 BABRR __E,'ﬂ%ﬁ?r

AEE MRH BHEE FF



BERGHFHHFEHEAS %5

EE KA
ERERBERITEM

=)

A\

A T W H R 4



B RE

ABEKRBR. WA, MARSHRRGANERM L, MEEATBER—RBRH
H TR R GE 4 70 SR R AR BE AT T DS 07 . W ER B RRIE B AT 1 AN
BERHEST, 8T RMBERTBIRE ., sE AR SRR, &7 rEea
AR B FRRVURER; MAEETY. REFRRNGE—KERH LA T
BRI AT MRS BRSO E XS A RS ERE T 1T RS
St MR B B 4b 4 MK AR L X AT T W85 UL ST, 5L T UTBUR A .

AHTEAEL BT, TABERROHHEBFARMKERRMESE .

EEERKB (CIP) ¥R

BHEAZMESZ RS SR / REEEE .
Jest: ATk H 4, 2003.12
(B AR SRR S/BRE £ 5%)
ISBN 7 - 5021 — 4453 -6
1.
. %
M. DB A - A RRSHE - FERE - F)
QEBAGH - AMKREME -2 W) -
IV.P618.130.2
oh AR A B 4548 CIP BB (2003) %6 109211 5

AR A AT ATk R

(EELETVINEB 2K 158 100011)

B HE: www.petropub.com.cn

S fl: (010) 64262233 KfTHB: (010) 64210392
% . eEFERE
B R i ok AR Ep R B R

200345 12 A% 1AR 2003 4 12 A% 1 (REARY
787 %1092 X% JrA. 1716 HIFK: 22.75
T 574 TF  EEC: 1—1000 B}

48 ISBN 7-5021 —4453 - 6/TE-3123
EH: 65.00 JG

(W BENEE R R a8, A RITE AT HKR)
AR E, BEHR




(EEAZMAMMRSEIRLS)
wm E =2

tEE R HAS

BIEEER: ME FFE REHE BKE % B

ER(UBREBEHF):
THY EW%E B OE LN REZ KKE
Wik BEE BRE S2H WEH B &
HEE  HEY



=3

PR SRR STHRRENNEN G5 BRI AMLE SHENE) —&+=
GHRE, X2 LR BREREE BEARZHX A F A R TS Rk
BIEE, WRAM TR RSN SN, CEEEARZBHSHES: FEE
H—3F, MM, SRR ASG AN ZEEKERME, RS HEE
ARFUIBB

$E B EH AT AR 20 t4D S0 SERBEDSH 50 B4E T, HiEE SR MER,
Z0T “JLEJLT Bl R, wRRTEEHREMAREIN, 1989 4 4 A2 EF
HEHFEAOMKRIEAFTARTIEEASEMESR, NN BRI APELE
T M SBIRIE T L M PT se R AR, 5 M RIRT B B4R 41 T AR R B DB B K 25 S
BHEANEN “AL” M “IE” WELSKETA,

(BEAZHAMME SEEAE) N, ERE KT M LIEEE 40 B SN2 H
RBERE MR AR IR R R T 5% T 20 4 FTBVE 0 £HER
ECERT M AR EREABETR TAERERE, @it S ERE KA 1B AL
FRBUR B BSR, TEBE, X EEMRAESERET TR EERTR MR, FiZismR
BT LARBEREIRER, FRIRMBMA TH OB HIGR, 5557057 2ol 20H 1 4 FIR AR £h
ARHETHIER, REMEET KEEEMRAIEN . MEREMME . W, =H#. R
WE—RFHEIS, BRI,

NA” BE, HERBFEAT 130K, FRMAE, 27 AT UESHSHE. 50
BT REVERE A TR 2 RAH, SRR TR AR R 2840 X 10°m®, RFL T REESIEH
E%%%%%ﬁ,ﬁ“@%%ﬁ”%ﬁ?%ﬁgm;%ﬁﬁ%?ﬁm—%ﬁtmmoﬁsﬁ
KM THFER 5.905 < 108 (L&), HPEMMFMER 1.908 X 108, KRS HyFiE
'R 3997 X 10%m®, 2000 4E4:7=E M 440 X 10,

