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The structure of subsurface fault networks, which has a significant effect on hydrocarbon migration, is inherently
difficult to recognize and map. 3D seismic surveys provide an opportunity to map the fault system within a
carbonate reservoir of Xinchang in the western Sichuan Basin, China. We calculated attributes from the seismic
reflection data that covers an area of 1330 km? including variance, edge detection, dip-magnitude and dip
azimuth. We focused on the Triassic Leikoupo Formation of dolostone, at ~6 km depth, adjacent to the Longmen
Shan thrusting range. The mapped attributes display (1) a primary network of faults in an orthogonal pattern in
the anticline, striking East-West and North-South, and (2) a secondary, conjugate fault set in the fold limb,
striking Northeast and Northwest with a length range of 1-10 km. The latter set of conjugate faults are confined
to a 300 m-thick layer of dolostone, diminishing into underlaying unit of anhydrite. We envision that the con-
jugate fault networks and associated fractures enhance gas charging and reflect a model of self-sourced migration
and accumulation in the Leikoupo Formation. These results are significant for sweet-spot evaluation of carbonate

reservoirs in the Sichuan Basin, and provide insights for understanding the migration of subsurface fluids.

1. Introduction

The presence of fault networks and associated fractures in carbonate
and evaporate lithologies, controls the subsurface location and migra-
tion of fluid in hydrocarbon reservoirs (Chilingarian et al., 1992; Ameen,
2003; Lunn et al., 2008; Bhattacharya and Verma, 2019), as well as
potential earthquakes that often nucleate or propagate through these
sequences (Barchi, 2002; Miller et al., 2004; De Paola et al., 2008). Fault
networks are basin-scale connected discontinuities with fractures or
joints in the rock due to brittle deformation of the stratigraphy (Segall
and Paola, 1983; Kim et al., 2003; Flodin and Aydin, 2004; Crider and
Peacock, 2004). Previous analyses of the geometries and interrelation-
ships of the carbonate- and evaporite-hosted faults are mostly based on
outcrop observations and field measurements (Caine et al., 1996; De
Paola et al., 2008; Putz-Perrier and Sanderson, 2010). The air photo of
fold-related fault/joints on Teton Anticline in Montana provides a
particularly clear illustration of a fault network in the field (Fig. 1,
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Stearns, 1968; Burberry et al., 2019). A regular array of faults/joints
within the rock is also reported as a brittle structure network within
Cretaceous limestones in Big Bend National Park in Texas (Harmon
Maher, 2000, a web reference). The fault network, and associated
fractures, are important for many reasons including as reservoirs and
conduits for fluids moving through rock bodies (Chester et al., 1993;
Caine et al., 1996; Chester and Chester, 1998). However, the structure of
fault networks in the subsurface, that may behave as a conduit system to
control the fluid flow, are inherently difficult to characterize and remain
enigmatic due to lack of data.

In recent decades, seismic data acquisition has been applied to un-
lock hydrocarbon exploration potential (Nixon et al., 2014; Bhatta-
charya and Verma, 2019; Eng and Tsuji, 2019). More recently, seismic
attributes computed from the seismic survey illustrate the potential to
characterize fault structures in the subsurface at a depth range of 0-10
km (Gao, 2013; Wilson et al., 2015; Liao et al., 2017, 2019). Seismic
attributes are based on neighborhood analysis of the seismic signal
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corresponding to the discontinuities, which is helpful in identifying
subtle features that are difficult to interpret directly on the seismic cube
(Chopra and Marfurt, 2007). Many attributes have been investigated to
detect faults in the basins, including semblance (Marfurt et al., 1998),
coherence (Marfurt et al., 1999; Wu, 2017), curvature (Roberts, 2001;
Al-Dossary and Marfurt, 2006), dip-magnitude and dip-azimuth (Chopra
and Marfurt, 2007). Iacopini and Butler (2011) determined the structure
and distribution of deformation in submarine thrust structures by using
attributes of coherence, curvatures, and spectral decomposition. Liao
et al. (2017, 2019) analyzed a km-scale subsurface strike-slip fault in
Oklahoma by using attributes of coherences, curvatures, dip-magnitude
and dip-azimuth. The degree to which useful fault information can be
extracted depends on the seismic resolution and the natural complexity
of the structures.

