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ABSTRACT
The lateral sealing ability of a normal fault is a major factor in creating hydrocarbon traps. Therefore, a
methodology for assessing the sealing ability of faults in the siliciclastic sequences of subsidence basins
has been established; moreover, by using this methodology, the uncertainty inherent in hydrocarbon
exploration can be decreased.
Moreover, the petrophysical properties of fault rocks and reservoirs are emphasized by the methodology.
In addition, the petrophysical properties of fault rocks and reservoirs are mainly determined based on
clay contents and compaction pressure according to experiments on manmade rock samples which are
representative of the researching area.
Furthermore, by using this methodology, the petrophysical properties of fault rocks and reservoirs, which
are mainly determined based on clay content and compaction pressure according to experiments on
manmade rock samples representative of the researching area are emphasized.
Thus, the lateral sealing ability of the fault can be assessed as follows: First, a best-fit equation describing
the displacement pressures, clay contents, and compaction pressures of the rock samples is established by
us. Then, the positive pressure on the fault plane from the decomposition of effective overburden pressure
is calculated; afterwards, the clay content of the fault rock (Shale Gouge Ratio) is calculated by us.
Finally, the displacement pressures of the fault rock and the juxtaposed reservoir rock are predicted.
Ultimately, based on this study which has been carried out, the results for the case study of the Tangjiahe
fault in Well Gang 64, in the western part of the Qikou Sag, China coincide with the exploration results,
which this coincidence confirms that this methodology is capable of evaluating the lateral sealing ability of
faults in certain geologic settings.
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INTRODUCTION

is thought that the fault rock, which has a lower

The lateral sealing ability of a fault is an important

permeability and a lower capillary threshold

factor in creating hydrocarbon traps in rift basins.

pressure than the reservoir rock, can provide a

In a production/development context, it has been

barrier to hydrocarbon migration even if reservoir

recognized that the presence of lateral seals results

rock is positioned against reservoir rock. Also, fault

in different hydrocarbon contents across a fault,

rocks are composed of different types of host rocks

while producing reservoirs with faults has poor flow

entrained into the fault zone, which is not a single-

performances [1 to 8]. Therefore, the possibility

plane, but a series of fault planes or a network of

that hydrocarbons can flow through the juxtaposed

small fault segments, during fault displacement and

rocks across the fault within faulted oil-gas fields,

subsequent evolution. Therefore, many methods

which is one of the key factors controlling trap

have been developed to predict the permeability

effectiveness, has attracted a great deal of interest.

and capillary threshold pressure of the fault rock

Although universal agreement has not been

[6,17,18] based on knowledge of the faulting

reached concerning lateral sealing classification,

processes [19 to 23], the fault’s architecture

two types of lateral sealing, which control the

[23,24,26-29] , the fault’s population [30 to 33]and

sealing behavior of fault in siliciclastic sequences,

the lithological combination within the fault zone

have already been recognized: (1) juxtaposition

[18,24,34,35].

sealing and (2) fault rock sealing [9 to 15].

Moreover, this information can then be used to

In the case of the first type of lateral sealing, given

evaluate the lateral sealing ability and hydrocarbon

the fact that the fault cuts a sequence of beds along a

column quantitatively. At present, there are three

single 3D plane, rocks with different lithologies or

main ways to evaluate the lateral sealing ability of

petrophysical properties, e.g. different porosities,

a fault based on its petrophysical properties [34-

permeabilities, capillary entry pressures, within

41].

the hanging wall and footwall can be juxtaposed

a. Estimating the profile thickness of a shale layer

when the hanging wall of a normal fault moves

along the fault zone during faulting based on the

downward. So, juxtaposition seals can be produced

parameters of the shale smearing factor (SSF) [16]

by a permeability gradient among the different

and the clay smear potential (CSP) [2,42,43] .

rocks juxtaposed across the fault plane. Moreover,

b. Statistical methods of predicting the average

reservoir juxtaposition areas across a fault surface

proportion of fine grained material entrained into

were identified (by Allan in 1989, Knipe in 1992,

the fault gouge from the host rocks such as the

and Lindsay in 1993) to qualitatively evaluate the

shale gouge ratio (SGR) [44 to 49].

lateral sealing ability of a fault using previously

c. The fault rock-reservoir displacement pressure

mapped horizons; in addition, a refined reservoir

difference method, which evaluates the petrophysical

stratigraphy was defined by isochores at the fault

properties of the fault rock based on the clay content

surface [1,13,16].

and the diagenetic grade [16,18,50,51].

