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Abstract  Terrestrial organic matter (TOM) is an important component of marine sedimentary OM, and revealing the origins and 
transport mechanisms of TOM to the East China Sea (ECS) is important for understanding regional carbon cycle. A novel approach 
combining molecular proxies and compound-specific carbon isotopes is used to quantitatively constrain the origins and transport 
mechanisms of TOM in surface sediments from the ECS shelf. The content of terrestrial biomarkers of (C27+C29+C31) n-alkanes (52 
to 580 ng g−1) revealed a seaward decreasing trend, the δ13CTOC values (−20.6‰ to −22.7‰) were more negative near the coast, and 
the TMBR (terrestrial and marine biomarker ratio) values (0.06 to 0.40) also revealed a seaward decreasing trend. These proxies all 
indicated more TOM (up to 48%) deposition in the coastal areas. The Alkane Index, the ratio of C29/(C29+C31) n-alkanes indicated a 
higher proportion of grass vegetation in the coastal area; While the δ13C values of C29 n-alkane (−29.3‰ to −33.8‰) indicated that 
terrestrial plant in the sediments of the ECS shelf were mainly derived from C3 plants. Cluster analysis afforded detailed estimates of 
different-sourced TOM contributions and transport mechanisms. TOM in the Zhejiang-Fujian coastal area was mostly delivered by 
the Changjiang River, and characterized by higher %TOM (up to 48%), higher %C3 plant OM (68%85%) and higher grass plant 
OM (56%61%); TOM in the mid-shelf area was mostly transported by aerosols, and characterized by low %TOM (less than 17%), 
slightly lower C3 plant OM (56%72%) and lower grass plant OM (49%55%). 
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1 Introduction 
Continental shelf seas are important carbon sink be-

cause about 80% marine sedimentary organic matter is 
buried in the shelf and slope areas (Hedges and Keil, 
1995; McKee et al., 2004). In addition to marine organic 
matter (MOM) produced in the photic zone, significant 
amounts of terrestrial organic matter (TOM) are trans-
ported to shelf seas by both river runoff and dust deposi-
tion. Since different-sourced OM plays different roles as 
carbon sink on different timescales, it is important to dis-
tinguish the origin and transport pathway of sedimentary 
OM in marginal seas.  
  The East China Sea (ECS) is one of the largest river- 
dominated shelf seas and TOM could be supplied by both 
the Changjiang River and dusts. The Changjiang River 
discharges 480 Mt yr−1 of sediments and 25 Mt yr−1 of 
OM to the ECS (Wu et al., 2004). Aerosol deposition is 
also a source of TOM to the ECS (Zhang et al., 2007), as 
cold-dry winter monsoon originated from Siberia can inf- 
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luence most of the continent and China marginal seas (An 
et al., 2000). Both rivers and dusts also transport signifi-
cant amounts of nutrients to the ECS to enhance marine 
productivity and the burial of MOM, thus affecting the 
organic carbon cycle in the ECS. The deposition of nutri-
ents from the East Asian continent into the ECS (Uematsu 
et al., 2003) is very significant, for example, dissolved 
inorganic nitrogen (DIN) derived from aerosol was al-
most equal to DIN contribution from rivers in the ECS 
nutrient budget (Zhang et al., 2007).  

The origins of OM and amounts of TOM in marine 
sediments can be estimated using both bulk organic pa-
rameters and biomarkers (Weijers et al., 2009; Xing et al., 
2014; Zhu et al., 2013). One study using multi-proxies 
indicated that TOM from the Changjiang River was 
transported southward along the Zhejiang-Fujian coast 
(Zhu et al., 2008). The contents of n-alkanes and fatty 
acids and δ13C values of fatty acids (Wang et al., 2008) 
showed that TOM was mainly deposited in the Changji-
ang River Estuary (CRE) and the inner ECS shelf, con-
trolled by the Changjiang River runoff and the Zheji-
ang-Fujian coastal current. These conclusions were fur-
ther supported by quantitative estimates using total or-
ganic carbon (TOC) δ13C and a biomarker ratio proxy of 
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TMBR (Terrestrial and Marine Biomarker Ratio), which 
also indicated that TOM was mainly deposited in the 
CRE and Zhejiang-Fujian coastal area, but not in the 
mid-outer shelf of the ECS (Xing et al., 2011). A new 
study also indicated soil-derived TOM was mostly depos-
ited in the inner estuary of the Changjiang, while vegeta-
tion derived TOM can be carried to the coastal regions 
(Yao et al., 2015). Concerning vegetation types of OM 
sources, lignin data from the ECS surface sediments in-
dicated a higher proportion of herb than woody plant OM 
in the inner shelf of the ECS, especially at the lower lati-
tude areas (below 31.5˚N) (Yang et al., 2008). The δ13C 
values of long-chain n-alkanes in surface sediments from 
4 sites indicated that TOM was dominated by C3 plant 
OM in all sites, but a higher proportion of C3 plant OM 
was observed in the coastal sites than in the outer shelf 
sites (Guo et al., 2006b). A few studies also attempted to 
estimate the amount and fate of atmospheric-transported 
OM in the ECS, with one study suggesting that atmos-
pheric deposition contributed only 0.56% of TOC to the 
sedimentary OM in the ECS (Deng et al., 2006), under-
scoring the need for further studies. The content and δD 
values of aerosol fatty acids from the Cheju Island of the 
ECS indicated TOM was carried by the Asia winter wind 
to ECS, and alkanes were dominated by C29 or C31 