In this study, seismic attributes were applied to investigate the fault
networks in the Xinchang gas reservoir that is composed of carbonates
and evaporates, in the western Sichuan Basin, China. The attributes of
variance, edge detection, dip-magnitude and dip-azimuth are used to
better reveal the spatial distribution of faults as a system. We then
discuss the implications of the results and suggest the structural controls
on the gas reservoir at the basin scale.

2. Geological setting

The Sichuan Basin is one of the most natural gas-rich basins in China
(Dai et al., 2014; Li et al., 2015; Wang et al., 2015; He et al., 2019). The
western Sichuan depression is a northeast-trending foreland basin that
formed during the late Triassic Indosinian Orogeny (Liu et al., 2010; Li
et al., 2003). The basin lies along the northwest Yangze Block, which has
experienced two complex tectono-sedimentary stages of evolution dur-
ing the Phanerozoic eon (Guo et al., 2014; Zhang and Zheng, 2013): (a) a
passive margin, with extension, accompanied with the sedimentation of
marine carbonate and clastic sequences from the Ediacaran through
middle Triassic, and (b) a foreland basin as a result of compression and
uplift, with a fill of continental siliciclastic sediments from the Late
Triassic to the Quaternary of less than 10-km thickness (Li et al., 1995).
The western depression is bounded by two seismically-active moun-
tainous ranges, the Longmen Shan in the west and the Longquan Shan in
the east. Our study area is located in the middle part of western Sichuan
depression, adjacent to the multi-million-populated Chengdu city
(Fig. 2a and b). Since the Middle Triassic, the study area is under the
nappe compression by the Himalaya orogeny in the west (Wang et al.,
2014; Li et al., 2012; Dai et al., 2013).

The identified strata from bottom to up include: the Precambrian
crystalline basement, Cambrian Formation of shale, Permian Formation

a
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of Liangshan (P5l) mudstone and limestone, Qixia (P»q) limestone,
Maokou (Pom) limestone, Longtan (Psl) limestone, shale and interca-
lated with coal seams, and Changxing (P3ch) limestone and shale,
Triassic Formation of Feixianguan (T:f) shale, Jialingjiang (T1j) anhy-
drite, Leikoupo (T,l) dolostone, limestone and anhydrite, Ma’antang
(Tsm) mudstone and limestone, Xiaotangzi (Tsxt) and Xujiahe (T3x)
shale and sandstone, Jurassic and Quaternary Formation of sandstone,
mud-shale and conglomerate, and the Leikoupo Formation is generally
divided into four members based on lithological characteristics. We
focus on the marine strata of carbonates and evaporates from Permian to
Triassic periods: the organic-rich source rocks include Permian Longtan
(P3l) and Maokuo (Pom) limestone, and Triassic Leikoupo Formation
(T»l) dolostone; the main reservoir rock is dolostone in the Triassic Lei-4-
3 submember (T2143); the caprock is low-permeability terrigenous
mudstone deposited in the Upper Triassic. The target layer is the Triassic
Leikoupo Formation dolostone, at an average depth of ~6000 m, which
sits on a 500-m-thick ductile layer of anhydrite in the Lower Triassic
Jialingjiang Formation (Tyj; Sun et al., 2020) (Fig. 2c).

3. Methodology of seismic attributes

Detailed interpretation of seismic attributes along horizon slices,
strata slices or seismic profiles revealed more changes in subsurface
structural characterization than observable from the seismic amplitude
data alone (Bahorich and Farmer, 1995; Weimer and Davis, 1996; Sarkar
et al., 2010). In this study, in order to analyze the structure of the fault
networks in the subsurface, we used a set of high-resolution 3D seismic
data (Fig. 2b) collected during 2010-2012. It was processed using a
method of post-stack time migration with a dominant frequency of 22
Hz. The seismic data were recorded with two-way travel time to depth,
which covers an area of ~1330 km?, at a depth range from ~2000 ms to
~4000 ms. We computed volumetric seismic attributes including
dip-magnitude, dip-azimuth, variance, and edge detection.

