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Preface

The 12-volume collection of Petroleum Geology and Exploration of Tarim Basin, the
content of which is the exploration and research achievements during the “Ninth
Five-Year Plan” period, will be published. This collection is the crystaliization of all
petroleum geologists ever fought in hot land of Tarim Basin during the “Ninth Five-Year
Plan” period and the product of arduous work of comrades of Petroleum Industry Press. it
is one important page of the hydrocarbon exploration history of Tarim Basin. After being
published, this collection will undoubtedly be widely cared by domestic and foreign
petroleum circles and bring them great interest. | hereby express my congratulation to the
publishing of this collection.

Hydrocarbon exploration work in Tarim Basin started in 1950s and till now it has an
over-50-year's history. In this course, the exploration personnel had suffered with many
frustrations for various reasons but they also obtained rich materials, experiences and
lessons. China National Petroleum Corporation, after approved by the State Council,
organized a mass petroleum exploration campaign in April 1989, which was a firm and
historic step for the large-scale overall hydrocarbon exploration in Tarim Basin.
Meanwhile, the state also organized some "Eighth Five-year Plan" and “Ninth Five-Year
Plan” brainstorm projects focusing on hydrocarbon exploration of Tarim Basin.

The content of the collection of Petroleum Geology and Exploration of Tarim Basin is
full of the plentiful and substantial materials that have been obtained by a lot of petroleum
workers through field geologic survey and drilling work around the basin in nearly 40
years and through continuous hard work for nearly 20 years after the Bureau of
Geophysical Prospecting. This collection also contains the achievements that have been
obtained through the practice and research for five years or more time based on the
national key brainstorm research work during the "Seventh Five-year Plan" and "Eighth
Five-year Plan" period; during this period, geologists had conducted hard but effective
studies and practice on key regions and key series of strata. This course does obtain
satisfying exploration achievements and initiate and deepen new theories and
understandings. Especially, the hydrocarbon exploration work in complicated fracture
zones and carbonate helps geologists in accumulating and enriching a series of theories,
technologies and work methods such as large reservoir description and evaluation,
seismic acquisition and processing, well logging, well completion and oil test and so forth.

During the "Ninth Five-Year Plan" period, 13 large/middle oilfields / gasfields and 27
gas-/oil-bearing structures available for industrial application in total have been
discovered or proven. The large self-contained Kela-2 Large Gasfield was discovered and
proven during this period, the proven geological reserves of natural gases of which are
2,840x10°m>, while the rich natural gas accumulation zone was discovered in Kuche
Depression, which establishing the resource foundation for the "West-East Pipeline
Project". Later, Tahe-Lunnan Large Oilfield was ascertained. In recent five years,
5.905x10% (equivalent weight) of geological reserves of oil and gas have been



ascertained, including 1.908x10% of geological reserves of petroleum, 3,997x10%m? of
geological reserves of natural gas. In 2000, the production of crude oil reached 440x10%.

Through the exploration and research during the "Ninth Five-Year Plan" period, the
understanding to petroleum geology of Kuche Foreland Basin has had an important
breakthrough, and the theoretical foundation for petroleum geology has been preliminarily
established for the large natural gas area in Kuche. In such aspects of research on
Paleozoic marine carbonate hydrocarbon reservoir formation law, evaluation on major
hydrocarbon source rock in Craton, research on development mechanism of marine
carbonate and clastic reservoir, reservoir formation period and reservoir formation model
and so on, some new progresses have been obtained, which has enriched the theory
relating to marine petroleum geology, deepened the understanding on marine
hydrocarbon distribution faw of ancient cratonic basin. The deep research on petroleum
geology of Tarim Basin ascertains the tectonic background of the Cenozoic basin of Tarim
and the geological characteristics of hydrocarbon in basin groups in north edge of Tethys
including Tarim Basin; it further concludes and perfects the occurrence and reservoir
formation laws of hydrocarbons in Tarim Basin, evaluates and optimizes a large batch of
favorable exploration areas, zones and destinations, determines the strategic
development direction for hydrocarbon exploration of Tarim Basin and obtains a series of
hydrocarbon exploration technologies and methods.