n-alkanes in most aerosol samples (Yamamoto et al., 
2013). However, no reports have focused on both the 
sources and transport mechanisms of TOM in the ECS. 
More importantly, the lack of compound-specific 13C 
values of alkanes limited the estimate of C4 plant contri-
bution to TOM, which could overestimate marine OM 
contribution in sediment. The aim of this preliminary 
study is to employ several alkane-based proxies (espe-
cially 13C) to better constrain the distribution and origins 
of TOM in the ECS shelf and to evaluate the mechanism 
of TOM transport to the ECS shelf. n-Alkanes are best 
suited for estimating both river and dust inputs as they 
can be carried by both pathways (Xing et al., 2014). 

2 Materials and Methods  
Five surface sediment samples (01 cm) from the ECS 

shelf (the same samples as in Xing et al., 2011) were col-
lected using a box corer in April of 2006 using R/V Bei-
dou of Yellow Sea Fisheries Research Institute, and data 
of TMBR, %TOC and 13CTOC for these samples have 
been reported in Xing et al., 2011; twelve samples were 
collected in 2011 (new) using R/V Kexue 3 of Institute of 
Oceanology, Chinese Academy of Science (Fig.1b). All 
samples were stored at −20℃. 

 

Fig.1 The direction of the East Asia Winter Monsoon wind (Fig.1a), and the surface sediment locations in the East China 
Sea (Fig.1b). Arrows indicate the wind directions in winter (Modified from Qiao et al., 2011; Yamamoto et al., 2013; Yi 
et al., 2006). Fig.1a shows the distributions of the vegetation types from China (Wu, 1980). Fig.1b shows a map of the sam-
pling sites in the ECS (modified from Xing et al., 2011). Mud areas are marked in gray. Bathymetry contours are indicated 
by dashed lines (CDW: Changjiang Diluted Water; ZFCC: Zhejiang-Fujian Coastal Current; TWWC: Taiwan Warm Cur-
rent; and CI: the Cheju Island). 
 
For biomarker analysis, freeze dried sediment samples 

were extracted four times with organic solvent (di-
chloromethane/Methanol=3:1, V/V) by sonication (15 
min each time), after adding an internal standard mixture 
containing C19 n-alkanol and n-C24D50. The extracts were 
hydrolyzed with 6% KOH in MeOH overnight and then 
extracted using hexane. The extracts were separated into 
fractions with silica gel chromatography. The non-polar 
lipid (containing n-alkanes) was eluted with 8 mL hexane, 
dried under a gentle N2 stream for instrumental analyses; 
and the neutral lipid fraction (containing alkenones (A), 
dinosterol (D), and brassicasterol (B)) was eluted with 12 
ml dichloromethane/methanol (95:5, v/v), dried under a 

gentle N2 stream and the derivative with N, O-bis (trime- 
thylsily)-trifluoroacetamide (BSTFA) at 70℃ for 1 h be-
fore instrumental analyses. Biomarker quantification was 
performed on an Agilent 6890N GC with a FID detector, 
using a HP-1 capillary column (50 m × 0.32 mm i.d.× 0.17 
μm film thickness, J&W Scientific) and H2 as the carrier 
gas at 1.2 mL min−1. Oven temperature programming was 
80200℃ at 25℃ min−1, 200250℃ at 4℃min−1, 250 
300℃ at 1.8℃ min−1, and holding at 300℃ for 15 min. 
The total contents of (C27+C29+C31) n-alkanes are a TOM 
indicator and the total contents of the three marine bio-
markers (A, B and D) are an indicator of marine organic 
matters (MOM). The TMBR, defined as (C27+C29+C31) 
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n-alkanes/((C27+C29+C31) n-alkanes + A + B + D), was 
used to estimate the relative TOM contribution (Xing 
et al., 2011).  

