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ABSTRACT 

This study analyzes the carbonate and organic. carbon contents and their carbon 
and oxygen isotopic compositions of a total of 58 surface sediment samples from the con
tinental margin of the East China Sea. Additional gas chromatographic (GC) analysis of 
selected sediment sa1nples was performed to show typical concentration and distribution 
of n-alkanes in these sediments. 

Results show that carbonate contents of sediments in the region are highly variable 
from 3.0 to 63.1 wt% across the shelf, yet they show an inc1ease toward the south in a 
lo bate distribution between water depths of approximately 90 and 150 m. Except for 
some data, values of 613C of carbonates in general vary in a narrow range of 0±1°/00 
as compared to those of 6180 that varies considerably over a range from 0 to -6°100• 
Organic carbon concentrations of sediments range from 0.1 to 1.44 wt% and become 
enriched toward the north. 613C of organic carbon varies from -22.9 to -20.1°100 
and shows a vague increase (becomes heavier) with increasing distance from the coast. 
Results from GC analysis reveal that the n-alkane concentrations in sediments can vary 
up to ten-fold and are predominant with C21 -C2s compounds. 

· 

Cross plots of carbonate and organic carbon concentrations vs. water depths fur
ther reveal that sedi1nents of high carbonate content are invariably characteristic of low 
organic carbon contents and vice versa. Such a contrasting feature can be attributed to 
the winnowing effect upon sediment accumulation during low stands of sea level. More
over, carbonates from sediments of high carbonate contents are found to be depleted in 
180, indicative of a relic origin of the carbonates and likely the associated sediments. 
The pattern of n-alkane distribution reveals that the sediment mainly consists of organic 
matter of reworked and/or transported origins. As a consequence, geochemical and sta
ble isotopic characterization of surface sediments in this study supports an episode of 
relic sedimentation in the East China Sea between the present-day water depths of 
approximately 90 and 150 m and is thus consistent with previous observations. 
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1. INTRODUCTION 

The passive continental margin of the East China Sea, occupying two-thirds of the East 
. 

Ch�na Sea continental margin, is one of the largest continental shelves in the world. Unlike 
most shelf regions that usually act as a major sink for sediment accumulation, the East China 
Sea continental shelf has experienced a diversity of sedimentary episodes including non
deposition during low stands of sea level (Emery et al., 1971; DeMaster et al., 1983). The 
broad shelf becomes increasingly narrow and deep toward the south along the eastern coast 
off mainland China and has an average water depth of approximately 72 m. 

Sediments of different origins and sedimentary properties are presently found to disperse 
in zonal patterns along isobaths of various depths across the shelf (DeMaster et al., 1983; 
McKee et al., 1983; Yang and Milliman, 1983; Milliman et al., 1985a and 1985b). The 
middle shelf is dominated by well-sorted fine/muddy sands and gravel of relic origin and is 
flanked by silty clays and silty/clayey sands that are derived from the Yangtze and Yellow 
Rivers and deposited in the inner and outer shelves. Such distribution patterns are further 
shown by Milliman et al .. (1985a; 1985b) and Zhu et al .. (1990) to result from various 
transport mechanisms interacting in the region. 

The study of sediments in the East China Sea continental shelf, the ref ore, has long been 
interesting to sedimentologists in the world because sedimentation in this region represents a 
unique history of complicated sediment accumulation during low stands of sea level which is 
rarely seen in other shelf regions of the world oceans. Results of the above studies, however, 
were mainly inf erred from sedimentological and mineralogical criteria, with scant attention to 
other sediment properties that have been shown to be greatly helpful in discerning sediment 
deposition in continental margins. The objective of this study thus aims to document the 
geochemical and stable isotopic properties of the surface sediments on the East China Sea 
continental shelf so that a better characterization of sediment accumulation in the region, 
especially during low stands of sea level, can be achieved. 

2. MATERIAL AND METHODS 

A total of 58 surface sediment samples analyzed in this study were collected from 
the continental margin of the East China Sea using box corers aboard the R/V Ocean 
Researcher I and R/V Vinogradov (Table 1 and Figure 1 ). However, it must be pointed 
out that sampling locations shown in Table 1 were obtained from shipboard OPS records, 
and their corresponding water depths were found to be inconsistent with those shown in 
the bathymetric map usually used on shipboard. To eliminate confusion, the discussion of 
sediment data in this study follows the coring depths reported · in the KEEP-MASS cruise 
report. 

