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Pull Apart Basin Analysis and
Its Oil&Gas—bearing Character

take the Weibei basin as an example

Abstract

By the analysis of the Weibei Basin as an example, in the monograph this monography
has systematically discussed the tectonic characteristics and evolvement, the sedimentary
sequence of characteristics and evolution, as well as the reservoir characteristic and
evaluation of pull apart basin. The source rocks, oil—gas source correlation and natural gas
genesis have been analyzed in an all —round way, the tectonic evolution history, sequence
stratigraphic framework, sedimentary model and petroleum system have been established.

The monograph is composed of preface, text (nine chapters) and illustration (xxx
breadths).

Preface: natural geography location of the Weibei Basin, achievements of previous
scholars and existent problems, original intention of compiling and scheme, the research
design and technical route, leading issues and new understanding.

Chapter One: skip—tectonics and essential features of skip—basins

The contents include skip —tectonic features, skip—basins and their evolutions, and the
features of oil and gas reservoirs of skip basin.

Features of skip—tectonics; Some topices have discussed, which include skip activities
and skip faultings, plate tectonism and skip activities, the styles of skip structure and the
distinguishing indications of skip structures.

Skip —basins and their evolutions: It has illustrated the skip basin types, and discussed
the forming mechanisms, tectonic sequences, structural features, distinguishing indications
and actual instances of pull apart basins.

Features of oil and gas reservoirs of skip basins: The typical features of oil and gas
reservoirs in typical skip basis of our country and foreign countries have been briefly
narrated.

Chapter Two: regional geologic setting of the Weibei Basin

This chapter focuses on discussion of the geological structural features in the Bohai Bay
Basin and the Tancheng—Lujiang Fault zone and their controls on generation and growth of
the Weibei Basin. Bohai Bay Basin is a large —scale Mesczoic — Cenozoic faulted basin in
eastern China. Weibei Basin is a secondary structural unit of the Changwei Depression in the
Bohai Bay Basin. The geological structural characteristics of Bohai Bay Basin determines the

character of Weibei skip pull apart Basin and its sediment—f{illing features.
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As a huge —scale skip fault zone in Eastern Asia, Tancheng —Lujiang Fault zone cuts
across Liaoning, Shandong, Jiangsu, Anhui and Hubei, which is 1400 kilometers in length
and 50— 100 kilometers in width. Fault zone is consist of north section, middle section and
south section. In the middle section (Weifang— Jiashan), Yishu Fault passes through Weibei
Basin, which fault association in NNE direction, graben—horst pattern and skip pull apart
trait directly control the formation, evolution and sediment—f{illing of the Weibei Basin.

On all account, the features of geological structural evolution and sediment —f{illing in
Weibei Basin are restricted by the character of the Bohai Bay Basin, especially by the skip
pull apart character of Tancheng—Lujiang Fault zone strictly.

Chapter Three: tectonic characteristic and evolution of the Weibei Basin

This chapter has expounded general condition of the strata, basement character and
structure sequence, discussed the structure features of the Weibei Basin in detail, including
structural framework, boundary fault and structural unit division, systemically analyzed nine
kinds of basic structural styles (negative bloom, broom, listric normal fault and rollover
fold, ramp — flat normal fault, listric normal fault and décollement fault —step, synthetic
ridge structure, synthetic fault — step, antithetic fault — step etc.), and elaborated the
features of volcanic activities such as space — time distribution, rock series, chemical
compositions, and forming mechanism of volcanos. Finally it has been pointed out that the
basin tectonic evolution can be divided into five stages based on the extension amount
calculating and the significant basin uncomformity analyzing. the skip fault stage (K); skip
fault stage (Member I of the Kongdian Formation ) ; the extension faulted stage (Ek2—3—
Es); the skip compressive stage (Es); and the depressive and skip compressive stage (N—
Q.

By analysis and domonstration of lots of data, the Weibei Basin is deemed a pull apart
basin of skip extension basin type.

Chapter Four: the sedimentary sequence features and evolution of Weibei Basin

Part One: sequence stratigraphic analysis

It includes the summary of sequence stratigraphy, the analysis of seismic and drilling—
logging sequence, detailed recognition of seismic reflection surface and high resolution
stratigraphic division of significant drilling—logging profiles. The Kongdian Formation and
the Fourth Member of Shahejiec Formation can be divided into a secondary sequence, five
third — class sequences and many system tracts by using sequence surface as isotime
framework. The seismic facies charts of system tracts, and builted up chorostratigraphic
framework model of the Weibei Basin have been worked out.