In the case of the second type of lateral sealing, it

As a continuous clay smear can form an extremely
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effective fluid flow barrier because of its very

is only of statistical significance. Furthermore,

low porosity and permeability [4,5], all of the

any study that uses the SGR to predict the fault-

parameters in the first method are used to estimate

sealing ability should not be attempted if there are

the relative amount of clay that has been smeared

not any sufficient pressure data from existing local

from individual shale source beds at a certain point

reservoirs to calibrate during the exploration stage.

along a fault plane based on the thickness of the

The third method overcomes the problems that

faulted mudstone sequence and the fault throw/

the second method cannot resolve. As the lateral

distance from the source bed. The relatively good

sealing properties of the fault can be evaluated

quality of the SSFs and CSPs combined with the

based on the capillary threshold pressure or

presence of oil and gas in connection with the

the displacement pressure (Pd) between the

faults confirms that they form an inferior boundary

reservoir and the juxtaposed fault rocks [6,17,18],

when the clay smear becomes discontinuous, and

hydrocarbon flow across the fault zone will not

the lateral sealing capability decreases to the point

occur unless the capillary pressure of the fault rocks

of failure.

is less than that of the reservoir. On the contrary,

However, the first approach may be difficult to apply

the hydrocarbons cannot flow across the fault

directly in thick heterogeneous sequences because it

zones. In addition, if the faults were lateral sealings,

is not feasible to map every shale bed and consider

the displacement pressure difference between the

its effect at the fault’s surface. In addition, the SGR

reservoir and the juxtaposed fault rocks can be

algorithm, which is the percentage of shale or clay

used to predict the hydrocarbon column height

in the slipped interval, is a simpler approach that

of the reservoir. So the key factor involved in this

considers only the bulk properties of the sequence

method is to be able to accurately calculate the

at the scale of the reservoir mapping of the second

petrophysical properties of the reservoir and the

method. In addition to the SGR calibration for the

fault rock.

area, it is important to explicitly know the across-

The petrophysical properties of reservoirs have

fault pressure differences measured from wells on

been measured in many ways in previous studies;

both sides of the fault. Then, a typical threshold

however, as pointed out by Fisher and Knipe

between the minimal across-fault pressure difference

in 2001 [18], the petrophysical properties of

and the significant seal can be defined. Therefore,

fault rocks are mainly determined by the clay/

the second method is more advanced than the first

phyllosilicate content, the level of cataclasis, and

method for quantitatively evaluating the lateral

the amount of cementation. The clay/phyllosilicate

sealing capacity of faults. Moreover, the proposition

content, which is the percentage of particles with

of the SGR algorithm is necessary for scholars

a diameter of less than 2 mm, can seriously affect

evaluating the lithologic characteristics of fault

the pore throat size [52]. In the same geological

rocks quantitatively. However, there are still some

settings, as the mud content increases, the rock

flaws. First, this method is not based on the sealing

pore throat size decreases. Also, cataclasis involves

theory, and the result of the risks associated with

grain fracturing and can reduce the porosity and

fault-controlled prospects obtained by this method

permeability and increase the capillary threshold
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pressure of rocks within fault zones [43]. This

time is the third factor influencing the permeability

suggests that cataclasis involves nearly the same

evolution of the fault zone, which indicates that

micro-deformation mechanisms in similar geologic

the same fault zone can have different sealing

settings, e.g., similar burial depths, fault stress

properties through time [56].

fields, etc. [53]. In addition, cemented faults

Unfortunately, there are no robust methods that

and/or fractures are the most common result

take all of these factors into account to predict the

of deformation related cementation, which can

petrophysical properties of fault rocks despite these

effectively reduce the permeability and porosity.

developments. Ultimately, any method developed

The cement seals are associated mostly with the

to predict the fluid flow properties of faults in

sites where local dissolution and reprecipitation

the subsurface requires an understanding of the

occur during deformation or along the invasion

main factors controlling the fault’s permeability.

paths of fluid into the faults [54]. So the source of

A case study of the North Sea and Norwegian

cementation can be internal or external, but it is

Continental Shelf by Fisher and Knipe in 2001 [18]

pointed out by Fisher and Knipe in 1998 [35] that

plotted the permeability of fault rocks versus the

natural oil/gas field examples do not always require

clay content of the host rocks for various fault rock

an external fluid source to control the sealing

types. Another case study involving transmissibility

properties of the fault zones, especially on a large

multipliers performed calculations using realistic

scale where the external fluids do not promote

fault rock property data (thickness, permeability,

continuous cementation for extensive sealing. Thus,

and clay distribution within the reservoir), which

the internal source of cementation was a pressure

was previously used in production simulation

solution of quartz particles, and the hydration

models [24,45,57,58]. However, the input of

reaction of clay minerals is more important for

accurate geologic data into these models is vital

decreasing the porosity and permeability of the

that the predictive capability be increased.

fault rock. Conversely, the dissolution of the

At present, for normal faults in tectonically inactive,

minerals in fault rocks can increase porosity and

extensional, continental, sedimentary basins,

permeability, which results in conduits for fluids.

