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Abstract  We reconstruct the environmental evolution of the East China Sea in the past 14 kyr based on glycerol dialkyl 
glycerol tetraethers (GDGTs) in a sediment core from the subaqueous Yangtze River Delta. Two primary phases are recog-
nized. Phase I (13.8–8 cal kyr BP) reflects a predominantly continental influence, showing distinctly higher concentrations of 
branched GDGTs (averaged 143 ng/g dry sediment weight, dsw) than isoprenoid GDGTs (averaged 36 ng/g dsw), high BIT 
index (branched vs. isoprenoid tetraethers) values (>0.78) and a fluctuating GDGT-0/crenarchaeol ratio (R0/5, varied from 0.52 
to 3.81). Within this interval, temporal increases of terrestrial and marine influence are attributed to Younger Dryas (YD) (ca. 
12.9–12.2 cal kyr BP) cold event and melt-water pulse (MWP) -1B (11.5–11.1 cal kyr BP), respectively. The prominent transi-
tion from 8 to 7.9 cal kyr BP shows a sharp decrease in BIT index value (<0.4) and increase in crenarchaeol, which marks the 
beginning of phase II. Afterwards, the proxies remain relatively constant, which indicates that phase II (7.9 cal kyr BP-present) 
is a shelf sedimentary environment with high stand of sea level. Overall, the BIT index in our record serves as a good marker 
for terrestrial influence at the site, and likely reflects the flooding history of the region. The TEX86 (TetraEther Index of tetrae-
thers consisting of 86 carbons) proxy is not applicable in phase I because of an excess terrestrial influence; but it seems to be 
valid for revealing the annual SST in phase II (21.6±0.9°C, n=49). In contrast, the MBT'/CBT (Methylation of Branched Tet-
raethers and Cyclization of Branched Tetraethers) proxy appears to faithfully record the annual mean air temperature (MAT) 
(14.3±0.63°C, n=68) and presents an integrated signal over the middle and lower Yangtze River drainage basin.  
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1.  Introduction 

Continental margins display the most dynamic sedimentary 
processes where large rivers transfer huge amounts of par-
ticulate and dissolved materials from land to ocean. Recon-

structing the evolution of river-dominant continental mar-
gins through time is a difficult enterprise due to significant 
intertwining marine and terrestrial influences such as river-
ine inputs, sea level change, and dynamic coastal water cir-
culation. For example, a rapid sea-level rise will result in a 
quick landward migration of the sedimentation locus and 
therefore starve the distal parts of the shelf from sedimenta-
tion (Liu et al., 2007); whereas, a falling sea-level is the key 
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factor in delta formation (Stanley and Warne, 1994; Stanley 
and Chen, 1996).  

The epicontinental shelf of the East China Sea (ECS), 
together with the Yellow and Bohai seas, is one of the best 
examples of river-dominated continental margins, which 
receives large amount of terrigenous materials from the 
Yellow River and Yangtze River (Liu et al., 2007). Numer-
ous studies have attempted to reconstruct the sediment 
provenance and paleoenvironmental changes in this area by 
seismic and petrographic analyses (Chen and Stanley, 1993; 
Chen et al., 2000; Li et al., 2002; Liu et al., 2004, 2007) and 
grain-size analysis (Xiao et al., 2006), identification of 
foraminiferal species and stable isotope analysis (Xu and 
Oda, 1999), and analysis of clay mineral assemblages (Dou 
et al., 2010). However, a detailed sedimentary evolution in 
the Yangtze River-influenced ECS needs to be better eluci-
dated.  