For TOC analysis, the sediment samples were freeze 
dried, homogenized and powdered, decalcified by reac-
tion with 4 mol L−1 HCl at room temperature for about 24 

h. After rinsed using demonized water several times and 
dried at 55℃, the carbonate-free sediment samples were 
measured for TOC in duplicates using Thermo Fisher 
Flash 2000 Elemental Analyzer (EA), with a standard 
deviation of ±0.02 wt% (n = 6). The standard used in the 
EA analysis is Soil Reference (C = 3.50%, Säntis Analyti-
cal AG). 
δ13CTOC was determined on the carbonate-free samples 

using a Thermo Fisher Delta V mass spectrometer (con-
tinuous flow mode), with an analytical precision of less 
than 0.2‰ (n = 6). The organic carbon isotopic ratios were 
reported in parts per million (‰) calculated as follows: 

δ13CTOC (‰) Sample Standard( / 1)  1000R R   .   (1) 

The δ13C values of C29 n-alkane were measured by gas 
chromatography-isotope ratio mass spectrometry (GC- 
IRMS). A Thermo Trace GC ULTRO was connected to a 
Thermo Delta V mass spectrometry via a GC-C III inter-
face, using a DB-1 MS capillary column (60 m × 0.25 mm 
i.d. × 0.25 μm film thickness, J&W Scientific) and He as 
the carrier gas at 1.0 mL min−1. Oven temperature pro-
gramming was 60200℃ at 15℃min−1, 200250℃ at 
4℃ min−1, 250300℃ at 1.8℃min−1, 300310℃ at 5℃ 
min−1, and holding at 310℃ for 5 min. n-Alkanes were 
oxidized at 980℃ and converted to CO2. Four pulses of 
standard CO2 gas, pre-calibrated against a commercial 
reference CO2, were injected via the GC-C III interface to 
the IRMS for the calculation of δ13C values of C29 n-al-
kane (Fig.2). A set of 15 n-alkanes with known δ13C val-
ues from Indiana University were measured daily to en-
sure the accuracy of the machine. The standard deviation 
for duplicate analysis of the standard was < 0.4‰. The 
δ13C values are reported with reference to the PDB stan-
dard. 

 
Fig.2 A representative chromatogram of alkane distribution of GC/C-IRMS, showing the δ13C value of n-C29 alkane. 

Cluster analysis was performed using the SPSS 16.0 
program for Windows (SPSS Inc., Chicago, Illinois). 

3 Results  
3.1 TOM Proxies 

Plotted in Fig.3 are the spatial distribution of TOC, 
∑n-alkanes (C27+C29+C31) content, TOC normalized ∑n- 
alkanes, δ13CTOC, %TOM estimated from δ13CTOC, and 
TMBR. 

TOC varied from 0.16 to 0.55% with a seaward de-
creasing trend (Fig.3a). The content of ∑n-alkanes ranged 
from 52 to 580 ng g−1 (Fig.3b), also with a seaward de-
creasing trend. The spatial distribution of TOC-normal-
ized ∑n-alkanes content (Fig.3c) is similar to those of 
TOC and ∑n-alkanes content. δ13CTOC values varied from 
−20.6‰ to −22.7‰ (Fig.3d; Table 1), similar to previous 
results (−20.1‰ to −22.4‰) in the ECS sediments (Kao 
et al., 2003). The marine end-member 13C value is usu-
ally −20‰ (Hedges et al., 1997; Weijers et al., 2009), 
and the lowest 13C values in our sample is also around 
−20‰, very close to the global average value. Thus, we 
selected −20‰ as the end-member δ13C values for MOM. 

