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Abstract 

Northern slope of the South China Sea is a potential area of gas hydrates and research focus areas. Analyzed 
geochemical parameters about pore water of the anions and cations of major components and 13CDIC in the 
sediments from Shenhu sea area, Dongsha sea area and Southwest Taiwan Basin and collected by gravity piston. The 
results showed that Cl- concentration were no significant changes with depth at the three stations and their values 
were consistent with the normal sea water, SO4

2-concentration showed significant changes in gradient descent from 
core top to bottom at three stations and Ca2+, Mg2+, Ca2+/Mg2+ showed a similar downward trend with SO4

2- 
concentration, but the amplitude is inconsistent. The SMI of Shenhu sea area, Dongsha sea area, Southwest Taiwan 
Basin were separately 11m, 8m, 6m and 13CDIC of pore water in the sediments range from -10 ‰ to -27 ‰, which 
were similar with geochemistry characteristics of pore water in the sediments at other international regions of being 
found gas hydrate, such as Blake Ridge and Mexico Gulf. These geochemistry characteristics may suggest that 
natural gas hydrate reservoir released methane in deep sediments and methane was mixture gas as main causes of 
pyrolysis. Summary a series anomaly indicators and identification methods that use these geochemical anomalies 
characteristics about pore water of shallow sediments to trace gas hydrate in deep stratum. 
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1.Introduction 

 Currently, in the international geochemical anomalies research of gas hydrate is focused on 
hydrocarbon gases (C1-C6) abnormal concentrations of bottom seawater, sediments and pore water, 
isotopic composition of carbon, oxygen and other elements and the Cl-, SO4

2-content changes of pore 
water and relations with gas hydrates. Geochemistry of pore water is a main component of gas hydrate 
research which played an important role at natural gas hydrate research in China. Predecessors have 
found pore water geochemical anomalies that maybe related with gas hydrate in Xisha trough, Shenhu 
area and Dongsha area [1-3]. On the whole, these studies are still very preliminary. Some indicators 
correctly indicate whether the presence of gas hydrates also need to be further verified. Analysis 
geochemistry characteristics of pore water of shallow sediment at Shenhu area, Dongsha area and 
Southwest Taiwan Basin on the northern slope of South China Sea. Further interpret hydrate state in 
these regions. Support science and valid data to gas hydrate exploration in the area. 

2.Geological setting 

 The north continental slope of South China Sea ranges from continental shelf front to southern deep 
water region of Dongsha uplift and Shenhu uplift. The overall distribution is the NE and 900 km of total 
length, the width gradually narrows from west to east, covering an area about 21×104 km2. The general 
trend of topography sloping ground northwest to southeast, is a large sloping, the isobath approximately 
parallel to the coastline, water depth range from 200 to 3 000m (Fig.1). Sedimentary basin is more 
developed in the northern continental slope of South China Sea, such as the Southwest Taiwan Basin, 
Pearl River Mouth Basin, Sea Trough Basin, Southeast Qiong Basin and Yingge Sea Basin. The 
maximum sediment thickness is more than 10 km. Since 1999, we carry out natural gas hydrate resources 
investigation in the deep continental slope of northern South China Sea. Use high resolution multi-
channel seismic exploration technology find clear BSR in Xisha Sea Trough, Shenhu area, southwestern 
Taiwan and East Sand Islands, which shows that there is likely huge potential of gas hydrate resources in 
the northern of South China Sea. Shenhu area locates in the middle of the northern slope of the South 
China Sea and near the southeast of Shenhu shoal [4-5]. Dongsha area is in the west of Shenhu area. These 
two areas are a transition area of the northern slope of South China Sea and Central Basin. Southwest 
Taiwan Basin locates in the east of northern slope of South China Sea. These areas are in tectonic 
subsidence since Miocene period. Form a good geological condition of gas hydrates reservoir. Regional 
flow is relatively active, faults develop, temperature gradient is low (40-67 /km), favorable gas hydrate 
development [6]. 

 

Fig. 1 the location of the core in the northern slope of South China Sea 
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3.Material and method 

3.1.Sample 

 Samples are mainly from national 973 project team investigating the South China Sea voyage in 
2009 and geological survey of the South China Sea cruise of National Science Foundation of China in 
2010. Collected three core samples at ZS5 ZD3 ZT10 stations by gravity piston tube in Shenhu area, 
Dongsha area and Southwest Taiwan Basin. Sample lengths of ZS5 ZD3 ZT10 stations are 
respectively 8.06m, 7.82m, 4.21m. Pore water samples are obtained on the board. Remove 2cm sample at 
the top and bottom of gravity piston tube, the remaining samples were intercepted 10 ~ 20 cm each 50 cm 
interval from the top to the end, then extract pore water using centrifuge. Obtain 40 pore water samples at 
three stations. Pore water is sealed with PTFE bottles, storage temperature is 4 . 