Glycerol dialkyl glycerol tetraethers (GDGTs) from cell 
membranes of Archaea and Bacteria have become powerful 
organic biomarkers for reconstructing paleoenvironment 
and paleoclimate (cf. Pearson and Ingalls, 2013; Schouten et 
al., 2013). TEX86 (TetraEther Index of tetraethers consisting 
of 86 carbons), a proxy for annual sea surface temperature 
(SST), is based on isoprenoid GDGTs (iso-GDGTs) synthe-
sized by Thaumarchaeota in the aquatic systems (e.g. 
Schouten et al., 2002; Kim et al., 2008, 2010b; 
Brochier-Armanet et al., 2008; Spang et al., 2010; Pearson 
and Ingalls, 2013; Schouten et al., 2013). It is widely ap-
plied to reconstruct SST in the open ocean (e.g. Huguet et 
al., 2006b, 2011; Seki et al., 2009; Biton et al., 2010; Shin-
tani et al., 2011). The BIT (Branched vs. Isoprenoidal Tet-
raether) index has been used to estimate the relative contri-
bution of soil organic matter (OM) in aquatic sediments 
(e.g. Hopmans et al., 2004; Herfort et al., 2006a; Huguet et 
al., 2007, 2008; Walsh et al., 2008; Zhu et al., 2011; Zhang 
et al., 2012; Schouten et al., 2013; Ge et al., 2014). The 
CBT (Cyclization of Branched Tetraethers) and MBT/MBT' 
(Methylation of Branched Tetraethers) based on branched 
GDGTs (brGDGTs) are proxies for soil pH and annual 
mean air temperature (MAT) (Weijers et al., 2007a; Peterse 
et al., 2012), which have been applied occasionally in shal-
low water environments (e.g. Weijers et al., 2007b, 2007c; 
Schouten et al., 2008; Rueda et al., 2009; Peterse et al., 
2009a; Bendle et al., 2010; Keating-Bitonti et al., 2011; 
Strong et al., 2012; Ge et al., 2014). Each of these proxies 
has its limitation and integration of multiple proxies is nec-
essary for fully understanding the paleo-environmental and 
climate variability. Several studies using GDGTs and the 
above proxies have been done in the ECS and adjacent are-
as. For example, Zhu et al. (2011) worked on the surface 
sediments from the Lower Yangtze River to the ECS shelf 
and found that TEX86 reflected robustly the satellite-derived 
annual mean SST. In contrast, effective degradation and 
widespread aquatic contributions of brGDGTs in the estuary 
made BIT and MBT'/CBT inappropriate to reconstruct the 

catchment environmental conditions. Nakanishi et al. (2012) 
studied the particulate OM of different water layers in the 
ECS and found that the TEX86

H derived temperature in wa-
ter depths of 74–99 m agreed with in situ water temperature, 
while in surface water (0–20 m),  temperature derived 
from TEX86

L was in better agreement with measured tem-
perature than those derived from TEX86

H. Recently, Ge et 
al. (2014) reconstructed GDGT-referred proxies in the past 
8.8 kyr based on a sediment core from the southern Yellow 
Sea (YS) and the results showed that BIT index was less 
suitable for tracing the input of soil OM to the YS, while 
temperatures derived from TEX86 and MBT'/CBT were de-
coupled and both correlate well with the East Asia Winter 
Monsoon (EAWM) variation. Lü et al. (2014) found in sur-
face sediments from the east China coastal seas (including 
the ECS and the YS) that TEX86 was influenced mostly by 
summer SST and therefore proposed a regional TEX86

H 
calibration for temperature reconstruction in areas with sig-
nificant terrestrial input. Zhou et al. (2014) also investigated 
the GDGTs distribution in surface sediments from coastal 
and open marine settings around China and suggested that 
brGDGTs in the YS were mainly derived from soils of the 
Yellow River lower basin; however, brGDGTs in coastal 
areas of the ECS were dominated by marine contribution. 
The above discrepancies in GDGT-referred proxies impel 
validation of these proxies in order to use them for more 
precise reconstruction of the paleo-environmental evolution 
of the east coastal seas of China. 

In this work, GDGT-based proxies are integrated to ex-
amine the sedimentary evolution of the Yangtze River Delta 
as a function of dynamic interactions between postglacial 
sea level rise, delta development and regional climate 
change in the ECS since 14 cal kyr BP. Specifically, we 
have two objectives: (1) to reconstruct temporal and spatial 
characteristics in sedimentary evolution of the subaqueous 
Yangtze River Delta since the last deglaciation, and (2) to 
evaluate the suitability of GDGT-derived proxies in the 
Chinese marginal seas (notably the TEX86, BIT, and 
MBT'/CBT). 

2.  Regional setting 

The ECS is a well-developed marginal sea, with broad con-
tinental shelf ca. 640 km wide and averaged water depth of 
72 m. It is connected to the YS in the north and to the west-
ern Pacific in the southeast, with a dominant terrestrial input 
from the Yangtze River, which is one of the largest rivers 
around the world in terms of both sediment load and water 
discharge (8.9×1011 m3 annually) (Milliman and Meade, 
1983; Liu et al., 2010). The catchment (ca. 1.8×106 m2) lo-
cated in the subtropical zone is wet and warm in summer, 
and humid and cool in winter. The annual MAT ranges 
from 4°C to 18°C, increasing eastward (Yao et al., 2007). 
Surface soil from the watershed is generally acidic (pH<6.5) 
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as a result of agricultural practices (e.g. Larssen and Car-
michael, 2000). About 70% of the annual discharge occurs 
during the summer monsoon, which also accounts for ca. 
87% of the annual sediment load (e.g. Milliman and Meade, 
1983; Liu et al., 2010).  

