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Foreword

From the 1990s, petroleum exploration has become intensive in the maturated areas for oil
production in East China. More and more oilfields in small and middle scales were found but their
total reserve increased slowly. In order to carry out the strategy of Chinese petroleum industry “to
stabilize oil production in East China, and to get progress in West China”, it is a must to depend
upon the achievements of modern science to find new areas and new ways for petroleum explo-
ration. In 1996 — 1997, After several times of expert consultation, China National Petroleum
Corperation (CNPC) decided to speed up the petroleum exploration in onshore areas of East China
using the advanced experience of Western countries for reference. Two decisions were made: one
is to intensify the petroleum exploration on complex subtle il pools; another is to deploy research
and exploration on deep horizons. As result the research project “ Integrated Research of
Petroleum Geology and Target Evaluation of the Deep Horizons in East China” was set as one of
the important science and technology projects in CNPC for the sake of guiding the future explo-
ration in deep horizons.

The research project was elaborately planned and well organized according to the integration
of fundamental study of petroleum geology, technique and methods of exploration, and target e-
valuation and selection. Under the leadership of the administration of the Bureau of Science and
Technology, CNPC, all the researchers worked hard for the past three years and have gotten
some outstanding achievements. There are innovations in theory and methods. The research guid-
ed the exploration in real time and some important findings have been made in deep horizon explo:
ration. And the expected goal has been fulfilled satisfactorily.

We believe that through the authors’ systematically summarization of the research achieve-
ments, the book named “Series of Petroleum Geology of Deep Horizon in East China ” will play
an important role in knowledge transmission, mind opening, intensive study and petroleum explo-
ration of deep horizons in East China. This book will be helpful to the readers in reference for the

exploration of oil and gas in the deep horizons.

Fu Chengde, Luo Zhibin
October 10, 2001
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Preface

Just like the mankind to explore the nature in the way of probing from the outside to the in-
side, petroleum exploration makes progress in the same way from surface to subsurface, and then
from shallow horizons to deep ones. With humans increasing demand for oil resources, and the e-
merging of advanced technologies of geophysical exploration, drilling and production techniques,
most of the oil reservoirs in shallow horizons have been identified and brought under extensive
production. In some of the oil production maturated areas, it is nature for explorer and researcher
to focus on the targets in the deep horizons in order to find new reserves. Till now there are more
than 70 countries in the world have drilled wells into the horizons below 4000 meters. About 2300
oil and gas reservoirs bellow 4000 m have been found in 80 basins and petroliferous zones. The to-
tal number of big or giant oil or gas fields of this kind (with recoverable reserve greater than 68.5
million ton of oil and 85 billion cubic meters of gas) amounts to more than 30, about 7.8% and
3.1% in all of the big or giant oil and gas fields in the world respectively (Zhou Qingfan et al,
1992) . The deepest gasfield in the world known till present is Mills-Ranch gasfield which suits in
Anadarko Depression, West American Basin with a production about 60, 000 cubic meters one
well per day and a gas reserve about 36.5 billion cubic meters from a carbonate reservoir of lower
Ordovician in the depth from 7663m to 8083m. The deepest oilfield known till now is Washinton
Oilfield in Mississippi Delta, Mexico Gulf, US, with a depth about 6540m.

It is proven by the activity of exploration that petroleum exploration in the deep horizon will
be fruitful in some of the big sedimentary basins with thick sediments, whether in virgin area or
maturated regions. For example, the discovery of Tianjiz giant oilfield in Pricaspian Basin in the
early 1980°s, 20 Century was one of the great achievement of petroleum exploration in deep hori-
zons. This oilfield is with an area about 400 km?, height of oil column about 1700 m, depth in
the range from 3900 to 5600m. Its geological reserve of oil and dissolved gases are 3500 million
ton and 1300 billion cubic meters. And there still is the possibility to explore in its deep horizons.
The second example would be in Aires Basin in the front of Colombia Cordilleran Mountain. After
about 50 years’ lingering, the Cusiana-2A well drilled on a complex thrust belt in early 1990°s
gave a breakthrough in oil exploration from Cretaceous and Paleocene marine sandstones in the
depth from 4227 to 4450m with an initial production of oil about 900 ton and gases about 620
thousand cubic meters per day. Another example is from Fergana Basin, Uzbekstan, which is an
old oil production region with a history of more than 100 years. In 1994, the petroleum explo-
ration moved to the thrust belt in the font of Tianshan Mountain, and it is said a high production
well with 20,000 ton oil per day from Cretaceous-Tertiary in the depth from 3500 to 5000m has
been found. Through the activity of exploration in deep horizons, oil production in many maturat-
ed regions increased again; otherwise they would decrease in production because of their previous
nearly depleted oil reserves. Some of the oilfields in Permian Basin in US and Groznyy Basin in



former Soviet Union are good examples.

