR protocol, and
all luminescence measurements were made by blue stimulation at
125°C for 40 s; the experimental conditions were chosen based on
the results of medium-grained quartz (Niu et al, 2021;
Supplementary Figure S1). The late background method, i.e.
the initial 0.4 s of stimulation subtracts a background signal
derived from the last 10 s of stimulation, was used to estimate
the D, values using a single saturating exponential function.
Uranium (U), thorium (Th), and potassium (K) concentrations
of OSL samples were estimated using neutron activation analysis
(NAA) at the China Institute of Atomic Energy (Supplementary
Table SI; Niu et al, 2021). The water content (weight of water/
weight of dry sediments) was measured by weighing the samples
before and after drying to constant weight (Table 1). Total dose rates
were calculated using the software Dose Rate and Age Calculator
(‘DRAC) (Durcan et al., 2015). Concentrations of U, Th, and K were
converted into dose rates using the conversion factors of Adamiec
and Aitken (1998). An alpha efficiency factor (a-value) of 0.04 + 0.02
(Rees-Jones, 1995) was used for fine-grained samples. Alpha-
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TABLE 1 Summary of fine-grained (4—11 um) quartz OSL dating results in this study and pervious published OSL data of medium-grained (45—-63 pm) quartz (Niu et al., 2021) in cores KZ01-A and KZ02. OSL

ages are relative to 2017 CE.

Borehole Lab No.

KZ01-A L374

L375

L376

L377

L378

L379

K702 L380

L1381

1382

L383

“The 45-63 um OSL dating studies are carried out using small aliquots of quartz (2 mm mask size). The sigma-b value of 0.1 was used for the minimum age model (MAM) calculations of 45-63 pm quartz according to the previous studies in the area

(Nian et al., 2018a; 2018b).

Depth
(m)

3.20-3.37
3.69-3.82
4.15-4.30
6.56-6.63
8.03-8.13
8.40-8.50
4.68-4.78
4.88-4.98
8.46-8.54

8.81-8.89

Lithology

Structureless silt
Structureless silt
Homogeneous mud

Homogeneous mud

Sand interbedded with mud

Homogeneous mud

Silty fine sand

Silty fine sand

Sand interbedded with mud

Homogeneous mud

Unit

Sedimentary
facies

Storm deposit
Storm deposit
Flood-dominated
channel
Flood-dominated
channel

Delta front slope
Prodelta

Mouth shoal
Mouth shoal

Delta front slope

Prodelta

Water
content
(%)

35+ 10

20 £ 10

44 £ 10

28 £ 10

41 + 10

49 £ 10

63 £ 10

29 £ 10

29 + 10

44 + 10

Grain
size

(um)

4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63
4-11
45-63

Dose
rate
(Gy/ka)

2.40 £ 0.17
2.18 £0.14
293 £0.23
2.65 £ 0.18
2.98 £ 0.20
2.70 £ 0.16
239 £0.17
221 £0.15
3.10 £ 0.22
2.79 £ 0.16
2.98 £ 0.20
2.71 £ 0.16
2.01 £0.13
1.83 £ 0.10
2.68 £0.20
241 £ 0.16
248 £ 0.19
223 £0.15
3.40 £0.23
3.08 £ 0.19

No.
of aliquots

6
20
6
20
6
25
6
27
6
26
6
32
6
19
5
23
3
24
6
24

CAM-
D.
(Gy)

0.68 + 0.02
0.73 £ 0.06
0.83 +0.02
0.92 + 0.06
1.33 £ 0.03
1.71 £ 0.15
1.45 + 0.05
1.55 + 0.07
1.48 + 0.03
147 £ 0.11
1.86 + 0.04
2.02 £ 0.09
2.02 £ 0.07
0.82 + 0.06
241 +0.14
0.97 £ 0.05
2.03 £ 0.12
1.27 £ 0.08
1.29 £ 0.03
1.40 + 0.06

CAM-
Age
(a)

280 + 20
330 + 30
280 + 20
340 + 20
450 + 30
630 + 60
610 + 50
700 + 40
480 + 40
520 + 40
620 + 40
740 + 50
1,000 + 70
450 + 40
900 + 90
400 + 20
820 + 80
560 + 40
380 + 30
450 + 30

MAM-
D.
(Gy)