Upon return to the laboratory, the top sections of cores were sampled in various thickness 
and dried in a freeze dryer to a constant weight. After freeze drying, the sample was ground 
to a powder and stored in vials for later analyses. Total carbon and organic carbon were mea
sured in duplicate using a LECO CS-244 carbon/sulfur analyzer (Boyce and Bode, 1972). 
Dried sediment samples were split. One aliquot was analyzed for total carbon. The other 
was digested with 3 N HCl to remove carbonates and then washed thoroughly with distilled 
water prior to organic carbon detenninations. The difference between the two measurements 
was defined as the inorganic carbon and was reported as the CaC03 content. Although the 
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Table 1. Sampling locations and pertinent coring data of sediments analyzed in this study. 

Sample Cruise - Station No. Latitude (N) Longitude (E) Sampling Water 
No. interval (cm) Depth (m) 

• 
I OR293-920722 26°30' 121°'20' 0-2 78 
2 OR293-920703 25°40' 121°41' 0-2 135 
3 OR322-910937 26°15' 122°15• ()..2 100 
4 OR322·910935 25°45' 122°45' Q..2 104 
5 OR322-910942 26°50' 122°10· ()..2 97 
6 OR322·910946 26°10' 122°501 0.2 108 
7 . OR322·910'J48 2S05o' 123°11' Q..2

. 
100 

8 OR322-9 l O'J56 26°35' 122°55' Q..2 118 
9 OR322-9109S4 26°151 123°151 0-2 126 

10 OR322-910952 25°55' 123°35' 0-2 133 
11 OR322-910966 26°10' 123°501 0-2 136 . 
12 OR322-910968 25°50' 124°10' 0-2 194 
13 OR322·910960 27°10' 122°50' 0-2 106 
14 OR322-910973 26°55' 123°35' 0-2 116 
15 OR322-.9 l fS71 26°35' 123°55' 0-2 134 
16 Vinodgradov-J! 1 27°56' 122°37' 0-2 72 
17 Vinodgradov-E2 27°41' 122°50 0-2 81 
18 Vinodgradov-E3 27°29' 123°07' 0-2 103 
19 Vinodgradov·E4 27°'21' 123°'23' 0-2 104 
20 Vinodgradov·ES 27°1 l' 123°40' 0-2 110 
21 Vinodgradov-E6 27°00'· 124°00' . 

0-2 120 . 
22 OR293-920977 26°50' 124°10' 0-2 129 
23 OR293-920979 26°301 124°30' 0-2 143 
24 Vinodgradov-E 15 28°25p 123°53' 0-10 19 
25 Vinodgradov-E 14 28°17' 124°101 0-2 85 
26 Vinodgradov-E13 28°08' 124°26' 0-2 95 
27 Vinodgradov-E 12 28°01' 124°44' 0-2 104 
28 Vinodgradov-E 11 27°52' 125°00' 0-2 102 
29 Vinodgradov-ElO 27°44' 125°18' 0-2 102 
30 Vinodgradov-E9 27°36' 125°36' 0-2 113 
31 Vinodgradov-E8 27°27' 125°51' 0-2 123 
32 Vinodgradov-E7 27°23' 126°06' 0-2 330 
33 Vinodgradov·E 16 29°44' 124°071 0-10 60 
34 Vinodgradov-E18 29°25' 124°39t 0-2 74 
35 Vinodgradov-E20 29°03' 125°09' Q.2 78 
36 Vinodgradov·E21 28°54' 125°26' Q.2 102 
37 Vinodgradov-E22 28°43' 125°41' 0-2 . 104 
38 Vinodgradov .. E24 28°22' 126°12· 0-2 114 
39 Vinodgradov-E3S 3<>°40' 124°43' 0-10 53 
40 Vinodgradov-E33 30°24' 125°08' Q.2 66 
41 Vinodgradov-E32 3<>°14' 125°24' 0-2 69 
42 Vinodgradov-E3 l 3<>°04' 125°381 0-2 64 
43 Vinodgradov-E30 29°52' 125°55' 0-2 77 
44 Vinodgradov-E29 29°41' 126°141 0-2 90 
45 Vinodgradov·E28 29°32' 126°27' 0-2 100 
46 Vinodgradov-E26 29°12' 126°581 0-2 122 
47 Vinodgradov-E27 29°21' 126°42' 0-2 108 
48 Vinodgradov-E24a 28°04' 126°411 0-2 440 
49 Vinodgradov-E25a 29°061 127°46' 0-5 1090 
so Vinodgradov-E36 32°00' 125°18' 0-2 51 . 
51 VinQdgradov-E38 31°38' 125°47' 0-S (>() 
52 Vinodgradov-E39 31°26' 126°03' 0-2 67 
53 Vinodgradov-E40 31°15' 126°181 0-2 78 
54 Vinodgradov·E42 3<>°53' 126°48. 0-2 96 
SS Vinodgradov-E43 3<>°43' . 127°00' 0-2 96 
56 Vinodgradov-E44 3<>°30' 127°15' 0-2 110 
57 Vinodgradov-E46 30009' 127°431 0-S 228 
58 Vinonadov .. fA6a 29°47' 128°27' 0-6 940 