Especially, in Kuche foreland basin, geologists have innovatively applied the
fault-related folding theory to establish 10 structure models in the fold-thrust structure
zones of Kuche foreland basin and used it for interpretation and plotting of fine structures
of seismic profile; the theory that states how coal is turned into hydrocarbon has been
used to deeply analyze and systematically evaluate the hydrocarbon source rocks in the
Triassic-Jurassic coal measure strata in Kuche foreland basin. It proposes the opinion
that the coal measure strata hydrocarbon source rocks of wide distribution range, large
thickness, high organic matter abundance, humus as main organic matter and high
maturity are developing in Kuche foreland basin, while preliminarily understanding the
petroleum geological characteristics of Kuche large gas area.

The brainstorm strength of exploration technologies is increased for a series of
difficulties such as mountainous seismic exploration, drilling of high and steep structure,
testing and evaluation on super-high pressure gas reservoir, recognition and prediction of
carbonate hole, pore and seam-shaped reservoir, exploration of super-deep,
low-amplitude thin sandstone oil reservoir, preliminarily establishing five sets of
hydrocarbon exploration and evaluation technologies, which basically meet the current
hydrocarbon exploration need of Tarim Basin.

This collection systematically concludes the exploration and research work that was
carried during the "Ninth Five-Year Plan" period and by predecessors. Especially, it
concludes the exploration practice and understandings obtained in past five years,
including the understandings to existing exploration and basic research achievements
and also including the conclusions of hydrocarbon occurrence law and application of new
technologies and methods. Its contents are very rich and have a certain guiding
significance to the future hydrocarbon exploration in Tarim Basin and other similar basin.
However, we do not think that these achievements are very mature and perfect. On the



contrary, as the situations of Tarim Basin are very complicated, its exploration degree is
relatively low, there are many difficulties unsolved and the exploration road is still very
long, in our understandings there still are many unclear links and laws although there is a
large progress. It is notable that the petroleum geologists in Tarim Basin are brave in
practice and probing into new fields, they can work with perseverance for greater
progress, and they are always summarizing experiences and taking lessons from practice,
and they are brave to inspect their achievements in practice so as to deepen their
understandings in practice. | believe that this collection will undoubtedly enrich the
theories and practice of China's petroleum geology and play an important guidance role to
the future exploration work.

As the hydrocarbon exploration in Tarim Basin has been continuously deepened and
more progress has been obtained, our understandings will be closer to the reality and the
original appearance of things. Through continuous efforts and exploration, our
hydrocarbon exploration will undoubtedly have a forward leap. Till then, the hope of
China's petroleum industry--Tarim Basin will produce more large oilfields and gasfields
like Kela-2# and Tahe-Lunnan and get into a new peak stage of hydrocarbon reservorir,
and Tarim Basin will really become the strategic base of China's petroleum industry. | am
confident in this.

Finally, 1 sincerely hope that the publishing of this collection can play the role that offers
a few commonplace remarks by way of introduction so that others may come up with
valuable opinions, can in a certain degree meet the need of those experts in the national
petroleum geology field who concerns with and support the petroleum exploration work in
Tarim Basin, and can intrigue more people, so that there are more people to throw
themselves into the hydrocarbon exploration relay race of Tarim Basin and to step into the
charming and mystic Tarim Basin full of challenges.