From 1970’s, some deep wells have been drilled in more than 10 basins in China, including
Bohai Bay, Sichuan, Tarim, Junggar Basins. The deepest well is Well Tacan-1 in Tarim Basin
with the depth of 7200 m. The deepest oil pool is in the Carboniferous sandstone of Donghetang
Formation in the Central Depression, Tarim Basin, which is with an oil-water contact about
5756m. The deepest gas pool is in Carboniferous limestone of Gaofengchang Formation in the
eastern part of Sichuan Basin, depth ranging from 5450 to 5470m. Till now, some of the oil and
gas fields from deep horizons with proven reserve more than 50 million ton have been found in
several regions including Shixi of Junggar Basin, Tahe and Lunnan of Tarim Basin, Wubaiti of
Sichuan Basin, Zhuangxi, Wenliu and Qianmigiao of Bohai Bay Basin, all of them showing a
promising future for the exploration in deep horizons in China.

Russian petroleum geologists are the pioneers in the field of petroleum geology of deep hori-
zon in the world because they have sound experiences in these aspects through systematic explo-
rations including regional investigation, datum wells, parametric wells and deep wells drilling in
many big or giant sedimentary basins, and their great effort in the fundamental theoretical re-
search. There are many famous writings on the petroleum geology in deep horizon, such as The
Formation and Distribution of Oil Reservoirs in Deep Horizons (C.TL.Maksimov et al, 1988),
Prediction on the exploration prospect in deep horizons (A.U.Sorotov et al , 1989), The For-
mation and Occurrence of Deep Hydrocarbon Deposits (P.T.Samuwelov et al, 1998) . Their
translations in Chinese once became very popular in the circle of petroleum geology in China. Con-
trast to the great achievements in Russia, the western countries including North America and Eu-
rope have few publications on deep exploration due to their profit-oriented investment policy and
great fluctuations in investments.

In 1989-1990, according to the protocol between the Science and Technology Cooperation
Standing Committee of Economic, Commercial and Science Committee of China and former Soviet
Union, and the agreement signed by the representatives Dou Bingwen, Hu Jianyi from China,
and A.U.Lisov, B.H.Geromic from CCCP, the UTHUPTH and RIPED cooperated on the re-
search project “The Prediction and Prospecting on the Complex Oil Reservoirs in the Deep Hori-
zon” . Five experts from each country work together in China and CCCP for six months to ex-
change and discuss on the research methods and achievements in the geological texture, reservoir,
source rocks and organic geochemistry study in Jizhong Depression of Bohai Bay Basin in China
and southern part of Pricaspian Basin in CCCP. As a result of this cooperation, a book named
Prediction on Reservoir and Phase of Petroleum in Deep Horizons publicized (Chief Editor Liu
Shuxuan, 1992) . And this book became the prologue of geology research on petroleum in deep
horizons in China.

In 1997 — 2000, China National Petroleum Corporation (CNPC) determined the project
named “Integrated research of petroleum geology and target evaluation of the deep horizons in
East China” as one of the important science and technology projects in CNPC. Under the admin-
istration of the Bureau of Science and Technology, CNPC, the Research Institute of Petroleum
Exploration and Development (RIPED) organized several partners, including Daging, Jilin, Liao-



he, Jidong, Dagang and Huabei Oilfields and University of Petroleum, Daging Petroleum Insti-
tute, Changchun University of Science and Technology, to systematically research for the first
time on the integrated petroleum geology and favorable petroliferous belt selection of the deep
horizons, mainly in the Songliao and Bohai Bay basins. Through 3-years’ hard work, we have
gotten two outstanding achievements. One is the plentiful and substantial harvest in theoretical
research of petroleum geology of deep horizons. The second is that we found series of important
oilfields by the usage of advanced technologies in the deep horizon exploration. These oilfields are
as follows: Qianmigiao, Madongdong, Shuguang, Oulituozi, Xinganzhengbei, Shulunan,
Laoyemiao, Beipu, Changde, Dafangshen and Xiaochengzi oilfields. This project has promoted a
comprehensive progress in the study of petroleum geology and exploration in the deep horizons in
east China.