3.2.Analysis  

 Samples were carried out a detailed geochemical analysis at Mineral Deposits of the State Key 
Laboratory of Nanjing University after transporting to the laboratory. Cl-, SO4

2-, Ca2+, Mg2+ concentration 
of pore water is analyzed by ion chromatography with Metrohm 790IC.The standard deviation is less 
than 2%. The 13CDIC of sediment pore water were measured by the Finnigan MAT252. The sample and 
100% phosphoric acid react at 25  with some time, and then take CO2 that released from reaction into 
the mass spectrometer for stable carbon isotope analysis and precision is less than 0.1%. 

4.Results and discussion 

4.1.Result 

 Pore water test results is seen Table 1. Cl- concentration is from 491.63mmol / L to 632.85mmol / L. 
They are no significant changes in ZS5, ZD3, ZT10 stations with the depth and are broadly consistent 
with the normal sea water. The other elements showed a downward trend at three stations with the depth 
in addition Cl-. SO4

2-content of the three stations showed a clear gradient change from 28.64mmol / L at 
the top to 2.87mmol / L at the bottom. At the same time, Ca2+, Mg2+ and SO4

2- showed a similar 
downward trend, but increasing of the changing trends in the three stations is not the same. The carbon 
isotope of total dissolved inorganic carbon (DIC) is -10.14 ‰ to -27.17 ‰, emerged a negative bias 
phenomenon at three stations. 

TABLE 1 ION CHARACTERISTIC AND 13CDIC COMPONENT OF PORE WATER IN NORTH CONTINENTAL SLOPE OF 
SOUTH CHINA SEA 
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Unit of depth is cm, unit of Ca2+, Mg2+, Cl-, SO4
2- is mmol/L, unit of 13CDIC is ‰. 

4.2.Analysis  

 Salinity anomaly is the most important geochemical exploration of gas hydrate identification signs [7-

8]. In the hydrate formation process, because of its rejection of salt ions into the crystal structure and to 
absorb a large amount of fresh water, result in fluid salinity increase. Sediment is compressed to reduce 
the gap with increasing of the depth of sediment burial. Solids and fluids began initial separation occur 
including natural gas hydrate, the fluid rose up the row, the high chlorine values gradual spread decrease. 
While the underlying gas hydrate decomposition in fresh water would dilute the remaining liquid chlorine 
in there we see the negative anomalies. We found similar abnormalities in the other gas hydrate region 
that has been the core samples. But they are taken from sea bottom 100 ~ 250 m at the core with gas 
hydrate sediments, do not hydrate the display at shallow layer [9-11]. Cl-did not show significant anomalies 
in the pore water of shallow sediment at ZS5, ZD3, ZT10 stations in this region(Fig. 2), which shows 
there is no gas hydrate occurrence at shallow stratum and deep salinity change do not affected shallow 
pore water. 