Qiu Zhongjian
June 2003
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Foreword

Fluctuation is the basic form for the movement of matter. From the beginning of the 20"
century to the 1970s, the famous geologists like A.W. Grabau, R.W. Van Bemmelen, M.A.
Usov and V.E. Khain have elaborated on fluctuations of the crustal movement from a
number of angles in the different research fields. In the beginning of the 1980s, V.
Shpilman drew the conclusion in his writing of “Quantitative Prediction of Oil and Gas
Resources” that mutual interference of wavelet could form the different structural patterns.
Meanwhile, Prof. Zhang Yiwei pointed out that wave motion is one of the main forms for
crustal movement inside the plate, which controlls formation of depression, evolution,
development of sedimentary facies, migration of subsidence center and distribution of oil
and gas accumulation zones. Prof. D. Maclaren once pointed out that “stratigraphy has
been deeply involved in the possible cycle mechanisms worldwide caused by the earth,
solar and astronomical time factors.” From the end of the 1980s to the beginning of the
1990s, G.P. Myasnikova and V. Shpilman have created the method to use stratigraphic
recorded signal of sedimentary basin for identification of the periodic waves, namely
selection of the research subregion, which makes the statistical study of the original data
of each research subregion, establishes stratigraphic time configuration, restores the
original thickness and finally establishes the wave motion analysis method through
fluctuation equation, simulation of the equation and balanced inspection. The method for
analysis of wave motion enables us to have a new desirable tool for quantitative research
on the characteristics of crustal movement and oil and gas accumulation law.

Tarim Basin is a large superposed composite basin shaped from craton basin of
Paleozoic marine facies and foreland basin of Middle Cenozoic continental facies.
Subject to the influence of multi-stage structural activities, Tarim Basin has the
complicated structural and sedimentary evolution history. With multiple sets of source
rock, multi-stage hydrocarbon expulsion history and multi-stage accumulation history,
Tarim Basin is characterized with a variety of traps formed in various stages, making the
distribution law of oil and gas reservoirs extremely complicated in the basin, cratonic zone
of marine facies in particular. Based on the scientific study in the past few decades, the
research projects in the “Seventh Five-Year Plan” and the “Eighth Five-Year Plan” periods
have tremendously enriched the knowledge about Tarim Basin. Great progress has been
made in the research on the ground structural background of the basin, the sedimentary
structural evolution of the basin, the conditions for the oil and gas sources, the
characteristics of trap development and the law for oil and gas reservoir formation.
Remarkable achievements have been made in the practice of oil and gas exploration in
Tarim Basin where the annual crude production reaches 5 million tons.

However, with the progress made in exploration, some technological issues impairing



the exploration practice have become increasingly prominent: (1) How about the
formation process and space distribution of several large unconformities within the craton?
What about the law for space and time migration for those unconformities? What about
the denudation time and denudation volume of the uplift? The traditional geological
method can settle the ultimate denudation volume but is unable to explain the denudation
process. (2) As for the ancient uplift of multi-source and multi-stage reservoir, the
contradiction between reservation and destruction undoubtedly holds the key to the oil
and gas storage and scale. The high position of the uplift is most favorable from the angle
of accumulation, but the high position of the uplift is most prone to destruction from the
angle of later reservation. Combination of fluctuation geology with petroleum geology
provides the extremely useful analysis method and research tool for search of the best
places of oil and gas “accumulation” and “reservation” in the ancient uplift zone. (3) As itis
well known, Tarim Basin has experienced the multi-cycle development and evolution.
Correspondingly, it experiences the oil and gas sourcing-migration- adjustment process in
each major cycle. Fluctuation geology can quantitatively determine the evolution period
and predict the favorable oil and gas storage zone of each “reservoir-forming cycle,” thus
effectively guiding the exploration practice. Therefore, application of fluctuation geology
for Tarim Basin not only enriches our knowledge about the evolution process of the basin
but also help us know more about the series of issues concerning oil and gas sourcing,
evolution, reservoir and later renovation in the development process of the basin. It wil
inevitably make us more clearly understand the oil and gas distribution law of marine
Cratonic zone in Tarim Basin.