For terrestrial end-member 13C values, previous results 
showed that OM (mostly terrestrial) 13C values in the 
main stream of the Changjiang River ranged from 
−26.6‰ to −24.4‰ (an average of −25.6‰), similar to 
that of surface soils along the Changjiang riverbank 
(−28.9‰ to −24.3‰) (Wu et al., 2007). Based on these 
results and global studies, −25.6‰ is used as the end- 
member 13C values for TOM. %TOM estimated based 
on δ13CTOC showed higher values near and south of the 
CRE, and a seaward decreasing trend (Fig.3f), with a 
range of 12%48%. TMBR values ranged from 0.06 to 
0.40 (Table 2; Fig.3d) with higher values near and south 
of the CRE, and a seaward decreasing trend, similar to 
previous results in both values (0.06 to 0.48) and spatial 
trend for the ECS (Xing et al., 2011; Yang et al., 2015). 

3.2 Vegetation Proxies 

The δ13C values of C29 n-alkane ranged from −29.3‰ 
to −33.8‰ with a seaward increasing trend (Fig.4a). The 
percentage of C3 (%C3) plant OM contribution is calcu-
lated by choosing δ13C end-member values of −36‰ and 
−21‰ for C3 plant and C4  plant, respectively (Zhang et al., 
2003b; Zhao et al., 2000). The %C3 plant OM contribu-



ZHANG et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2017 16: 793-802 

 

796 

tion ranged from 56% to 85% (Fig.4b; Table 2), with 
higher values near and south of the Changjiang Estuary, 
and a seaward decreasing trend.  

The Alcohol Index (C26 n-alkanol/ C29 n-alkane) values 
varied from 1.13 to 2.95 (Table 2) with a seaward in-

creasing trend (Fig.4c). The Alkane Index (A.I.), the ratio 
of C29/(C29+C31) n-alkanes, varied from 0.39 to 0.51 (Ta-
ble 2) in our samples with an increasing trend from the 
coast to offshore (Fig.4d).  

 
Fig.3 The spatial distribution of TOC (a, %), ∑n-alkanes (C27+C29+C31) content (b, ng g−1), TOC normalized ∑n-alkanes (c, 
ng/g/%TOC), δ13CTOC (d, ‰), %TOM (e) estimated from δ13CTOC, and TMBR (f). 

Table 1 Values of δ13CTOC, δ13C of C29 n-alkane, TOC content (%TOC), ∑n-alkanes (ng g−1) (C27 +C29+C31 n-alkanes),  
  ∑A+B+D (ng g−1) (Alkenones + Brassisterol + Dinosterol). nd is not detected. The data of ∑n-alkanes, ∑A+B+D  

and δ13CTOC in five sites (the S sites in Fig.1b, Table 1) have been reported previously (Xing et al., 2011) 

Sites δ13CTOC δ13C C29 n-alkane %TOC ∑n-alkanes ∑A+B+D 

DH1-1 -21.5 -31.4 0.16 66 499 
DH1-2 -20.7 -30.3 0.20 53 292 
DH1-3 nd -31.8 nd 97 810 
DH1-5 -21.0 -30.6 0.33 173 1044 
DH1-6 -21.2 -30.6 0.22 93 457 
DH3-3 -20.6 -30.6 0.22 57 953 
DHa-4 -21.3 -29.3 0.24 52 443 
DH4-5 -21.2 -30.9 0.21 71 604 
S1-2 -22.6 -32.5 0.47 570 926 
21 -22.2 -31.2 0.35 439 1778 
25 -22.7 -31.2 0.55 523 782 

DH4-2 -21.1 -31.7 0.31 120 199 
DH5-0 -21.5 -31.8 0.44 197 857 
S3-2 -22.4 -33.8 0.53 475 1105 
S4-2 -22.7 -33.0 0.53 580 1265 
S5-2 -22.6 -32.7 0.49 447 1223 
S6-2 -22.4 -33.2 0.46 452 1168 
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Table 2 Values of TMBR, the percentage of C3-plant (%C3), the ratio of C26 n-alkanol/C29 n-alkane, the percentage of  
woody plant (C29/(C29+C31) n-alkane). nd is not detected. The data of TMBR in five sites (the S sites in Fig.1b,  

Table 1) have been reported previously (Xing et al., 2011) 

Sites TMBR %C3 
C26 n-alkanol/C29 

n-alkane 
%woody 

DH1-1 0.12 69 1.79 0.46 
DH1-2 0.15 62 1.82 0.45 
DH1-3 0.11 72 1.78 0.49 
DH1-5 0.14 64 1.50 0.45 
DH1-6 0.17 64 1.50 0.47 
DH3-3 0.06 64 1.82 0.50 
DHa-4 0.11 56 2.18 0.48 
DH4-5 0.11 66 1.13 0.51 
S1-2 0.38 77 2.52 0.43 
21 0.20 68 1.78 0.44 
25 0.40 68 1.77 0.42 

