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Preface

As for an oil and gas basin, the correct division and comparison of the strata ac-
cording to the original sedimentation and establishment of isochronous stratigraphic con-
figuration are the basis for correct understanding of the basin structural and sedimentary
development, the law for oil and gas sourcing, migration and accumulation, the oil and
gas reservoir characteristics, the oil and gas reservoir description and the effective ex-
ploration and development of oil fields. However, it is difficult to do such work prior to
development of the sequence stratigraphical theory and method, especially for the com-
plicated rift basin of continental facies. It is difficult to make precise division and i-
sochronous comparison according to the stratigraphic sedimentary time sequence either
for one whole basin or one of the depressions in the basin, because the complicated ge-
ological structure causes the basin strongly separated and the sedimentation complicated
and variable. For example, in Jiyang Rift Basin or one of the depressions in the basin,
only the basic isochronous division and comparison can be made in the section by using
the traditional rock-biological stratigraphic division method, even if the sedimentary
stratum is mainly of ancient lacustrine facies. Errors may appear frequently if the fur-
ther detailed division and comparison are made in the section. The most typical exam-
ple is the large-scale delta of Paleogene Es, upper sub-section in the eastern and central
parts of Dongying Depression. The delta subfacies mudstone and the fluxoturbidite in
the delta used to be divided into the Es, middle sub-section. Cross-hole strata of delta
frontal sand body were compared without taking into account the sedimentary character-
istics, thus causing errors frequently. For another example, the fan body of Liangjialou
in the same Es, section, when compared from the different directions, used to be divid-
ed into Es; upper sub-section and Es, middle sub-section. The rock-biologic strati-
graphic division and comparison method, though it played an important role in the early
and middle stages of oil and gas exploration and development, is obviously inadequate
when the oil and gas exploration is focused on the stratigraphic and lithologic oil and
gas reservoirs and development of oil field enters the high water-cut stage to conduct
layered water injection for adjustment according to the flowing units.

The various lithologic and stratigraphic oil and gas reservoirs, which use the sand-

gravel rock body of various kinds as the reservoir body and non-structural traps as the



accumulation place, are the important oil and gas reservoirs in the continental-facies
rift basin, numerous in quantity, rich in oil and gas resources and great in exploration
potential. There is a great uncertainty in the space distribution of such reservoirs. Most
of the lithologic traps exist between the normal sedimentary rock layers that are not de-
formed or weakly deformed. It is much more difficult to identify such traps as compared
to the structural o1l and gas reservoirs since they are concealed. Therefore, they are
called subtle oil and gas reservoirs. Such lithologic oil and gas reservoirs with strong
subtlety were found even in the early exploration stage of Jiyang Depression. The reser-
voirs of this kind have been discovered continually in the following three decades of ex-
ploration process. However, most of the discoveries were made accidentally while some
of the discoveries were made in exploration of other reservoirs. Although it is known
that they developed mainly in Es, section, it remains unclear about the law of their mi-
gration and accumulation and space distribution as well as the main controlling factors.
The main target zone is not clear either for exploration of the lithologic oil and gas reser-
voirs within Es; section with a thickness of 700 — 1200 meters. Additionally, the tech-
nology for identification of lithologic traps was inadequate and immature in the past, se-
riously impairing the development in exploration of sand-gravel body subtle oil and gas
reservoirs. The correct understanding of the law for distribution as well as migration and
accumulation of sand-gravel body subtle oil and gas reservoirs and the study of technol-
ogy for prediction, identification and description of sand-gravel body subtle traps hold
the key to strengthening the oil and gas exploration of Jiyang Depression.

Creation and application of the sequence stratigraphic theory and method makes it
possible to solve the isochronous division and comparison of stratigraphic units and un-
veil the law for migration and accumulation as well as distribution of sand-gravel rock
body subtle oil and gas reservoirs. Sequence stratigraphy is a new conception to correct-
ly understand sedimentary strata and a new method to divide and compare sedimentary
strata. The core of sequence stratigraphy centers division and comparison of the strata
according to the sedimentary stratigraphic infilling sequence and establishment of the i-
sochronous stratigraphic configuration. The sequence stratigraphic theory and its re-
search method is basically shaped in the 1980s and immediately used by some major
multinational oil companies. The theory and method have made remarkable discoveries
in exploration though they have been used for less than 20 years. The giant oil fields
with the reserves, ranging from millions of tons to billions of tons and related to fluxo-
turbidite,, basin bottom fan and channel sandstone, have been found in the deep-sea rift

basins in the eastern part of South America and the deep-sea basins in the western and



southern parts of Africa. Combined with 3D seismic exploration, sequence stratigraphy
is regarded by major multinational oil companies like Exxon as “ authoritative tool for
search of oil. ”