0.51 £ 0.05

0.75 £ 0.07

122 £0.12

1.43 + 0.06

121 £0.11

1.88 + 0.06

0.71 £ 0.04

0.84 + 0.07

1.17 £ 0.04

1.22 £ 0.09

MAM-
Age
(@)

230 £ 20

280 + 20

450 + 50

640 + 30

430 + 40

690 + 40

380 + 30

340 + 30

520 =20

390 + 30

e 30 nIN
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Comeparisons of the CAM and MAM ages of medium-grained quartz samples (A); and CAM ages of fine-grained samples and MAM ages of
medium-grained samples (B) in cores KZ01-A and KZ02. The OSL data of medium-grained samples are from Niu et al. (2021).

attenuation factors of Brennan et al. (1991) and beta-attenuation
factors of Guérin et al. (2012) were used to calculate the dose rates,
respectively. OSL ages are relative to 2017 CE.

Results
Fine-grained quartz OSL ages

The OSL decay and dose-response curve for the representative
fine-grained quartz sample L379 are shown in Supplementary
Figure S2. Rapid decay of the signals with stimulation time
indicates that the signals of quartz in the sediments are
dominated by the fast component (Supplementary Figure S2A),
which is consistent with previous studies in the area (Nian and
Zhang, 2018; Nian et al., 2019). A single exponential function of
the growth curve was constructed using five regenerative dose
points including a zero-dose measurement and a recycling point
(Supplementary Figure S2B). The central age model (CAM)
(Galbraith et al., 1999) was applied for D, calculation, which
yielded OSL ages of 280-620 a and 380-1,000 a in cores KZ01-
A and KZ02, respectively, (Table 1).

Comparison of OSL ages between
different grain-size fractions

The CAM ages of medium-grained quartz (330-740 a in
core KZ01-A; 400-560 a in core KZ02) are approximately
40-180 a older than the corresponding ages calculated by
minimum age model (MAM) (230-690 a in core KZ01-A;
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340-520 a in core KZ02) in these two cores (Table 1I;
Figure 4A; Niu et al, 2021). Supplementary Figure S3
presents radial plots of medium-grained D, values of these
ten samples, showing that some samples exhibit an asymmetric
tail of higher D, values and display varying degrees of D,
scatter. Thus, medium-grained MAM ages should provide
more reliable depositional time and were used for the age
comparisons below.

In core KZ01-A, the CAM ages of fine-grained samples are
generally consistent with medium-grained MAM ages within
each error condition (Table 1; Figure 4B), and the paired OSL
ages obtained from two different grain-size fractions generally
increase with stratigraphic depth as expected, with the
exception of sample L377 which exhibits age reversal
(Figure 5A). Such OSL age reversals have been reported
previously in the Yangtze Delta (Nian and Zhang, 2018;
Wang et al, 2019). In core KZ02, significant reversals of
fine-grained quartz OSL ages were observed, ranging from
ca. 380 a to 1,000 a from the bottom upward, and the ages
are ca. 300-600 a older than the corresponding medium-
grained quartz MAM ages, except for sample L383 from
prodelta unit which has consistent paired ages (Table 1;
Figures 4B and Figure 5B).

Comparison of OSL ages with other dating
results

The evolutional history of the North Channel is recorded in
marine charts (Chen et al., 1988; Li et al., 2011; Mao, 2014; Mei
et al,, 2018), which can therefore help to constrain the OSL and
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radionuclide chronologies. It can be observed in the marine chart
of 1842 CE (175 a; Figure 1C) that the two core localities were at
that time situated in the mouth shoal (i.e., the Tongsha Shoal)
and at the edge of the mouth shoal, respectively. This suggests
that the delta front slope environment at sites of both cores would
have been formed before 175 a, and the mouth shoal
environment at core site KZ02 would have been formed after
175 a. Moreover, previous studies have reported that the North
Channel only evolved from the flood-dominated channel to
become the major distributary channel at the end of 19th
century (<117 a; Figure 2; Chen et al,, 1988; Li et al, 2011;
Mao, 2014). This reconstructed evolution is supported by the
observation that §"°C values in the upper sections of two cores are
consistently more depleted, because increased freshwater
discharge would have supplied more terrestrial-sourced
organic carbon to the core sites (Figure 5; Niu et al, 2021).
Thus, the mouth shoal sands with less depleted §'°C values in the
lower section of core KZ02 would have been deposited between
175 a and 117 a, which suggests that OSL ages of L380 (380 +
30 a) and L381 (340 + 30 a) are overestimated by ca. 200-250 a
(Figure 5B).