DH4-2 0.38 71 1.88 0.42 
DH5-0 0.15 72 1.27 0.39 
S3-2 0.30 85 2.36 0.44 
S4-2 0.31 80 2.64 0.41 
S5-2 0.27 78 2.95 0.42 
S6-2 0.28 82 2.24 0.41 

 

 
Fig.4 Spatial distribution of δ13C of C29 n-alkane (a, ‰), 
the percentage of C3 plant OM (b, %), the ratio of C26 

n-alkanol/C29 n-alkane (c), and the ratio of C29/(C29+C31) 
n-alkanes (d). 

4 Discussion 
Sediment OM burial plays different roles as carbon 

sinks due to variations of composition, age and origins 
(Feng et al., 2013; Hedges and Keil, 1995; Pearson et al., 
2001; Xing et al., 2014), thus it is necessary to distinguish 
the origins and transport pathways of sedimentary OM in 
marginal seas. We use alkane-based proxies to evaluate 
mechanisms controlling the spatial distributions of TOM, 
C3 versus C4 plant OM and woody versus grass OM, in 
the ECS. 

4.1 Spatial Distribution of Terrestrial 
 Organic Matter 

4.1.1 Spatial distribution of %TOM 

The δ13C of TOC has been traditionally used to deter-
mine the relative amounts of TOM in marine sediments. 
The %TOM calculated from δ13CTOC value in our samples 
showed a seaward decreasing trend (Fig.3e), with high 
values (19%48%) in the coastal area, and lower values 
(12%26%) in the mid-shelf area; and this spatial trend as 
well as the %TOM ranges are consistent with previous 
estimates using δ13CTOC , which showed %TOM values 
ranging from 48% along the coast (Xing et al., 2011; Yao 
et al., 2015) to near 0% in the mid-outer shelf (Xing et al., 
2011). Using the new TMBR index, the %TOM in our 
samples ranged from 6% to 40%, with the highest values 
near the CRE and the lowest value in mid-shelf area (Fig. 
3f), and both the values and the spatial patterns are also 
broadly similar to those reported for this region (Xing et 
al., 2011; Wu et al., 2013). 

For this study, the %TOM values estimates from 
δ13CTOC and TMBR are similar, and also in agreement 
with previously reported values for this region (Xing et 
al., 2011). The highest %TOM values are 40%48%, 
occurring near the CRE. The values and location of 
higher %TOM were both in agreement with results from 
multi- proxy estimates for the ECS (Yao et al., 2015). In 
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the Yellow Sea, previous estimates of %TOM from 
δ13CTOC ranged from 0 to 43%, with the highest values 
near the Old Huanghe River delta (Xing et al., 2014); 
however, %TOM estimated from TMBR had higher val-
ues with a range of 12%85%, with the highest values 
also near the Old Huanghe River delta (Xing et al., 2014). 
The consistence of the present result with previous work 
provided additional evidence that these proxies are robust, 
and can be the beginning for more spatially and tempo-
rally high resolution studies of OM sources in marginal 
seas. 

4.1.2 Spatial distribution of C3 and C4 plant 
organic matter 

C3 and C4 plants are the major terrestrial vegetation 
types, thus estimating C3 and C4 OM distribution in ma-
rine sediments is important to evaluate the source regions 

and transport mechanisms of different TOM in sediments 
and their roles in the carbon cycle. On land, δ13CTOC has 
been used to estimate C3 and C4 plant distribution, how-
ever, the contribution of MOM with heavier δ13C values 
(Hedges and Oades, 1997) would limit the use of δ13CTOC 
index to distinguish C3 and C4 plant OM in marine sedi-
ments. 

The δ13C measurements of biomarkers such as n-al-
kanes provide more specific information on C3 and C4 
OM contribution. The δ13C value of C3 plant alkanes has a 
range of −32‰ to −39‰ and that of C4-plant alkanes has 
a range of −18‰ to −25‰ (Collister et al., 1994). By 
choosing δ13C end-member values of −36‰ and −21‰ 
for C3 plant and C4 plant, respectively (Zhang et al., 
2003b; Zhao et al., 2000), the percentage of C3 plant OM 
contribution (%C3) is calculated by the following equa-
tion:  

13
3 3 measured%C -plant (-36 ) (1 %C -plant) (-21 ) δ C    ‰ ‰ .                     (2)