significant success has been achieved in developing

Furthermore, in some natural oil/gas fields, the

a new algorithm for predicting the displacement

burial depth, causes the interaction between

pressure of fault rocks based on the main factors

the temperature history and the stress history,

affecting the study area, e.g. clay content and

can also alter the petrophysical properties of the

stress history, as well as analysis of all of the factors

fault rocks within the fault zones, i.e. the quartz

affecting the petrophysical properties of the fault

cementation and pressure solution occur rapidly

rocks.

when the temperature exceeds 90 °C [39] and the

This method focuses on the formation of fault

permeability of the fault zone decreases with an

rocks by rock cataclasis-mixing-compaction and

increase in confining pressure [55]. In addition to

prediction of the displacement pressure of the fault

the temperature and stress histories, geological

rocks using the mathematical formula developed
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from experimental data on the controlling factors

range of compaction behavior. The relationship

and avoiding the use of the input of a large amount

between the clay content and the void ratio at

of accurate geologic data as the transmissibility

the liquid limit for fine-grained clastic sediments

multipliers. This means that it is suitable for risk

has been established by Yang in 2004 [62]. In

analysis of traps in a petroliferous basin in the

addition, it has been concluded that the clay

early and intermediate stages of exploration.

content is a reasonable measure of the overall

Furthermore, our approach is applied to the fault

grain size distribution of mudstones. It seems likely

trap in Well Gang 64 in the Northern Dagang burial

that a fairly strong relationship exists, although

hill structural belt of the Qikou Sag. The predicted

it is currently lacked a quantitative model that

accumulation of oil and gas in the trap was in

describes the displacement pressure of seals as

agreement with the current oil-gas distribution,

a function of the compaction and clay content.

which confirms the correctness of the method

In fact, cementation and dissolution also play an

in this oil-gas field. Finally, we present the ideas

important role in the evolution of the petrophysical

and workflow of the new algorithm for evaluating

properties of rocks and fault rocks. However, the

lateral sealing ability, and we hope to apply it to

porosity-depth relationship baseline depends on

other areas of the world. In future studies, we

the mechanical compaction; whereas, dissolution

will investigate and summarize the cementation,

and cementation cause the porosity of the rocks to

tectonic movement, and temporality on the

fluctuate around the baseline.

petrophysical properties of fault rocks.

However, the host rocks entrained into the fault zone

EXPERIMENTAL PROCEDURES
METHODOLOGY

during faulting are compacted and consolidated into
fault rocks, which have a relatively stable structure
with coarse particles serving as the skeleton and

Prediction of the Displacement Pressure
of Siliciclastic Rocks

fine particle acting as the filling and cementing

The quality of a seal is determined by the minimum

the overburden after the fault activity stops. The

pressure, i.e. the displacement pressure (Pd),

experiment by Wang in 2018 [64] highlights the fact

required to force hydrocarbons into the water

that fault rocks can achieve moderate compaction

saturated pores or fractures of the seal at a given

due to a compaction stress of up to 2.4-5.4 times the

time. Previous studies have concluded that the

uniaxial compressive strength of the host rock. In

displacement pressure of the siliciclastic rocks is

addition, if the geologic time from the formation

primarily governed by their porosity and lithology

of the fault rocks to present is relatively short,

[59]. Compaction is a purely mechanical process

the amounts of cementation and dissolution are

in which the porosity decreases in response to the

insignificant, which is similar to the conditions in the

increased effective stress caused by mechanical

study area. Therefore, mechanical compaction is

compaction [60,61], and the porosity-vertical

one of the main factors controlling the petrophysical

effective stress curves for rocks with differing clay

properties of rocks and fault rocks, and it is taken

fractions have been drawn to illustrate the wide

into consideration. Consequently, in this paper, the

materials, in a short time due to the pressure of
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following experiment was conducted.
The materials used were silt (370-mesh quartz
sand), clay (obtained by crushing and sieving the
mudstone from downhole in the Qikou Sag with
a clay content of >95%), and distilled water. The
compositions of the clay minerals are shown in
Table 1.
Table 1: Relative content of clay minerals of mudstone
samples from Qikou Sag through XRD analysis.
Relative percentage (%)

Clay minerals

/

Smectite

64~79

mixed-layer illite/smectite

/

mixed-layer Chlorite /Smectite

3~14

Illite

5~18

Kaolinite

During the man-made core sample displacement

3~13

Chlorite

pressure tests, first, they were evacuated, and

20~25

mixed-layer ratio (%)

The clay and silt according to the following ratios:
100:0, 80:20, 60:40, 40:60, and 20:80 have been
mixed. Then, they are poured into the mixer,