The Yangtze River Delta is typically tide-dominated, 
which initiated around 8.5–8 cal kyr BP when the rate of sea 
level rise slowed (Hori et al., 2002; Hori and Saito, 2007). 
During the Holocene, the Yangtze River accumulated ca. 
1.2×1012 tons of sediment in its delta plain, including the 
proximal subaqueous delta that are excellently suited for 
high-resolution climate studies (Chen et al., 2003, 2005; Yi 
et al., 2003, 2006; Xiao et al., 2006; Liu et al., 2007; Wang 
and Yang, 2013). 

The Yangtze River estuary close to subaqueous delta is 
affected by a complicated current system (Figure 1). The 
Yangtze River plume, indicated by the Changjiang Diluted 
Water (CDW), extends hundreds of kilometers offshore, 
over the examined core site in this study. The direction of 
the plume varies northeastward during the summer mon-
soon and southward during the winter monsoon. The China 
Coastal Current (CCC) flowing southward along the Chi-
nese coast is relatively cold and brackish, including Jiangsu 
Coastal Current (JCC) in the north and Zhejiang-Fujian 
Coastal Current (ZFCC) in the south. The CCC intensifies 
in winter, carrying the Yangtze River’s brackish water and 
sediment discharge southward along the inner shelf. Off-
shore is the northward warm and saline middle-deep water 
from Taiwan Warm Current (TWC) and Yellow Sea Warm 
Current (YSWC) (Liu et al., 2010).  

From the river mouth seawards, this subaqueous delta is 
divided into three zones: subtidal flats (less than 5–10 m in 
water depth), delta-front (from 5–10 m to about 10–30 m), 
and prodelta (> 15–30 m). Further seaward, the inner shelf 
is floored with late Pleistocene relict sands and shell frag-
ments (Chen et al., 2000; Hori et al., 2002). These studies 
demonstrate that the Yangtze River Estuary has experienced 
complex environmental changes. Several climate and envi-
ronment reconstructions indicate that changes in the Asian 
monsoon coincide both in timing and abrupt features with 
the events reported from Greenland. For example, Liu et al. 
(2007a) reconstructed the formation of a distal subaqueous 
mud wedge in the ECS based on seismic profiling and sedi- 
ment cores, and related prominent transgressive surfaces to 

the melt-water pulses called MWP-1A (ca. 14.3–14.1 cal 
kyr BP) and MWP-1B (ca. 11.5–11.2 cal kyr BP), which 
were firstly found in the Barbados coral-reefs (e.g. Fair-
banks, 1989; Bard et al., 1996) and then in the western Pa-
cific ocean (e.g. Hanebuth et al., 2000; Liu and Milliman, 
2004; Liu et al., 2004).  

3.  Material and methods 

The sediment samples used in this study were collected in 
May 2009 (Chen, 2014, M.S. Thesis). All procedures were 
performed at the State Key Laboratory of Marine Geology 
at Tongji University.  

3.1  Material 

Core YD0903 (water depth of 36 m, core length of 60 m) 
(Figure 1) was drilled at 122°54′33.004″E and 
30°53′54.285″N and stored at 4°C upon collection. Six-
ty-eight samples were collected from the uppermost 40 m at 
different depth intervals for lipid analyses. Six AMS 14C 
control points (Table 1) were chosen from Chen (2014, 
M.S. Thesis) to build the age model for this work. Restrict-
ed by the number of samples, this age model has a relatively 
low resolution (ca. 50 cm sampling interval, with age inter-
val of ca. 200 yrs), which will be considered in drawing any 
conclusions based on the age model.  

3.2  Lipid extraction 

About 10 g of the freeze dried sediment sample was ho-
mogenized into powder, spiked with a quantified standard 
(C46 GDGT, 974 ng) (Huguet et al., 2006a) and then ex-
tracted ultra-sonically with DCM/MeOH (3:1, v/v) (5×) and 
pure MeOH (1×), following the procedure described in Ge 
et al. (2014). 

The dried total lipid extracts (TLEs) were dissolved in 3 
mL hexane: isopropanol (99:1, v/v), with 1 mL of the mix-
tures being filtered through 0.45 µm polytetrafluoroethylene 
(PFTE) filters. The filtered TLEs were dried again and 
re-dissolved in 300 µL hexane: isopropanol (99:1, v/v) be-
fore analysis using the Liquid Chromatography Mass Spec-
trometry (LC-MS). 