Part Two: sedimentary stystem

By seismic, boring, log, well —test, data analysis and core observation, it has been
concluded that the major types of sedimentary facies in the Weibei Basin are mainly lake
facies (shore —shallow lake subfacies, limnetic subfacies, semi—deep lake subfacies), fan
delta facies, braided river delta facies, meandering river facies etc.. Fan delta facies and

braided river delta facies can be further separated into deltaic plain, delta front and prodelta
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subfacies. Every sedimentary facies and subfacies in detail have been talked over, and the
sedimentary system charts by using sequence and system tracts as unit have been worked
out. Some issues have been deeply discoursed upon, including the space —time distribution
of LST system tracts of SQ3 sequence and LST, EST system tracts of SQ4 sequence. The
genetic coupling of system tracts and tectonic attribution of basin have been talked about.

Part Three: sedimentary evolution and model

Through analyzing the features of sedimentary evolution and sediment — filling of the
Weibei Basin from evolution of subsidence and sedimentary center in Kongdian Stage, the
correspondence of source rocks regions and sedimentary regions, the sedimentary evolution
model of Weibei pull apart basin has been established.

Chapter five: reservoir features and analysis of the Kongdian Formation in the Weibei
Basin

Kongdian Formation develops three sets of favorable reservoir sequence ; basalt reservoir
of SQ1 sequence; sandstone reservoir of SQ3 sequence; sandstone reservoir of SQ4
sequence.

Diagenesis types in the Kongdian Formation comprise compaction and cementation and
replacement. Depth of reservoir is a masterstroke of diagenetic stages, diagenetic series and
pore evolvement. Secondary pores are abundant in 1700— 2900 meter in depth, belonging to
A period of late diagenetic stage. The concept of comprehensive diagenetic coefficient to
characterize the diagenesis quantificationally has been put forward. This chapter mainly
discusses the reservoir description and evaluation of the Weibei Oil Field. According to
physical property parameters and phases of reservoirs, this chapter has been respectively
described the variational feature of significant reservoirs (lower —middle submember of the
Member I and upper submember of the Member I of the Kongdian Formation ), and
evaluated and predicted highly quality reservoir.

Chapter Six: source rocks features and evaluation

The contents include distribution of source rocks, organic macerals, organic abundance,
types and maturity of organic matter. In the distribution of source rocks part, five issues
have mainly been discussed, including the attitude, organic component, inorganic
component, forming environment and space — time distribution of four kinds source rocks
including oil shale, carbonaceous shale, mark mudstone, coal bed. Organic macerals of
source rocks argue the shape, attitude, optical character and their regional quantificational
distribution of vitrinite, inertinite, exinite, sapropel and their subgroup. The study indicates
that the more source rocks macerals in sapropel, exinite of oil shale, mark mudstone, and
there are more gas—formed macerals in vitrinite, inertinite of carbonaceous shale, coal bed.

Organic abundance of source rocks: by analysis and evaluation of the space — time
distribution of such parameters as organic carbon, hydrocarbon — generating potential,
chloroform bitumen ”A”, the total hydrocarbon generation amount, it has been found that
fine source rocks of the upper submember of the Member I in the Kongdian Formation are

located in northern and middle —northern basin, that moderate source rocks of the middle
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submember of the Member I in the Kongdian Formation lie in northern and southeastern
basin, errand — medium source rocks of the lower submember of the Member I in the
Kongdian Formation in northern basin,

Types of organic matter; by analyzing such index as microscopic appraisal type index,
kerogen, H/C ratio, pyrolysed hydrocarbon index (IH), kerogend13C (%,), it has been
found that organic matter of the upper submember of the Member I in the Kongdian
Formation have good organic type and dominated by I 1 type over the northern and-
southeastern of the basin which form the main source rocks, that I 2— I 2 tpye of the upper
— middle submember of the Member I of the Kongdian Formation dominate over the
northern of the basin which form the main gas source rocks, that I 2— I 2 type of the upper
— middle submember of the Member I of the Kongdian Formation dominate over the
southeastern of the basin which can form both oil source rocks and gas source rocks.