• 
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Fig. 1. Sampling locations and study area in the East China Sea continental margin. 
Bathymetric contour lines of 90 and 150 meters denote approximately the 
spatial distribution of the relic sediments characterized by this study. 

acid pretreatment procedures may cause some loss of organic volatile during organic content 
analysis in sediments, the amount of this loss is difficult to quantify,· and on the other hand, 
other procedures that have been employed to better improve the measurements are laborious 
(Heath et al., 1977; van lperen and Helder, 1985 and references therein). Furthermore, in 
the evaluations in this study it was found that sediment organic carbon detetmined by the 
acid pretreatment method appears to agree fairly well with that measured by combustion 
techniques, especially when low organic carbon concentration ( <0.5 wt%) of sediments is 
analyzed. The precision of these analyses, based on 10 sets of duplicates of measurements 
and expressed as 1 standard (u) deviation, are ±0.24% and ±0.02% for CaC03 and organic 
carbon, respectively. 

Another aliquot of the powdered sediment of approximately 2 gm was transferred into 
a 20 ml centrifuge tube for the extraction of nor1nal alkanes using a CH2Cl2 : MeOH (6 ml; 
3/1 by volume) mixture. The tube was closed tightly with a teflon-lined, screw-on cap and 

• 

placed in an ultrasonic vibrator for 15 minutes. The procedures were repeated three times, 
and the extracts were collected. These extracts were then eluted with appropriate amounts of 
CH2Cl2 through a short silica gel column to obtain lipid classes. 

Analyses of lipid fractions were performed on a Varian 3400 gas chromatograph (GC) 
with a high performance septum-equipped t�mperature programmable injector (SPI) and a 
flame ionization detector (Fii>). A fused silica capillary column (DB-1, 60 m long, 0.25 

• 
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mm i.d.) was used with helium as a carrier gas. The oven temperature was programmed 
from 35 °C to 235°C at a rate of 10°C/min, to 300°C at 5°C/min and then to 325°C at 
1 ° C/min. The identification of normal alkanes was furnished with the specific retention time 
of an external standard of known carbon numbers. Quantization was made using an internal 
standard that was added to the samples prior to the extraction process. Full procedural blanks 
were routinely carried out throughout this study to ensure the absence of contamination from 
solvents. Potential contamination of the aliphatic hydrocarbons from pump oil during freeze 
drying of sediments- was negligible or below the resolution limit of the GC analysis. 

The preparation of C02 gas from sediment samples for carbon isotopic analyses fol
lowed the methods of McCrea ( 1950) and Craig (1953; 1957). Carbonates of bulk sediments. 
were reacted with 100% HaP04 to produce C02. No correction for possible contamination 
from organic C02 was made for isotopic measurements in this study because of the low 
organic carbon contents (generally < 0.5 wt%) in the sediments. The isotopic analysis of 
contamination-free C02 samples is further confirmed by the excellent tracings of 45144 and 
46144 ratios. For organic carbon, carbonate-free samples were combusted at approximately 
850° C to convert carbon to C02 gas. Water was removed with a slurry of dry ice and alco
hol mixture. The C02 gas, which was. then condensed rising a liquid N2 trap, was analyzed 
using a V G  Optima isotope ratio mass spectrometer (IRMS). Results were reported in the 
conventional 6 value relative to the Peedee Belemnite (PDB) standard and expressed in per 
mil (0

/00). The analytical precision of the IRMS was better than ±0.06°/00• The errors 
in the isotopic measurements in duplicate sediment samples were variable and are shown in 
Table 2. 

3. RESULTS AND DISCUSSION 

Table 2 shows the results of calcium carbonate, organic carbon and their isotopic analy
ses of surface sediments from the East China Sea. It can be seen that carbonate concentrations 
are highly variable from 3.0 to 63.1 wt%, while organic carbon contents change from 0.1 to 
1.44 wt%. It is well known that carbonate and organic carbon of sediments originate from 
calcareous organisms that survive dissolution/decomposition in the water column and/or af
ter deposition. Preservation of organic matter in sediments also depends upon the redox 
conditions of environments in which the organic matter accumulates. For sediments in the 
marginal seas, carbonate and organic carbon· contents are further controlled by the dilution 
of the land-derived detritus (Degens and Mopper, 1976; Suess, 1980). As a consequence, 
results of the highly variable carbonate and organic carbon concentrations measured in this 
study are consistent with the general characteristics of sediment deposited in the marginal 

• 
_sea regime. 