Table 1  YD0903 AMS 14C dating results used in this work (Chen, 2014, M.S. Thesis) 

Depth (cm) 14C age (yr BP) ∆14C age 
Marine 09 (Reimer et al., 2009) 

Material Age of control points 
(yr BP) 1σ 2σ 

248 235 30 196 (292–96) / shell 196 
714 2500 37 2164–2339(1.0) 2081–2467(1.0) shell 2274 
959 3200 35 3039–3244(1.0) 2942–3326(1.0) shell 3134 

1855 6020 40 6460–6632(1.0) 6382–6722(1.0) shell 6552 
2252 7400 40 7869–8024(1.0) 7810–8133(1.0) shell 7972 
3493 11350 60 12822–13081(1.0) 12689–13116(1.0) shell 12903 
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Figure 1  The geographic map of the East China Sea with water circulation patterns. The blue star indicates location of YD0903 in this work. Land, ocean 
area with different depths and mud deposition along the East China Coastal seas are marked in different colors. Other labels on the map: YSWC, Yellow Sea 
Warm Current; YSCC, Yellow Sea Coastal Current; CDW, Yangtze River Diluted Water; TWC, Taiwan Warm Current; ZFCC, Zhejiang-Fujian Coastal 
Current. 

3.3  GDGT analysis and calculation of proxies 

GDGT analyses were performed on an Agilent 1200 liquid 
chromatograph with an automatic injector coupled to 6460 
triple-quadrupole spectrometer MS and Mass Hunter 
LC-MS manager software, following a method slightly 
modified from Hopmans et al. (2004) and Schouten et al. 
(2007). Detailed parameters and procedures were the same 
as in Ge et al. (2013, 2014). In brief, 5 µL of the total lipids 
were injected into the LC-MS, which were separated 
through Prevail Cyano column (2.1 mm×150 mm, 3 µm; 
Alltech, Deerfield, Illinois, USA) and detected by an Ag-
ilent QQQ 6460 MS with atmospheric pressure chemical 
ionization-mass spectrometry. Six iso-GDGTs (m/z 1302, 
1300, 1298, 1296, 1292 and its regioisomer), seven 
brGDGTs (m/z 1050, 1036, 1034, 1032, 1022, 1020, 1018), 
and the internal standard C46 GDGT (m/z 744) (Appendix I, 
available at http://earth.scichina.com) were detected using 
the single ion monitoring (SIM) mode, with a dwell time of 
237 ms per ion.  

Formulas used for calculating the GDGT-referred prox-
ies are: 

(1) TEX86 (Schouten et al., 2002) and TEX86-derived 
SST (TEX86

H is the logarithm pf TEX86, Kim et al., 2010b):  
TEX86=(GDGT-2+GDGT-3+Cren’)/(GDGT-1+GDGT-2

+GDGT-3+Cren’), ① 

SST=68.4*TEX86
H+38.6. ② 

(2) BIT (Hopmans et al., 2004):  
BIT=(I+II+III)/(I+II+III+Cren). ③ 
(3) MBT’, CBT 及 MBT’/CBT-derived MAT(Weijers et 

al., 2007a; Peterse et al., 2012):  
MBT’=(I+Ib+Ic)/(I+Ib+Ic+II+IIb+IIc+III), ④ 

CBT=LOG [(Ib+IIb)/(I+II)], ⑤ 

MAT=0.81－5.67*CBT+31.0*MBT’, ⑥ 

pH=7.9－1.97*CBT. ⑦ 
 
TEX86-derived temperature was compared with SST ob-

tained from the World Ocean Atlas 2009 (WOA09) 
(Schlitzer R, Ocean Data View, odv.awi.de, 2010), which 
gave the annual SST of ca. 18°C, winter SST ca. 10°C, 
spring SST ca. 16°C, summer SST ca. 27°C and autumn 
SST ca. 20°C in the research area. 
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4.  Results  

Two phases (I and II) were defined based on the abundance 
and distribution of GDGTs and proxies derived from them 
(Figures 2 and 3). Phase I (prior to 8 cal kyr BP) was char-
acterized by low iso-GDGT (averaged 36 ng/g dsw) and 
high brGDGT (averaged 143 ng/g dsw) concentrations with 
a low ratio of iso-GDGTs/brGDGTs (Ri/b, averaged 
0.23±0.07, n=19), high BIT index values (0.88±0.07; n=19) 
and a relatively high and fluctuating ratio between GDGT-0 
and crenarchaeol (R0/5, from 3.8 to 0.5). Phase II (from 7.9 
cal kyr BP to present) was characterized by low BIT index 
values (0.27±0.06, n=49), a stable and low R0/5 (0.35±0.03, 
n=49), and higher iso-GDGT (averaged 212 ng/g dsw) than 
brGDGT (averaged 79 ng/g dsw) concentrations, which 
resulted in much increased Ri/b values (averaged 3±0.98, 
n=49). The TEX86

H-derived SST was unreliable in phase I 
because of the high BIT index values. In phase II, it’s aver-
aged 21.6±0.92°C (n=49). Temperatures derived from 
MBT'/CBT decreased gradually until late in phase II 
(14.3±0.63°C, n=68). The soil pH derived from CBT alone 
presented slightly higher values in phase I (7.3±0.12, n=19) 
than in phase II (7.1±0.07, n=49). 

