Acta Geologica Sinica (English Edition), 2022, 96(4): 1402–1414

Methods and Case Studies of Ultra-deep Fault Seal Evaluation
CHEN Shuping1, 2, *, YU Yixin1, 2, CHEN Shi1, 2, WANG Xinpeng1, 2, FENG
Guimin1, 2, YUAN Haowei1, 2, GOU Qiwei1, 2, XU Shidong1, 2, ZHAO Huaibo1, 2 and
KONG Linghua3
1

State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum (Beijing), Beijing 102249,
China
2
College of Geosciences, China University of Petroleum (Beijing), Beijing 102249, China
3
PetroChina Xinjiang Oilfield Company, Kelamayi, Xinjiang 834000, China

Abstract: Fault seals are significant for petroleum exploration and production. This study summarizes the fault sealing
impacting factors, including lithological juxtaposition, mud smearing, fault rocks and the fault plane stress states, as well as
evaluation methods like Allan maps and Shale Gouge Ratio (SGR). The seal evaluation for a wrench fault focuses on its
particular structural features. The evaluation methods were applied to the Jinma–Yazihe structure and the Shunbei oilfield.
The source rock is the Xujiahe Formation of the Upper Triassic, the reservoirs and caprocks being of the Shaximiao
Formation of the Lower Jurassic. The fault sealing evaluations in major faults proved the reservoir formation processes in
the wells Jinfo 1 (JF1) and Chuanya 609 (CY–609), based on the editions of the Allan map showing lithological
juxtaposition, the calculation of SGR showing mud smear and analyses of fault stress states. The analyses of stress states
were also applied to Shunbei 5 strike-slip fault in the Shunbei area in Tarim Basin. The various sections along the fault were
of different mechanical properties, such as compression and extension. Petroleum exploration has demonstrated that the
extensional sections are more favorable for oil accumulation than the compressional sections. These evolutionary methods
and other understandings will help in analyses of deep fault sealing.
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1 Introduction
Faults are common structures within a basin. Oil and
gas can vertically migrate up a fault plane or laterally
across a fault plane. On the other hand, a fault may
prevent oil and gas from migrating vertically or laterally,
the fault being called a sealing fault (Yielding et al., 1997;
Liu, 1998; Deng and Li, 1998; Bretan et al., 2003; Wang
and Xu, 2003; Liu et al., 2021). The ultra-deep fault with a
depth of over 6500 m has a long history of activity (Yuan
et al., 2019), which is of great significance to the
preservation and accumulation of ultra-deep oil and gas.
Fault sealing is the ability of a fault to block oil and gas
migration. The rupture of the previously continuous
sealing layer increases the permeability and porosity in the
direction parallel to the fault plane, so that the fault
becomes a vertical channel for liquid or gas migration
(Forster et al., 1991; Knipe, 1992; Hippler, 1993;
Antonellini and Aydin, 1994). As a result of faulting, the
original juxtapositional relationships of the rock layers and
the fault rock structures can cause the fault to be laterally
sealing (Smith, 1966, 1980; Knott, 1993; Bennett, 1996;
Yielding et al., 1997; Knipe et al., 1998; He et al., 2006;
Song et al., 2006).
* Corresponding author. E-mail: csp21c@163.com