The %C3 plant OM ranged from 56% to 85% (Table 2). 
These calculations indicate that higher C3 plant OM con-
tribution occurred in the inner shelf varying from 68% 
85%, while C4 plant OM contribution increased seaward 
(Fig.4b). Our results are broadly in agreement with lim-
ited n-alkane δ13C data for 4 sites which indicated that 
%C3 plant contribution was higher in coastal zone 
(83%90%) than that in outer shelf (70%75%) of the 
ECS (Guo et al., 2006b). However, our expanded data set 
from 17 sites in comparison of the 4 sites affords better 
constraints on both the value ranges (56%85%) and spa-
tial pattern of C3 plant OM contribution, which can be 
used to evaluate both sources and transport mechanisms 
of TOM to the ECS. For comparison, %TOM and C3% 
had broadly similar spatial patterns with higher values in 
the coastal regions, but %TOM had two high value areas 
in the Changjiang River Estuary and Zhejiang coastal 
area (Fig.3e), while C3% only had one high value area in 
the Zhejiang coastal area. The difference is related to the 
different meaning of the proxies. %TOM is calculated 
using TOC δ13C, which includes both C3 and C4 plant OM; 
while C3% is calculated from compound-specific δ13C, 
and it is used to specifically estimate C3 plant OM con-
tribution to TOM. Thus, this comparison suggested that 
Zhejiang coastal area had more C3 OM sources, such as 
from local small rivers. 

The ratio of C3/C4 plant OM in marine sediments re-
flected terrestrial vegetation types as well as the relative 
amount of TOM transported by different pathways (Zhao 
et al., 2000). Previous study indicated the %C4 plant in 
the Chinese Loess Plateau was about 27% (Liu et al., 
2002). The δ13C values of soil OM along an S-N transect 
from the Qinling Mountain to Hanhayn Huryee (34°N to 
52°N) indicated that C3 plants were the major vegetation 
type (Feng et al., 2008). The δ13C of surface soil OM in 
northwestern China (Zhang et al., 2003a; Lu et al., 2004) 
and the δ13C values of plant OM from southern China 
(Ehleringer et al., 1987) also indicated that C3 plants were 
the major vegetation type. The δ13C in grazer wool re-

vealed that only 19% of C4 plants existed in the Inner 
Mongolia steppe vegetation (Auerswald et al., 2009). 
Similarly, the δ13C values of TOC and long chain n-al-
kanes from surface soils showed that C3 plants were 
dominant in high-latitude (40˚N52˚N) and low-latitude 
(18˚N31˚N) areas (Rao et al., 2008; Wang et al., 2000). 
However in the mid-latitude area (31˚N40˚N), the rela-
tive contribution of C4 plant was higher despite the over-
all domination of C3 plants (Rao et al., 2008; Wang et al., 
2000). δ13C values of particulate organic carbon (POC) 
from the Changjiang River ranged from 25.1‰ to 
26.8‰, similar to δ13C values of land plants in the 
Changjiang drainage area (24.1‰ to 28.8‰) (Wu et al., 
2007), indicating that the majority of terrestrial plants 
derived from the Changjiang River were C3 plants. Thus, 
C3 plants are the dominating vegetation for northern 
China and this isotope signal was carried to the marginal 
seas by river discharges. 

Dust depositions into the ECS sediments are mainly 
derived from the mid-latitude regions of western China 
(30˚N40˚N) and are transported by the East Asian Win-
ter Monsoon (EAWM) winds (Uematsu et al., 2003). 
Thus, EAWM-carried TOM would contain a higher pro-
portion of C4 vegetation from mid-latitude region (30˚N 
40˚N) (Wang et al., 2000; Rao et al., 2008). δ13C values 
of C31 and C29 n-alkanes from atmospheric aerosols col-
lected in Qingdao revealed that the relative contribution 
of C4 plant OM ranged from 17% to 20% (Guo et al., 
2006a).  