Figure: 1 Manmade rock preparation equipment and
image of 2.5-cm diameter man-made core sample.

then, they were saturated with kerosene. After
a few days (generally more than 96 hours), they
were taken out of the pressure chamber and tested
using a PYC-1 displacement pressure tester (Figure
2).

then stirred, and afterwards, keep them wet with
a nebulizer until they reach a certain humidity.
The clay and silt mixtures were then placed in a
compaction mold (2.5 cm diameter cylindrical
cavity) (Fig. 1), and pressure (1 MPa, 5 MPa, 10 MPa,
and 15 MPa) was applied by pressure bars using a
manual pressure pump to simulate compaction.
The compaction process under each pressure was
maintained for 4 hours. Further, 20 core columns
were removed from the compaction mold and were
placed in a chamber with a constant temperature

Figure 2: Experimental equipment (PYC-1) for testing
displacement pressure on rocks.

of 40 °C until the cores were dry. Finally, the 20

Each sample was subjected to two displacement

man-made core samples with different compaction

experiments using nitrogen under a certain

pressures and clay contents were obtained for use

pressure to obtain two breakthrough pressures

in the displacement pressure tests (Figure 1).

and breakthrough times (Table 2).
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Table 2: Results of the displacement pressure tests on
the manmade core samples.

The gas pressures and breakthrough times of

Compaction Clay
Sample
P1
t1
P2
t2
Pd
Pressure Content
Number
(MPa) (min) (MPa) (min) (MPa)
(MPa)
(%)

simplified to obtain the following equation for

each sample were substituted into Equation 2 and
displacement

pressure.

P2t2 − P1t1
.
t 2 − t1

(3)

1

15

100

5

178

3.52

365 2.11

2

10

100

2.21

492

1.79

714 0.86

3

5

100

1.12

145

0.71

342 0.41

4

1

100

0.8

183

0.45

571 0.28

5

15

80

1.56

108

1.23

386 1.10

6

10

80

1.21

564

0.88 1048 0.50

is the breakthrough time from the first experiment,

7

5

80

0.97

399

0.64

749 0.26

and t2 is the breakthrough time from the second

8

1

80

0.83

399

0.49

837 0.18

9

15

60

1.05

195

0.78

418 0.54

experiment.

10

10

60

0.88

580

0.63 1037 0.31

11

5

60

1.09

130

0.66

241 0.16

each man-made core sample could be calculated

12

1

60

0.83 1335 0.62 1896 0.12

using the second pressure and the time data obtained

13

15

40

0.64

214

0.44

576 0.32

14

10

40

0.96

195

0.65

324 0.18

from the tests.

15

5

40

0.8

289

0.5

516 0.12

16

1

40

0.85

449

0.5

819 0.08

pressures of the man-made core samples, their clay

17

15

20

0.41

259

0.3

512 0.19

contents and compaction pressures was analyzed.

18

10

20

0.41

107

0.3

173 0.12

19

5

20

0.3

636

0.19 1291 0.08

It is found out that when the clay contents of the

20

1

20

0.4

50

0.21

113 0.06

Pd =

where P1 is the gas pressure from the first experiment,
P2 is the gas pressure from the second experiment, t1

By using Equation 3, the displacement pressure of

After this, the relationship between the displacement

samples has been the same, the higher the sample
compaction pressure is, the greater the displacement

The formula for calculating the displacement pressure

pressure is. Also, when the compaction pressures of

of each sample was mainly based on the equation

the samples are the same, the displacement pressure

derived from Poiseuille’s Law.

of the samples increases exponentially with increasing

r ( P − Pd )
dx
V =
.
=
dt 8 μ
ì L − x ( t ) q 
2
o

(1)

clay content (Figure 3).

where V ̇ is the flow rate, x is the amount of
displacement liquid, t is the displacement time or
breakthrough time, P is the gas pressure applied in
the lab, ro is the radius of the maximum connected
aperture, μ is the liquid viscosity, L is the length
of the rock sample, and q is the hydrodynamic
bending.
By integrating and rearranging Equation 1, the
following equation is obtained:
t=

4ìL2q 2 μ
.
r ( P − Pd )
2
o

(2)

Figure 3: Relationship between the displacement
pressures of the manmade rock samples with different
mudstone contents and their compaction pressures. It
can be found that the higher the sample compaction
pressure is, the greater the displacement pressure is,
when the clay contents of the samples were the same.
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Based on the above findings, further analysis was

lateral sealing ability of the fault can be quantitatively

conducted to reveal the positive relationship between

predicted.

the man-made core displacement pressure and the

a. Defining the relationship between the effective

product of the compaction pressure and the clay

overburden pressure and the burial depth.

content (Figure 4). Thus, the displacement pressure of

It is necessary to establish the relationship between

the rocks based on this relationship can be predicted.

the rock density and depth and to calculate the
effective overburden pressure at each depth using

Pd (MPa)

the following equation (Equation 4):
Pe = ρZ .

