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PREFACE

“The second symposium on exploring subtle oil-gas pools” was held by Shandong Associa-
tion of Geology in Qingdao in Oct. ,1996,subsidized by Shengli Petroleum Administrative Bu-
reau and Shell China Petroleum Development. This book ,including 21 selected academic papers
from this symposium ,will be published by Geological Publishing House.

Since the beginning of recorded history, people have found all kinds of oil and gas seep in
Sichuan of China,Persian Gulf of Middle East,Baku of U. S. 5. A. ,Pennsylvania of U. 8. A.,
and exploited oil and gas by small-scale boring . In 1885, American geologist I. S. White issued
the theory of anticline,which accelerated the development of oil and gas exploration. After that
time , petroleumn geologists utilized the knowledge and measure of geological structure to discov-
er oil-and gas-field. Many important ocil-and gas-field were discovered in world petroliferous
basins by using this theory. Now,the theory of anticline is still recepted by geological prospec-
tors as well as in that time. C. M. Joiner discovered the largest oil field—— East Texas Qil Field
in that time,a typical large-size oil field of stratigraphic trap,in east edge of basin of west side
of Sabin Rise. The new discovery roused the petroleum geologists and improved the research
level in oil and gas exploration. A. I. Levorsen.the famous American petroleum geologist class-
fied reserved traps into three sorts;Structural trap,Stratigraphic trap and complex trap in his
book Petrolewm Geology. Many exploration cases in the world have proved the classfication
practical and valid, which laid the theoretical foundation of subtle trap exploration, eg. Strati-
graph ,unconformability . Lithology , bicherm , palaeophysigraphy.

The petroliferous basins in China have complicate geological evolution. In most of conti-
nental deposite basins, the factors of effecting che formation of obscure and subtle traps are
complicate, because the provenance of basin is pleiotropy and lithology and facies of reservoir
change obviously in short distance. Therefore,hidden oil and gas accumulation may be discov-
ered in the early or medium or later stage of exploration. Many important subtle oil-gas pools
were discovered in the early stage,Such as . Yanchang oil field of Upper Triassic,discovered in
1907.and Large gas field of Lower Ordovician in Shaanxi-Gansu-Ningxia basin ,discovered in
1987 1 karamay oil field in Junggar basin, 1955 ; Shuanghe oil field in Biyang depression,Henan,
1970; Xixiepo Qil-field in Liaohe Oil Field, 1975; Liuhua 11-1 oil field in Zhujiang Mouth
basin , 1983. Because most of petroliferous basins in the world are in high or medium degree ex-
ploration,in the view of long history,the importance of exploration of subtle cil-gas pools gets
more and more. From the analyses of nearly 100 years exploration history of Oklahoma ,North
American Platform ,there are total 3379 oil-and gas-field,of which 1182 is structural trap, 2104
is Stratigraphic trap.and 93 is non classfied trap.
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In our country,the research level of petroliferous basins is very different,some basins in
high-exploration ,some in initial stage. The all reserves of oil reservoirs proved ,including conti-
nental and marine oil fields,are only 20% of predictory resources ;the ration of gas reserves is
4%. So there are more chance of discovering the new structural traps and subtle oil and gas
pools. With the development of technology and method of exploration, integration of theory

with practice,we must get significal achievement in exploration of obscure and subtle traps.

Li Desheng
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FOREWORD

Subsidized by Shengli Petroleum Administrative Bureau and Shell China Petroleum Devel-
opment,a symposium on Ex ploring Subtle Qil-Gas Pools was held in October 1996. It aimed at
exchanging experiences on the development of the exploration of the subtle oil-gas pools in the
last ten years,including the studies on reservoir-forming conditions, the pool-distribution fea-
tures, and exploration techniques,in order to accelerate the exploration of the subtle ocil-gas
pools in China,especially in the east oil-gas areas.