This book is written on the basis of the research results achieved from the topic of
“Sedimentary fluctuation process of Tarim Basin and role in controlling oil and gas
distribution,” which is part of the study project of “Petroleum and natural gas exploration in
Tarim Basin (96-111),” one of China’s key research projects in the “Ninth Five-year Plan”
period. The main contents involved in this book include: (1) A variety of methods, such as
apatite fission track, vitrinite reflectance, politic rock acoustic velocity, seismic layer
velocity, seismic structural profile and analysis of fluctuation process, are used to
quantitatively restore the distribution of denudation volume during the main structural
elevation in Tarim Basin. (2) Strontium isotope, oxygen isotope, carbon isotope,
microelement, palaeontologic and sedimentologic analysis are used to systematically
establish paleobathymetric variation profile at the different stages in Tarim Basin and
restore the paleoenvironment, paleobathymetry and paleoclimate of various strata series.
(3) The method for analysis of the sedimentary basin fluctuation process is used to
analyze drilling of 58 wells for the single-well fluctuation process and establish the
corresponding fluctuation equation. Some major periodic waves are identified from the
development process of Tarim Basin. The genetic mechanism of those periods and its
controlling effect on basin development are brought under further analysis. (4) The
research results on the global sea level variation are used to study basement settlement



process of region surrounding Manjiaer and make comparison and analysis of the
subsiding characteristics of Tabei Uplift, Central Uplift and their secondary structural units.
(4) The Milankeweiqi Convolution in the geological history is used to analyze the wavelet
of Silurian logging curves left in Central Uplift zone and establish the more precise time
configuration of Lower Silurian for analysis of high-frequency periodic waves. (6) Based
on integrated analysis of source rock thermal history and fluid history, the basic
configuration for oil and gas migration and accumulation is established to correspond to
the fluctuation periods of basin development. The conception for cycle of cil and gas
reservoirs is established to make breakthrough in the knowledge about the oil and gas
geological conditions of complicated and multi-cycle superposed composite basin.

The preface and the first chapter of this book are formulated by Jin Zhijun, the second
chapter by Wang Yi and Jin Zhijun, the third chapter by Bao Zhidong and Zhu Jingquan,
the fourth chapter by Liu Guochen and Jin Zhijun and the fifth chapter by Lu Xiuxiang, Jin
Zhijun and Pang Xionggi. Jin Zhijun makes final examination of the whole book. The other
participants involved in this research project include Yan Junjun, Li Jingchang, Liu Yinhe,
Qi Yong'an, Hu Bing, Li Hongnan, Fan Guozhang and Li Fanzhu.

Organized and guided by Prof. Zhang Yiwei, this book is formulated on the basis of the
special research topic listed in the scientific research project during the “Ninth-Five-Year
Plan” period. Prof. Zhang has made trips to Tarim Basin twice to offer field guidance and
personally participate in the research work, making great contribution to this research
project and setting up a good example for young scholars. This research project has
always drawn tremendous support and guidance from Prof. Liang Digang, Prof. Jia
Chengzao, Prof. Gu Jiayu, Prof. Zhang Shiben, Senior Engineer Yao Huijun and
Associate Prof. Li Liangchen. In addition, Academician Wang Hongzhen, Academician
Ma Zongjin, Academician Li Desheng, Prof. Jiang Zhi, Prof. Shi Baoheng, Prof. Fu
Chengde and Prof. Guan Defan also guide this research project. A large number of
leaders and experts working on the field give their support and help of this research
project, such as Prof. Hu Yunyang, Prof. Wang Zhaoming, Senior Engineer Wang
Qinghua and Senior Engineer Pi Xuejun from PetroChina Tarim Oil Field Company.
Gratitude is extended to Prof. Tang Liangjie and his colleagues at Basin and Oil Reservoir
Research Center of Petroleum University (Beijing) and Dr. Wang Simin for their help to
formulation of this book.

This book is open to any correction and opinions since some mistakes may exist owing
to the short period of time for writing. In addition, a wide range of knowledge is involved in
fluctuation geology and this subject is in its preliminary stage to be combined with tectonic
geology and petroleum geology.

Author
August 2003
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