(4)

where Z is the depth (m), ρ is the average density
of the rock frame above depth Z (kg/m³), Pe is the
effective overburden pressure at depth Z (MPa).
Vsh.P c(MPa)

Figure 4: Relationship between the displacement pressures
(Pd) of the manmade rock samples and the products of
their compaction pressures (Pc) and clay contents (Vsh).
It shows that the displacement pressure values increase
exponentially with an increase in the products of their
compaction pressures (Pc) and clay contents (Vsh).

Evaluation Process for Determining the
Lateral Sealing Ability of a Fault
According to the previously described third
evaluation method for evaluating the lateral sealing
ability of a fault, the workflow of the method which
has been established by us is as follows:
First, it is assumed that the fault rock has been
formed by fault debris and is located along the
fault surface formed by the positive pressure of
the plane. Therefore, the fault rock displacement
pressure depends on its clay content and the
section pressure. Then, by substituting the above
two parameters into the fitting formula for the
displacement pressure and the product of the clay
content and the compaction pressure established
using the measured rock data from the study
area, the displacement pressure of the fault rock
can be predicted. Similarly, it is also possible to
predict the reservoir displacement pressure. Finally, the

b. Calculating the compaction of the fault rocks
The effective overburden pressure on the fault
plane can be decomposed into two mutually
perpendicular forces. One is perpendicular to the
fault plane, and the other is parallel to the fault
plane. Moreover, previous studies have concluded
that both the vertical mechanical compaction
and the lateral extrusion affect the petrophysical
properties of the rocks [65,66]. According to a study
in the Tarim Basin, it is concluded by Gao in 2018
that the porosity loss caused by lateral structure
compression has been 2.5-23.6% of the bulk
porosity loss of sandstones [66]. However, the fault
rocks distributed in the fault zone, which is mainly
compacted by the positive pressure perpendicular
to the fault plane and is rarely affected by the
extrusion stress parallel to the fault plane after the
fault activity stops, are different from the normal
sedimentary strata. Furthermore, the target area,
i.e. the Qikou Sag. mainly experienced extensional
after the formation of the fault. Therefore, the
compaction pressure on the fault rock is equivalent
to the positive pressure on the fault plane caused
by the gravity of the overlying stratum when there
is no overpressure. The following equation explains
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Pc= Pe cos θ = ρZ cos θ .
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the study area obtained from the experiments.
(5)

e. Predicting the displacement pressure of the fault

where Pc is the positive pressure on the fault surface

rocks and the juxtaposed reservoir rocks.

(MPa), which is equivalent to the compaction

According to Equations 4 and 5, the Pc can be

pressure in the experiment above, and θ is the

calculated from point depth Z, the average density

fault dip angle (°).

of the rock frame, and the fault dip. The SGR

c. Calculating the clay content of the fault rock

magnitude can be calculated using Equation 3.

The shale gouge ratio (SGR) has been defined by

Then, the displacement pressure of the fault rock

Yielding et al in 1997 [44] for describing the bulk

at the target point can be obtained from the fitting

properties of fault rocks based on the assumption

equation above, and the displacement pressure of

that debris from the shale/clay beds, which are

the juxtaposed reservoir rock can be calculated based

100% clay materials, fall into the fault zone in

on its clay content and the effective overburden stress.

proportion to their even thickness and is distributed

f. Quantitatively evaluating the lateral sealing ability

along the fault surface where the throw is H. By

According to the steps described above, the

assuming that the clay content is an average value

displacement pressures of the fault rocks (Pdf)

over defined zones, the equation of SGR calculation

and the juxtaposed reservoir rocks (Pdr) can be

has been improved by Freeman in 1998 [44].

predicted at each point on the fault plane. Then by

SGR =

∑

Vc1 .∆ Z
H

.

(6)

where SGR is the shale gouge ratio, which can also
be considered to be the shale content of the fault
at a given point, Vcl indicates the volume fraction of
clay in an interval of thickness Z (m3), and H is the
fault throw (m).
d. Establishing the fitting equation to predict the

comparing Pdf and Pdr, if Pdf Pdr, this point on the
fault is not lateral sealed; otherwise, it is sealed.
The sealing ability depends on the magnitude of
the difference between Pdf and Pdr (Figure 5). The
greater the difference, the stronger the lateral sealing
ability of the fault is. The lateral sealing ability can also
be used to determine the gas column height.

displacement pressure of the rock based on its clay
content and the compaction pressure.
The effective overburden pressure on the subsurface
can be regarded as mechanical compaction pressure.
Thus, a fitting equation can be established to predict
the displacement pressure of the rocks based on
the effective overburden pressure and the clay
content according to the relationship previously

