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Foreword One

The Series of Books on Oil /Gas Accumulation Mechanisms are the major results of the pro-
ject of “Studies for Quantitative Models of Oil /Gas Accumulation in Medium- and Large-sized
Fields in China” which was funded by CNPC as one 9th Five-year Plan Key Project. Thinking of
the background for the project six years ago and reading the series now, I can further feel its sig-
nificance.

The early 1990s was one of the periods when Chinese economy experienced the fastest
growth. In 1992, China’s GDP recorded a growth of 13%. Because of the high growth rate,
China’s domestic petroleum supply could not meet demand. Thus leaders of central governments
paid a greater attention to the Chinese petroleum industry. In 1995 alone, five senior state leaders
successively inspected several oilfields and received oral presentations made by CNPC senior man-
agers. Subsequently they gave important instructions. During the period from the late 1980s to
the early 1990s, China experienced a downward trend in its annual domestic new reserves addi-
tions and the reserve additions could not keep pace with an increasing petroleum production. As a
result, the petroleum supply became one of bottlenecks limiting the nation’s economical develop-
ment. In order to grow the Chinese petroleum industry at a steady and sustainable rate, we must
find enough new reserves to replace the produced petroleum.

Since the late 1980s, 30 —50% of the estimated total resources have been found in the ma-
ture pefroliferous basins in eastern China and discovery of new reserves has become more and more
difficult in this part of China. In western China, the harsh surface conditions and complex sub-
surface geology made the petroleum exploratio;l very difficult and challenging. As a petroleum ge-
ologist with over 50 years experience, I can deeply appreciate the importance of petroleum geo-
science theories in guiding petroleum exploration. Breakthroughs in petroleum exploration are
largely attributed to breakthroughs in theories and technologies. Generally a new theory can open
up a new exploration domain and advance relevant technologies. Therefore, I have emphasized the
importance of fundamental theoretic research again and again at National Petroleum Exploration
Conferences and Technélogy Symposium for the Petroleum Exploration and Development in the
Tarim Basin. In my concluding presentation at the 1994 Petroleum Exploration Conference of
CNPC, 1 also emphasized that we should enhance regional studies and investigations of geological
structures and hydrocarbon generation, migration and accumulation within the plate tectonic
framework. In the 1995 Exploration Symposium attended by senior explorationists, I further em-
phasized the importance of new theories, new technologies and new methodologies, and pointed
out that we must pay a greater attention to explore oil/gas in new areas, new stratigraphic inter-
vals and new plays. I demanded that the various departments of CNPC should layout the scientific
projects and actively organize them so that we could develop new exploration theories and tech-

nologies that meet the demand of the petroleum exploration. The project of “ Studies for Quanti-



tative Models of Oil /Gas Accumulation in Medium-and Large-sized Fields in China” is one of
those funded by CNPC. Its aims are to obtain new thoughts, new viewpoints and new under-
standings, as well as to train a number of young scholars who like the challenge of oil/gas explo-
ration.

The project was coordinated by University of Petroleum, Beijing and assisted by the Shengli
Oil Administration, Xinjiang Oil Administration and other institutions. Project participants from
these organizations studied the micro-mechanisms of hydrocarbon generation, migration, accumu-
lation, preservation and destruction, as well as the oil/gas distribution in sedimentary basins.
They have obtained many new important findings that can effectively guide the petroleum explo-
ration. At the assessment meeting for this project presided by CNPC in August 2001, the evalua-
tion committee, which include five academicians with expertise in the areas of exploration and
geoscience, highly commended the achievements of this project, which are regarded as being ad-
vanced internationally. "The Series of Books on Oil /Gas Accumulation Mechanisms are edited by
Professors Jin Zhijun and Zhang Yiwei and the main contents of the series are largely derived from
the results of the project. The book series have following characteristics:

Firstly, the series illustrate how macro studies are combined with micro investigations. They
contain both macro-and micro-scaled studies of hydrocarbon generation, migration, accumulation,
preservation and destruction. They also document the various mechanisms for hydrocarbon accu-
mulation, characteri'ze oil/gas distribution and the key factors controlling the distribution, and ex-
plain the differences between Chinese and foreign petroliferous basins. The series conclude that
timing of oil/gas charging was late and migration distance was short, which provides helpful guid-
ance for the Chinese petroleum ‘exploration.

