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Basin Fluid and Hydrocarbon Accumulation (Abstract)

Based on a large number of geological, geochemical data and a number of related
experiment simulation and numerical modeling, this book mainly discussed the subject
about basin fluid and its significance to the oil and gas accumulation from many examples
in petroliferous basin. These examples mainly included Dongying Sag,Zhanhua Sag and
Huimin Sag in Jiyang depression of Bohai Bay Basin in eastern of China, and the
northwestern margin and center part of Junggar Basin in the western of China. These
examples have quite differences in fluid field and petroleum accumulation mechanisms,
and so can be contrasted with each other for the research object. The book studied and
expounded systematically that: (D the distribution, cause, forecast of formation pressure
and its influence to the hydrocarbon generation and evolution, hydrocarbon migration
and accumulation in the continental basin; @) formation water geochemical field
response, water-rock interaction and their hydrocarbon accumulation significance in
different lake basin; @) driving mechanism of basin fluid flow, flow pattern, fluid

potential field and their hydrocarbon accumulation significance .

Part 1 Formation fluid pressure and its significance to

hydrocarbon accumulation

1. The distribution and main formation cause of overpressure in Dongying Sag and
Zhanhua Sag

The overpressure in Dongying Sag and Zhanhua Sag was distributed in the large
series of mud in the middle and lower part of Member 3 of Shahejie Formation (Es;) and
the Member 4 of Shahejie Formation (Es,;), and formed into binary structure: The
above of the depth of 2000m in the Eogene System was normal compaction and normal
pressured (low pressured) system, the below of the depth of 2000m in the Eogene
System was uncompaction system. In the uncompaction system, the depth between
2000m and 2500m was the transitional zone, and the below of the depth of 2500m was
overpressured system, which corresponding to the main source rocks.

The main source rocks, the Es; and Es, have the characteristics of quick and
continuous deposition, large series of mud and shale, high heat flow and geothermal
gradient, and high contents of organic matter, therefore has two-way supercharging
effect of the compaction disequilibrium and hydrocarbon generation of which contribute

to the abroad distribution of overpressure in the mature source rocks. There is
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overpressure developed above Es;, and these overpressure is caused by overpressure
transmission from the lower Es; and Es,. Structural high part, fault zone and transition
zone of atmospheric pressure and overpressure are the favorable zones for overpressure

transmission.

2. Distribution, composition and formation of the sealing bed on the top of Paleogene

overpressure compartment system in Dongying Sag

Pressure measurement and logging response analysis are two common methods used
to study the top interface of overpressure (TIO) in Dongying Sag. The results show that
the Paleogene TIO is mainly restricted within the thick mudstones in the middle part of
Es; and corresponds to the interval between T4 and T6 reflecting interfaces in seismic
sequences which suggests the feature of strata controlled. The burial depth of this TIO
ranges from 2. 4km to 2. 8km and shallows from the central to the margin. Sedimentary
rocks below the TIO are composed of dark grey mudstone, calcareous mudstone and
sandy mudstone. The horizontal distribution of TIO is partly controlled by lithology and
deposition rate of underlying argillaceous rock, while tectonic uplift and denudation,
faulting movement as well as salt diapirsm are the primary causes of the shallower TIO
in certain areas.

The lithological composition of the overpressure seal is formed by a group of dark
gray mudstone, calcareous mudstone and sandy mudstone, of which the average sand-
clay ratio is 0. 092, the thickness is 500-900m and the maximal thickness of single
mudstone is greater than 10 meters. Whole rock X-ray diffraction shows that the
mudstones of the pressure seal contain large amounts of carbonate minerals and clay
minerals, Mudstone diagenesis reaches the rapid transformation of the illitemontmor-
illoniteinterlayer minerals, and corresponds to the mass occurrence of carbonate
minerals during the first and second stage. The overpressure seal could close surplus
pressure greater than 14MPa, which had a close relation with high displacement
pressure (average 5. 45MPa). Besides, thickness and the degree of diagenesis of the

overpressure seal are important influencing factors for its sealing ability.

3. Geochemical self-organization process mechanisms of formation of over-pressured fluid
compartment

The over-pressured systems form over-pressured fluid compartments (OPC) in vary
levels, which control the hydrocarbon migration and accumulation. The geochemical
characteristics of OPC demonstrated the geochemical self-organized course, and it
included the phenomena of nucleus formation, growth, diffuse, convection, dissolution,
deposition, and cementation under the state of non-equilibrium. These courses were

controlled under the coupling of stress, temperature, chemistry and pressure field. The
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active heat fluid in the deep formation provided dynamical condition for the functions.
The two series of seals was distributed at the depth of 2200m and 4000m, corresponding
to the abnormal high content of Ca®". Two sets of regional sealing bed like the upper
and lower tablet in the Bernard experiment, the minerals in the middle do fluid
convection movement, and the result often lead to marginal minerals gathered nearby.
The secondary pore zone formed in the turbidite sandstone body surrounded by
mudstone is not only the important material source of the formation of the sealing bed,
is also favorable for oil and gas accumulation. The sandstone in the margin of OPC,
fault terrace zone in the outer edge of the lateral seal of contemporaneous fault
consisting of underwater fan or shallow water beach, and the weathering crust and
leached zone near unconformity surface are the important place of geochemical self-

organization process.
4, The evolution of organic matter and hydrocarbon under abnormal pressure