Figure 5: Schematic diagram of the lateral fault sealing
mechanism. Pdf is the displacement pressure of fault
rock; Pdr is the displacement pressure of reservoir; Pe
sample displacement pressure tests and based on the
is the effective overburden pressure at depth Z in the
displacement pressures, clay contents, and effective
subsurface; θ is the fault dip angle; Pc is the positive
pressure on the fault surface. If Pdf≥Pdr, this point on
overburden pressure of the bulk rock samples from
the fault is lateral seal.
Journal of Petroleum Science and Technology 2019, 9(3), 27-45
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A Case Study: Fault Trap in Well Gang
64, in the West Qikou Sag, China
Geologic Setting
In this case study, the fault trap in Well Gang 64
was selected as an example for the quantitative
evaluation of the lateral sealing ability because of
data limitations and a lack of software to enable
bulk calculations along the fault.
The fault trap in Well Gang 64 is located in a
fault block bordered by two northeast-trending
faults: (1) the Tangjiahe fault, which mainly
effects hydrocarbon accumulation, and (2) a small
companion fault to the Tangjiahe fault, in the
northern Beidagang structural zone in the west
Qikou Sag, China (Figure 6).
Figure 7: Stratigraphic column of the Qikou Sag. The
reservoir is in the third member of the Dongying
Formation, which is overlain by the second member of
the Dongying Formation, a rich mudstone that forms
a cap seal.

The Tangjiahe fault was primarily active during the
deposition of the Shahejie and Guantao Formations.
However, the main episodes of oil and gas migration
in this area occurred during deposition of the
Minghuazhen Formation.
Therefore, the faulting did not destroy the preservation
of oil and gas. In addition, the denudation thickness was
not significant although this area experienced shortFigure 6: Structural map of the Dongying Formation in
Well Gang 64, in western part of Qikou Sag. The fault
trap of Well Gang 64 is located in a fault block bordered
by the Tangjiahe fault and a small companion fault.

term uplift during late deposition of the Dongying

The reservoir is in the third member of the

Analysis of the Lateral Sealing Ability of
the Fault

Dongying Formation, which is overlain by the
second member of the Dongying Formation, a rich
mudstone that forms a cap seal (Figure 7).

Formation. Thus, the influence of decompression on
the reservoir rock and fault rock can be ignored.

Based on the previously described procedure for
the quantitative evaluation of a fault’s lateral sealing
ability, first, the relationship between the effective
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overburden pressure and the burial depth in the

Second, the reservoirs were all distributed below

northern Beidagang structural zone was established

2200 m with fault dip angles of 48.5−1.0° at cross

according to Equation 4, in which all of the data are

points based on readings throughout the structural

from early production tests (Figure 8).

diagram and seismic profile. So, for the reservoir
section of Well Gang 64, the positive pressures of
the cross points on the fault plane calculated using
Equation 5 were found to be 32.9-36.2 MPa.
Third, the fault throw, the thickness, and the clay
content of the sand and mudstone layers in the
Dongying Formation were used with Equation
6 to calculate the SGRs at the cross points, 32.238.4%. The clay content of the layers was obtained
through the analysis of the gamma log data for
Well Gang 64.
Fourth, displacement pressure tests were conducted
on 38 rock samples from the Qikou Sag with different
burial depths and clay contents using the experimental

Figure 8: The pressure data from production test. The
effective overburden pressures are plotted against the
burial depth in the northern Beidagang structural zone.

equipment (PYC-1) (Table 3).

Table 3: Experimental displacement pressures of the rocks in the Qikou sag.
Well

Horizon

Depth (m)

Pd (MPa)

Q129
Q129
Q124
BS68
Zu68
Q74
G374
Za14-1
Q127
GS9
GS68
GS67
GS66
GS56
Ba20-2
B834-3
Q124
BS16
BS51

Es
Es
Es
Es
Es
Es
Es
Ed
Ed
Es
Es
Es
Es
Es
Es
Es
Es
Ed
Es3

4 098.5
3 778.2
2 336.7
4 245.9
2 665.8
2 657.0
2 826.1
2 871.4
2 289.3
3 156.8
3 126.2
3 846.1
3 441.5
3 192.2
3 176.2
3 021.4
2 263.5
3 672.06
3 705.47

15.3
15.4
3.1
11.8
2.8
15.6
5.5
8.6
4.8
3.8
3.2
1.5
5.4
2.8
5.5
2.9
14.0
0.15
0.74

Clay Content
(%)
56.3
59.0
18.0
53.0
17.1
62.3
44.3
70.7
70.2
25.9
18.7
23.7
41.4
37.1
29.2
28.4
75.0
7.3
7.8

Well

Horizon

Depth (m)