However, as shown in Table 1 and Figure 2a, sediments of relatively high carbonate 
content are invariably found in the present-day water depths between 90-150 m, and the 
concentration tends to increase sharply toward the south. Furthermore, except for those 
in the north East China Sea, sediments of high carbonate contents are usually associated 
with low organic carbon contents (Figure 2b). They are mainly mixtures of well-sorted fine 
sands, shell fragments and gravel (Milliman et al., 1985) and are readily di�tinguishable 
from sediments deposited outside this depth interval owing to the relatively low carbonate 
and high organic carbon contents of the latter (Figure 2). On the basis of sedimentation 
rate measurements and other sedimentary criteria, DeMaster et al. ( 1983) and Emery et al. 
(1971) reported that the area was characterized by non-deposition, indicative of a relic origin. 
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Table 2. Results of calcium carbonate, total organic carbon and their isotpic 
measurements of sediments in the East China Sea. 

Sample CaC03 TOC s13CToc �13Ccarb �tsocam 
No. (wt%) (wt%) ( %o ) ( CJ{,o ) ( %o) 

1 8.0(7.4) 0.43(0.48) -21.9 -0.6 -4.3 

2 34.2 0.42 ... 22.1 -0.0 -6.1 

3 63.1 0.10 -20.9 1.0 -6.2 

4 7.9 0.14 -20.9 0.3 -0.9 

s 27.7 0.18 ·20.6( ·21.3) 1.3 -3.8 

6 36.7 0.10 -20.2 0.4 ·1.9 

7 49.9(49.6) 0.14(0.14) -20.4 1.3(1.1) -0.4(-0.9) 

8 10.1 0.22 -21.3 1.2 -0.8 

9 48.3 0.14 -20.4 1.0 -4.2 

10 3.0 0.14 n.d. 0.5(1.8) -1.9(-1.6) 

11 8.1 O.lS -20.S 0.6 -1.7 

12 s.s O.IS -22.2(-22.2) 3 . .S -S.4 

13 19.3(19.9) 0.20(0.21) -21.1(-21.0) -0.8 -2.1 

14 18.8 0.19 -21.4 O.S(0.6) -1.2(-1.2) 

IS 22.6 0.26 -20.3 0.7 -2.6 

16 8.3 0.32 -22.5 -0.2 -2.3 

17 1 1 .2 0.2S -22.9 -0.2(0.2) -2.6(-2.1) 

18 17.2 0.30 n.d. o.s -0.8 

19 29.3 0.21 -22.3 -0.1 ·0.8 

20 18.7(18.5) 0.23(0.23) -20.9 o.s -1.5 

21 5.7 0.21 -20.9 1.2 -1.1 

22 37.0 0.29 -20.S -0.7 -1.7 
23 46.1(46.0) 0.24(0.26) -20.8(-21. 7) 0.4 -2.8 

24 8.0 0.22 -20.9 -0.6 -1.7 

25 8.S 0.29 -20.8(-20.8) n.d. n.d. 
26 16.8 0.30 -20.8(-21.2) -0.5(-0.1) -1.5(-1.4) 

27 28.2 0.40 -20.7 0.1 -1.2 

28 28.0(28.2) 0.31(0.31) -20.7(-20.7) -0.6 -2.0 
. 

29 18.4 0.23 -21.1 0.2 -0.8 

30 11.0 0.16 -20.8 -0.9 0.0 

31 5.S 0.11 -20.3(-20.3) 0.2(0.2) . -0.2(-0.2} 

32 8.4 0.16 -20.8 0.4(0.3) -1.4(-1.S) 

33 8.5(8.6) 0.19(0.19) -21.8 -0.2 -1.4 

34 9.3 0.26 -20.8(-20.6) -0.1 -0.6 

35 16.0 0.30 -21.6(-21.1) -0.7 -2.8 

36 16.4 0.35 -22.0(-21.3) -0.1 -1.0 
37 8.2 0.24 -21.9 0.0 -1.2 

38 16.4 0.24 -21.2(-20.9) 0.1 -0.9 

39 7.0 0.27 -22.0· -0.7 -2.4 

40 8.7 0.47(0.47) -20.8 -1.3 -3.S 

41 n.d. 0.38 -21.3 n.d. n.d. 
42 8.5 0.38 . -20 . .S(-21.3) . -0.3 -1.4 

43 12.2 0.40 -21.2(-20.8) -0.1 -1.S 

44 13.3 0.32 -22.7 0.0 -0.6 

45 14.1 0.36 -21.8 0.2 -1.8 
46 8.0(7.7) 0.21(0.21} -22.S(-21.4} 0.4 -0.7 

47 16.S 0.28 -22.3 0.6 -0.9 

48 32.6 0.31 -21.3 0.6 -1.2 

49 16.5(16.3) 1.44(1.48) -21.9 0.6(0.S) -2.2(-1.6) 