In addition to the origins, the degradation of n-alkanes 
could also influence their δ13C values. Lighter carbon 
isotope (12C) is more prone to degradation reactions, re-
sulting in more positive 13C values of the remaining frac-
tion in sediments (Games et al., 1978; Gelwicks et al., 
1994). In our samples, the alcohol index (C26 n-alkanol/ 
C29 n-alkane ratio) was used to estimate the degradation 
extent of OM. This index was proposed based on the as-
sumption that C26 n-alkanol and C29 n-alkane are both 
originated from higher land plants (Eglinton and Hamil-
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ton, 1967), but C26 n-alkanol is more labile than C29 

n-alkane; and thus the alcohol index is affected by degra-
dation in different environment. Consequently, lower al-
cohol index values could indicate more oxic conditions 
and more OM degradation (Cacho et al., 2000). The spa-
tial distribution of the alcohol index in our samples had a 
decreasing trend away from the coast (Fig.4c), suggesting 
increased degradation of OM offshore. Since increased 
degradation could result in more positive δ13C values of 
C29 n-alkane, this could result in an overestimate of C4 
plant OM contribution in the mid-shelf areas. Another 
reason for higher C4% in offshore sediments could be that 
sediment values were time-averaged over decades, which 
could imply that the C4% in TOM in the past was higher. 
Finally, most aerosol samples contained some anthropo-
genic alkane contributions with lower 13C values which 
would result in lower estimates of C4 OM contributions. 
Our preliminary results can only be further evaluated by 
future comprehensive studies of both aerosol and marine 
sediments. 

4.1.3 Spatial distribution of woody and grass plant  
organic matter 

The relative amounts of the individual n-alkanes differ 
among different vegetation types, with woody plants 
more dominated by the C27 or C29 n-alkanes and grass 
often dominated by C31 n-alkane (Eglinton and Hamilton, 
1967). Both the average chain length (ACL) and the Al-
kane Index (A.I.) have been used for estimating vegeta-
tion types, but the A.I. provides a ratio and thus a more 
quantitative measure. Hence, the A.I., defined as 
C29/(C29+C31) n-alkane in our study, has also been used to 
estimate the changes in terrestrial vegetation type (Cran-
well, 1973; Zhang et al., 2003b; Zhao et al., 2000). Our 
results reveal a higher proportion of grass plant OM was 
deposited near the CRE while a higher proportion of 
woody plant OM was deposited in the mid-shelf region 
(Fig.4D), broadly in agreement with lignin data from the 
ECS surface sediments which indicated a higher propor-
tion of herb than woody plant OM in the inner shelf of the 
ECS, especially at the lower latitude areas (below 31.5˚N) 
(Yang et al., 2008). 

This spatial pattern likely reflected land vegetation 
types and transportation pathways of plant OM. Although 
forest is the major land vegetation type in the middle and 
lower reaches of the Changjiang River (Wu, 1980; Liu, 
1988), lignin evidence indicated that grass plant OM car-
ried by the Changjiang River was the major contributors 
to terrestrial plant OM in surface sediments of the ECS 
shelf (Yang et al., 2008). δ13C values of POM from the 
Changjiang River were similar to those of TOC in soils 
around the Changjiang River where more grass plants 
grew (Wu et al., 2007). Hence, TOM from the Changji-
ang River is expected to have low A.I. values (more grass 
plant OM). Besides river input, aerosols are the other 
source of TOM input into the ECS. C29 n-alkane was the 
dominant alkane homologue in aerosols from northern 
China (Beijing and Qingdao) (Feng et al., 2006; Guo et al., 

2003), and C29 and C31 n-alkanes were the most abundant 
in aerosols from central China (Shanghai), while C31 

n-alkane was dominant in aerosols from southern China 
(Guangzhou) (Feng et al., 2006). These results suggest 
that long-chain n-alkane transported by aerosols from 
mid-latitude land region into the mid-shelf areas of the 
ECS likely contain more C29 n-alkane. As a result, in-
creased C29/(C29+C31) n-alkane values in mid-shelf sam-
ples are likely linked with weaker influence of the 
Changjiang Diluted water and relatively high TOM con-
tribution derived from aerosols, which carry more woody 
plant OM. 

4.2 Quantitative Estimates of TOM Origins and  
Transport Mechanisms 

To further evaluate the roles of the Changjiang River 
and aerosols on the transport and spatial distribution of 
TOM with different origins, cluster analysis was per-
formed using the datasets containing TMBR, C29/(C29+ 
C31) n-alkane and %C3-plant OM. As shown in Fig.5, the 
sites were easily separated into two areas (Figs.5a and 5b). 

More quantitative estimates of woody versus grass OM 
contributions can be achieved by assigning end-member 
values. All woody plants are C3 plants, while grass plants 
contain both C3 plants and C4 plants. We use the ratio of 
C29/(C29+C31) n-alkane to represent the contribution of 
woody vegetation (Table 2), and calculate the relative 
contributions of C3 grass and C4 grass vegetation using 
the following formula.  