4.1 The evolution of organic matter and hydrocarbon under abnormal pressure in

the profile of Dongying Sag and Zhanhua Sag

The distribution rule of thermal maturity indicators including vitrinite reflectance
(R°), main carbon, contents of normal alkanes, 2 Cy— /2 Cyyt 5 (Cy + Cpy)/(Cyg +
Cyy) s Pr/nCy; s Ph/nCigand Pr/Ph in the OPC was investigated in the Dongying Sag.
The inhibition effects of pressure on the evolution of organic matter and hydrocarbon has
a threshold. The obvious inhibition on the thermal evolution of organic matter by the
over pressure in Dongying Sag was connected with the continued overpressure in
Dongying sag and late good preservation condition, and this is reflected by the contrast
with Zhanhua Sag, whose paleogene system also developed overpressure, but because of
the relatively small pressure coefficient, its thermal maturity parameter R° does not
appear negative anomaly, implying the thermal evolution of the hydrocarbon source rock
is not obviously affected.

Overpressure shows affects obviously the distribution of the thermal maturity
indicator R° in 2400-3400m in Dongying Sag, so correlation analysis was made on the
maximum residual stress, pressure coefficient and the corresponding R° anomaly (R°
predicted-measured values) within the depth range. According to analysis, the relation
between surplus pressure (pressure coefficient) and R° outliers are;: y=—5X10""z} +6
X107°x{—0. 002327 +0. 0442, —0. 0836 (R?=0. 9823)

y =—1.0345z2" + 7. 99692* — 23. 9962 + 29. 238x — 13. 67(R?* = 0. 9865)

vy is R outliers, the x, is residual stress (MPa), z, is pressure coefficient.

4.2  An experimental simulation study on the hydrocarbon quantity generated

under pressure suppression
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Hydrocarbon generation is influenced by geologic settings such as temperature,
pressure and etc. The process can be described in chemical kinetic models. Open-system
and closed-system simulation experiments were used to study the kinetic characteristics
of 4 kinds of main source rocks in the Dongying Sag and Zhuahu Sag. Vertical pressures
equivalent to underground strata were taken into account in closed-system experiments
Some conclusions were made on the basis of the comparative analysis of the
experiments. Pressure suppresses the hydrocarbon generation on different extents
according to different source rocks and different evolutionary stages. The higher the
hydrocarbon generation potential of parent materials, the evolutionary degree or
formation pressure, the more evident the suppression of hydrocarbon generation. The
kinetic parameters of hydrocarbon generation of the source rocks related to pressure

were accordingly determined.

4.3 Hydrocarbon generation mechanism of deep source rocks based on the

comparison of experimental simulations in open-system and closed-systems

In order to study the characteristics of hydrocarbon generation at different maturity
stages of source rocks in the Dongying Sag, experimental simulations of hydrocarbon
generation and expulsion in a closed-system and an open-system at rising temperatures
were performed by using source rock samples from Es,. Their yields and reciprocal
transformation of compositions were compared. The samples were acquired from the
upper Es, in the well Guan-07 in the southern slope of the Dongying Sag. Their TOC
content occurs at the main peak of the frequency distribution from the TOC statistics of
this set of source rocks, and thus is representative. The following conclusions were
obtained. The products of direct kerogen degradation are mainly heavy oil and gaseous
hydrocarbons, while light hydrocarbons mainly comes from the secondary cracking of
heavy oil; Light oil can be largely expelled immediately after they are generated by
source rocks, and thus it is difficult to crack the light oil into gas under existing kinetic
conditions; The appearance of macromolecular heavy oil from source rocks marks the
beginning of hydrocarbon generation, while the appearance of light oil from further
degradation of the heavy oil marks the initiation of hydrocarbon expulsion. The
experimental results can be used to explain the origins of condensate oil and gas in the

Dongying Sag.

