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Foreword

The Neo—proterozoic—Cambrian, which is an old petroleum system of carbonates in the world, has long re-
ceived considerable attention for its exploration feasibility and great potential as giant oil and gas fields have been
discovered in Russia, North Africa, Sichuan of China since the last century. However, the process of its explora-
tion, generally speaking, is slow and the results are not satisfactory because of its ancient strata, highly evolved
source rocks, intensively diagenetic reservoirs, multiple stages of structural evolution, complicated conditions of
hydrocarbon accumulation, and highly demanded techniques for exploration engineering.

The Sichuan Basin is a large superimposed petroleum basin developed on the Yangtze craton, and it has ex-
perienced two stages of evolution, craton basin and foreland basin. The old Sinian—Cambrian carbonates are dis-
tributed extensively in the basin, more than 2000 meters in thickness. A giant nose-like palaco—uplift, Central
Sichuan palaeo—uplift, is developed in the center of the basin with an area of over 60, 000 km” and has favorable
geological conditions and great potential of petroleum exploration. It has been the dream for several generations of
Chinese petroleum men to find giant oil and gas fields in this palaeo—uplift.

The exploration for oil and gas in the Sinian—Lower Paleozoic dates back to the 1940s in the Central Sichuan
palaeo—uplift. In 1964, the Sinian Weiyuan gas field was discovered in the high part of the palaeo—uplift after
“three times of exploration in Weiyuan"” and the proved gas in place was 40 billion cubic meters. In the following
exploration of over four decades, hdwever, no great breakthroughs were achieved. In 2006, PetroChina Company
Limited ( PetroChina) focused on the Central Sichuan palaeo—uplift once again. Risk exploration was carried out
with the low—amplitude structures of Gaoshiti and Moxi as the main targets, which are located in the plunge of the
paleo—uplift, and six exploration wells were deployed. In 2011, the Gaoshi 1 well drilled in the Gaoshiti structure
produced one million cubic meters of gas flow from the Sinian Dengying Formation, and in 2012, the Moxi 8 well
drilled in the Moxi structure produced one million cubic meters of gas flow from the Cambrian Longwangmiao For-
mation. The exploration has achieved a historical breakthrough.

Along with the joy of victory is a series of significant scientific and technical challenges facing exploration.
What are the major controls of the gas reservoir? How many are the reserves of the gas reservoir? Can the ancient
source rocks form resources of scale? Can the ancient carbonates develop extensive, effective reservoirs? Can a
certain scale of accumulation be formed in the lower part of the present structure of the palaeo—uplift? Can lithol-
ogic—stratigraphic traps form large, effective accumulations? How to explore and produce effectively under the fol-
lowing conditions: deeply buried layers of interest, difficult seismic reservoir prediction, poor logging evaluation ,
long drilling period, and difficult reservoir stimulation. To answer these questions, in 2011, PetroChina set a ma-
jor project of exploration research “The Sinian—Cambrian Oil and Gas Evaluation of the Central Sichuan Palaeo—
uplift in the Sichuan Basin and the Study of the Matching Exploration Techniques™. The PetroChina Southwest Oil
and Gas Field, the PetroChina Research Institute of Petroleum Exploration and Development, the CNPC Sichuan-
Changqing United Drilling & Exploration Engineering Company etc were organized to research jointly. The imple-
mentation of the project stresses four unifications, i. e., unification of arrangement, unification of program set-
ting, unification of planning, unification of deployment; and intensifies four combinations, i. e., combination of
scientific research and production, combination of geology and engineering, combination of foundation and appli-

cation. In the process of repeated cognition—practice—recognition—practice during three years of research, the un-



derstanding of geology have become deep and engineering techniques have advanced continuously, providing pow-
erful theoretical and technical support for the scientific, overall, rapid and efficient exploration and production of
the giant Anyue gas field.

The geologic theory of giant gas field of ancient carbonates has been innovated. The study has discovered the
Sinian—Lower Cambrian intra—cratonic rift ( Deyang—Anyue rift) in the Sichuan Basin, presented that the rift area
controls the hydrocarbon —generating center, and estimated the Sinian—Cambrian gas resources to be 4.1 ~5.0
trillion cubic meters; established the sedimentary patterns of Sinian Dengying Formation intra=-cratonic rimmed
platform and Cambrian Longwangmiao Formation dual granular shoals in the Sinian Denying Formation, explained
the mechanisms of the joint control of reserves by lithological facies and karst, predicted the distribution of excel-
lent reservoirs; established the evolutional model of the Central Sichuan palaeo—uplift; the Central Sichuan palaeo
—uplift is formed by the superimposition of the depositional palaeo—uplift of Tongwan Age and the structural palaeo
—uplift of Caledonian Age, it was developed early and evolved successively, favorable for the migration and accu-
mulation of oil and gas; established the evolutional model of the lithologic —stratigraphic palaeo—trap and hydrocar-
bon accumulation; proposed that *four palaeoes™  ( palaeorift, palaeco—uplift, palaeo bioherm—shoal body and
palaeo—trap) are the key factors controlling the formation of the giant Anyue gas field. The discovery of the Deyang
—Anyue rift and the new cognition of “four palaeoes™ controlling the giant Anyue gas field are the significant
breakthrough and innovation in theoretical study, have effectively guided the overall exploration deployment in the
Central Sichuan palaeo—uplift, and provided important reference for the exploration of oil and gas of ancient car-
bonates in other cratonic basins.