Pd (MPa)

BS18
BS68
G22-1
GS18-1
G396
GS19
GX57
G339
GS18
Q129
DG1
DC1
T19
GG1-1
KG8
Q107
GS21
G205
XJ1

Es
Es
Nm
Es
Mz
Es
Es
Ed
Es
Ed
C
C
P
P
C
Es
Es
Nm
Ng

3 251.4
4 245.9
2 197.9
3 272.6
3 022.6
3 521.2
3 477.1
2 700.8
3 263.33
2 852.8
3 540.3
3 758.2
3 815
1 788.1
2 818.5
2 813.5
3 897.94
1 632.59
1 274.06

1.3
3.5
4.6
4.2
3.8
6.6
9.4
2.3
9.9
16.3
19.1
3.9
18.1
5.8
22.1
12.3
1.09
0.10
0.04

Clay Content
(%)
15.2
23.9
35.4
51.0
16.8
44.6
49.7
22.7
45.8
76.0
72.0
55.0
65.0
60.0
78.0
68.0
5.8
10.1
7.2

Mz –Mesozoic; C –Carboniferous; P –Permian; Es -Shahejie Formation; Ed -Dongying Formation; Nm -Minghuazhen Formation; Ng -Guantao
Formation
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Because the depth of these rock samples can

Finally, the displacement pressure of the fault rock

be used to calculate the compaction pressure

was obtained using the fitting equation from Figure

using Equation 4, the fitting equation for the

4 based on the compaction pressure, and the

displacement pressure prediction for this area was

clay contents of the fault rock and the juxtaposed

established based on the test data (Figure 9).

reservoir. There are a total of 11 effective reservoirs
in the Eogene third Dongying Group related to the
Fault Tangjiahe fault, of which layers 8, 9, 10, 12,

0.0658x

P(MPa)

13, 17, and b5 have been confirmed to contain gas.
It is found out that the displacement pressures of
the fault rocks were greater than 1.6 MPa, and that
of the reservoirs in the footwall are in the range of
1.14~1.83 MPa (Table 4).
Vsh. Pc(MPa)

Figure 9: Relationship between displacement pressure, burial depth, and mudstone content in the Qikou sag. It
shows that the displacement pressure values increase exponentially with the increase of the product of the clay
content and the compaction pressure in the Qikou Sag.
Table 4: The calculation parameters for the displacement pressures of the fault rocks and reservoirs in Well Gang 64.
Reservoir
Number

Depth of Fault Reservoir Clay Content
Reservoir Pd
Rock and
Thickness of Reservoir
(MPa)
Reservoir (m)
(m)
(%)

SO&G

Positive
Displacement
Dip
Fault
Pressure on
Pressure
SGR (%) Angle
Rock Pd
Fault Plane
Difference
(°)
(MPa)
(MPa)
(MPa)

8

2261

1.8

10.3

0.85

Gas

33.8

51

32.9

1.23

0.39

9

2264

3.8

9.3

0.82

Gas

33.4

51

32.9

1.23

0.41

10

2271.5

3.8

7.8

0.78

Gas

32.7

50.5

33.4

1.22

0.44

12

2279

2.8

12.4

0.91

Gas

32.2

50

33.8

1.22

0.30

13

2287

4.2

11.7

0.89

Gas

32.2

50

34.0

1.22

0.33

17

2313

7

5.2

0.71

Gas

34.1

50

34.3

1.28

0.57

b3

2348

3.8

22.8

1.34

oil trace

34.2

49

35.6

1.32

-0.02

b4

2352

3

23.4

1.37

oil trace

34.7

49

35.6

1.34

-0.03

b5

2366

3

12

0.92

oil trace

37.6

49

35.9

1.44

0.53

b6

2384

10

10.3

0.86

oil trace

38.4

48.5

36.5

1.49

0.63

b7

2391

3.8

12.6

0.94

oil trace

37.9

49

36.2

1.47

0.53
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The differences in the displacement pressures of

factors controlling the petrophysical properties of

the fault rocks and the juxtaposed reservoirs varied

the fault rocks in the study area. However, there

with a maximum value of 0.64 MPa in layer B6 and

are still three issues which need to be discussed

a minimum value of −0.03 MPa in layer B4. Based

further.

on these results, we conclude that the fault through

One is the relationship among the displacement

the reservoir in the third member of the Dongying

pressure and the product of the clay content and

Formation is laterally closed except in layers B3 and

the compaction pressure. The product of the clay

B4 because the fault rocks have greater values than

content and the compaction pressure reflects the

the reservoirs, which indicates good preservation

reduction in the compaction pressure due to the

conditions for oil and gas accumulation (Figure 10).