Secondly, the series document the combination of detailed analyses with general studies.
With the Junggar Basin and Jiyang Sub-basin.as typical study areas, the series give detailed de-
scription of the macro-factors controlling hydrocarbon migration and accumulation, as well as dis-
cussion of the effects of temperature, pressure (abnormal high pressure) and stress fields on the
processes of hydrocarbon generation, migration, and accumulation. With typical analyses of typi-
cal oil/gas reservoirs in typical plays, subsequently, the authors have analyzed the forming condi-
tions, mechanics, mechanisms and processes of typical basins and oil/gas reservoirs. At the end,
the book series document the micro-mechanisms of vbydrocarbon generation, migration, accumula-
tion, preservation and destruction obtained by geological analyses and physical simulations. The
series set up a good example for studies of hydrocarbon accumulation mechanisms.

Thirdly, the series illustrate how physical simulations are combined with numerical simula-
tions. Through physical simulations based on the geological analyses, the authors have obtained
new findings about the micro-mechanisms of hydrocarbon generation, migration, accumulation,
preservation and destruction. These include chlorite salts have anti-catalysis effects during hydro-
carbon generation, the porosity and permeability difference (magnitude of heterogeneity) of reser-
voir rocks is the key factor controlling the oil saturation and preferential migration pathways.
Thanks to the physical simulations, the authors have made it possible for the transition of physical

simulation to numerical simulation. They have also developed the numerical simulations of hydro-



carbon generation, expulsion and accumulation.

Fourthly, the series document the combination of qualitative descriptions with quantitative
studies. Based on the geological analyses, and physical and numerical simulations, the authors
have perfected the quantitative models for various hydrocarbon distributions and established the
quantitative relationships between the expulsed, migrated amounts of hydrocarbons and key con-
trolling factors. The authors have also established the quantitative models for the migrated and ac-
cumulated amounts of hydrocarbons and oil/gas resources with the petroleum accumulation system
approach.

Fifthly, the series illustrate how basic theory research results can be combined with real ap-
plications. The authors have proposed valuable and innovative findings in several areas, including
the accumulation mechanism of deep-basin gases, the bursting model of hydrocarbon accumulation
and the controlling effects of reservoir heterogeneity on oil saturation. In addition, by taking the
Chinese petroleum exploration reality into consideration, the authors have suggested the strategic
regions for fu:ture petroleum exploration and raised eight pieces of significant advices for the future
Chinese petroieum exploration. '

Publication of the book series indicates the advancement of the theoretic studies on hydrocar-
bon accumulation. The fact that many young Chinese scientists have been engaging in the theoret-
ic studies on hydrocarbon accumulation symbolizes that the theoretic studies on hydrocarbon accu-
mulation have entered a new stage. We have trained enough capable young scientists to succeed
the retiring scientists. The series not only enrich the petroleum geoscience theories, but also pro-
vide theoretic guidance for the future Chinese petroleum exploration. They are very important ref-
erence books for researchers engaging in the petroleum geological study and teaching.

The practice without the theoretic guidance is purposeless practice. The theory without being
validated by practice is commonly untenable. [ earnestly hope that the managers and decision
makers of petroleum exploration can actively support the basic theoretic research and self-con-
scioﬁsly use the advanced theories to guide éxploration. On the other hand 1 highly recommend
that the academic researchers also should get into the fields and validate and develop theories

through practice, accordingly, accelerate the development of theoretic research.