Maturity of organic matter of source rocks: by the evaluation of the organic matter of
source rocks using vitrinite reflectance (Ro) and thermal peak temperature (Tmax), it has
been concluded that the major areas in basin have reached mature oil —generating threshold.
In particular, the northern area have both possessed the condition of generating oil, and
entered peak stage of generating gas in the lower —middle submember of the Member I of
the Kongdian Formation.

Chapter Seven: petroleum system of the Weibei Basin

In the first place , the concept and research method of petroleum system has been
summarized. Then the static factor and the forming process of petroleum system in the
Weibei Basin has been described and analyzed respectively.

Static description of petroleum system includes source rocks, reservoir features and
source — reservoir — seal combination. The study indicates that there are three source —
reservoir —seal combinations in the Weibei basin: 1. top source —bottom reservoir (source:
the lower submember of the Member I of the Kongdian Formation, reservoir; the Member
I of the Kongdian Formation), its oil —gas perspective depends on reservoir capability of
basalt; 2. itself source —itself reservoir (source: the lower submember of the member I of
the Kongdian Formation, reservoir: the middle submember of the member I of the
Kongdian Formation, seal: the upper submember of the member I of the Kongdian
Formation) is known as an optimal source —reservoil —seal combination up to now; 3. top
reservoir —bottom source (source: the Member I of the Kongdian Formation, reservoir:
the lower submember of the Member I of the Kongdian Formation, seal: the upper
submember of the Member 1 of the Kongdian Formation) is one kind of important source—
reservoil —seal combination in the basin.

Analysis of forming process of petroleum system; the system simulation study on
thermal evolution of source rocks has been emphasized. From typical simulation result of
individual well, we can find that different well has different thermal history, this is due to
they have specific tectonic setting and depth. Among them, in Yang No. 5 well, Chang No.
61 well, the Member 1 of the Kongdian Formation in northern basin have high maturity and
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have been entered hydrocarbon—generating peak. In Chang No. 52 well, the Member 1 of
the Kongdian Formation in the central basin has medium maturity. Chang No. 32 well and
Tuan No. 4 well in the southern basin, have low maturity. According to thermal evolution of
source rocks, it has been thought that the critical period when the reservoirs form is from
Shahejie Stage to nowadays, and the Member I of the Kongdian Formation are source rocks
of petroleum system.

There are three kinds of migration paths as follwos: sandstone, fault and
uncomformity. The petroleum system whose source rocks is the Member I of the Kongdian
Formation distributes mainly in northern sag and mid —northern Zaohu nose structure zone
in plane.

Chapter Eight: oil—gas source correlation and natural gas genesis

By analyzing physical property of crude oil and its geochemical characteristics such as
tribe component, saturated hydrocarbon chromatography, maturity, biological marker, it
has been considered that the crude oil of the Weibei Basin mainly belongs to type I type
mainly. The crude oil from the north ripe region belongs to typical type I, namely,
immature oil formed by limnetic sapropel organic matter. The crude oil from the southeast
mature region belongs to between type I and I , which parent materials come from limnetic
—fresh lake.

According to organic component813C(%,) of natural gas, attitude and buried feature,
the natural gas in the Weibei Basin can be distributed into six type of genesis, namely
bacterial gas (biogas), bacterial —mature petroliferous gas, immature coal — petroliferous
gas, mature petroliferous — coal gas, coal —formed gas, geotherm gas (gas of water and
temperature). A assumption is drawn out that reckon most gas reservoir are formed in near
source areas.

Chapter Nine; the hydrocarbon accumulation laws of the Weibei Basin

Embarking on known oil — gas field or pool of Zaohu nose structure zone, Liutuan
shallow gas reservoir, it has been discovered that the hydrocarbon accumulation laws of the
Weibei Basin is as follows: 1. Skip — extension activity controls the evolvement of
sedimentary system, makes for symbiosis of oil —formed and gas—formed parent material,
and makes the Weibei Basin enrich both oil and gas. 2. The fan bodies accreted with main
fault provide favorable reservoir space for lithological oil —gas reservoirs. 3. Coexistence of
extension and compression stress field shapes many types of traps. 4. Distribution of
available hydrocarbon — generating kitchen and migration and accumulation model of
“migrating along fault and accumulating under ridge” controls distribution of rich oil —gas

zones, which forms main Zaohu fault—nose oil —gas zones,
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