50 6.1 0.59 -21.4 -2.1(-2.2) -3.1(-3.0) 

51 4.2(4.1) 0.66(0.65) n.d. -2.0 -3.4 

52 8.6 0.73 -21.7 -1.4 -3.2 

53 10.4 0.80 n.d. n.d. n.d. 
S4 14.2 0.46 -20 . .5(-21.1) n.d. n.d. 
55 16.2(16.4) 0.49(0.47) -20.1(-20.8) 0.1 -1.2 

56 10.4 0.36 -20.5(-20.8) 0.2 -1.4 

57 4.2 O.S9 n.d. -0.0 -3.9 
. 

• 

58 21.3 0.60 -21.4 n.d. n.d . . 

n.d.: not dete111uned 
( ) : value of duplicate 
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Fig. 2. Plots of calcium carbonate ( a) and total organic carbon (b) concentrations 
vs. water depths in surface sediments of the East China Sea. Note that 
water depths are in the logarithmic scale. 
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A close examination on sediment samples in this study also reveals that sediments of high 
carbonate contents are usually associated with abundant shell fragments. Accordingly, the 
coupling of high carbonate with low organic carbon concentrations in these sediments can 
be attributed to the selective removal of fine-grained sediments, which are known to enrich 
in organic carbon contents, during low stands of sea level. In other words, the sediments 
presently found between the water depths of 90-150 meters are those which have not been 
covered by recent deposition. Results from carbonate and organic carbon distribution revealed 
in this study, therefore, are consistent with episodes of non-deposition previously reported in 
other literature. 

The 813C and 6180 of carbonates in the surface sediments of the East China Sea vary 
respectively from -2.1 to +1.3°/00 (excluding the questionable value of +3.5°100) and from 
-6.2 to +o.0° I 00 (Table 2). Unlike the distribution of carbonate contents, no simple correlation 
of their isotopic compositions to water depths can be observed. Nonetheless, relatively light 

.. , 
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. 

values of 813C are mostly found in the area of water depths less than 90 m, while those 
with very light 8180 of carbonates are invariably associated with sediments of relic origin 
(Table 2 and Figure 1). Furthem1ore, the majority of the 813C of carbonates in sediments 
varies within a narrow range of 2°/00, while 8180 varies considerably over a range of 6°/00 
(see also Figure 5b). It is well known that the 8180 of biogenic carbonates is a function of 
the isotopic composition of water, in ·which organisms live, and its ambient temperatures in 
which the isotopic equilibrium is accomplished. Through the geologic time, sea water 8180 
is further related to the global glaciation-interglaciation cycles. During the glacial time 8180 
of sea water tends to become heavier due to the lock of light 8180 in the polar ice sheets, 
while during the interglacial time melting of the polar ice sheets and its subsequent release 
of the light 8180 water to the ocean decreases the 8180 of sea water. The highly variable 
6180 measured in this study suggests that carbonates in the surface sediments of the East 
China Sea have experienced a wide range of temperature fluctuations, and it thus points to a 
relic ori · n as suggested previously. 

Unlike the 813C of carbonates which is mainly controlled by the 813C of dissolved C02 in 
sea water (Francis, 1980), the 813C of organic carbon in marine sediments is further related to 
the source of carbon that has a diversity of origins and distinct carbon isotopic compositions. 
For instance, the 813C of marine phytoplankton differs from that of terrestrial plants by 
approximately 5-10° I 00, owing to the isotopic fractionation of carbon between atmospheric 
C02 and dissolved bicarbonates (Faure, 1984). Although cautions need to be taken, the 
difference in carbon isotopic compositions of organic carbon has long been used widely to 
help distinguish the source of sediments in marginal sea basins (Sackett and Thompson, 1963; 
Hunt, 1970; Sackett, 1989; Jasper and Gagosian, 1989 and references therein). According 
to these authors, marine phytoplankton has a 813C value of approximately -20°/oo ' while 
C3-plants in lands have a characteristic 813C value of -25°100 (Craig, 1953; Degens, 1969). 
Values of 613C in between are 'therefore indicative of a mixture of terrestrial and marine 
sources. As a result, the spatial variations in the 813C of organic carbon in the surface 
sediments of the East China Sea continental shelf suggest changes in the inputs of terrestrial 
sources and subsequent mixing of the organic matter of marine origins. 