Generally, the main factors affecting fault sealing are
lithological juxtaposition, mudstone smears, cataclasis,
cementation and stress on fault planes. Juxtaposition of
rocks with different permeability can form fault seals as
sandstone juxtaposed to shale forms a fault sealing (Knipe,
1997). In the main sedimentary areas of mudstone, the
mudstone layer will form a continuous low permeability
layer on the fault surface (Yielding et al., 1997; He et al.,
2006). The rock rheological properties will change with
depth (Yuan et al., 2018; Wang et al., 2019a), affecting the
lithological juxtaposition and mudstone smear. A fault
zone is a complex deformation zone, which is composed
of a sliding plane, deformation bands belts and
intercalated stones. Cataclasis related to faulting occurs in
pure or low clay sandstones and faulting and particle
friction can reduce particle size and thus permeability
(Knipe, 1997; Jia et al., 2019). Sealing may occur as a
result of cementation resulting from new mineral deposits
in areas where local dissolution and reprecipitation of
minerals occurs or extensive intrusion of cements along
faults takes place (Knipe, 1997). Compaction has an
important effect on fault sealing (Fu et al., 2012, 2013; Fu
and Yang, 2013). Fault rock has a compaction diagenetic
process. The tighter the compaction, or the earlier the fault
formation and arrest, the longer the compaction time the
fault rock has experienced. The greater the depth of fault
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rock formation, the higher the degree of compaction.
Compaction reduces the radius of throat hole, increases
capillary force and improves sealing performance.
Regarding the stress states of the fault plane, the higher
the normal pressure of the fault plane, the greater the
sealing possibility. The lower the normal pressure of the
section, the less the sealing possibility (Chen et al., 2013).
For rock strata below 6500 m depth, with a normal
ground thermal gradient and pressure gradient, the rock
mechanical properties of general rocks will not change
much compared with the shallow crust rocks and are still
in the stage of brittle deformation (Sibson, 1977). Below
10–15 km, the rock gradually enters the brittle plastic
transition zone, then enters the plastic deformation zone.
However, for a special lithology, such as rock salt or
limestone, the depth of plastic deformation will become
shallow. Therefore, in essence, methods of fault sealing
factors and evaluation in the general sense are suitable for
the sealing evaluation of ultra-deep faults. However, in
recent years, oil exploration has proved that strike-slip
faults are of great significance in both the preservation and
destruction of ultra-deep oil and gas, because strike-slip
faults often have a large cutting depth resulting in great
changes in stress with large effects in different sections
along the strike direction (Neng et al., 2018; Yang et al.,
2020; Yuan et al., 2021).
Starting from the specific geological conditions of ultradeep layers and referring to the influential factors for fault
sealing in a general sense, this study lays out the
systematic quantitative evaluation processes and methods
of fault sealing, then applies them to the sealing evaluation
of typical faults of the Jinma–Yazihe structure in the West
Sichuan depression. These were also qualitatively
analyzed for the influence of the Shunbei 5 strike-slip fault
on ultra-deep oil and gas in the Tarim Basin.

seals (Deng and Li, 1998; Wang and Xu, 2003; Liu et al.,
2021), it is not necessary to consider this difference for
seal-evaluating methods for a point on a fault.
In analysis of fault sealing in a region, the first step is to
carry out a sedimentological analysis, based on seismic
and geological data. The second step is to ascertain the
petrological characteristics, reveal the fault zone structure
and establish fault zone structural models. Then, analysis
of the fault’s evolution and establishing the lithological
juxtaposition on both sides of the fault is carried out,
examination of fault rock lithology and diagenetic
characteristics being conducted to make a quantitative
calculation of mudstone smearing. The stress states of
different fault plane components should also be analyzed.
The sealing indexes will be determined, based on key
wells. Finally, the fault plane is divided into different
evaluation units, in order for a comprehensive fault sealing
evaluation to be conducted.
(1) Lithological juxtaposition. Based on drilling,
logging and seismic data, lithological juxtaposition is
analyzed, in order to make fault plane profiles or Allan
diagrams (Allan, 1989).
(2) Mudstone smear calculation. In the case of a faulted
single mudstone layer, the smearing thickness of
mudstone decreases with increasing fault displacement.
The spatial continuity of the mudstone smear is closely
related to both the thickness ratio of mudstone in a profile
of strata and the fault displacement. In terms of the
thickness ratio and the fault displacements, quantitative
mudstone smear indicators can be obtained, such as the
shale gouge ratio (SGR), clay smear potential (CSP) and
the shale smear factor (SSF) (Fig. 1).
The SGR method is often used to evaluate mudstone
smearing quantitatively, thus:


SGR 

2 Materials and Methods
The ultra-deep layer was defined to be at a depth of
over 6500 m. The rheological properties of the rocks,
particularly the clastic rocks, below 6500 m and above
10000 m, are similar to those of the rocks above 6500 m
(Sibson, 1977), so the general fault sealing evaluation
methods for shallow rocks will be applicable for the socalled ultra-deep rocks. Although the seal-evaluating
methods for a fault are different in vertical and lateral
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where ΔZi is the thickness (m) of a single mudstone (i)
sliding over a certain point on the fault and the T is the
fault throw (m).
The relationship between SGR and sealing property
needs to be calibrated according to factors such as pressure
difference across the fault and buoyancy (Yielding et al.,
1997). The calculated parameters can be represented by a
juxtaposition map or by a contour map. Some research