At the beginning of this century subtle oil-gas pools were found by chance,for example.
the stratigraphic reservoir in eastern Texas of America was found in 1930 by C. M. Jowenna.
Because of limited fund,he transfered his lease right of the structure limb,so from such a large
oilfield of 6 000 million barrels he only earned a small interests. In 1966,a famous American
petroleum geologist A. I. Levorsen published his last paper entitled Obscure And Subtle Traps
in an AAPG Bulletin;in 1972 an American geologist E. K. Robert compiled Stratigraphic Oil-
(Gas Fields(in two volumes) ,which suggested the exploration of subtle traps firstly. In 1980 the
American Petroleum Geologist Association and the Explorative Geophysicist Association
worked out a plan to hold a discussion about application principles to look for subtle traps;and
on June 2,1981an annual meeting was held in San Francisco.and on the meeting, the special
topic of subtle oil-gas pools was discussed and 18 papers were issued. And an American famous
geologist M. T. Halbont compiled a treatise on Looking For Subtle Oil-Gas Pools. In April 1983
the petroleum geology committee of China Petroleum Association published the Thesis Collec-
tion On China Subtle Oil-Gas Ex ploration;and in October 1986 Hu Jianyi compiled a book Non-
structural Qil-Gas Reservoir. All these have promoted the development of researches and explo-
rations of both China petroleum geology and subtle oil-gas pools. Up to 1990s most of the oil-
and gas-bearing basins in the east part of China stepped into the higher and medium explo-
ration stage,and in the west various kinds of subtle oil-gas pools were found. It becomes more
and more important in oil exploration and exploitation. Up to now,in Jiyang Super-depression
of Shengli Petroleum Administrative Bureau 19 kinds of oil-gas pools have been found,includ-
ing 12 kinds of subtle ones. In recent years with the development of these new techniques,such
as reservoir prediction and reservoir description,the new areas for the subtle oil-gas pool explo-
ration have been opened unceasingly and oil reserves increased to about 20%4 of the total re-
serves. To promote the development of the theories and techniques on exploration of such
pools,in October,1996,R. C. Hoogenboom from Shell China Petroleum Development and 1,as
the chairman from China,together presided over The Subtle Qil-Gas Pool Ex ploration Sym po-
sium in Qingdao City of China. The experts both at home and abroad occupied a variety of sub-
jects and specialities so their theses concerned about extensive areas,and their exploration effi-
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ciencies are evident.

1. The theses concerned about a variety of areas.including tensional rift basins and com-
pressive forelands on shore and offshore.the theories. practices and successful experiences on
exploring the subtle oil-gas pools under specific geological conditions.

2. There are various subtle cil-gas pools,i. e. more than ten kinds of such pools were
found, such as buried hill reservoirs. lithologic reservoirs in channel sand and turbidite sand
bodies lithologic reservoirs, mudstone reservoirs, fractured hydrocarbon reservoirs in voleanic
rocks, stratigraphic onlap hydrocarbon reservoirs, unconformity reservoirs, lithologic pinchout
hydrocarbon reservoirs,etc.

3. Nearly all oilfields in China have already commanded the advanced exploration technolo-
gies and techniques,such as researches on microfacies of sedimentation ,high-accuracy three-di-
mensional seismic exploration, high-resolution sequence stratigraphy , reservoir prediction and
reservoir description. And these new techniques raised the exploration efficiency. The 31D Seis-
mic- Volume Interpretation Method by Shell Company to interprete sandstone in alluvial rivers
and predict porosity and oil and gas in carbonate rocks gave a great deal of enlightment to the
conferee.

4. As everybody knows,it is more difficult to explore the subtle oil-gas pools than the
structural ones. Only on the foundation of the understanding of geological regularity.good ex-
ploration effects could be achieved,such as the researches by Bohai Petroleum Corporation on
development and compaction regularity of the fractures in buried hills; the researches on the
regularity of the reasonal arrangements of multiriver courses and faults to form structural litho-
logic reservoirs,and on the development of the glutenite bodies and the regularity of oil and gas
forming on the steep slopes by Shengli Qilfield ;and the researches on paleosedimentary envi-
ronment and composite structural conditions by Changqing Oilfield, which guided the explo-
ration work effectually and raised the exploration efficiency.

The subtle oil-gas-bearing zones and traps are our target in the future for locking for new
reserves. In the course of secking such zones/traps the work is arduous,only when we have
rich imaginative power and creativeness,and develop and raise new exploration technigues can
we successfully find out new areas and new types of subtle oil-gas pools to promote the explo-
ration work of such pools to a new free period.