Analysis of organic extracts from selected sediment samples by gas chromatography was 
then conducted to help identify types and sources of organic carbon in the sediments. Results 
show that organic carbon in the sediments from the East China Sea is �hiefty composed of 
normal alkanes with carbon numbers from C15 to C31. A typical gas chromatogram is 
shown in Figure 3, in which the normal alkanes are further shown to be dominant with 
carbon numbers from C21 to C2s. The predominance of these alkanes has always been 
identified in sediments off eastern Taiwan, yet their origins presently remains unknown. It is 
worthwhile, however, to note that the GC analysis of shale on land from the island of· Taiwan 
often displays the same distribution patterns. It seems therefore that the sediments analyzed 
are ultimately transported from land. Figure 4 shows that the total concentrations of no1n1al 
alkanes measured in sediments can vary up to ten-fold, yet show similar distribution patterns. 
Furthermore, the normal alkane concentrations in these sediments gen�rally increase with the 
increasing organic carbon contents in these sediments (r=0.80) except for samples 26, 27 and 
38. It is interesting to point out that the latter three samples are located in area of sediments 
characteristic of relic origins (Figure 1 ), and the observed discrepancy may thus be attributed 
to the preferential degradation of biologically-fresh lipids in sediments upon deposition at 
low stands of sea level. 
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Fig. 3. A representative GC chromatogram (sample No. 57) showing typical 
normal alkane distributions of organic matter in surface sediments of the 
East China Sea. 

Depending upon its origin, organic matter in sediments from the continental margin may 
consist of diverse types of norrnal alkanes, and the presence of various types of these nonnal 
alkanes in sediments can be used as an aid to infer the specific sources of organic contribution 
(Barnes et al., 1984; de Leeuw, 1986; Philip and Lewis, 1987). For instance, esters, C37-C3s 
alkenones and C1s-C19 alkanes are known to derive from lipids of marine organisms and 
are readily identifiable in the nor111al alkane fraction of organic extracts from recent marine 
sediments. Their presence in sediments, therefore, have been used to help delineate sediments 
of marine origins (Eglinton, 1969; Gelpi et al., 1970; Blumer et al., 1971; Sandstorm, 1988) . 

• 

Figures 3 and 4 reveal that the surf ace sediments in the East China Sea continental shelf are 
characterized by a similar distribution of normal alkanes with dominant carbon numbers 
from C21 to C25 , indicating a similar lipid source of these sediments. Nonetheless, nor1nal 
alkanes in these sediments contain negligible esters and C31-C3s alkenones. They also lack 
the predominance of C1s-C19 alkanes. Since these three lipid classes are usually observed in 
most recent marine sediments, their absence in the surface sediments of the East China Sea 

• 

suggest that these sediments could not have been deposited in the region recently, instead 
they may have been deposited during low stands of sea level. Results from the GC analysis 
thus agree with previous observations and other geochemical and isotopic data revealed in 
this study as well. 



124 

~ 
::l 

TAO, Vol.6, No.l, March 1995 

Sa111ple No. 16, 17 
2-------------------

t.5 

1 

0.5 

0 

• 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

15 17 19 21 23 25 27 29 31 33 • 

Carbon number 

Sample No. 38 
2 -------------------

1.5 

1 

0.5 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• • • • • 

• 
• • 

IS 17 19 21 23 25 27 29 31 33 

Carbon number 

San1ple No. 51 
6 --------------�---

• • 
s • • • • • • • • • 
4 • • • • • • • • • • • • • • 
3 • • • • • • • • • • • • • • • 
2 • • • • • • • • • • • • • • • • • • • 
1 • • • • • • • • • • • • • • • • • • 

0 
15 17· 19 21 23 25 27 29 31 33 

0.6 

0.4 -

0.2 -

0 

Sample No. 26, 27 

:-• • 
• • • • • 

.. • • • • • • • • • • • • • • • • • . • • • .. • • • • • lo • • • 

.. • • • • • .. • lo • • • • 
.. • • • • • 

... 
• • • , ... ... • • 

-. , . • • •. • • • • . • • • • . -• - • • • I I I I I I I I I I 
15 17 19 21 23 25 27 29 31 33 

Carbon number 

Sample No. 39 
1 -------------------

• 

0.8 • 
• 

• • • • • • • • • 0.6 
• • • • • • • • • • • • • • • • • 0.4 • • • • • • • • • • 0.2 • • • • • • • • • • • • • 

15 17 19 21 23 25 27 29 31 33 

Carbon number 
. 