Phase I was further divided into periods A, B, and C. Pe-
riod A (13.8–11.8 cal kyr BP) was characterized by the de-
cline in R0/5 and peak in MBT'/CBT-derived MAT; period B 
(11.8–10.4 cal kyr BP) experienced the first decline in BIT 
index and the second decline in R0/5 as well as another peak 
in MBT'/CBT-derived MAT; period C (10.4–8 cal kyr BP) 
was characterized by a slightly reduced BIT index, and sta-
ble and low R0/5.  

Phase II was divided into periods D and E. Period D 
(7.9–3.1 cal kyr BP) was highlighted by the highest iso- 
GDGTs concentration in the whole profile, an increasing 
MBT'/CBT-derived MAT and a consistent TEX86-derived 
SST; period E (3.1 cal kyr BP-present) had a decrease in all 
GDGT concentrations, a shift from the lowest BIT index 
values to a slow increase and termination of the increasing 
trend in the MBT'/CBT-derived MAT. 

5.  Discussion 

The periods A–E, which are defined on GDGTs concentra-
tions, R0/5, BIT index, TEX86

H-derived SST and MBT'/ 
CBT-derived MAT, matched well with the ones divided by  

 

 

Figure 2  Characters of GDGT abundance and comparisons among different GDGTs in the YD0903. (a): Abundance of GDGT-0, crenarcheaol, total 
iso-GDGTs and brGDGTs in the down-core sediments (ca. 14 kyr BP) from the East China Sea, based on the core depth. Six dating points (Chen, 2014, M.S. 
Thesis) are highlighted to better understand the results on a geological time scale. Two primary phases are recognized in our records: phase I presented con-
tinental signals and was subdivided into three periods (A, B, C) based on sharp GDGTs variations during the postglacial transgression. Phase II included 
period D that was a shallow sea over the East China Continental shelf and period E showed less marine signal again, indicating a slightly fall of sea level and 
more terrestrial contribution. (b): Cross plot between the abundances of GDGT-0 and crenarcheaol. (c): Cross plot between total iso-GDGTs and brGDGTs. 
Note: GDGTs=glycerol dialkyl glycerol tetraethers, dsw=dry sediment weight. 
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Figure 3  Comparison among different proxies in and out of this work. (a) BIT index, (b) ratio of GDGT-0 and crenarcheaol (R0/5), (c) SST record derived 
from TEX86

H,  (d) MAT record derived from MBT/CBT, (e) mean grain size from Chen (2014, M.S. Thesis), (f) sea level change in the late Quaternary 
based on Liu et al. (2007) and Yang and Xie (1984). 
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Chen et al. (manuscript in preparation) based on petro-
graphic analysis and mean grain size. However, our results 
provide greater insights into the hydrology, climate varia-
tion and transfer of OM from land to the ocean during major 
phases of deposition, which will be discussed below. 

5.1  Phase I (periods A-C, 39.7–22.5 m, ca. 13.8–8 cal 
kyr BP): river channel to estuary 

Phase I has a very steep linear-relationship between iso- 
GDGTs and brGDGTs, corresponding to a sedimentary re-
gime that is distinct from phase II (Figure 2). Both high BIT 
index values and brGDGT concentrations indicate a pre-
dominant terrestrial influence (Figures 2 and 3), consistent 
with the interpretations of BIT index and brGDGT records 
elsewhere (e.g. Hopmans et al., 2004; Weijers et al., 2006b; 
Kim et al., 2006, 2007; Schouten et al., 2013). Our inter-
pretation is supported by the grain size distribution from the 
same core, which is characterized by coarse grain (shallow 
water) at the transition from phase I to II (Figure 3). Over 
phase I the continental sedimentary environment experienc-
es temporal increases of terrestrial and marine influences 

(ca. 12.9–12.2 and 11.5–11.1 cal kyr BP), respectively, 
supported by a highly fluctuating R0/5 (cf. Blaga et al., 2009) 
and sporadic occurrence of coarse grains in an overall rising 
sea level setting (Figure 3). This interpretation is assisted by 
a previous research (Zhu et al., 2011), which reported a re-
markable shift of R0/5 from the river (1.96±0.37) to the estu-
ary and shelf (0.44±0.07). We attribute the above significant 
fluctuations to the well-known short-term rapid climate 
events since the last deglaciation: Younger Dryas (YD) and 
melt-water pluses (MWP) -1B, respectively, and highlight 
them by subdividing phase I into three periods, which 
closely match the lithology-based division for this core 
(Chen et al., manuscript in preparation). These results imply 
that the GDGT-based proxies provide an excellent frame-
work for interpreting the environmental evolution. 