Wang Tao
Former President of China National Petroleum Corporation

. 2002.12
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Foreword Two

Since the birth of the modern petroleum industry, the studies on hydrocarbon accumulation
mechanism are the core topics of petroleum geology at all times. In the 19th century, White had
already established the “anticline theory”. Since the beginning of the 20th century, many schol-
ars have developed the anticline theory and proposed a number of new theories, including “non-
anticline structural oil /gas traps”, “abnormal pressure trap”, “hydrodynamic trap” and “dy-
namic balance of natural gas dissipation and accumulation” , “theory of non-marine oil origin™
and “complex oil accumulation fairway”. The theories have effectively guided the petroleum ex-
ploration and accelerated the development of petroleum geology. As oil and natural gas are fluid
deposits that can flow, however, the processes of hydrocarbon accumulation are very complicated.
In addition, the accumulation processes vary with the different basins and geological times. It is
very difficult to investigate them, Thus a number of questions related to the mechanisms and
characteristics of hydrocarbon generation, migration, accumulation and preservation have not
been fully tackled, which has become the bottleneck constraining worldwide petroleum explo-
ration. ’

Most of Chinese petroliferous basins were filled with continental sediments. The blocks con-
stituting the China continent are small in size and their interactions are intensive. Although China
is rich in petroleum resources, its geological conditions are very complex and the petroleum explo-
ration is very difficult. Since the 1980s, Chinese petroleum exploration has become more and
more challenging and difficult as the explorat.iqn targets have shifted from large-sized, simple
structural traps to smaller, complex subtle traps. Thus it is very necessary to intensify the studies
of hydrocarbon accumulation mechanisms and establish new theories and models for hydrocarbon
accumulation. Under these circumstances, China National Petroleum Corporation (CNPC) estab-
lished the 9th Five-year Plan Project of “ Studies for Quantitative Models of Oil /Gas Accumula-
tion in Medium-and Large-sized Fields in China” coordinated by University of Petroleum, Bei-
jing (UPB). UPB organized scientists, engineers and geologists from nationwide institutions to
jointly carry out the proje‘ét. These researchers have obtained many important results, which have
effectively guided the petroleum exploration,in the Jiyang Sub-basin, Junggar Basin and Tuha
Basin. Most of their achievements have reached the internationally advanced level. As the chair of
the evaluation committee for the project, I am glad to introduce the book series to domestic and o-
verseas colleagues. I advised to publish the results as soon as possible. Professors Jin Zhijun and
Zhang -Yiwei have now accomplished the publication of “ The Series of Books on Oil /Gas Accu-
mula'tion Mechanisms”. 1 think the series generally reflect the major advancements in the studies
of hydrocarbon accumulation mechanisms during the 9th Five-year Plan period or the past several
decades. The series of books contain following new creative achievements and new understand-

ings:



(1) The authors have deepened the theoretic research in five areas including: (DThey have
studied the interactions between the pressure, temperature and stress fields and the relationships
between these fields and hydrocarbon accumulation. They concluded that the stress affects hydro-
carbon migration and accurulation in three ways; @ Taking the special characteristics of Chinese
petroliferous basins into considerations, the authors have established the concept of the petroleum
accumulation system and illustrate how to use this new concept to investigate hydrocarbon accu-
mulation. The methodology and approach of the petroleum accumulation system developed by
these authors have broader applications and are more suitable to study the Chinese petroliferous
basins; @ The authors have validated the existence of preferential migration pathways by micro-
scale modeling, simulation of the Daging Changyuan Anticlined Belt and the optical microscope
observations of cores from the Dongying Depression. In addition, they have also discussed the
mechanisms and models for hydrocarbons to migrate and accumulate through the preferential
pathways; @ The authors have studied the features of the oil saturation increment in the frac-
tured medium and in the heterogeneous sandy carrier bed and they have obtained new findings and
understandings; & Based on the comprehensive description of oil/gas reservoirs, the authors have
enhanced the studies about mechanisms of driving forces for petroleum accumulation.