B NE BIRBMRABIL, X R W R AR ERE TERRE,
FRT BEERSIK G MR R 7 vt A OB AR L A SRR ST . bl
iﬁ%%%ﬁm\ﬁﬁﬁ@ﬁ%ﬁ@@%ﬁ%ﬁﬁﬂﬁ&&ﬁ%ﬁ&mﬁﬁwﬁ%ﬁﬁ,ﬂ
ﬁT%ﬁﬁ,$§Tﬁﬁﬁ%ﬂﬁﬂ%,@%Tﬁﬁ%ﬁﬁﬁﬁﬂﬁwMﬁﬁﬁﬂﬁﬁﬂ
W ERARZMTMARTRATI, U5 TIEBEA D, Fib a5 5 R i
%i*ﬁﬁ&ﬂ%ﬁ%ﬁ%%ﬁﬂﬁ%m%ﬂﬁ%ﬁ;ﬁ—i&%ﬁ%%Tﬁi*ﬁﬂm%
mgﬁmmﬂﬁ,ﬁﬁ%ﬁ&T—kﬁﬁﬂ@%z%ﬁﬁﬁ,%%T%E*ﬁﬂm%@%%
BB RRI I, R T — R MR E AR B,

ﬁ%%ﬁE%%ﬁﬂ%ﬁﬁﬂﬁ%%@ﬁ%@ﬁﬂ%,Eﬁi%%ﬁﬂ@%—ﬁ#mﬁ
%@iTwﬁ%ﬁﬁﬂ,#m?ﬁ%%ﬁﬁ%mﬁ%ﬁﬂﬁ@;mmﬁ&%ﬂ%,ﬁAﬁ
ﬁﬂ%%ﬁmT$$%%ﬁﬂ5§—ﬁ?%ﬁ%ﬂ%ﬁﬁ%o%&@i%%ﬁ%ﬁﬁﬁﬁ
F\Eﬁk\ﬁﬂﬁiﬁ%\ﬁmﬁ%ﬂu%ﬁﬁﬁi\m%&%%ﬁ%m@%ﬁﬁ%,m
BINR T B RS X 50 M AT




SP$IL M AR IR . FEBEMIAE SN . AR R E AR, kAL, W SRR
B AR R AR IR R A R RS — R, KT BREOR B )
B, MSBRT AEMSBHETNEARRS], BAMET HiTE AWM BIRATE .

REABRZUET “NE” EAAGHE BAZHABRAPR T, HAREET 5
R BERSZRAIAIR, A A R BIRRR, WA HAE RN RS E
BAR . FOTEMRA, NETATE, MAOEERARZ T EH e MEN M EBHRE —
FHBEE L, ARITAY, XEREFRBEHIRA. +2HRK, EHR, FEEE
AR 2, BWHREER LB, #EEEEMARRR, BRNERERER, &
THAR B K, BAERENEENAYANF MRS, TRER, EEREY
WA MR RS B Tk, BTHRE, BnAd, RAB#HR, RSS2l BT
XL N R, ERLROBE, EXRPELAR. BERE, XEABHLR, €=
FEFRAMBRENEL LR, XS ENERTIFRAERNESER.

REEIE EAZ MM S B BR AT RS E AR, AN S ML E WL
MEYRAKRE R, BRI S FRE, LM IERA K. 2FRE, FE
AW TR AE—S BN, K IELR TN 2 MEN—RRE AN REMIE, #A
B R AR, 8 AR IE Ry P E AT T SRR R, N TR
Rl

BiE, RECHFEABKLREEES W51 0ER, E8E—SREELHES
A T BRSO A SR BRI L M RACHTRE, HIIRESAKNE, M
T S IBIE BAR G MM BRI DRI RR, XEARFEFER. FTH kR R

Fh AT AYIE HOR S e 4 sk
""f/

2003 %6 A




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 crystallization 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 Pefroleum 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
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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 law 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 reservoir,
and Tarim Basin will really become the strategic base of China's petroleum industry. | am
confident in this.