Core YD0903 was away from coastline during period A 
(Figure 4(a)), probably in the Yangtze River alluvial valley, 
the innermost part of the exposed continental shelf. The 
GDGT proxies (e.g. R0/5, MBT', and CBT) present similar 
characteristics as Zhu et al. (2011) found in the Yangtze 
River. Period B shifts closer to the coastline (Figure 4(b)). 
The sea level at that time increased from 50 to 35 m and   

 

 

Figure 4  Models on the sea level change and sedimentary evolution of East China Sea (modified from Liu et al. 2007). (a) low sea level with the study site 
located in the continent; (b) rapid sea level rise from river channel to estuary environment; (c) high-stand sea level with a consistent sedimentary session; (d) 
shallow sea with more influence of anthropology activities. 
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our site experienced a brackish or freshwater condition. For 
period C, the similar variation in proxy (e.g. R0/5) like in 
period A is interpreted as a slow transgression, due to con-
tinuous sea level rising (Figure 3). Within periods A–C, two 
distinct transitions happened at the time intervals of ca. 
12.9–12.2 cal kyr BP and 11.5–11.1 cal kyr BP, during 
which the R0/5 rose and fell and MBT'/CBT-derived MAT 
fell and rose sharply; but the BIT index values only rose and 
fell slightly during these two transitions. These timings are 
consistent with the cold event YD and rapid sea level rise 
during MWP-1B, respectively. YD was a sudden decrease 
in global temperature since the long period of warming after 
the last glacial maximum. This is supported by the drop 
of >1°C in our MBT'/CBT-derived MAT at the transition 
(Figure 3). On the other hand, the once-exposed continental 
shelf deposits were submerged and the channel-filled strata 
were truncated during the rapid sea level rise and our re-
search area changed to a coastal or estuarine wetland sub-
jecting to tidal influence (Figure 4(b)). Therefore an ac-
commodation for subsequent sediment accumulation was 
created and an increasing sedimentation rate in the follow-
ing period might be due to the above coastal erosion, which 
is consistent with an unconformity deduced from the seis-
mic profile (Liu et al., 2007). 

The remarkable transition (8–7.9 cal kyr BP) from Phase 
I to Phase II is manifested by a sharp decrease in BIT index 
(from >7.8 to <0.4), a reversion in relative abundance of 
iso-GDGTs and brGDGTs, and a sharp increase in crenar-
chaeol that remained high in Phase II (Figure 2). This sharp 
boundary is possibly corresponding to the “8.2 ka cold 
event” between 8.4 and 8.0 kyr BP (Wang et al., 2005 and 
references therein). This is supported by the decrease in 
MBT'/CBT-MAT (ca. 0.6°C) at this transition (see below). 

5.2  Phase II (periods D-E, 22.2–0 m, ca. 7.9 cal kyr 
BP-present): shallow sea to prodelta 

Compared to phase I, phase II has a relatively homogeneous 
lithology. The stable and low R0/5 and mean grain size dis-
tribution indicate a stable environment with constant and 
adequate sediment supplies. This coincides with the maxi-
mal sea level, which has been similar to modern sea level 
since ca. 7–8 kyr BP that is supported by evidence from 
grain size, seismological and stable isotope studies (e.g. 
Yang and Xie, 1984; Yan and Hong, 1987; Milliman et al. 
1989; Kim et al., 1999; Liu and Milliman, 2004; Xiao et al., 
2006; Liu et al., 2004, 2007). 

As described above, the proxies (e.g. R0/5, BIT) in period 
D indicate a shallow shelf, dominated by coastal currents 
that formed since 7.6 cal kyr BP (Figure 4(c)). The 
iso-GDGT concentration experiences the strongest fluctua-
tions with high values suggesting input of enhanced nutri-
ents from terrestrial sources (Figure 2) similar to the situa-
tion in the Yellow Sea (Ge et al., 2014). Comparison with 
the elemental ratios based on XRF-CS suggests that most of 