Furthermore, in core KZ01-A, the age of unit V containing
the shipwreck wood is constrained by the porcelain artifacts
which indicate an age younger than 1862 CE (<155 a; Figure 5A;
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Niu et al., 2021); the macro-plastic deposits (Figure 3A), together
with the ?'°Pb and 'Cs results (Supplementary Figure S4),
clearly point to a younger age for unit VI (CPCIA,
1984-2014; Niu et al., 2021). Thus, unit V in KZ01-A would
have been deposited post-1862 CE but before 1950 CE, indicating
that the determined OSL ages are overestimated by ca. 100 a.
Previous studies reported a residual OSL age of ca. 60 a in
modern fine-grained quartz from the Yangtze riverine inputs
(Sugisaki et al., 2015; Wang et al., 2018). However, above OSL
ages are still overestimated after deducting 60 a.

Discussion
Reasons for overestimation of OSL ages

Comparison between multiple dating methods indicates
that OSL ages of delta front sediments in Yangtze River
mouth are in general overestimated. We suggest that the
OSL age overestimation is a characteristic of muddy
sediments trapped in the TMZ of tide-dominated river deltas
because sunlight transmission in the water column is
substantially reduced by the turbidity of the water. Ditlefsen
(1992) recorded experimentally that light levels at 75-cm depth
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in a water column with 0.05g/L suspended sediment
concentration was <0.01% of that measured at the water
surface. Meanwhile, Richardson (2001) reported that light
levels were reduced by three orders of magnitude in the
upper 80 cm of a turbid water column in the near-coast
environment of England. The experiment by Sanderson et al.
(2007) in the Mekong Delta revealed a similar substantial
reduction of light levels in water with moderate turbidity.
Given that suspended sediment concentrations near the
water surface in the TMZ of Yangtze River mouth reach
0.1-0.7 g/L (Shen et al., 1992; Li and Zhang, 1998; Shen and
Pan, 2001), sunlight intensity would be markedly reduced in the
water column, thus constraining quartz bleaching of in-
transport sediments.

Secondly, we suggest that the sediments from offshore
trapped in the saltwater wedge make a major contribution to
the overestimated OSL ages. The less depleted §"°C values
observed in both cores KZ01-A and KZ02 are indicative of a
major contribution from marine-sourced organic carbon in
the delta front setting (Figure 5; Niu et al., 2021). The
offshore inputs into the Yangtze River mouth have been
reported in many previous studies (e.g., Du et al., 2010;
Ge et al.,, 2020; Wang et al.,, 2021) and surficial sediments
in the subaqueous delta have yielded OSL ages exceeding
1,000 a (e.g., core A5-4 in Cheng et al., 2020; see Figure 1B for
the core location). When older sediments are imported into
the river mouth by processes such as tidal pumping, estuarine
circulation induced by saltwater intrusion, and storm events
(Warner et al., 2008; Cho et al., 2012; Li et al., 2016; Burchard
et al., 2018; Wang et al., 2020), they are less likely to be
bleached because the stratified water column suppresses
turbulence and the sediments have no chance to be
dispersed to the water surface. Moreover, thick benthic
layer of fluid mud in the channel of Yangtze River mouth
have been observed in the typhoon condition; numerical
experiments indicate that the typhoon wind strongly
enhances saltwater intrusion and therefore intensifies the
degree of water stratification, leading to the formation and
near-bed movement of the fluid mud layer from
offshore region into the channel (Ge et al, 2018; 2020).
Such fluid mud is more likely to be preserved in the
sedimentary sequence because it is not completely
resuspended by currents in subsequent fair weather
(Dalrymple and Choi, 2007).

In tide-dominated river deltas, turbid water conditions,
reworked offshore sediments, and complex sediment transport
and deposition processes related to saltwater intrusion and storm
events may, therefore, all contribute to overestimation of
substantial OSL ages. However, owing to spatial variation in
OSL ages of offshore surficial sediments (Sugisaki et al., 2015;
Wang et al., 2018; Cheng et al., 2020), coupled with the dynamic
nature of evolution in the subaqueous delta, it is difficult to
estimate the degree of overestimation. For example, Nian et al.
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(2021) reported OSL age overestimation of between ca.
500-2000 a for delta front sediments in core HM obtained
from the modern Yangtze delta plain (core location shown in
Figure 1B), which is substantially greater than values reported
herein. This suggests that further research involving a systematic
investigation of residual luminescence of suspended and surficial
sediments in the river mouth is necessary to resolve such
differences.