The book named The Series of Petroleum Geology of Deep Horizons in East China is a
monograph by highlighting the main achievements of the project and its diverse topics. It’s main
conclusions are as follows:

1. From Mesozoic, the continental margin in east China was controlled by three successive
tectonic mechanisms: paleo-Asiatic ocean tectonic regime, Marginal Pacific tectonics surperposed
by palea-Asiatic ocean tectonics regime and Marginal Pacific tectonic regime to from the intra-con-
tinental depression in Triassic, volcanic-coalbearing faulted depression in Early-Middle Jurassic,
volcanic-faulted depression in Late Jurassic-Cretaceous period, and volcanic-faulted depression in
Tertiary. The lately formed rift basins superimposed upon and altered the previously wrecked
basins.

2. In the deep horizons of Songliao and Bohai Bay basins, strike-slip-extensional structures
were superposed by the normal reverse structures to form a structure complex. In Songliao Basin,
Early Cretaceous faulted rift tectonic layers and faulted depression tectonic layers compose the su-
perpositions. It’s structure styles are mainly strike-slip and extensional structure superposed by
normal reverse structures. In Bohai Bay Basin, there are four sub-rift tectonic layers of Early Ter-
tiary, they superpose in different places over the basin. Its structure styles in deep horizon are
mainly the strike-slip-extensional structures of Early Tertiary and the Paleozoic compressive struc-
tures modified by the Tertiary tectonic movements.

3. In the deep crust of Songliao and Bohai Bay basins, there are several layered circle tex-
tures with multiple origins. The upper crust is in the state of rift-depression structures. From up-
per crust to flowage layer of middle and lower crust, there are listric normal faults, thrust faults
and detachment belts. The depressions in mirror image correspond to the flowage layer, the uplift
of Moho surface, the upward plugging of thermal fluids, all of them are with the properties of low
velocity and high conductivity. The depression in the center of the basin corresponds to the uplifts
of flowage layer in the upper mantle. The deep crust structure controlled the thermal extension,
thermal subsiding, and thermal metamorphosis of the sediments.

4. In the deep horizons of Bohai Bay Basin, there are several types of source rocks in differ-
ent formations. The shale and mudstone in Shahejie Formation and Kongdian Formation of Ter-
tiary are the main source rocks with algae and the mixture of humus and sapropel as the best facies



for hydrocarbon-generation. The coal measures of Shanxi and Taiyuan Formations in Carbonifer-
ous-Permian are source rocks with the reedy organic facies in swamp with following water and
deep swamp as the best hydrocarbon-generating organic facies. The Ordovician carbonate rocks in
Fengfeng and Majiagou Formations have the potential to generate hydrocarbon with the restricted
sea organic facies as the favorable zone to generate hydrocarbon. In the deep horizon in Songliao
Basin, the sediments from coaly swamp in Shahezi and Yingcheng Formation are the main source
rocks. The unmetamorphized lacustrine sediments of Upper Permian have some potential for hy-
drocarbon generation.

5. Under high temperature and pressure in the deep horizon of rift basin in East China, the
hydrocarbon generation slow down and the generation window migrate downwards. With the help
of formation water, the productivity of liquid hydrocarbon increases while that of gas decreases.
There are phenomena of secondary hydrocarbon generation and tardiness of generation in the Pale-
ozoic source rocks bellow the Tertiary rift basin. The tardiness gets later as the initial maturation
increases. When the initial maturation is in the range of oil generation window (R,=0.9% £ ),
the amount of secondary generation will greater or not less than that of the primary successive
generation. So the Paleozoic which did not undergo deep burial in Indosinian-Yanshan Period and
was with lower maturation (R,<0.8% ) would be favorable for extensive hydrocarbon genera-
tion during its deep reburial in Himalayan Period.