the iso-GDGT concentration peaks (e.g. 7.6, 7.0, 6.5, 5.3, 
4.4, 3.5 cal kyr BP) happened at Zr/Rb maxima (data not 
show), which were interpreted as flooding events (Chen et 
al., manuscript in preparation). The total brGDGT concen-
tration also shows higher values during period D. Consider-
ing the relatively low resolution of the age model (ca. 50 cm 
sampling interval, with age interval of ca. 200 yrs), we 
made a 5-point moving average on both the iso-GDGT and 
brGDGT concentrations and the results show a similar pat-
tern in period D. Low BIT index values during these time 
points thus mostly result from the significant rise of 
iso-GDGT concentration that are stimulated by enhanced 
nutrient supplies related to flooding. Therefore BIT index 
could be a proxy for flooding event, as suggested by Kim et 
al. (2007, 2014). The research site at this time was thought 
to be fully covered by sea water and received sediments 
mostly from the Yangtze River (Liu et al, 2007). This is 
supported by reconstruction of Holocene sedimentation and 
sea level variation (e.g. Xiao et al., 2006; Liu and Milliman, 
2004; Liu et al., 2004, 2007). Besides, the fluctuation of sea 
level was about 3–4 m in the ECS since the last 7.6 cal kyr 
BP when the modern wedge of subaqueous mud deposition 
started (Liu and Milliman, 2004; Liu et al., 2004).  

Period E is characterized by low but slightly increasing 
BIT index and brGDGT concentration, indicating a noticea-
ble influence from the continent. Compared with period D, 
the environment still represents a shallow sea but shows 
obvious progradation of the modern Yangtze River Delta 
seaward, which shortens the distance between our research 
site and the land (Figure 4(d)). An increase in sediment ac-
cumulation in Yangtze River estuary since ca. 2 cal kyr BP 
can be attributed to increased land erosion due to human 
activities e.g. farming and deforestation (Li et al., 2000; 
Hori et al., 2002; Xiao et al., 2006; Liu et al., 2007). 

5.3  Application of the GDGT-based temperature 
proxies (TEX86 and MBT'/CBT) 

Considering the high BIT index values in phase I, the 
TEX86

H is prone to bias in reflecting the real SST. Thus 
further discussion on SST in phase I is not warranted. In 
phase II, however, when the BIT index values decrease 
dramatically to 0.27±0.06 (n=49) (Weijers et al., 2006a), the 
TEX86

H record (21.6±0.92°C, n=49) appears to be more 
reliable to represent SST, which is close to the modern sat-
ellite-determined annual SST over the research site. Com-
pared with the South China Sea (Wei et al., 2011; Jia et al., 
2012; Ge et al., 2013) and the Yellow Sea (Ge et al., 2014), 
TEX86 in the ECS does not appear to be have a seasonal 
bias , likely due to an insignificant seasonal variation in 
primary productivity over the oligotrophic open shelf (Gong 
et al., 2003; Zhu et al., 2011).  

The MBT'/CBT derived temperatures (14.3±0.63°C, 
n=68) reflect the MAT in the middle and low drainages of 
the Yangtze River (ca. 12–18°C). Strong et al. (2012) re- 
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ported MBT'/CBT-derived MAT (16.1–18.6°C) in the 
modern Pearl River estuary as being a signal of upland re-
gion of the Pearl River catchment because it is cooler than 
the annual MAT (ca. 19–23°C) in the lowland Pearl River 
catchment. This was explained as greater erosion due to 
higher topographic relief in the upland (Strong et al., 2012). 
The MBT'/CBT signal in this study may also be related to 
variation in erosional processes related to flooding events, 
which is likely controlled by topographic reliefs over a large 
area in the Yangtze River catchment.  

In comparison, the TEX86
H-derived SST varies regularly 

up and down with two cycles during 7.9-5.8 cal kyr BP and 
5.8–3.1 cal kyr BP, while MBT'/CBT-derived MAT shows 
low value at each peak of iso-GDGTs, firstly following a 
significant increasing trend and then turning to slow in-
crease in these two cycles. A 5-point moving average of the 
two temperature records presents a reverse pattern, similar 
to the South YS (Ge et al., 2014). The mid-Holocene Opti-
mum at 7.6–4.8 cal kyr BP (Yi et al., 2003, 2006) or 7.2–4.8 
cal kyr BP (Shi et al., 1992; Tao et al., 2006) can be an ex-
planation for the high mainland temperature suggested by 
MBT'/CBT during phase D. However, the flooding periods 
(Chen et al., manuscript in preparation), peak concentrations 
of iso-GDGTs, and low values of BIT index and MBT'/ 
CBT-derived MAT in this work seems to correspond to the 
fluctuant EAWM during ca. 7.2–4.2 cal kyr BP (Dykoski et 
al., 2005; Hu et al., 2012b) or ca. 8.5–3.0 cal kyr BP (Shi et 
al., 1992). As explained in Ge et al. (2014), an intensified 
EAWM will cause a strong Yellow Sea Coastal Current 
(YSCC) from the northern China Coastal Seas (fresh water 
and continental signals) (Figure 1) and the compensation of 
YSCC is the Yellow Sea Warm Current (YSWC) from the 
southern Taiwan Strait (salty water and marine signals). 
Stronger EAWM means low continental temperature, as 
recorded in the low MBT'/CBT-derived MAT. The YSCC 
will result in more flooding events, while the YSWC may 
cause production of more iso-GDGTs and therefore low 
BIT index values. In conclusion, our work in the YS (Ge et 
al., 2014) and the ECS (this study) suggests that EAWM 
played a key role in shaping the current circulation in the 
east coastal China seas in the Holocene.  