ID Depth Ca2+ Mg2+ Mg2+/Ca2+ Cl- SO4
2- 13CDIC 

ZT10-1 10 18.25 51.50 0.35 558.46 28.64 -21.80 

ZT10-2 110 6.70 45.20 2.82 556.67 22.36 -18.30 

ZT10-3 210 6.49 45.98 7.09 551.72 17.65 -23.58 

ZT10-4 310 5.04 46.32 9.19 566.94 13.79 -20.34 

ZT10-5 405 3.63 43.42 11. 96 558.97 6.18 -13.18 

ZD3-1 50 10.28 53.64 5.22 559.34 25.30 -27.17 

ZD3-2 150 5.58 48.61 8.71 573.25 21.96 -20.34 

ZD3-3 250 4.99 46.26 9.28 603.47 17.06 -13.18 

ZD3-4 350 4.65 48.04 10.33 544.60 15.96 -16.02 

ZD3-5 450 2.08 43.99 21.20 491.63 10.49 -10.14 

ZD3-6 550 2.46 45.36 18.45 500.46 5.80 -18.31 

ZD3-7 650 1.46 42.33 29.03 493.28 2.87 -11.58 

ZS5-1 40 12.25 48.57 3.97 632.85 27.66 -17.22 

ZS5-2 150 7.01 40.28 5.75 611.47 22.17 -20.19 

ZS5-3 250 4.22 41.57 9.85 631.06 23.76 -15.47 

ZS5-4 350 3.70 40.44 10.94 613.13 9.50 -15.64 

ZS5-5 450 3.59 40.16 11.19 593.45 13.94 -12.34 

ZS5-6 550 2.78 38.45 13.82 579.26 11.63 -14.26 

ZS5-7 650 2.19 36.45 16.66 534.49 8.17 -10.99 

ZS5-8 750 1.90 36.53 19.21 532.13 5.01 -10.51 
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Fig. 2 ION CHARACTERISTIC OF PORE WATER IN NORTH CONTINENTAL SLOPE OF SOUTH CHINA SEA 

 Sulfate concentration in pore water is also one important of geochemical exploration indicators of 
gas hydrate [12-16]. In anaerobic marine sediments, sulfate as the oxidant reacts with organic matter by the 
action of microorganisms in the sediments of its oxidationb[17]: 2 (CH2O) + SO4

2-  2HCO3
- + H2S 

(reaction 1). Generally speaking, in most of the sediments, organic matter oxidation is caused mainly due 
to changes in sulfate concentration gradient, but is often accompanied by anoxic oxidation of methane 
(anaerobic methane oxidation, AMO) at gas hydrate zone, the reaction from the Methane and sulfate as 
reducing agent instead of organic reaction [18-19]: CH4+SO4

2-  HCO3-+HS-+H2O (reaction 2), due to 
reaction (2) than reaction (1) consume less energy, AMO process is a dominant status in natural gas 
hydrate zone. Sulfate-methane is the interface to the line from the seabed at the gradual loss of pore water 
sulfate concentration to the lowest value and the concentration of methane under the limit increased [20-22]. 
Methane content of deep sediment stratum decides upward flux of methane, but also indirectly controls 
the rate of AMO and the depth of SMI and sulfate fluxes. It can be seen from Figure 2, ZS5, ZD3, ZT10 
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stations of the SMI were 11m, 8m, 6m, shows the shallow SMI, suggesting that the more strongly the role 
of AOM, which under the cover of methane gas content in sediment large, may be the release of methane 
gas hydrate. Total dissolved carbon dioxide, carbon isotopic composition also shows pyrolysis of 
methane is a gas consisting mainly of mixed origin, usually pyrolysis 13C> -25 ‰, biogas 13C <-45 ‰, 
carbon isotopic mixing between the two causes [23]. Study area, a number of deep faults from deep 
stratum to provide a favorable channel migration for pyrolysis transporting, sediment thick for gas 
gathering provides a good storage environment.

5.Conclussion 

 Shenhu area, Dongsha area, Southwest Taiwan Basin of Northern slope of the South China Sea in the 
shallow pore water did not show significant changes in salinity, which is relationship with a larger burial 
depth of gas hydrate. But as gas hydrate potential area, study area, microbial activity and relatively flow 
of deep penetration are strong upward in shallow sediments. Specific performance is that SMI is 
shallower depth and the sulfate flux is relatively high in this region, which suggests that there is a lot of 
methane released from deep sediment stratum. Provide sufficient gas source to gas hydrate reservoir. 
While may be shown a significant authigenic carbonate precipitation at the shallow surface layer. In 
short, the shallow SMI, authigenic carbonate minerals and sulfate of high flux can be react surge 
composition from deep stratum and effectively trace the presence of gas hydrates. 

6.Acknowledgment

 This study was supported by the National Major Fundamental Research and Development Project of 
China (Grant No.2009CB219501) and the National Natural Science Foundation of China (Grant 
No.40976035). We gratefully acknowledge 973 Project Team during the 2009-NGH Cruise and 2010-
CNSF to the South China Sea for their assistance in collecting the sediment cores.  