clay content of the rock, which has a lubricating
effect and fills the intergranular pores.
The experimental data indicate that the displacement
pressure increases exponentially with the increased
production of clay content and compaction pressure
in the Qikou Sag. However, the degree of fit
between the two of them is 0.64, which indicates
that cementation, dissolution, and other factors
affect the predictive accuracy of the petrophysical
properties to some extent. The prediction method
based on petrophysical properties should be used
with care in basins characterized by strong tectonic
movement and hydrothermal activity. For example,
it has been stated by Aplin in 2005 and Yang in
2007 [62,63,68] that mudstone deformation is a
predominantly plastic process, and the majority
of the deformation cannot be reversed when

Figure 10: Gas pool section of the trap in Well Gang 64
in the western part of the Qikou Sag. The result is that
the fault through the reservoir in the third member of
the Dongying Formation is laterally closed except in
layers B3 and B4 because of the greater values of fault
rocks than that of reservoirs.

RESULTS AND DISCUSSION
The results of the application of our method to
the trap in Well Gang 64 emphasize the possibility
of the successful prediction of the lateral sealing
ability of the fault, which indicates that clay
content and compaction pressure are the main

the sediments are unloaded. In this case, if
an unloaded mudstone in the studying area is
reloaded, the accuracy of the compaction pressure
of the rock and fault rock would be affected,
and thus, the prediction of the displacement
pressure of the reservoirs and fault rocks would be
impacted. In addition, the boundary conditions of
the fitting formula for the relationship should be
carefully considered when the mudstone samples
which have been tested are from intermediate and
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shallow stratum [69,70,71]. The predicted data for

as the paleothickness of strata recovery, ancient

the petrophysical properties resulting from this

fault throw recovery, and fault activity analysis.

equation may be wrong for deep fault rocks or

However, these problems could be solved the effects

reservoirs.

of tectonic movement, cementation, dissolution,

The second is the predicted value of the displacement

temperature, and geological time based on the

pressures of the fault rocks and reservoirs. The

ideas and workflow of our methodology were paid

results suggest that there be a good correlation

attention. The quantitative evaluation of the lateral

between the sealing ability of the fault, determined

sealing ability will be more practical in the future.

from the difference in the displacement pressures of
the fault rocks and reservoirs, and the hydrocarbonbearing characteristics of the reservoirs, except for
layers B6 and B7, which have no gas or oil because
Well Gang 64 is located outside the oil/gas-bearing
area of the trap. In addition, the differences
between the displacement pressures of the fault
rocks and the reservoirs can be used to predict the
height of the oil/gas column. Unfortunately, the
predicted height of the gas column is 0-10 m less
than the actual height, which indicates that the
accuracy of the predicted displacement pressure
of the fault rock and reservoir is 85-90%.
The last one is that in this paper, only on
determining the lateral sealing ability of the fault
at present is concentrated. The static evaluation of
the lateral sealing ability was not accurate when
the fault trap and accommodating space for oil/
gas in the fault trap were not consistently available
[67,68,69,70,71,72] As burial depth increases, the
compaction pressure of the fault rocks increases, so
later tectonic movement can result in an increase
in the fault throw and changes in the SGR value of
the target interval. All of these events can affect
the petrophysical properties of the fault rocks, or
even the sealing of faults and the sealing ability of
faults. Therefore, dynamic evaluation of the lateral
sealing ability during oil and gas migration and
accumulation can be studied using techniques such

CONCLUSIONS
Based on the results of this study, the following
conclusions concerning the determination of
the lateral sealing ability of faults and the effects
of lateral sealing on oil-gas accumulation and
preservation have been reached. First, it has been
experimentally demonstrated that the displacement
pressures of clastic rocks are related to their clay
contents and compaction pressures, which can be
used to predict the displacement pressures of rocks,
including the fault rocks in the Qikou Sag. Moreover,
in this study it is assumed that the fault rock is
formed by fault debris and is located along the
fracture surface formed by the section’s pressure.
Secondly, using the evaluation of the lateral sealing
ability of normal faults based on the differences
between the displacement pressures of the fault
rocks and reservoirs, a methodology to simulate the
displacement pressures of fault rocks and reservoirs
by characterizing the compaction pressures and clay
contents of the fault rocks based on the positive
pressure of the fault section and the SGRs under
the assumption has been established. Finally, this
method to a fault trap in Well Gang 64, in the western
part of the Qikou Sag, China has been applied. Our
research results are in good agreement with the
exploration results, which suggests that our method
be used to successfully predict the sealing ability of
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faults. However, this method is still insufficient in
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the quantitative characterization of the fault rocks’

Association of Petroleum Geologists Bulletin,

diagenetic process and evaluation of past lateral

1966, 50(2), 363-374.

sealing ability. In addition, on these defects has been
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being studied to establish an evaluation method for
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accurately based on a series of techniques.
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