In the last period of our record, a cold signal (2.4–0.9 cal 
kyr BP) in the MBT'/CBT-derived MAT is consistent with a 
worldwide cooling since ca. 4.0 cal kyr BP (cf. Jian et al., 
2000), when China had an environmental deterioration un-
der a dry cold climate around 2.8 cal kyr BP (Shi et al., 
1992). Relatively high values of iso-GDGTs and low BIT 
index, at ca. 1.7, 1.4, and 0.9 cal kyr BP matched the 
flood-prone periods recognized by Chen et al. (manuscript 
in preparation), which indicates that flooding events might 
have significantly contributed to the GDGT pool, as shown 
in period D. 

5.4  Other implications for the GDGT-based proxies 

Considering the connection between GDGTs-based proxies 

and global sea level changes and regional flooding events, 
more application of GDGTs could be possible in continental 
margin settings, as described below. 

R0/5 Normally R0/5 is used to investigate whether there is 
a contribution from methanogenic Archaea to the GDGTs 
pool. Based on European lake sediments, Blaga et al. (2009) 
suggest that R0/5 >2 may indicate a substantial methanogenic 
origin of GDGT-0. While in the marine environment, Tu-
rich et al. (2007) find that R0/5 in epipelagic waters has a 
value around 1, differing from the mesopelagic waters 
(R0/5=0.5). Based on the GDGT concentration profile (Fig-
ure 2), phase I has low values with minor variation both in 
GDGT-0 and crenarchaeol, while R0/5 in phase I fluctuates 
sharply and one third of the samples exceed the value of 2 
(Figure 3), which would indicate frequent episodes of en-
hanced methanogenesis; however, solid evidence is lacking 
for a methanogenic archaeal contribution to GDGT-0. On 
the other hand, R0/5 in our record matches the abrupt climate 
events such as YD, MWP-1B, making it a potential proxy 
for transgression and regression events. Further work is 
necessary to determine its applicability in other continental 
margins.  

Ri/b Xie et al. (2012) find that the Ri/b is unchanged in 
soils with pH <7.5 but increases dramatically at higher pH 
values. Therefore they proposed Ri/b as a proxy to trace the 
enhanced alkaline conditions, particularly induced by in-
creasing aridity. In the ECS, however, the Ri/b inferred from 
Figure 2(c) represents two sedimentary regimes (Phase I 
and Phase II). Through the whole record, the pH values 
based on GDGTs (7.2±0.1, n=68) are significantly higher 
than the measured surface soil from the watershed (pH 
<6.5) (e.g. Larssen and Carmichael, 2000), indicating that 
Ri/b may be invalid in reflecting pH conditions in coastal 
areas when the riverine catchment soil pH <7.5. Instead, we 
recommend that Ri/b in combination with BIT index can be 
used to distinguish different sedimentary environments; for 
example, a continental environment is characterized by Ri/b 
<0.5 and BIT index >0.4, while an aquatic environment is 
characterized by a Ri/b value > 1 and BIT index <0.4. 

6.  Conclusions 

Based on the down-core analysis of iso-GDGTs and 
brGDGTs from the ECS we conclude that: 

(1) Two main phases and five sub-phases of environment 
changes are identified. The GDGTs-based proxies are well 
suited to reconstruct the environmental evolution and can 
effectively record the rapid climate changes such as YD, 
MWP-1B and 8.2 ka cold events.  

(2) TEX86 proves to be invalid for reconstructing SST in 
Phase I, due to strong terrestrial input. The BIT index seems 
to be a good marker of terrestrial influence in these settings 
and is also sensitive to the flooding events. The CBT is not 
suitable for reflecting soil pH due to alkaline conditions in 
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the catchment but the MBT'/CBT provides an integrated 
signal of MAT over a large area, with strong fluctuations 
reflecting flooding events in recent times. The ratio of 
GDGT-0/crenarchaeol and MBT'/CBT-derived MAT pre-
sent consistent and noticeable variation during the 
post-glacial transgression, especially during the cold events 
and rapid sea level rise, i.e. YD, MWP-1B and 8.2 ka cold 
events. The ratio of iso-GDGTs/brGDGTs may be used to 
indicate sedimentary regimes, while the ratio of 
GDGT-0/crenarchaeol may be used as index for transgres-
sion processes in coastal areas. 
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