Fig. 1. Calculation methods of mudstone smear factors on fault planes (Yielding et al., 1997; Fossen, 2016).
(a) Shale Smear Factor (SSF); (b) Clay Smear Potential (CSP); (c) Shale Gouge Ratio (SGR).
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suggests that, if SGR is less than 15%, then the fault rock is
a cataclastic rock; if SGR is more than 40%, the fault rock
will smear; if SGR is between 15% and 40%, then the fault
rock is a layered silicate (Wang et al., 2017). 15% is the
critical SGR value for continuous mudstone smearing and
effective sealing, which is used to judge whether the fault is
conductive or not. If SGR is less than 15%, the fault is
likely to be conductive, otherwise it will be sealing.
(3) Fault rock analysis. When a fault is active, the two
walls begin to slide relative to each other, the broken rocks
filling the space to form a fault filling. Cataclastic fault
rocks occur in pure or low clay content sandstones.
Faulting and particle friction will reduce particle size and
thus permeability. At the same time, the cementation
inside the fault zone will also reduce the porosity of the
fault rock. Therefore, fault rock analysis is very important
for any fault-sealing evaluation. Based on the study of
North Sea fault rocks, Fisher and Knipe (1998) proposed a
classification scheme of fault rocks through combining the
degree of fragmentation, diagenesis and clastic
composition, which can be used as a reference for
practical research.
(4) Fault plane stress. The stresses on the fault
determine the degree of fault closure. The great normal
stresses deform the strata on both sides of the fault plane,
reducing the porosity of the fault plane, and even leading
to the closure of pre-existing fractures. There are two main
normal stresses (P) on the fault plane: one is from the

Fig. 2. Location of the Jinma–Yazihe tectonic belt.

regional horizontal compressive stress (P1) (the joint force
of the two horizontal forces); the other is from the gravity
of the overlying strata (P2). The normal stresses can be
quantitatively calculated or qualitatively analyzed to
determine the degree of fault sealing.
The tectonic stresses of the overlying strata on the fault
plane are also affected by factors such as fault dip angle
and burial depth. The greater the stresses of the overlying
strata, the better the fault sealing (Tan et al., 2018; Wang
et al., 2019c). The degree of influence of regional
principal stresses on fault plane pressure is mainly
dependent on the angle between fault strike and regional
principal stress directions. The more nearly perpendicular
the regional principal stress to the fault strike, the greater
the stress on the fault plane and the more favorable the
fault sealing (He, 2005; Zhong et al., 2018). For strike-slip
faults, the nature and magnitude of stresses along the trend
of the fault plane are related to the nature of the oversteps.
The convergence oversteps reflect compressive stresses
and the divergent oversteps tensile stresses.
3 Fault Sealing Properties in the Jinma-Yazihe Structure
3.1 General petroleum geology
The Jinma–Yazihe structure is located on the front edge
of the Longmenshan tectonic belt in the Sichuan Basin
(Fig. 2). This belt is dominated by NE and NNE trending
faults. The main reservoir of the Jinma–Yazihe structure is
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the Lower Jurassic Shaximiao Formation, predominantly
containing tight sandstone reservoirs. The oil and gas was
generated in the Xujiahe Formation of the Upper Triassic,
migrated to the Jurassic through the faults, being a longdistance source reservoir combination. At present, only
two wells within the Jurassic in the study area, namely
CY609 and JF1, have obtained industrial gas flow. Well
Yang 100 has encountered good oil and gas displays in
multiple layers, all distributed near the oil source faults.
Faults play an important role in the migration and
accumulation of oil and gas, their sealing or opening being
very important for the formation of oil and gas reservoirs.
Therefore, analyzing the sealing properties of major faults
is of great significance in clarifying the major controlling
factors on accumulation in this area.
Firstly, the structural framework of the Jinma–Yazihe
structure was studied, based on 3D seismic data, the
structural
characteristics
and
fault
distribution
characteristics of key layers then being analyzed (Figs. 3,
4). The structural analysis of the major fault zones is
carried out and the geometric characteristics of the main
fault sections are analyzed.
The lithological identification of the two sides of the
fault is based on the drilling and logging lithology
interpretation results of wells JF1 and CY609 (Fig. 5).
Combined with 3D seismic data, the lithology of the
two sides of the main fault in the Jinma–Yazihe
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structure is identified. Meanwhile, the mudstone and
sandstone were distinguished by using a machinelearning technique.
3.2 Lithological juxtaposition relationship
In terms of lithological alignment, there are six types of
sand body configurations in the Jinma–Yazihe structure
(Fig. 6). Type A is sand-to-fault, where the fault dips
opposite to the sand layer, type B is sand-to-fault where
the fault dips identical to the sand layer. The favorable
types for oil and gas accumulation in the hanging wall are
types A1, A2, B2 and B3, with the favorable types for oil
and gas accumulation in the foot wall being A2, A3, B1 and
B2.
In fault F7, the sand juxtapositions in target layer J2s31 in
well Jinfo1 (JF1) are all B2 (favorable) (Fig. 7a).
Therefore, fault F7 is favorable for oil and gas
accumulation in JF1. In fault F4, the sand juxtapositions in
Chuanya 609 (CY609) target layer J2s31 are, from bottom
to top, A1 (favorable) and A2 (favorable), the sand
juxtapositions in the target layer J2s31 from bottom to top
in JF1 well are type A1 (favorable) and type A2 (favorable)
(Fig. 7b). Therefore, fault F4 is favorable for oil and gas
accumulation in CY609 and JF1. In fault F8, the sand
juxtapositions of J2s31 in the target layer of CY609 is B1
type (favorable) and B3 type (unfavorable) (Fig. 7c) from
bottom to top. Therefore, fault F8 is favorable for oil and