Sa111ple No . 57 
3 -------------------

• 
2.5 • • • • • • 

2 • • • • • • • • • 
1.5 • • • • • • • • • • • • • • • • • • 1 • • • • • • • • • • • • • • 
0.5 • • • • • • • • • • • • • 

0 
15 17 19 21 23 25 27 29 31 33 

Carbon number Carbon number 
Fig. 4. Normal alkane concentrations, expressed as µ g of different carbon com

pounds per gm of dry sediment, in surface sediments of the East China 
Sea. Note the different concentration scales used in each diagram. 



Sheu et al. 125 

In summary, with few exceptions, surface sediments in the continental margin of the 
East China Sea in general can be grouped into three major categories on the basis of their dis
tinct geochemical and stable isotopic characteristics. Sediments of Type I (the open circles 
in Figure 5) are those characteristic of low carbonate and organic carbon contents having · 
carbon and oxygen isotopic compositions of carbonates similar to those deposited in the 
present-day ocean. Type II mainly consists of sediments that have high organic carbon yet 
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low carbonate concentrations (open triangles in Figure 5). This type of sediment usually 
shows a narrow range of 6180 (-3 to -4°100) but a wide range of 613C (-2 to 0 ). Sediments 
of Type ill (open squares in Figure 5) represent those of high carbonate and low organic 
carbon contents and are observed in water depths between 90 and 150 m. The 6180 of 
carbonates in these sediments also exhibits a great variation from 0 to -6° I 00 as compared to 
613C that falls in a narrow range of approximately 2° I 00• Sediments of this type are believed 
to have been deposited during low stands of sea levels. 

Results from the GC analysis of organic matter in selected sediments reveal that concen
tration of n-alkanes varies considerably up to ten-fold and generally increases with increasing 
organic content. Gas chromatograms show that theses sediments have similar n-alkane dis
tributions, suggesting that they have a similar source of lipids. Furthermore, the fact that the 
n-alkenes of organic matter in sediments are predominant with C21 -C25 and that they lack 
esters and alkenones implies that they have not been deposited recently and may have been 
reworked and/or transported to the depositional sites. 

Acknowledgments . The authors extend their thanks to the captain and crew of the R/V 
Ocean Researcher I and R/V Vinogradov for their help with the sediment coring. They 
are also grateful for our Russian friends, colleagues, assistants and graduate students who 
have made life aboard ship so enjoyable. Appreciation is extended to Dr. M. P. Chen, 
co-chief scientist of the joint KEEP-MASS expedition, for an invitation to the cruise and 
participation in the program. Special thanks are due to Ms. Y. N. Lai, A. E. Sheu and 
J. C. Wang for their assistance with manuscript editing and isotopic analysis, respectively. 
The authors are indebted to an anonymous reviewer for his constructive suggestions on the 
original manuscript. This study was supported by grants from the National Science Council, 
Republic of China to D. D. Sheu (NSC-80-0209-M-110-05, NSC-82-0209-M-110-054 and 
NSC-83-0209-M-110-017) and is a contribution to the collaborative KEEP-MASS (Kuroshio 
Edge Exchange Processes-Marginal Sea Study) program. 

REFERENCES 

Barnes, W. A., W. C. Barnes, and R. M. Bustin, 1984: Chemistry and evolution of organic 
matter. Geosci. Canada, 11, 103-164 . 

• 

Blumer, M., R. R. C. Grillard, and T. Chase, 1971: Hydrocarbons of marine phytoplankton. 
Mar. Biol., 8, 183-189 . 

• 

Boyce, R. E. and G. W. Bode, 1972: Carbon and carbonate analyses, Leg 9, Deep Sea 
Drilling Project. Init. Repts. Deep Sea Drilling Project., 9, 797-816. 

Craig, H., 1953: The geochemistry of the stable carbon isotopes. Geochim. Cosmochim. 
Acta, 3, 53-92. 

Craig, H., 1957: Isotopic standards for carbon and oxygen and correction factors for mass
spectrometric analysis of carbon dioxide. Geochim. Cosmochim. Acta, 12, 133-149. 

Degens, E. T., 1969: Biogeochemistry of stable carbon isotopes. In: G. Eglington and M. T. 
J. Murphy (Eds.), Organic Geochemistry. Springer-Verlag, 828pp. 



Sheu et al. 127 

• 

Degens, E. T., and K. Mopper, 1976: Factors controlling the distribution and early diagenesis 
of organic material in marine environments. In: J. Riely and R. Chester (Eds.), Chemical 
Oceanography. Academic Press, New York, 123-131. 

de Leeuw, J. M., 1986: Sedimentary lipids and polysaccharides as indicators for sources 
of input, microbial activity, and short-term diagenesis. In: M. C .. Sohn (Ed.), Organic 
Marine Geochemistry. American Chemical Society. Washington, DC., 427pp. 