The dip is the angle measured between the horizontal plane and the
targeted layer, which is often expressed as dip magnitude (Chopra and
Marfurt, 2007). Dip azimuth is the strike measured in the direction of
maximum downward dip. The dip angle can be calculated from the
apparent angle on the inline (longitudinal line) and crossline (transverse
line). Assuming that the apparent angle in the direction of inline is §i and
in the direction of crossline is dc, then 6i and Oc are related to the dip
angle (0) as follows:

6= (6i +6c)'" €}

0i and 6Oc are related to the dip azimuth (¢) as follows:

Fig. 1. (a) Conceptual fold model showing a set of conjugate shear fractures and their associated fractures (modified from Stearns, 1968; Burberry et al., 2019). (b)
Air photo of tectonic fold-related faults/fractures on Teton Anticline, Sawtooth Mountains, W. Montana. Trees growing in the fractures are about 10 m tall. (Photo

courtesy of Ron Nelson).
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Fig. 2. General region of the study area (a) and the tectonic setting of the study area (b). Map (b) displays: 1) the main faults, Yingxiu-Beichuan (YB), Guankou (GK),
Pengzhou (PZ), Longquan (LQ); 2) the study area; 3) seismic profile A-A’; 4) drilling well, CK1 and XS1. (c) The sedimentary stratigraphy of the Xingchang area
(modified after Lu et al., 2019). Shaded red zone depicting the strata from T,j to T,l Formation; blue line depicting the layer of dolostone in Fig. 3. (For interpretation
of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

¢ = atan(6i, 0c) 2)

Variance is one of the seismic coherence attributes, which is a
measure of discontinuities (D, Eq. (3)) of waveforms and traces. High
values indicate discontinuities due to strata deformation e.g., faults, or
fracturing. Determinations of variance change are based on amplitude,
frequency and phase, depending on the acoustic-impedance contrast
(Chopra and Marfurt, 2007). It is defined as:

D? — 2= 75)2

n

3

in which, x indicates the energy value of a sample point, X indicating the
mean energy value of the sample points, n indicating the number of the
samples.

The edge detection method of Luo et al., (1996) (SEG’ 1996
Expanded Abstracts) measures the change of adjacent traces (Carter and
Lines, 2001). With a signal A on the target trace and signal B on an
adjacent trace, we can calculate the difference between the two traces by
the following equation:

d=[A=B| /Al + 1B ®
in which a high value indicates discontinuities of subsurface structure.
In addition to four geometrical seismic attributes, core samples from
one gas drilling well, CK1, were collected, which has been drilled
through Cenozoic, Cretaceous, Jurassic, Middle-Upper Triassic layers
and terminated at the Lower Triassic Jialingjiang Formation. Thin sec-
tions of dolostone from Triassic Leikoupo Formation were analyzed.

4. Results
4.1. Fault networks within dolostone by seismic attributes

The variance attribute is mapped in Fig. 3a for a volume reflector of
the Leikoupo Formation in Middle Triassic. This map displays two su-
perposed structural features (Fig. 3a): First, a fault network developed in
the dolostone layer, with general faults marked by black arrows. This is a
primary fault network that has two sets of faults in an orthogonal rela-
tionship, one set striking East-West, and the other set striking North-
South. The lengths of North-South faults range from 5 km to tens of
kms with variable spacing that averages ~3 km. Second, adjacent to the
well CK1, there is a secondary set of conjugate faults. The conjugate
faults are also fold zones in this region (Figs. 3a and 4a). These sec-
ondary faults strike Northeast-Southwest (45° in Figs. 3a and 4a, e, f)
and Northwest-Southeast (Figs. 3a and 4a, e, f). There is a total of 16 sub-
faults constrained by the fold limb, with an intersection angle of about
70° (Fig. 4e). The average spacing of the secondary fault network is
estimated to be ~0.9-km.