The advanced, practical matching engineering techniques have been developed for ancient carbonates. De-
pending on independent research and development ( R&D) and integrated 'innovation, four series of matching
technologies of seism, logging, drilling and reservoir stimulation have been formed aimed at such complex geolog-
ical conditions as deeply buried reservoirs, complicated lithology, high temperature and pressure of the Sinan-—
Cambrian in the Sichuan Basin. The promoted application of these techniques greatly improves the prediction accu-
racy of reservoirs in the Dengying and Longwangmiao formations, the logging identification accuracy of reservoir
validity and fluids is all above 90% , the drilling cycles are shortened greatly, and the effects of reservoir simula-
tion and production increase are significant, providing technical support for highly efficient exploration.

The innovative achievements of theory and techniques have successfully directed the overall exploration and
development of the giant Anyue gas field, which has been discovered in a short time of three years. The overall
controlled reserves are up to one trillion cubic meters in the field, the proved reserves of the Longwangmiao gas
reservoir in Moxi was 440. 3 billion cubic meters in 2013, and the production capacity of 11 billion cubic meters
will be established in 2015, creating a model of overall, rapid and efficient exploration.

The present book , Geologic Theory and Exploration Practice of Large Ancient Carbonates Gas Field | is written
based on the very research results of this project. Not pursuing comprehensive and systematic, it is accomplished
by selecting the essence and condensing the innovative achievements, is a work of combining scientific study with
production closely, also, is an integration of up—to—date achievements, theory, techniques and methods concern-
ing the oil and gas exploration of ancient marine carbonates. The geologic cognition has theoretical values for the
study of the deposition, reservoir and accumulation of ancient marine carbonates. The ideas, techniques and meth-
ods of exploration provide good reference for the exploration for oil and gas in ancient marine carbonates. The book
is intended for geologic exploration staff, researchers engaging in comprehensive study of petroleum geology, and
college students studying geology and petroleum science.

The book is composed of nine chapters. Chapter One, Introduction, briefly describes the petroleum explora-

tion history, exploration achievements, new geologic cognition, and new technological advances of the Sinian-



Cambrian strata in the Sichuan Basin. Chapter Two, Geologic Features, elaborates the new scheme of strata divi-
sion and correlation for the Sinian Dengying Formation and Cambrian Maidiping and Longwangmiao formations in
the Sichuan Basin. Chapter Three, Structural Features, elaborates the new cognition of structural evolution of the
intra—cratonic rift and Central Sichuan palaeo—uplift. Chapter Four, Lithofacies Palaeogeography , elaborates the
sedimentary model and lithofacies palaeogeographic features of the Sinian Dengying Formation and Cambrian Long-
wangmiao Formation. Chapter Five, Reservoir Features, elaborates the features of the reservoirs of the Sinian
Dengying Formation and Cambrian Longwangmiao Formation, reveals the formation mechanisms and distribution of
the reservoirs. Chapter Six, Source Rocks and Resource Potential, mainly focuses on the characteristics and hy-
drocarbon—generating evolution of the Sinian and Cambrian source rocks, evaluates the potential of resources.
Chapter Seven, Formation Conditions of Giant Anyue Gas Field, elaborates the control of “four palaeoes™ on the
formation of the large gas field. Chapter Eight, Deep Carbonates Exploration Techniques, describes the technical
advances and application of seism, logging, drilling, and reservoir simulation. Chapter Nine, Exploration Pros-
pects of Ancient Carbonates Oil and Gas, analyzes, based on the cognition of “four palacoes™ , the exploration di-
rections of ancient carbonates oil and gas in the Sichuan, Ordos, Tarim and other basins.

The book is a work of collective intelligence and cooperation organized by Professor Du Jinhu. Foreword and
Chapter One are written by Du Jinhu; Chapter Two is written by Deng Shenghui, Zou Caineng and Zhang
Baomin; Chapter Three is finished by Du Jinhu, Wang Zecheng, Shen Ping and Yang Yueming; Chapter Four is
composed by Zou Caineng, Zhang Baomin, Yang Yu, Liu Jingjiang and Zhou Hui; Chapter Five is written by
Zhou Jingao, Zhang Jianyong and Haoyi; Chapter Six is written by Wei Guoqi, Yang Wei, Xie Zengye and Wang
Zhihong; Chapter Seven is completed by Du Jinhu, He Haiqing, Wang Zecheng, Wang Tongshan, Wen Long,
Jiang Hua and Zhang Xihua; Chapter Eight is written by Xu Chunchun, Li Yalin, Zhao Luzi, Xie Bing, Liu
Dingjin, Zhang Fan, Wang Yezhong, et al; and Chapter Nine is completed by Zhang Jian, Yang Yueming, Wang
Zecheng, Pan Wenqing, Xu Anna,l et al. Du Jinghu, Wang Zecheng are responsible for the compilation; and Du
Jinhu finalizes the manuscript.

We extend our heartfelt thanks to Zhao Zhengzhang, CNPC Deputy General Manager; Academician Sun
Longde, Zhao Wenzhi, Sun Shu, Liu Baojun, Qiu Zhongjian, Hu Jianyi, Dai Jinxing, Jia Chengzao, Wang
Tieguan, Kang Yuzhu, Ma Yongsheng, Wang Chengshan; Professor Li Luguang, Zhang Yijie, Zhao Bangliu,
Wang Xishuang, Wu Xianzhu, Gao Ruigi, Fu Chengde, He Qixiang, Lin Changsong, Ran Longhui, Gu Ji-
ayu, Fang Chaoliang, Li Ning; and other experts for their help in the summarization and extraction of the project
achievements and also for their revision advice during the Writing and review of the manuseript.

It is inevitable that there is something amiss in the book due to the complexity of the petroleum accumulation
and exploration in the ancient carbonates, and due to the limited knowledge of the authors. Criticism and com-

ments are always welcome,
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