4.4  QOil cracking into gas under different pressure: Simulation of oil in the

paleogene reservoirs in the Dongying Sag, Bohai Bay Basin, eastern China

The evolution of oil cracking products and the effect of pressure on the yield and
kinetic of gas generation during oil cracking was investigated by comparative laboratory

simulation experiments under different pressured system. The low matured oil sample
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was from Shahejie Formation in Paleogene of Dongying Sag. Setting an initial
experimental temperature of 300°C, the temperature was increased to 650°C at a heating
rate of 30°C /h and 100°C /h. The products were tested every 50°C starting at 300°C , and
a pressure of 20MPa was achieved using a water column. The results show that high
pressure inhibits or delays oil-gas cracking as well as retards the initial cracking of oil.
The threshold of oil cracking temperature and the activation energy of C,; hydrocarbon
gases also increase under high pressure. High pressure and high temperature inhibit the
conversion of heavy hydrocarbon gases C.; to methane during the secondary cracking
stage. In addition, high pressure retards N,, H,, and CO generation during oil-gas
cracking. Water may increase the yield of total cracked gas., heavy hydrocarbon gases
C,5, and CO, in high pressure water environments. Simulation results show that CO,
and heavy hydrocarbon gases C,; have similar yield during oil-gas cracking. thereby
denoting the close relation of the formation mechanisms of CO, and heavy hydrocarbon
gases C,5. Total average activation energy of gas formation and hydrocarbon gases C, ;
during oil-gas cracking was promoted under 20MPa compared to 0. IMPa, showing the

effects of pressure on the kinetic of oil-gas cracking process.

4.5 Geochemical evolution during the cracking of crude oil into gas under different

pressure systems

The two comparative simulation experiments showed the geochemical evolution
during the cracking of crude oil into gas. Before the oil was cracked into gas, some
components, including macromolecular n-alkanes, were cracked into medium or small
sized n-alkanes. The secondary oil cracking of heavy hydrocarbon gases of C,; to
methane mainly occurred between 550°C and 650°C, and the parameters In(C,/C,) and
In(C, /Cy), as well as the dry coefficients increased. Compared with the normal pressure
system, high-carbon n-alkanes and other compounds in the 20MPa pressure system were
reserved. Furthermore, the parameters >C,— /2 Cot » In(C,/Cy) .+ and In(C,/Cy), as
well as the dry coefficients, decreased within the main temperature range. During
secondary oil cracking (550°C to 600°C), the Ph/nCys and Pr/nC,; decreased. High
pressure influenced the evolution of the biomarkers Ts and Tm, Cs; homohopane, Cag
sterane, adamantine, and their related maturity parameters to different extents during

oil cracking under different temperature ranges.

5. The mechanism of oil and gas migration and accumulation in the abnormal high
pressure system

5.1 The effect of overpressure on the reservoir and sealing bed

The influence of overpressure on the oil and gas migration and accumulation in the
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overpressure system reflect on the fluid emission from hydrocarbon source, preservation
and improvement of reservoir space, evolution of the sealing ability of cap rock on
hydrocarbon fluid, and the pattern of over-pressured hydrocarbon fluid accumulation.

The influence of abnormal high pressure in reservoir is mainly manifested in three
aspects: One is the protection of original reservoir space, the second is the improvement
of reservoir space by the secondary porosity, and the third is to induce the generation of
cracks.

The sealing mechanism of cap rock mainly included physical sealing (also known as
capillary pressure sealing) , overpressure sealing and hydrocarbon concentration sealing.
The compaction disequilibrium and transformation of clay mineral dehydration of the
sealing bed in the OPC of Dongying Sag make itself has certain residual stress, and the
mudstone also have ability of hydrocarbon generation, thus the seal has capillary

pressure sealing, overpressure sealing and hydrocarbon concentration sealing.

5.2 The episodic hydrocarbon expulsion in the over-pressured systems in Dong-

ying Sag

The over-pressured systems compartments could be divided into three parts
according to the geochemistry characteristics: The edge of compartment (seal), which
hold up the hydrocarbon migration to outside; the favorable release zone for
hydrocarbon, in which over pressure was released in some degree and hydrocarbon was
expelled mostly; the stagnant zone for hydrocarbon, in which the over pressure remains
and the hydrocarbon is stagnant relatively.

The long-term development of overpressure and accumulation results in the episodic
hydrocarbon expulsion which is an important manner of hydrocarbon expulsion in
Dongying Sag. According to the mechanisms and modes of episodic hydrocarbon
expulsion in the over-pressured systems in Dongying Sag, the episodic hydrocarbon
expulsion can be classified as "tectonic episode" and "pressure episode". The mechanism
of "tectonic episode" is the destruction came from tectonic movement outside and the
path of hydrocarbon-expulsion is fault surface. The mechanism of "pressure episode" is
the accumulation and release of over-energy inside of the overpressured systems and the
path is fissure. Through episodic hydrocarbon expulsion the efficiency of hydrocarbon
expulsion was higher than others. The characteristics of high energy, quick migration

and accumulation make it very significant in the petroleum exploration.