Edge-detection maps (Figs. 3b and 4b) reveal abundant information:
(1) several major fault damage zones (horizontal white arrows) striking
East-West; (2) two North-South fault zones; (3) a damage zone
composed of the small conjugate faults (inside the blue box) striking
North-East. The high production well, CK1, is located on the anticline
top next to the conjugate fault network that dominates the south limb of
the anticline. These conjugate fault networks are also distinguishable by
attributes of dip-magnitude and dip azimuth (Fig. 3c and d, 4c, d). On
the other hand, the north fold-limb is also damaged as shown by a red-
yellow stripe in the edge-detection map, however, without a seismically-
detectable fault network in the attribute maps, e.g., variance map. The
conjugate pattern of the secondary fault network detected in this study
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Fig. 3. (a) Strata slice (at layer of dolostone) from volumetric seismic attributes of variance, (b) edge detection, (c) dip, and (d) dip azimuth. A-A’: seismic profile;
CK1, XS1: drilling wells; solid blue box: the area of conjugate fault networks; arrows: major fault damage zones; dashed line: fold axis. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

compares well with the field observations of joints in the Teton Anticline
in Montana (Stearns, 1968; Bergbauer and Pollard, 2004; Burberry et al.,
2019, Fig. 1).

To identify the fold axis of the fold that may control the conjugate
fault network, the dip-azimuth attribute is calculated (Fig. 3d) to show
the strike of the seismic reflector (Chopra and Marfurt, 2007). Our ob-
servations from the dip-azimuth map suggests a fold axis (black dashed
line) that divides the fold into north limb (blue patches in Fig. 3d) and
south limb (yellow patches in Fig. 3d).

4.2. Fault networks and folds

Complementary profiles of seismic amplitude and variance (Fig. 5)

are selected along line AA’ (defined in Fig. 2b) that crosses both well
CK1 and the conjugate fault network. These sections reveal the anticline
within the Middle Triassic Leikoupo Formation of dolostone, with the
underlaying Lower Triassic Jialingjiang Formation of anhydrite. The
amplitude signals exhibit a strongly-disturbed texture around the
anhydrite layer, which is enhanced by the attribute of variance in
shaded red zone (Fig. 5b). The anticline is comprised of several “Y”
patterns indicative of reverse faults and their associated damage zones.
However, the set of conjugate fault networks cannot be distinguished
based on the profiles of seismic amplitude and attribute. Apparently, the
vertical lengths of the conjugate fault networks are constrained by the
thickness of the dolostone formation that is less than 300 m. The internal
character of the damaged dolostone is discussed below via observations
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Fig. 4. (a-d) The conjugate fault networks depiction using volumetric seismic attributes (curvature, edge detection, dip/dip azimuth). Map location is shown in
Fig. 3b. (e) Sketch of conjugate fault networks. (f) Rose diagram of the orientations of the conjugate fault networks.

of thin sections.

Based on the above four seismic attributes (Figs. 3 and 4), we
recognize two sets of fault networks. One is the primary fault network
that displays relatively large deformation intensity and rotation; the
other set is the secondary conjugate fault network that is developed on
the fold limb with a relatively smaller scale. The latter set of conjugate
faults is associated with folding and are important for evaluation of
reservoir conduits, which is the focus in this study.

4.3. Fractures within dolostone

The orthogonal geometry of the primary fault network and second-
ary fault network appear to be particularly developed in regions of
relative compression characterized by appearance of anticlinal fold and
twisting or rotation of the primary faults (e.g., Stearns, 1968; Bergbauer
and Pollard, 2004; Ghosh and Mitra, 2009; Watkins et al., 2015). The
formation of an anticline and reverse faults usually occurs with
small-scale natural fractures in the brittle dolostone that have under-
gone compression. Based on the observations of the drilling core samples
and thin sections, we found that two groups of the fractures: (1)
large-fractures with apertures >0.1 mm, and (2) small-fractures with
apertures <0.1 mm (Laubach, 2003; Anders et al., 2014). The
large-fractures in cores and thin sections present average density of
1.4-2.2/mm (Fig. 6). These fractures are often filled with calcite with
high dip-angles (50-90°). The small-fractures extend linearly with low
dip-angles (0-30°, Fig. 6b-h). Some of them branch into several small
sub-fractures. However, the wide-occurrence of low dip-angle fractures
may be linked to overpressure of critically stressed fractures during
natural resource extraction and storage (Fig. 6e-h e.g., Ellsworth, 2013;
Luo et al., 2020). The length of these two sets of fractures ranges from
tens of microns to centimeters, forming a fracture network. The above
analysis shows that the Triassic Leikoupo dolostone has a large number
of fractures in addition to faults, consisted as the potential migration