Finally, I 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

Reservoir study is both basic petroleum geological work for oil and gas basins and
application study for direct service for production. It is the inalienable part of the research
work for exploration and development. Basing the reservoir study on sedimentology, this
book makes analysis of the reservoirs of the key stratum series in Tarim Basin in an
attempt to find the common characteristics and the distribution law of the key stratum
series in the basin for further promotion of oil and gas exploration. Based on the results of
the study, Middle and Late Ordovician is the main development period for bioherm while
the periphery of platform is the best place for development of bioherm. The Middle and
Upper Ordovician bioherm developed west of Tazhong-1 fractural belt, in particular, is
large in scale with an accumulated thickness of 74 meters and an extended length of
more than 100 kilometers. Tazhong-1 fractural belt is located in the periphery of the
platform with extensive development of high-energy grain beach. The variety of seams
derived from the faults and the associated seam and cavity system composed of buried
dissolved pores provide the most favorable reservoir belts with good storage and
permeable conditions.

The difference exists in the sedimentary environment of Donghe sandstone, the key
stratum series in the areas of Tazhong and Tabei in Tarim Basin. In addition, great
difference also exists in porous development and evolution. Tazhong area is concentrated
on the dissolution secondary pores while Tabei area is characterized with the mixed
development of primary and secondary pores, reflecting the differential of the diagenetic
process.

The analysis of Mesozoic and Cenozoic clastic diagenetic environment shows the
strata above Upper Jurassic are mainly located in alkali diagenetic environment while the
strata below Upper Jurassic are mainly located in acidic diagenetic environment. The
difference of diagenetic environment bears important influence on the porous formation
and development. The secondary pores are related mainly to the acidic fluids released
when kerogen is mature. The organic acid produced from hydrocarbon alteration can
promote dissolution of feldspar and debris, but the hydrocarbon emplacement has the
selective property and cannot stop the growth of quartz.

Meanwhile, this book also briefs about the methods for sedimentary analysis by using
imaging logging, time-frequency analysis, stratigraphic dip logging and conventional
logging information and explains the sedimentary facies and the ancient flow direction.
The LOGES system is used to calculate the sealing parameters of mudstone in different
regions while the relation formula between the real-testing discharging pressure value
and acoustic logging data is established. The gray system theory is used to develop and
improve the neural network interpretation model and makes assessment of the reservoir




caprock. The desirable results have been achieved in application.

This book is written on the basis of the research report of “Characteristics of
Sedimentary Reservoirs in Tarim Basin” (96-111-01-02) — one of the scientific research
projects in the country’s “Ninth Five-Year Plan”. This book is the teamwork of all the
research workers involved in the project. The writers of this book are as follows: Chen
Jingshan, Tan Xiucheng and Wang Zhenyu for the first chapter, Zhu Xiaomin, Zhao
Chenglin and Zhong Dakang for the second chapter, Zhang Guodong, Ye Ying and Shen
Zhongyue for the third chapter, Wang Jianguo and others for the fourth chapter, Gu Jiayu,
Jia Jinhua, Mei Bowen and Cai Chunfang for the fifth chapter, Chen Zhangming, Li
Guoping and Shi Qiang for the sixth chapter, Guan Shourui, Wang Guiwen, Song Zigi and
Zhao Liangwu for the seventh chapter. Finally, Zhu Xiaomin, Gu Jiayu and Jia Jinhua
make unified examination, compilation and revision of the book. This book uses a large
quantity of the research results achieved by the predecessors and the related seismic,
logging, drilling and geological data. Gratitude is extended to those predecessors.

Authors
June 2003
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