(2) In the area of micro— scale mechanisms for hydrocarbon accumulation, five new findings
have been obtained and.they include: @ The authors have found that chloride salts have anti-
catalysis effects during hydrocarbon generation; @They have found that the porosity and perme-
ability difference (magnitude of heterogeneity) is the most important factor controlling the oil sat-
uration; @ Based on the presence pf the boiling fluid inclusions found in oil/gas reservoirs, the
authors have established the bursting model for hydrocarbon accumulation; @ Analyses of the dy-
namic balance of various forces and the material balance have led to the establishment of two types
of equations for the accumulation of deep — basin gases; & The authors have set up the compre-
hensive dynamic models for different diagenetic stages based on analyses of the burial history, dia-
genesis and thermal history.

(3) Based on the qualitative depiction of hydrocarbon accumulation, they have given promi-
nence to quantitative studies and converted geological conceptual models to physical and mathe-
matical models. They have set up quantitative models for hydrocarbon generation by catalysis,
hydrocarbon generation and expulsion by carbonate rocks and the oil saturation increment in the
porous and fractured media.

(4) With regarding the oil/gas distribution, they have obtained new understandings. Analy-
‘ses of statistical data indicate that the oil/gas migration distance is fairly short for the majority of
fields. Accumulation of hydrocarbons proceeded during rﬂultiple episé)des. High-quality source
rocks characterized by TOC greater than 0.5% and R, higher than 0. 54‘6/0 are required for oil/gas
to accumulate in enough quantities to form a major field. They have also proposed eight pieces of
advices about the theoretic research and the future Chinese petroleum exploration.

Parts of the above achievements have been published in domestic or international journals or
monographs. The new findings and advices have been applied to the petroleum exploration in the

Junggar Basin, Tuha Basin and Jiyang Sub-basin, which have yielded fruitful economic benefits.



Therefore, 1 think that the series of books reflect the level of studies on hydrocarbon accumulation
mechanism. The publication of the book series symbolizes that the theoretic studies on hydrocar-
bon accumulation mechanisms have entered a new advanced stage. The series not only provide
methodologies and models for studies of hydrocarbon accumulation in medium-and large-sized
fields but also new play ideas for petroleum explorationists. In addition, they are a set of great
reference books for teachers and students engaging in the petroleum geoscience teaching and re-
search. I believe that the publication of the series will accelerate the studies of hydrocarbon accu-
mulation mechanisms and guide the future Chinese petroleum exploration. Hereby, I am very glad

to write this foreword and highly recommend the books to readers.

Zhai Guangming
Academician of Chinese Academy of Engineering

2002.11



[l

Bl

RIS SRR A B, TR R G M TR Lo DS IS
R . AR 2 A A B R, AT LB S M A N BMRT &89
SCETEE, IR SRR RIS O DR, AT R, A RS
BTN R, FE 19 R TSR RS, 20 @k, Mk
T OAETAMEENET . “RWEABMEET. K HBEAELT. “RRERIDEEHE
7 s, XIS SIS SR TSR EIE. B, R R, ik
FIHS DA e A 7 e IR FE AL IR . 3 JUAE R TR IR B 4 MR AR Al SR T
FHTF T RGO H ., REG MR TS 24T E MR AR, TERAERE T A
B MR AT R EE R R . XTI AU S T REMM ROMSHE, FRAZETAE
WHUFRE . (B2, WMAHIY BRI 2, W % R 0 L A EOW R
MRS T 8RR, WRTAEMIER . e, WEERRMRIER, Ti18TRE
AT, FERENEAEL, BIAOMERER, WTIEA SR, B85 . BE. REsmmpe
ST IR A, B A TR A SR SR B

AT BT S BT SR TR | DR B SR, B B AR Tt R
e B T S PR 1) B N O R 1 . 2T S, TR M3 M B R i A LR AL FR Y
HRELEHIST, B RIS T, KT I S RO B TR AT S I SR L
(ORI A (RIS &, MM B & B TE, B U B, M
s A M RIS R B, $5S MRS 5%, AP EGHIRS A ER
ST CNE” BARAEMBTIIRE k. b RS RS BT, Ak
dt) &k, ELEHENASAELEARESTE, 38 NAREFRSE SR, F
BB . BERRMERNERTE, o FasREMEnS AR, 84
WIS, 1SR, AR RO R R B, RERRAR. W, &
— N ARBFIS R B Ay . BT 0 AR, B+ EE S S SR X .