Fig. 3. SGR contour map of the top surface of the J2s31.
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Fig. 4. SGR contour map of the top surface of the J2s11.

Fig. 5. Lithological columns of JF1 (a) and CY609 (b) wells.
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Fig. 6. Lithological juxtaposition types.
A1: sandstone in footwall to sandstone in hanging wall, non-favorable for footwall and favorable for hanging wall; A2: sandstone in footwall to
sandstone and mudstone in hanging wall, favorable for footwall and favorable for hanging wall; A3: sandstone in footwall to mudstone in hanging
wall, favorable for footwall and N/A for hanging wall; B1: sandstone in hanging wall to sandstone in footwall, non-favorable for hanging wall and
favorable for footwall; B2: sandstone in hanging wall to sandstone and mudstone in footwall, favorable for hanging wall and favorable for footwall;
B3: sandstone in hanging wall to mudstone in footwall, favorable for hanging wall and N/A for footwall.

Fig. 7. Allan maps for the main source-connecting faults in the Jinma–Yazihe structure. (a) F7; (b) F4; (c) F8.

gas accumulation in the lower part of the target layer and
favorable for natural gas transmission in the upper part,
being a semi-sealing and semi-open type.

3.3 Quantitative evaluation of mudstone smearing
The quantitative evaluation of mudstone smearing
mainly calculates the shale gouge ratio (SGR).

1408

Chen et al. / Methods and Case Studies of Ultra-deep Fault Seal Evaluation

Fig. 8. SGR for the main sourceconnecting faults in the Jinma–Yazihe structure. (a) F1; (b) F4; (c) F7; (d) F8.

In vertical section, the SGR of the F1 fault plane (Fig.
8a) is symmetrically distributed at the north and south
ends. On the whole, the SGRs in the middle part are small
and the SGRs at the north and south ends are large. This
indicates an oil and gas migration channel. The SGRs
increase from deep to shallow. The SGRs of fault plane F4
are generally high (Fig. 8b), being small in the middle part
and large at the two horizontal ends. Vertically, deep and
shallow SGRs are large and middle SGRs are small. The
high SGR of well CY609 in the target layer of J2s31 is
favorable for sealing natural gas, the low SGR of JF1 is
favorable for natural gas transmission. The SGRs of fault
plane F7 are generally high (Fig. 8c). In the horizontal
direction, the SGRs form zones that alternate between the
high and low values. The SGRs are vertically stratified,
with high values in J2s31, J2s11 and J1. The high SGRs of
well CY609 and JF1 in the target layer of J2s31 are
beneficial to the sealing of natural gas. The SGRs of fault
plane F8 in the J2s31 layer are overall greater than 0.4, with
local low SGRs at the bottom (Fig. 8d). The SGRs in the
J2s11 layer in the south part are large and the SGRs in the
north part are small. The SGRs in the J2s31 layer in well
CY609 are small, which is favorable for natural gas
transmission.