DeMaster, D. J., B. A. McKee, C. A. Nittrouer, J. C. Qian, and G. D. Cheng, 1983: Rates of 
sedimentary processes based on radio-chemical profiles from continental shelf deposits 
in the East China Sea. Proc. Int'I Symposium on Sedimentation on the Continental 
Shelf, with Special Reference to the East China Sea, Vol. 2, China Ocean Press, Beijing, 
581-589. 

Eglinton, G., 1969. Hydrocarbons and fatty acid in living organisms and recent and ancient 
sediments. Geochem. J., 68, 1-24. 

Emery, K. 0., H. Niino, and B. Sullivan, 1971: Post-Pleistocene levels of the East China 
Sea. In: K. K. Turekian (Ed.), The Late Cenozoic Glacial Ages. Yale Univers�ty Press, 
381-390. 

Francis, C. Y., 1980. Stable carbon isotopes in dissolved inorganic carbon in marine and 
estuarine environments. In: P. Fritz and J. C. Fontes (Eds.), Handbook of environmental 
Isotope Geochemistry. Elsevier scientific Publishing Co., New York, 171-190. 

Gelpi, E., H. Schneider, J. Mann, and J. Oro, 1970: Hydrocarbons of geochemical significance 
in microscopic algae. Phytochem., 9, 603-612. 

Heath, G. R., T. C. Moore, and J. P. Dauphin, 1877: Organic carbon in deep-sea sediments. 
In: N. R. and A. Malahoff (Eds.), The Fate of Fossil Fuel C02 in the Ocean. Andersen, 
Plenum Press, New York, 605-625. 

Hunt, J. M., 1970: The signiticance of carbon isotope variations in marine sediments. In: 
G. D. Hobson and G. C. Spears (Eds.), Advances in Organic Geochemistry (1966). 
Pergamon Press, New York, 27-35. 

Jasper, J. P., and R. B. Gagosian, 1989: Glacial-interglacial climatically forced 613C varia
tions in sedimentary organic matter. Nature, 342, 60-62. 

McCrea, 1950: On the isotopic chemistry of carbonates and a paleotemperature scale. J. 
Chem. Phys., 18, 849-857. 

McKee B. A., C. A. Nittrouer, and D. J. DeMaster, 1983: Concepts of sediment deposition 
and accumulation applied to the continental shelf near the mouth of the Yangtze River. 
Geology, 11, 631-633. 

Milliman, J. D., R. C. Beardsley, Z. S. Yang, and R. Limebumer, 1985a: Modem Huanghe
derived muds on the outer shelf of the East China Sea: identification and potential 
transport mechanisms. Cont. Shelf Res., 4, 175-188. 

Milliman, J. D., H. T. Shen, Z. S. Yang, and R. H. Meade, 1985b: Transport and deposition 
of river sediment in the Changjiang estuary and adjacent continental shelf. Cont. Shelf. 
Res., 4, 37-45. 

Philp, R. P., and A. Lewis, 1987: Organic geochemistry of biomarkers. Ann. Rev. Earth 
Planet. Sci., 15, 363-393. 

• 



128 TAO, Vol.6, No .1, March 1995 
• 

Sackett, W. M. 1989: Stable carbon isotope studies on organic matter in the marine envi
ronment. In: P. Fritz and J. Ch . Fontes (Eds.), Handbook of Environmental Isotope 
Geochemistry. Elsevier, New York, 139-169. 

Sackett, W. M., and R.R. Thompson, 1963: lsotopical organic carbon composition of recent 
continental derived elastic sediments of eastern Gulf of Mexico. Bull. Am. Assoc. 
Petrol. Geol., 47, 525-528. 

Sandstorm, M. W., 1988: Aliphatic hydrocarbons in surface sediments from the North 
Queensland coast and Great Barrier Reef: Effects of tropical cyclone Winifred. Org. 
Geochem., 12, 445-454. 

Suess. E., 1980: Particulate organic carbon flux in the oceans-surface productivity and 
oxygen utilization. Nature, 288, 260-263. · 

van lperen, J., and W. Helder, 1985: A method for the determination of organic carbon in 
calcareous marine sediments. Mar. Geol., 64, 179-187. 

Yang, Z. S., and J. D. Milliman, 1983: Fine-grained sediments of the Changjiang and Huanghe 
rivers and sediment sources of East China Sea. Proc. International Symposium on 
Sedimentation on the Continental Shelf, with Special Reference to the East China Sea. 
Vol. 1, China Ocean Press, Beijing, 436-446. 

Zhu, E., W. Gao, and H. Wang, 1990: Dynamic sedimentary subdivision of the East China 
Sea continental shelf. Proc. First International Conference on Asian Marine Geology. 
Shanghai, China Ocean Press, Beijing. 