The sequence stratigraphic theory and method, when introduced into China, at-
tracted extensive attention from geologists at oil field enterprises as well as the related
universities and research institutions. They have used the theory and method originated
from the basins of marine facies for China’s oil and gas basins of continental facies.
They have made sequence stratigraphic study of many basins and achieved certain ap-
plication results. However, the past sequence stratigraphic study of continental rift ba-
sin is mostly limited to a certain depression or even more secondary sag with the maxi-
mum research scope of +5000 square kilometers. As for the research precision, they
are divided into three stages of sequence but some of them are divided into two stages.
There have been no reports about the sequence stratigraphic research results of a large-
scale rift basin that covers several depressions. There are also little reports that the mi-
gration and accumulation law is unveiled through the sequence stratigraphic research for
the purpose of sand-gravel subtle oil and gas reservoir exploration.

Jiyang Depression is a secondary basin of Bohai Bay Basin. The whole depression
is divided into four sags of Dongying, Huimin, Zhanhua and Chezhen by the uplifts in
the depression. Each sag is divided into several secondary ones. They are all the Pa-
leogene rift basins. Each sag is mainly of Paleogene lake facies with the sedimentary
characteristics quite different from each other owing to separation by uplifts and differ-
ence in structural activities.

Extremely rich in oil and gas resources, Jiyang Depression is one of the famous
oil-enriched basins in China. However, this area has come under exploration for more
than three decades since the first oil field in the area was found in 1961 Nearly all the
oil and gas reservoirs of the main structures with a certain amount of reserves have been
discovered in the area. The exploration stage for subtle oil and gas reservoirs, which
are mainly sand-gravel rock lithologic ones, started from the 1990s. The 3D seismic
technology and new logging technology have found wide application since the middle of
the 1980s, including a number of exploration technologies such as geological modeling,
identification of pattern, logging restricted inversion, reservoir prediction, oil and gas
reservoir description, and oil and gas layer protection and stimulation. They have been
used as the exploration technologies for the sand-gravel rock subtle oil and gas reser-
voirs. Therefore, the study of the migration-accumulation and distribution law for sand-

gravel rock subtle oil and gas reservoirs holds the key to exploration of such reservoirs.



As a result, the central and northern parts of Dongying Depression are first set as
the research targets. The sequence stratigraphic and lithofacies palaeogeographic theory
and method are used to study the lithologic oil and gas reservoirs of Paleogene Es, — Es,
upper sub-section. Later in 1997-1999 , “Tertiary sedimentation, structure and oil and
gas characters of Jiyang Depression” was brought under the systematic study in collabo-
ration with Shengli Oil Field and China Geological University. With application of the
theories and methods developed in sequence stratigraphy, modern tectonic geology and
migration and accumulation dynamics, the study project is aimed at serving sand-gravel
rock subtle oil and gas reservoir exploration and understanding the migration-accumula-
tion and distribution law of suck reservoirs. This project has involved analysis of 1840
wells and detailed sequence stratigraphic interpretation of 40, 000-kilometer seismic
profiles as well as a large quantity of other related data. The study project has estab-
lished the unified three-stage sequence isochronous stratigraphic configuration and the
three types of sequence infilling pattern for the four depressions in the basin. The study
has the following discoveries: The three-stage sequence of deep rift depression is also
the three-layer structure of low-level system tract, lake-expanded system tract and high-
level system tract. The low-level system tract develops the detrital rock sedimentary
system of various kinds (called low-level fan). “Fault slope-folded zone” caused by
development of fault in the same sedimentation controls development and distribution of
low-level fan. The low-level fan bodies of various origins are distributed in groups along
the fault slope-folded zone. The lake-expanded system tract is the development level of
high-quality hydrocarbon source rock. Owing to hydrocarbon expulsion caused by the
dynamics of overpressure, oil and gas generated from the high-quality source rock either
enters directly into the low-level fan reservoir body to shape the lithologic oil and gas
reservoirs or migrates into other traps through the fault or unconformity surface to shape
the oil and gas reservoirs of various types, such as structural-lithologic oil and gas res-
ervoirs, stratigraphic oil and gas reservoirs and structural oil and gas reservoirs. There-
fore, the study indicates that “fault slope-folded zone-low-level fan” controls migration-
accumulation and distribution law of sand-gravel rock lithologic oil and gas reservoirs
The above-stated research results have been used in exploration practice and effectively
guided prediction and exploration of the Paleogene sand-gravel rock subtle oil and gas
reservoirs in Jiyang Depression, thus enabling the success of exploration well in the oil
and gas reservoirs of such kind to grow 11% -25% percent with the annual proven oil
reserves rising year by year. The proportion of the oil reserves proven from the sand-