References

[1] Kvenvolden K A. Gas hydrates: Geological perspective and global change. Rev Geophys, 1993, 31:173-187 
[2] Lu H L, Seo Y T, Lee W, et al. Complex gas hydrate from the Cascadia margin. Nature, 2007, 445:303-306 
[3] Lancelot Y, Ewing J I. Correlation of natural gas zonation and carbonate diagenesis in Tertiary sediments from the north-

west Atlantic. In: Hollister C D, Ewing J I, Daniel Habib, et al. Initial Reports DSDP, 11. Washington: US Govt. Printing Office, 
1972. 791-799 

[4] Makogon Y F, Holditch S A, Makogon T Y. Natural gas-hydrates-A potential energy source for the 21st Century. J Pet 
Sci Eng, 2007, 56:14-31 

[5] Kastner M, Kvenvolden K A, Whiticar M J, t al. Relation between pore fluid chemistry and gas hydrates associated with 
bottom-simulating reflectors at Cascadia Margin, Site 889 and 892. In: Carson B, Westbrook G K, Musgrave R J, et al. Proceedings 
ODP Scientific Results, 146(Part 1). College Station: TX (Ocean Drilling Program), 1995. 175-187 

[6] Borowski W S, Paull C K, Ussler W. Carbon cycling within the upper methane organic zone of continental rise 
sediments: An example from the methane-rich sediments overlying the Blake Ridge gas hydrate deposits. Mar Chem, 1997, 57:299-
311 

[7] Hesse R. Pore water anomalies of submarine gas-hydrate zones as tool to assess hydrate abundance and distribution in the 
subsurface-What have we learned in the past decade? Earth Sci Rev, 2003, 61:149-179 

[8] Waseda A, Uchida T. The geochemical contexts of gas hydrate in the eastern Nankai Trough. Resour Geol, 2004, 54: 69-
78 

[9] Tomaru H, Matsumoto R, Lu H L, et al. Geochemical process of gas hydrate formation in the Nankai Trough based on 
chloride and isotopic anomalies in interstitial water. Resour Geol, 2004, 54:45-51 



1023 Chao Cao and Huaiyan Lei  /  Procedia Environmental Sciences   12  ( 2012 )  1017 – 1023 

[10] Trehu A M, Long P E, Torres M E, et al. Three-dimensional distribution of gas hydrate beneath southern Hydrate Ridge: 
Constraints from ODP Leg 204. Earth Planet Sci Lett, 2004, 222: 845-862 

[11] Kvenvolden K A.A review of the geochemistry of methane in natural gas hydrate.Org Geochem, 1995, 23:997-1008 
[12] Borowski W S, Paull C K, Ussler W , et al. Global and local variations of interstitial sulfate gradients in deep-water, 

continental margin sediments: Sensitivity to underlying methane and gas hydrates. Mar Geol, 1999, 159:131-154 
[13] [13] Boudreau B P. Mean mixed depth of sediments: The wherefore and the why? Limnol Oceanogr, 1998, 43:524-526 
[14] Trehu A M, Long P E, Torres M E, et al. Three-dimensional distribution of gas hydrate beneath southern Hydrate Ridge: 

Constraints from ODP Leg 204. Earth Planet Sci Lett, 2004, 22:845-862 
[15] Torres M E, Wallmann K, Trehu A M, et al. Gas hydrate growth, methane transport and chloride enrichment at the 

southern summit of Hydrate Ridge, Cascadia margin off Oregon. Earth Planet Sci Lett, 2004, 226: 225-241 
[16] Reeburgh W S. Methane consumption in Cariaco Trench waters and sediments. Earth Planet Sci Lett, 1976, 28: 337-344 
[17] Borowski W S, Paull C K, Ussler W. Marine pore-water sulfate profiles indicate in situ methane flux from underlying gas 

hydrate. Geology, 1996, 24: 655-658 
[18] Dickens G R. Sulfate profiles and barium fronts in sediment on the Blake Ridge: Present and past methane fluxes through 

a large gas hydrate reservoir. Geochim Cosmochim Acta, 2001, 65:529-543 
[19] Collett T S, Riedel M, Malone M J, et al. Cascadia margin gas hydrates. IODP Scientific Prospects, 311, 2005 
[20] Egeberg P K, Dickens G R. Thermodynamic and pore water halogen constraints on gas hydrate distribution at ODP Site 

997(Blake Ridge). Chem Geol, 1999, 153:53-79 
[21] Fehn U, Lu Z, Tomaru H. Data report:129I/I ratios and halogen concentrations in pore water of Hydrate Ridge and their 

relevance for the origin of gas hydrates:A progress report. In: Bohrmann G, Tréhu A M, Torres M E, et al. Proceedings ODP 
Scientific Results, 204.College Station, TX (Ocean Drilling Program), 2006.1-25 

[22] Tomaru H, Lu Z L, Snyder G T, et al. Origin and age of pore waters in an actively venting gas hydrate field near Sado 
Island, Japan Sea: Interpretation of halogen and I-129 distributions. Chem Geol, 2007, 236: 350-366 
 