On the map view, the SGRs for the top layer of J2s31 (Fig.
3) decrease from NW to SE, increasing from the middle
towards NE and SW. This pattern is caused by the fault
throw changes. The fault throws for F3 were smaller than
those for faults F1 and F2. The fault throws of the
southwestern parts of F1 and F2 were smaller than those of
the northeastern parts of those faults. Meanwhile, the fault
throws of faults F11, F15, F20 and F27 were small. The gasbearing wells CY609 and JF1 are located in the high-value
areas, whilst the wells with poor oil and gas levels, namely
CY189, CY95 and JM2, are located in the low-value areas.
F1 is distributed along low-value areas; fault F4 in the highvalue areas with local low values and has good lateral
sealing; F7 has high values in the middle part and low
values at both the north and south ends; F8 is generally
distributed in the low-value areas. The SGRs in the top
layer of J2s11 (Fig. 4) decrease from west to east and
increases from NE to SW. Well JF1 is located in the highvalue areas and CY609 is located in the low-value areas.
3.4 Stresses on the fault plane
In terms of stresses, fault sealing can be measured by
sliding tendency and expansion tendency. The present insitu stress field in western Sichuan shows that the
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maximum principal compressive stress is in the horizontal
direction of 80°–100°, with the intermediate principal
stress being vertical (Li et al., 2019). Therefore, NNEtrending faults tend to be perpendicular to the main
compressive stress, showing the characteristics of
compression. The NE-trending faults tend to be parallel to
the maximum principal compressive stress, which is
characterized by openness. In addition, from the
perspective of static rock pressure of overlying strata, it is
known that the sealing of a gently dipping fault is better.
In summary, Table 1 shows that the oil source fault F1 in
NE strike is open and plays a role in transporting natural
gas. The NNE-trending faults F4, F7 and F8 have
compressibility, conducive to form gas traps.
Table 1 Properties of source-connecting faults in the
Jinma–Yazihe structure
Number

Fault property

Strike

Dip angle

F1

Reverse fault

NE

45°

F4

Reverse fault

NNE

27°

F7

Reverse fault

NNE

20°

F8

Reverse fault

NNE

21°

4 Shunbei 5 Strike-slip Fault
The Shunbei 5 strike-slip fault (Fsb5) is located in the

Fig. 9. Location of the Shunbei 5 strike-slip belt.
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middle part of the Tarim Basin and stretches through three
tectonic units, specifically the Tazhong Uplift,
Shuntuoguole Uplift and Tabei Uplift (Fig. 9). In essence,
the seal evaluation of a strike-slip fault is no different from
that of a normal or reverse fault, but the strike-slip
displacements will be considered (Meng et al., 2014; Liu
et al., 2021). In this study, the northern part will be studied
and its sealing properties discussed, based on the structural
textures of Fsb5.
4.1 Petroleum geology summary
The Tarim Basin experienced multiple complex
tectonic evolutionary cycles and contains a variety of
sediments. The late Proterozoic Nanhua system consists
of continental rift sediments, whilst the Sinian is made
up of marine and ice ocean carbonates with clastic rocks
(Deng et al., 2018). The Tarim Basin was a successive
basin with marine carbonates, mudstone and gypsum salt
rocks during the Cambrian. The base of the Cambrian,
the Yuertusi Formation, is the source rock for the
northern Tarim Basin (Chen et al., 2021). Marine
carbonate sedimentation lasted until the Middle
Ordovician. The marine thick mudstone is the important
caprock that was deposited during the Late Ordovician
(Lu et al., 2015). During the Silurian, marine clastic
sediments were deposited. From the Late Devonian to
the Triassic, the tectonic regime of the Tarim Basin was
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margin subduction and collision. A series of interacting
marine and terrestrial sediments were deposited during
this period. The Tarim Basin entered an intraplate
tectonic evolutionary stage from the Jurassic to the
Oligocene, with terrestrial sediments being deposited. In
the Neogene and Quaternary, the Tarim Basin was a
reactive foreland basin, with thick terrestrial sediments
being deposited.
4.2 Structural characteristics of the Shunbei 5 strikeslip fault
The Shunbei 5 fault (Fsb5) has typical characteristics of
strike-slip faulting (Ghosh and Chattopadhyay, 2008;
Yuan et al., 2021) and important petroleum discoveries
have been made there. In the top surface of the Upper

Ordovician (T70), the branch faults of the main Fsb5 were
composed of right-stepping en-echelon belts (Fig. 10a).
This indicates a dextral strike-slipping. In the top surface
of the Middle Ordovician (T74), echelon angles of the
faults generally range from 9° to 32° (counterclockwise),
with some at 43° (Fig. 10b). These faults correspond to Rshears and P-shears. The overstep areas of the R- and Pshears (the rhombs) are convergent or transpressional
areas, characterized by reverse faults or folds in seismic
profiles, the remaining parts of the R-shears being
divergent or transtensional areas, characterized by normal
faults in seismic profiles. In total, eight transpressional
zones and five transtensional zones were identified in Fsb5
(Fig. 10).
In profiles, the Fsb5 fault is steep and shows a positive or