gravel rock subtle oil and gas reservoirs to the total annual proven reserves in the whole



basin were raised to 45 percent in 2003 from about 13 percent in 1997. With addition
of the reserves from buried hill and igneous rock subtle reservoirs, the annual proven
oil reserves from subtle reserves have exceed 60 percent of the total annual proven oil
reserves in the whole basin in the past five or six years, even as high as about 80 per-
cent in some individual years. It has become the main field for the sustainable and rap-
id growth of proven oil reserves in Jiyang Depression and an important pillar in oil and
gas exploration in the area. Most of the proven oil reserves from sand-gravel rock subtle
reservoirs have been put into development, achieving great economic results.

Focused on the results achieved in the study project, this book is written and com-
piled on the basis of the results achieved from the sequence and stratigraphic study and
application of some parts in Jiyang Depression in the past. The purpose is to brief read-
ers about the sequence stratigraphic research results of Jiyang Rift Basin and the experi-
ences in exploration of sand-gravel rock subtle oil and gas reservoirs guided by the re-
search results. This book can be used as a reference for those who are engaged in sci-
entific research and management of basin sequence stratigraphic study and sand-gravel
rock oil and gas reservoir exploration.

The outline of this book is written jointly by Pan Yuanlin, Li Sitian, Lin Chang-
song and Zheng Herong. The book is written and compiled by the following researchers
from the project of “Tertiary Sedimentation, Structure and Oil Character.” The con-
crete division of writing and compilation for this book is as follows: Pan Yuanlin is re-
sponsible for Preface, Li Sitian responsible for the first, third and fourth sections of
Chapter One, Lin Changsong responsible for the second section of Chapter One, Zheng
Herong and Pan Yuanlin responsible for the first section of Chapter Two, Li Sitian re-
sponsible for the second section of Chapter Two, Zong Guohong responsible for the
third section of Chapter Two, Feng Youliang responsible for the first section of Chapter
Three, Lu Yongchao responsible for the second section of Chapter Three, Li Sitian re-
sponsible for the third section of Chapter Three, Lin Changsong and Ren Jianye respon-
sible for Chapter Four, Lin Changsong responsible for the first section of Chapter Five,
Feng Youliang, Qiu Yigang and Pan Yuanlin responsible for the second, third and
fourth sections of Chapter Five, Zheng Herong and Li Sitian responsible for Chapter
Six, Zong Guohong, Sui Fenggui and Pan Yuanlin responsible for Chapter Seven, and
Li Sitian responsible for Main Knowledge and Conclusion. Pan Yuanlin makes examina-
tion of the whole book. Li Sitian and Lin Changsong make re-examination and determi-
nation of the whole book.

The colleagues from Dongchanghui Exploration Office and Zhanchehai Exploration



Office of Geological Research Institute of Shengli Oil Field provide the materials of
some typical sedimentary systems and exploration cases for writing and compilation of
this book. Cao Jianjun from Coordination Office handles some of the figures and map-
pings in the book. Gratitude is extended to all of them.

Special gratitude is extended to Mr. Wang Hongzhen, famous geologist, academi-
cian at China’s Academy of Sciences and professor at China Geological University. He
wrote the preface of this book though he was busy with his work and in poor health.

Gratitude is also extended to Technological Development Department of Sinopec
Corp. for its enormous support in writing and publication of this book.

Any research project or any of science books or theses cannot be perfect. Neither
is this book. Any corrections from readers are appreciated. Readers are also welcome to

raise their individual opinions for discussion.
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