conduits in the subsurface.
5. Discussion

5.1. Implication of the fault networks in hydrocarbon accumulation
models

The previous results of reservoir characterization from the western
Sichuan Basin show the Leikoupo Formation rock is composed of
powder-crystalline dolostone and dolomicrite (He et al., 2019; Xiao
et al., 2019). 32% of samples show moderate porosity of 2%-5% while
the permeability is low with a peak value 0.002-0.25 md (He et al.,
2019). The observation of low permeability is not easily reconciled with
the primary discoveries of exploration targets in this region (Tian et al.,
2018; Chen et al., 2018). If the fault networks and associated fractures
represent optimum conduits for Leikoupo Formation reservoirs, we
would expect that the conjugate fault networks control the hydrocarbon
accumulation and is the key for understanding the hydrocarbon accu-
mulations in strongly heterogeneous and low permeable rocks. Here we
speculate on implication of fault networks for explaining the hydro-
carbon accumulation models in Xinchang reservoir and their limitations.

(1). Model 1: Self-sourced migration and accumulation. If Xin-
chang reservoir is the self-sourced migration and accumulation
model (Fig. 7a and b), its inherited structural high in the anti-
clinal is favorable for hydrocarbon accumulation, and the con-
jugate fault networks and associated fractures might be the
controlling conduits facilitating gas charging into its current trap.
In this view, faults and fractures near the anticline would be
sealed by mudstone above and anhydrite below as a lithological-
controlled network. It is capable of carrying gas over a large area
of 200 km?. As the principal source rocks are inferred within the
Leikoupo Formation itself (Yang, 2016; Long et al., 2019), the
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Fig. 5. Structural and geological interpretation of seismic profile A-A’, The (b, c) are the interpretations of the seismic profile (a). Dotted yellow rectangle depicts the
zone of conjugate fault networks; thickness of the red line depicts the fault scale; shaded red zone depicts dolostone, limestone and anhydrite accumulation region.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

(2).

3.

proximal hydrocarbon supply is possible when the fault-fracture
networks developed into their current configurations. A further
evolving of the structure would create clustering of faults that
allow gas to escape from the trap. This self-sourced model has the
advantage of being consistent with our observations of the fault
networks, and the fractures show the significant potential as
pathways.

Model 2: Long-range upward migration and accumulation.
The long-range upward migration model (Fig. 7c) would connect
the current dolomitic reservoir with a source that is likely to be
Permian ~7500 m (based on Li et al. (2016) velocity model)
below. For this to be so, the model requires large-scale faults for
hydrocarbon migration across the impermeable, 500-m-thick
anhydrite layer. This hypothesis would not apply as the Xin-
chang structure formed with only an anticline and fault networks
that diminished into the underlaying anhydrite. However,
because of seismic resolution limitations, thin faults that partially
propagate into anhydrite as secondary pathway would be
possible.

Model 3: Vertical downward migration and accumulation.
Based on the previous studies on the origination of natural gas in
the Leikoupo Formation and fault-scale identification, most of the
source rock comes from Leikoupo Formation and overlying
Ma’antang Formation in this model (Fig. 7d). If the Ma’antang
Formation acted as source rock, the vertical downward migration
model would play a role in the gas accumulation. He et al. (2019)

analyzed the burial history of the strata since Middle Triassic at
the CK1 well and suggested that the period of natural gas gen-
eration was mainly from Lower Jurassic to Paleogene (~160-60
Ma, Fig. 8). The formation of fault networks was closely related
with the uplift of the Longmen Shan range in the Late Miocene (Li
et al., 2012; Dai et al., 2013; Wang et al., 2014), which was later
than natural gas generation and would modify the Xinchang
reservoir subsequently (Fig. 8). The tilted fold limb would
enhance the downward migration of gas from Ma’antang source
rock into the fracture system. Indeed, in this model the fault
networks and associated fractures would behave as primary
pathway for both resource sequences in above and below.