6. In the deep horizon of Cretaceous-Tertiary in East China, the zones of secondary porosity
development in clastic rocks are mainly formed in the stage A;, A, and B of late digenesis period.
Reservoir properties are controlled by many factors including sedimentary facies, mineral composi-
tion, granular maturation, geothermal gradient, acidic water solution, thermal convection and
circulation. The turbidite sand bodies wrapped in the source rocks with high temperature and
pressure in the deep horizon are good reservoirs due to their coarse grain size and overpressured
pore fluids. Through the modification of mineral dissolution and tectonic fracturing, some special
rocks such as volcanic and carbonate rocks may become excellent reservoir rocks.

7. There are two oil generation-migration-accumulation systems in the deep horizon of rift
basins in East China, of which the system that include the oil generation kitchen in Cretaceous-
Tertiary with high temperature and high pressure, the pass way of fluid leakage, and effective
reservoir rocks, is of predominant. This system can be divided into several subsystems. One is the
lithologic oil pool with early infill through primary migration. The second is fault block oil pool
with multiple stages of oil infill and dominantly vertical migration. The third is the pool in the o-
rigin of buried hill and in unconformity with multiple infill and lateral migration. Under favorable
conditions, the Paleozoic basement rocks of the rift basin can form the oil system of primary oil
pools by themselves. In the Himalayan Period, the Paleozoic underwent significant burial, and its
organic maturation reached moderate to high stages (R,=1.0% —1.5% ) and was favorable
for secondary petroleum generation. Large amount of oil generated in this period infill the fracture
and pore in the Paleozoic rock and formed primary oil pools, which were favorable for preservation
till the present time. Some of the oil generated by Paleozoic might migrate to the overlaying

Mesozoic and Cenozoic traps to form oil accumulations.



8. There are several series of good source rocks in deep horizons of East China. Most traps
formed before oil generation. Together with the influence of overpressure in the source rock, they
are generally favorable for petroleum accumulation. So the key to form large accumulation is the
reservoir, its size and effective volume for fluid storage. The evaluation and prediction of large-
scaled reservoirs, which got good storage property through digenesis, mineral dissolution, and
tectonic fracturing, are critical to the oil exploration in deep horizons.

9. The occurrence of hydrocarbon happening the deep horizon of the rift basins in East China
is generally controlled by the type of organic matter, the role of time and temperature for organic
reaction, and the retardation to petroleum generation caused by the overpressure in deep zones. In
Lower Cretaceous formation of the deep horizon in Songliao Basin, petroleum is mainly in gas
phase in the origin of high maturation and thermal cracking (oil or coal type), and mixed with
some inorganic gases. In Bohai Bay Basin, petroleum in the deep horizon of Tertiary with the
depth exceeding 3500m is mainly light oil and condensate gas. The primary Paleozoic petroleum
pools are chiefly composed of CHy, CO, and minor amount of ail.

Series of Petroleum Geology of Deep Horizon in East China are composed of three volumes.
Volume One is Petroleum Geology of Deep Horizon in East China. Volume Two is Petroleum Ge-
ology of Deep Horizon in Northeast China. Volume Three is Petroleum Geology of Deep Horizon
in Bohai Bay Basin. They dissertate on petroleum formation and occurrence in East China, and
propose some new ideas and methods for petroleum exploration in these regions. Each book is u-
nique but they have some characteristics in common.

Under the chief editors’ guidance to stress the new theory and new methods we put forth in
the project on petroleum geology of the deep horizons in East China, all the authors for their dili-
gence and willingness to systematically summarize the fruits of their studies in specific projects.
The chief editors sincerely cooperate with the authors and publishers, and spent nearly two years
to comprehensively compile the papers into a unique series as the integration of our research.
Eventually in the early days of the 21st Century, the book named Series of Petroleum Geology of
Deep Horizons in East China comes out!

At this precious moment, the editors are indebted to the proposers, organizers, supporters,
and all the researchers of the project Integrated research of petroleum geology and target evalua-
tion of the deep horizons in East China’, and all the authors of the Series of Petroleum Geology of
Deep Horizons in East China, for their contributions and diligent work. Specifically, the editors
wish to thank professors Fu Chengde, Luo Zhibing for their great Support. In the Same Way to
thank Liu Guangding, Ma Zongjin, Dai Jinxing, and Tian Zaiyi, academicians of Chinese Acade-
my of Science, and professors Ding Guiming, Shi Baoheng, Guan Defan, Jin Zhijun, Zhao
Zhengzhang, Xiao Deming and senior engineer Liu Delai, Li Xiangi for their help and support.

Editors
May, 2001
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