Fig. 10. Arrayed types of branch faults of the northern Shunbei 5 strike-slip fault.
(a) Top surface of the Upper Ordovician (T70 reflector); (b) top surface of the Middle Ordovician (T74 reflector).
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Fig. 11. Seismic profile of the Shunbei 5 strike-slip fault
(see SP in Fig. 9 for location).

negative flower-type structure (Fig. 11) in seismic
profiles. Due to mechanical stratigraphy in the vertical
sections, various propertied flowers may superpose to
form a multiple flower (Yuan et al., 2021).
Based on the types and sizes of the flower-type
structures, the wrench time can be determined (Deng et al.,
2018; Wang et al., 2021; Yuan et al., 2021). The first
wrench occurred at the end of the Middle Ordovician,
matching the first epoch of the middle Caledonian
movement. Several activities occurred in the third epoch
of the middle Caledonian movement, the late Caledonian
movement, the Hercynian and Himalayan movements.
These activities played an important role in the migration
and accumulation of oil and gas.
4.3 Hydrocarbon reservoirs associated with the
Shunbei 5 strike-slip fault
The Shunbei oil field was an important discovery in
the Tarim Basin in recent years, as a typical oil and gas
reservoir associated with the Shunbei 5 strike-slip fault
(Cao et al., 2020). Its resources are 17 × 108 t, of which
oil is 12 × 108 t and gas is 5000 × 108 m3. The source
rock in the Shunbei oil field was the Yuertusi Formation
at the base of the Cambrian (Song et al., 2016; Gao et al.,
2018; Gu et al., 2020; Chen et al., 2021). The Lower and
Middle Ordovician carbonate rocks were the reservoir
and the Upper Ordovician mudstone was the caprock.
The previous analysis of fluid inclusions and the
hydrocarbon accumulation period shows that the first
hydrocarbon filling time of the Shunbei Oilfield was in
the late Silurian, with multiple fillings having occurred
(Wang et al., 2019b, 2020; Cao et al., 2020). It is the
Shunbei 5 strike slip fault that connects the reservoir and
the source rock (Fig. 12).
The Shunbei 5 strike-slip fault played an important role
in hydrocarbon migration and accumulation, as a result of

1411

the specific attributes of a wrench fault. A wrench fault
often has a steep plane cutting deeply down to connect the
deep source with shallow traps, or let surface water and
deep hot water enter the fault belt. These water sources
will dissolve carbonate to form good reservoirs. The
oversteps in a typical wrench fault will alternate
horizontally in transtensional and transpressional or
divergent and convergent areas, the former forming good
migration paths with traps and the latter forming good
traps (Fig. 13). If there is not any orogenic movement, the
maximum principal stress will solely be vertical. The fault
closings in transpressional oversteps and fault openings in
transtensional oversteps will be retained. The Shunbei 5
strike-slip fault connected the Yuertusi Formation source
rock with the shallow Lower and Middle Ordovician
carbonate reservoirs with tectonic fractures, original pores
and
dissolution
caves.
Petroleum
exploration
demonstrated that among the three types of the
transtensional, transpressional and direct slip components,
the largest oil production per unit pressure drop occurs in
the transtensional areas, of the order of 6256 tMpa−1, the
production in the transpressional and direct slip parts
being roughly equal to 2790 tMpa−1 and 2874 tMpa−1,
respectively.
5 Conclusions
(1) The factors relating to fault sealing and general
evaluation methods can be used in evaluations at depths
over 6500 m, because the rock mechanical properties are
similar. The factors affecting fault sealing or opening
properties include the lithological juxtaposition, mudstone
smear, cataclasis and cementation of the fault zone, as
well as the stress on fault planes. The wrench faults play
an important role in preservation and destruction in deep
reservoirs, with their special structures and structural
zonation.
(2) Faults were essential for oil and gas migration and
accumulation in the Jinma–Yazihe structure. Based on the
lithology of the two fault walls, the lithological
juxtapositions, mud smear and tectonic stresses were
analyzed. The results reflecting the practical petroleum
exploration experiences, explaining the causes of efficient
wells and failed wells.
(3) The Shunbei 5 fault belt was formed at the end of
the Middle Ordovician and acted until the Himalayan
movement. It is a wrench fault, with a steep plane cutting
deeply and connecting the deep Cambrian source rock
with shallow Ordovician reservoirs. In plane view it has
alternating transtensional, transpressional and direct slip
sections. The transtensional parts have high oil production
and the transpressional and direct slip parts have low oil
production.
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