S HEDHA IR BB WA T 1995 4F 11 H mE D EG M ERSBAT
SHESTIE, 1996 48 8 F 1 H 8 E A ER R F, 1997 48 3 ABIE NEAF “AH”
FAEARBIFIE Z—, 1999 455 K b B A KRS A TS B, %I H il SR
ERERMESTIRTE , HESH KR R 5 5 B B m Be DI R IR, A<
T 5 53 o G T 4 D) 2 R (R A S BRI T S |, R P BFST I A A RS
ER . BRI SHIIE, 2O E Fit 7 NSRS, 24 M=%E W, LFEEg5RM
AR -

LM | R AL R EE R HIE EH (01);

. WL R AR (02);

WA R AR R R (03);

A R 9 Bh ML B AR (04)
- SRR S BRI (05);

wv R W



6. FEHHIAFE KU FILESRE (06);

7. Jo. SR R BB A B (07).

PR E LA R | AR AR R R, R R SRR
BRI R, RRKN . BAMOMEROGIRNE, SAZEMTYER. B6. B
85 B RIBORRI SR, ORI IS 447 S5 R B RSS2, B
RRE 2GRy, BN, PRI A

ot AEZ IO, ERESCIRIBRT . BEG A . BUISTI0M0IERE | , O B3RS T —
B B FEIRPE R AR

1. SASER T IR A B R B S 3 R A, S5
Wk (JEs0) 211 TAY B, HAT T —RINNURBE I B T . Mus RIS
WRMER, . OFH T SEmSEEMEREBIRER ., $—Eh SBRIE
BSRER, $oENSTREORDESERER, $EEN— RIS ER, e, &
BRI R S, fEIR b, AR T RS, U BB
T, O RA LM R SRR R R B =, Jh TR . BER RS
HESMERERE, DA SRS R RIS R e, OREMIET =5
BN Tl BRI B, IOk BRI B WS B RAISC
B RSB R SRA E , YIEE T R A, FRK
SERIRETE T 400 41 KT . 42 . R T LA S AR O A A7 R 2
RUVERL, BOACEVERA TR : OBT GIS (BMMERRL) HoR NGRS mAES, (f
B TAFBREET & RS A SR . HLBHISE HOBCR A . R A0 R A P R i
B, ENORRERGAURTREZ, BT ATRIRLE, AR AT L T —F
FFE, OEVLHMNES SRR U, M REM S FRETT AR, ATF
FIBCR B DI LAE, SR TITON R A B, (SRR WiSE s . RIS 7E,

2. RIBRISEH T SWHIST BAA.

1) WS T MR BAL AR T . DF R ARSIk
OFLBRIZLRA T L R SRR TR A4 M AR K BB SR v I — Tl
W OKFIRIESE () SR CIRRA) ZMAMT, WSS A% E s mR e
SRy QRN TR ORI OB BRI
W OWIRRHR R E SR,

2) BRI 7 i A S He S A AT USRS S AT ot
WU St A i, FTER MR AR U I M5 . Rk — T 2
UMM AR BT TR, VLT Wb Wit RN, BV S4B 7
B, SHSRBRE L T BRI RRES

3) HESE TR T AT B PR HE

3BT AAFEMIEEHIS. O EERGE S SRR, AT H 5
THES . R S A RS ORGSR TR E R SRR
B, RN R RMSEBRERIRE T SRR BRI RIS R
M CEEBIE R BSRK: RO ES R AAEG, §IRN g
o @ETF— VR A TAH LA RO IR ST o, e 26 38 AU 0 A P
B EIRAHIR . SRR A M BB MM TT , W25 T R R B M B LT