5.3 Physical simulation on hydrocarbon accumulation of lithologic reservoirs by

episodic hydrocarbon charging

As the hot spot and emphasis of petroleum exploration, lithologic reservoir is the

main type of subtle reservoirs for increasing reserves in continental rifted basin, but
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there are many differences of cognition in the aspect of migration process and
hydrocarbon mechanism. According to the hydrocarbon accumulation characteristics of
lithologic reservoirs in continental rifted basin, the physical simulation on hydrocarbon
accumulation process was carried out, and the accumulation mechanism of lithologic
reservoirs was studied. The result shows that lithologic reservoirs have differences in
accumulation process, accumulation characteristics and accumulation efficiency under
different conditions. The episodic accumulation has high accumulation efficiency and
high speed characteristics. Hydrocarbon source conditions, charging patterns,
pressure, faults, sand bodies properties are the main controlling factors of lithologic
reservoir accumulation. Among these conditions, fault connected migration pathway is

the critical factor of lithologic reservoir forming.
5.4 The mechanism of oil and gas gathering

With the exception of the stagnant fluid dynamics system, there are two kinds of
fluid dynamics system in Dongying Sag: Normal-pressured opening fluid dynamics
system and OPC fluid dynamics system. which results in two accumulation dynamic
mechanisms: One was self-sourced and sealed dynamic mechanism, another was
outward-sourced and opened mechanism, and the former provided the oil-gas source and
drive for hydrocarbon accumulation. OPC is moving and changing at all times, so all the
geological behaviors should be investigated by historical and developmental eye.

Faults and rupture were important pathway for episodic hydrocarbon expulsion, so
the sandstone-body communicated by faults and conformation-anticlines were favorable
prospects for exploration, and the sand lens reservoirs around over-pressured source

rocks were latent targets for the exploration of subtle trap reservoirs.
5.5 The distribution patterns of oil and gas in overpressure system

5.5.1 Distribution of gas in profile

The episodic hydrocarbon expulsion and hydrocarbon charging determines the
special oil and gas distribution, and oil and gas distribution rule is closely related to
formation pressure distribution. This pattern of hydrocarbon charging from OPC
transports hydrocarbon with higher gas-oil ratio into the shallow traps. As
temperature, pressure drop, the hydrocarbon fluid gradually differentiate, thus making
the oil dissolved gas gradually separated from the oil and gas abundance increases from
deep to shallow, even pure gas reservoir formed in shallow, to form appeared in turn
from top to bottom " high saturated pure gas reservoir", " saturated hydrocarbon
reservoirs" and "low saturated hydrocarbon reservoirs".

5.5.2 Distribution of gas in plane

The present annular plane distribution patterns of natural gas in Dongying Sag,
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which to a certain extent, can also be related to the influence of the formation pressure.
From the central to the edge of sag.Paleogene, Neogene gas accumulated in four ring
belts, and the inner ring belt is the native gas accumulation zone within deep
overpressure compartment. Shallow pure gas reservoir is located in the outer ring
between the concave and convex, mainly in the Neogene Guantao Member and
Mhuazhen Memebr outside of over-pressured compartment. They are mostly small
sandstone lens gas reservoirs, and their formation is the result of differentiation of the
oil and gas migration along fault and the lateral stratigraphic unconformity surface in the
basin.

5.5.3 Distribution of deep cracked-gas system

Abundant of information about geochemistry indexs on hydrocarbon generation,
gas compositions and formational pressure were analyzed, The results showed: the
lower part of Es;, Es, and Member 2 of Kongdian Formation formed composite natural-
gas systems; the gas formed in the middle and late of time of deposition of Minghuazhen
Formation and has characteristics of accumulation in late time. The over-pressured
system in Paleogene System was classified into two sub-over-pressured systems by the
salt and gypsum rock in the middle part of Es,, and accordingly, the composite natural
gas accumulation systems formed by gas accumulation system over salt and below salt.
Every kind of fan body formed by sand or conglomerate and secondary pores were the
main reservoir rocks body and the reservoir rock type. The mud and oil shale of deep-
lake faces in the middle and lower part of Es;, the dark mud interspersed by calcium-
mud in the upper part of Es; and large set of salt and gypsum rocks in the middle part of
Es, formed into high-quality sealing rock in region, which was the favorable conditions
for natural gas preservation combined with inactive structure movement in the area.
There were faulted-gas reservoirs, structure-lithological gas reservoirs, and lithological
gas reservoirs formed by every kind fan-body in the area, and the latter should be the
main targets for the gas exploration in the deep of Paleogene System in Dongying Sag in

the future.

Part 2 Formation water geochemical field and hydrocarbon

accumulation

6. The composition and evolution of formation water field in basin

6.1 Formation water type, main composition and chemical parameters

Formation water in sedimentary basin is the comprehensive reflection of the
hydrological geology, fluid flow and rock interaction,the fluid flow and mixing effect in

the process of basin evolution, and the process is closely related with the formation of