3 3C - grass C - plant% woody%  ,        (3) 

4 3C - grass 1 C - plant%  .            (4) 

The percentage ranges of woody, C3-grass and C4-grass 
OM are 39%51%, 8%41%, and 15%44%, respec-
tively (Fig.5c). At the mid-shelf sites, C4-grass OM con-
tribution is high with a range of 28%44% (blue circle, 
Figs.5b and 5c), while relatively low C4-grass OM con-
tribution is found with a range of 15%32% at near-shore 
sites (red circle, Fig.5b and 5c). Seaward increasing con-
tribution of woody OM is also found with a range of 45% 
51% in the mid-shelf area (blue circle, Figs.5b and 5c) 
and a range of 39%44% near-shore (red circle, Figs.5b 
and 5c). In contrast, the contribution of C3-grass OM is 
higher in the coastal area (24%41%) than that in the mid- 
shelf area (8%23%) (Figs.5b and 5c). Our results are 
consistent with previous results (Yang et al., 2008).  

To summarize, the Zhejiang-Fujian coastal zone (red 
circle) was characterized by higher TMBR values (0.20 
0.40) (Fig.3f) and higher %TOM (Fig.3e), higher %C3 
plant OM contribution (68%85%) (Fig.4b) and higher 
grass plant OM contribution (56%61%) (Fig.4d). In 
contrast, the mid-shelf area (blue circle) was character-
ized by low TMBR values (0.060.17), slightly lower C3 
plant OM contribution (56%72%) and lower grass plant 
OM contribution (49%55%).  

These spatial variations reflected the vegetation types 
of the sources areas and the main transportation pathways 
of TOM. In the coastal area which includes the CRE and 



ZHANG et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2017 16: 793-802 

 

800 

the Zhejiang-Fujian Coasts (red circle area, Fig.5b), TOM 
input was mainly carried by the Changjiang River. Thus 
in this region, the %TOM was higher, dominated by C3 
plant OM and a higher proportion of grass vegetation OM. 
In the mid-shelf area (blue circle area, Fig.5b), aerosol 
carried TOM deposition was important. TOC was domi-
nated by marine OM, so %TOM was lower but contain-
ing a higher proportion of woody OM and a higher pro-
portion of C4 grass OM. Another important factor for the 
spatial patterns is the regional current system forced by  

 

Fig.5 Cluster analysis of TOM and the spatial distribution 
of different-sourced OM. The blue circle defines the sites 
in the offshore area, and the red circle defines the sites in 
the inner shelf of ECS. Relative contribution of woody, 
C3-grass and C4-grass. Blue circle indicates the sites in the 
off-shore area, and red circle indicates the sites in the in-
ner shelf of ECS. 

seasonal reversed monsoons. During the winter, strong 
coastal currents would transport Changjiang River deliv-
ered terrestrial OM southward to the Zhejiang-Fujian 
Coasts. On the other hand during the summer, the Chang-
jiang Diluted Water would carry more terrestrial OM to 
the mid-shelf area. Future studies of modern samples 
combining both chemical and physical parameters are 
needed for quantitative estimates of the role of current 
system on terrestrial OM spatial distribution. 

5 Conclusions 
1) A multi-proxy approach has been used to more 

quantitatively estimate OM origins in surface sediments 
of the ECS shelf. %TOM ranged from 6% to 48%. Among 
TOM, woody plant OM accounted for 39%51%, C3 
grass OM for 8%41%, and C4 grass OM for 15%44%. 

2) A clear spatial contrast is observed in the differ-
ent-sourced OM distributions. The Zhejiang-Fujian coas- 
tal area was characterized by higher %TOM, higher %C3 
plant OM and higher grass plant OM contribution, while 
the mid-shelf area was characterized by low %TOM, 
slightly lower C3 plant OM and lower grass plant OM 
contribution.  

3) Both the sources and transportation pathways are 
important in controlling different-sourced OM distribu-
tions in shelf sediment. In the coastal areas, the Changji-
ang River was the main carrier of OM from the river ba-
sin, resulting in higher %TOM, dominated by C3 plant 
OM and a higher proportion of grass vegetation OM. 
Aerosols-carried OM from the mid-latitude land region 
was important in TOM depositions the mid-shelf area, 
resulting in a higher proportion of woody OM and a 
higher proportion of C4 grass OM. Dust transported TOM 
could be up to 17% of sediment TOC for the mid-shelf 
region. 
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