For technical exchanges and references, we have selected some excellent articles from the
theses to compile to the book Subtle Oil-Gas Reservoir In China. published by the Geological
Publishing House,showing the theories, results and new techniques for exploring the subtle oil-
gas pools in China-

Sincere acknowledgment should be given to Shandong Petroleum Association . Shell China
Petroleum Development Company and Editor of Multiple Oil-Gas Fields, because they have
done beneficial work not only for The Sym posium of Subtle Oil-CGas Pools but also during the
compilation and publication of this book.

Pan Yuanlin
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Exploration of Subtle Traps in Syn-rift Sequences

R. C. Hoogenboom

(Geophysical Manager,Shell China Petroleum Development)

In the past subtle traps have been commonly associated with stratigraphic and geomorphic
traps- Now that most of this type of traps have been successfully explored ,other types of strati-
graphic traps have gained interest in any oil company’s prospect portiolio. A more suitable defi-
nition of stratigraphic trape was given by Bramford (BP) at the biannual Bath Conference of
the Geological Society London in May 1995 on subtle traps.“Any target for the drill bit that is
especially dependent on the creative imagination of the human brain and the perceptive applica-
tion of technology”. In the context of this definition.many subtle traps in the past may have
been discovered by accident and only with today’s technology a deliberate search for subtle
traps become possible.

High resolution 3D seismic . true amplitude pre-stack depth migration , AV analysis ,seis-
mic inversion and high density gravity are amongst the new technologies available to obtain a
better image of the subsurface. However,a superior subsurface image on its own is not enough.
Successful exploration of subtle traps requires a combination of a superior subsurface image ,un-
derstanding of the geological history of the basin and understanding of possible play concepts.
For syn-rift sequences in the SE Asia Tertiary Basins, Shell has developed a number of play
concepts(See the figure on backcover of the book) A short summary ranked in order of increas
ing prospectivity is as follows(ref. Hydrocarbon Modeling Group of Shell’s Research and Tech-
nical Services Centre in Rijswijk,The Netherlands):

— Fractured volcanics .conglomerates and tuffacecus sandstones in fluvial settings as seen
in the Jatibarang field in the NW Java Basin in Indonesia,are examples of the volcanics play.
Charge to these reservoirs is provided by the oil-prone lacustrine source rocks. Prediction of
reservoir quality (fracturing) is seen as the main risk while recognition of these plays in seismic
may be difficult.

—Syn- or pre-rift granite-derivde clastics in structural lows next to basement high are ex-
amples of the granite wash play type. oil-prone lacustrine source rock provide charge. Reservoir
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and top seal quality are seen as the main risks.

—Small traps against the hanging and foot (less common) wall like the Janto field in the
Sunda Basin in Indonesia are examples of the alluvial fan play type. Charge is provided by the
oil-prone lacustrine source rocks and reservoir quality and seal are seen as the main risks for
this play.

— Areally-confined traps against the hanging wall are examples of the aeclian dunes play.
Examples of this in general good quality reservoir play types have not been seen in China. cil-
prone lacustrine source rock provides charge while lateral seal against alluvial fans is seen as the
main risk.

—Turbidites occurring during early syn-rift times in proximal basins provide small scale
structural and stratigraphic traps. An example of this lacustrine turbidite play is the Neung
field in the Kemphaeng basin. These reservoir are encased in ocil-prone lacustrine source rocks
which provide the charge. Reservoir quality and detectability on seismic are the main complica-
tions associated with this play.

Other non-subtle stratigraphic/structural traps in the syn-rift sequence like the basement
high (buried hill}, lacustrine delta and transgressive fluvial-deltaic play are not included in the
above summary.

It is the challenge of today’s explorationist to use these play concepts to translate the sub-
surface image into the most likely geological model. The many papers presented at the 1996
Subtle Trap Workshop organised by the Shengli Petroleum Administration Bureau and spon-
sored by Shell China Petroleum Development and summarised in this publication are examples
of efforts in China to use and further develop the explorationist’s creative imagination to suc-

cessfully explore for subtle traps in China.
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