Implications of overestimated OSL ages
for depositional mechanisms

Based on the above discussion, we propose that bleaching
efficiency of the fine and medium-sized quartz grains may be
useful in identifying the depositional mechanisms in the tide-
dominated river delta. For example, the overestimated OSL ages
can be used to differentiate between sedimentary sequences at the
delta front from those of tidal flats, which otherwise have similar
sedimentary structures. Accordingly, exposure during ebb tides
and resuspension in the shallow waters of the intertidal and
subtidal zone favours stronger bleaching (Madsen et al, 2007;
Mauz et al,, 2010). Moreover, since incomplete bleaching is related
to water column stratification as outlined above, OSL age
differences can also be used to distinguish the salt-wedge river
mouth settings from those slightly stratified or vertically mixed
ones. In contrast, in slightly stratified or vertically mixed river
mouths where turbulence prevails, the suspended sediments are
much more effectively bleached.

Comparison of OSL ages obtained from different grain-size
fractions may further indicate the depositional mechanisms of
muddy sediments in a delta front setting. We consider that OSL
age consistency between fine- and medium-grained samples
collected from the flood-dominated channel facies (unit IV in
core KZ01-A; Table 1; Figures 4B and Figure 5A) indicates
that the two fractions are products of the same source and
depositional processes. Taken together with observations of
age overestimation, it is proposed that muddy sediments are
mainly deposited by processes associated with saltwater
intrusions, which introduce offshore inputs via near-bed
movement of the dense current (Geyer, 1993; Burchard
et al, 2018; Ge et al, 2018). This interpretation is
supported by the observation that §"”C values here are
markedly less depleted (Figure 5A), which indicates a
major contribution of marine-sourced organic carbon.
Furthermore, it concurs with our conclusion that this unit
represents sediments formed in a flood-dominated channel
(Niu et al, 2021), where the freshwater discharge is
constrained in the surface and trapping of sediments is
mainly associated with tide pumping and estuarine
circulation.

In contrast, OSL ages of fine-grained fractions are
significantly older than those of the medium-grained fractions
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in mouth shoal sediments of KZ02 (Figure 5B), suggesting that
the two fractions have different depositional processes. The
mouth shoal sediments are comprised of sediments that are
better sorted and are more completely bleached because they
are frequently resuspended by waves in fair weather. We
therefore argue that rapid deposition of sediments reworked
in extreme events may produce inconsistent OSL ages for the
different size fractions, which is further evidenced by the strong
fluctuations in 8“C values of the mouth shoal sediments
(Figure 5B).

Conclusion

Two sediment cores KZ01-A and KZ02 were collected in the
subaqueous distributary channel (the North Channel) of the
Yangtze River mouth in 2017. We conducted quartz OSL dating
on the fine-grained fractions (4-11 pm) in this study. Together with
previously published ages from medium-grained quartz fractions
(45-63 um), radionuclide dating, porcelain artifacts recovered from
a sunken ship, macro-plastics, and the evolutionary history of the
North Channel recorded in marine charts, the study reveals that
understanding the ages of muddy sediments casts light on the
complexity of depositional processes in the tide-dominated river
delta. The following conclusions are drawn:

1. OSL ages obtained from muddy sediments in the delta front
setting of the Yangtze River mouth are in general
overestimated, which we infer results from high turbidity
of the water, reworked, older offshore sediments, and the
sediment dispersal and trapping processes related to saltwater
intrusion and storm events in the TMZ.

2. The lower bleaching efficiency of muddy sediments trapped in
the TMZ offers a useful proxy to distinguish delta front
deposits in the highly stratified tide-influenced or tide-
dominated river mouth, i.e., the salt-wedge type from those
slightly stratified or well-mixed ones.

3. OSL ages of fine- and medium-grained fractions are more
consistent in sediments deposited in the flood-dominated
channel compared to those in the mouth shoal, which we
interpret as indicating rapid deposition of reworked
sediments by extreme storm events in the mouth shoal.
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