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Abstract

Abstract

Gas hydrate, as resource of the twenty-first century, is widely developed in the
northern slope of the South China Sea. Further study on gas hydrate accumulation
mechanism and enrichment patterns is required, to provide an important theoretical
basis and guidance for marine gas hydrate resource exploration and development.
Among them, gas source condition is not only the material basis of gas hydrate
formation, but also the key factor for gas hydrate accumulation. This research is based
on the National Major Fundamental Research and Development Project “Basic study
on gas hydrate accumulation laws and exploitation in the South China Sea” (No.
2009CB219501), the National Natural Science Foundation projects “Research on the
sulphate-methane system prosumer mechanism and its interface (SMI) characteristics
of the sediments in the northern South China Sea” (project number: 40976035), and
“Research on biomarkers and molecular biology of methnogenesis and anaerobic
oxidation of methane in gas hydrate system” (project number: 41276046). We chose
the Qiongdongnan Basin, the Pearl River Basin and the Taixinan Basin as the research
areas, selected sediment core ZS-5 from Shenhu area, cores ZD-2 and ZD-3 from
Dongsha area, cores 973-4, 973-5 and ZT-10 from Taixinan area, and six surface
sediments, and source rock samples from the Pearl River Mouth Basin and
Qiongdongnan Baisn, to study their deposition and organic geochemical
characteristics. Combining sedimentary environment and the geological, geophysical
and geochemical data of the South China Sea by predecessors, we clarified the impact
of structure during the development of sediment; identified the organic matter
composition, distribution and material source of various areas; analyzed pyrolysis gas
condition of deep source rocks and microbial gas condition of shallow sediment, and
biomarkers in sediments from different gas source condition; discussed the
significance of biomarkers for gas hydrate. It was enumerated as below:

(1) The Qiongdongnan Basin, the Pearl River Mouth Basin and the Taixinan
Basin had experienced three phrases: rift, rift thermal subsidence and neotectonic

movement. It developed Eocene lacustrine source rock, Oligocene lacustrine, paludal
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Abstract

facies and transitional facies source rock, and Miocene marine source rock. The
neotectonic movement made the local tectonic setting and geological body, such as
fault-fold belt, slump structures and diapirs, developed in the northern South China
Sea, beneficial to the deep gas migration to the shallow.

(2) Zhu 11 depression and Zhu 111 depression Wenchang A sag were the major
gas production depression in the Pearl River Mouth Basin. The gas source rocks in
Zhu 11 depression were type I~Il; over-mature rocks in Wenchang and Enping
formations, and type III low-medium mature rocks in Zhuhai formation. The gas
source rocks in Wenchang A sag were mature—over-mature rocks in Wenchang
formation. The source rocks in the Taixinan Basin mainly produced gas.
Cretaceous—Lower Tertiary burial depth was below 5000m, over-matured. The main
source rocks were type III mature—over-mature marine shale of Oligocene—Lower
Miocene, and type III mature—over-mature offshore continental mudstones of
Mesozoic Jurassic/Lower Cretaceous. The central depression zone and the Yabei sag
of the northern depression were the major gas production depression in the
Qiongdongnan Basin. Their humic gas source rocks of Oligocene and Miocene had
entered mature and over-mature stage and had good potential for gas production. In
addition, the depth of marine deposit of Upper Miocene—Pliocene and Quaternary
was up to several kilometers in the Qiongdongnan Basin, the Pearl River Mouth Basin
and the Taixinan Basin, mostly in the immature stage, which were good biogenic gas
source rocks.

(3) The average sedimentation rates of cores ZD-2, ZD-3, ZS-5, 973-4, 973-5
and ZT-10 in the northern South China Sea were between 0.13 and 0.73 m/ka, meet
the gas formation condition (>3cm/ka). The deposition rate at the Dongsha area and
the Taixinan area were significantly higher than the Shenhu area. The lithology of
shallow sediments was mainly silt and clayey silt. The grain size of sediments in the
Taixinan Basin was relatively small.

(4) The TOC of the core sediments from the northern South China Sea were
between 0.39% and 1.26%, generally greater than 0.5%, which were consistent with
the sediments from Blake Ridge and could provide plenty of organic matter for the

Xl



Abstract

methane production from CO; reduction. The TOC contents of ZD-3 and 973-4 were
relatively higher than ZS-5, which was consistent with the deposition rate and particle
size differences. The 5*3C (PDB) of organic matter were between -26.94%o and -21.10%o
and changed by stage. Less terrigenous higher-plants input in the Cold period caused
the 5'°C a little heavier in MIS 11 and 1V than in MIS 1 and 111.

(5) The organic matter in cores ZS-5, ZD-2 and ZD-3 were type llo~Ill, gas
generating humic kerogen. They had high levers of O/C atomic ratio, indicating
abundance of higher-plant origin. When fulvic acid and humic acid transformed to
kerogen, it could provide large amount of CO; as biogenic methane carbon source.

(6) The distribution of lipids in surface and subsurface sediments from the
northern South China Sea was determined. The n-alkanes showed a bimodal—higher
at post peak distribution that is characterized by a centre at n-Cy6—n-Cyo with
maximum calues at Cg (or Cyg) and n-C,7—n-Cs; as well as at Cyg (or Cs;). The short
chain alkanes suffered significant losses caused by slow deposition in the water
column, their occurrence with a slight even carbon predominance in shallow seafloor
sediments was ascribed mainly to a direct input from the benthos. The long chain
alkanes with odd C—number predominance indicate terrigenous organic matter
transportion. S-83 received much organic matter from the estuary, while the other
surface samples were mainly from atmospheric transport and so affected by the
distance from the mainland. Immature hopanoid biomarkers reflected intense
microbial activity for bacteria—derived organic matter input and gradually increasing
of maturity by burial depth.

(7) Abundant n-fatty acid methyl esters whose distributions were coincidence
with fatty acid distribution were detected in all samples. We proposed that the FAMEs
observed were from methyl esterification of fatty acids; methanol production by
methanotrophs and methanogenic archaea related to anaerobic methane oxidation and
sulfate reduction provides O-methyl donor for fatty acid methylation. The CH,
released from hydrate dissociation in oxygen isotope stage Il of Cores ZD3 and ZS5,
which has been confirmed by the negative 6°C excursion and spherical pyrite
aggregates occurrence, may have accelerated the above process and thus made the

X1l
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