5.2. Exploration plays in Xinchang

In this study, we propose that conjugate fault networks in the Xin-
chang fold limb would behave as Model 1 described above, although
downward migration is a complementary possibility. In the model of
self-sourced migration and accumulation, hydrocarbons accumulate in a
stratigraphically-controlled reservoir in the Xinchang. As the afore-
mentioned migration model indicates, the distribution of faults and
fractures would determine the favorable areas for investigation. The
well of CK1 is a highly productive well near the anticlinal axis, with a
cumulative gas production that exceeds 1.2 x 108 m® (Xu et al., 2011,
2013; Xie, 2015). In contrast, another well, XS1, located 4 km to the east
of CK1 in the same anticlinal high area, is proven as a dry well without
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production. The likely reason is that the well of CK1 is inside the con-
jugate fault networks, where the development of fault networks provide
systematic pathways for natural gas migration and the accumulation of
commercial gas. As to the well of XS1, the location that is far away from
such fault networks would tend to prohibit any potential accumulation
(Figs. 3 and 7).

Previous studies on faults as migration conduits are mainly focused
on seismic-scale single fault or regional fault systems (Billi et al., 2003;
Karlsen and Skeie, 2006; Xu et al., 2015; Li et al., 2019; Zhang et al.,
2019; Wang et al., 2020), while we focus on a lithologically-controlled
fault network. Seismic-scale faults would cut through several layers in
the vertical direction and communicate fluid between source rocks and
reservoirs over a distance of several kilometers, e.g., San Andreas
Parkfield (3 km, Rymer et al., 2006; Bradbury et al., 2011), EI Reno fault

Journal of Petroleum Science and Engineering 208 (2022) 109502

Fig. 6. Geological characteristics of calcite-filled/
unfilled fractures system within the Middle Triassic
Leikoupo Formation. (a) Core photo of macro-
tectonic fractures partially filled by calcite from the
CK1 well. (b-d) Thin sections of macro-tectonic
fractures and micro-tectonic fractures filled with
calcite from the CK1 well. (e-h) Thin sections of
macro-tectonic fractures and micro-tectonic fractures
from the LS1 well (13.7 km west of Xinchang block).
Photomicrographs (b-h) were taken under plane-
polarized light. Abbreviations: Mac (Macro-frac-
ture), Mic (Micro-fracture), Cal (Calcite).

(1.6 km; Liao et al., 2019), Triunfo fault (0.2-0.6 km; Celestino et al.,
2020) etc. These observations are probably limited in explaining lateral
migration of hydrocarbon in a stratigraphic reservoir of ~hun-
dred-meters in thickness. In this interpretation, the small scale conjugate
fault networks have an optimal geometry in the brittle dolostone and
might be expected to control the lateral migration and accumulation of
subsurface fluid horizontally. However, the slip directions of the fault
planes are difficult to determine based on the seismic attribute maps,
which require supplementary data and fault-plane solutions.

5.3. Regional stresses and development of the fault networks

Large plate-scale regions are generally subjected to a uniform stress
field (Engelder and Geiser, 1980; Zoback, 1992; Heidbach et al., 2010; Li
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anhydrite); T,l43 r. (Middle Triassic Lei-4-3 submember reservoir); Tsm m. (Upper Triassic Ma’anatng Formation mudstone); Tsx s. (Upper Triassic Xujiahe Formation

source rock).

et al., 2016). As the eastern boundary of the Tibetan Plateau, the
Longmen Shan is a steep transition zone between the Tibetan Plateau
and the Sichuan Basin. The Longmen Shan has experienced several
stages of rapid uplift with the latest and most important stage starting in
the Late Miocene (Li et al., 2012; Dai et al., 2013; Wang et al., 2014). Itis
at this stage that Xinchang region is compressed and the Longquan Shan
is uplifted as a response to the rapid uplift of the Longmen Shan about
10-15 Ma ago (Richardson et al., 2008; Li et al., 2012; Dai et al., 2013).
Additionally, the direction of the maximum principle compressional
stress of Longmen Shan and adjacent western Sichuan Basin was nearly
on E-W during the Miocene-Pliocene, which is proximately parallel to
the acute bisector of conjugate fault network in Figs. 3 and 4 (Burchfiel
etal., 1995; Liet al., 2014). Faults tend to form within the brittle layer of
dolostone while the weak/ductile layer of anhydrite can deform by
distributed shearing and inflation that accommodate the overall strain
(Davies et al., 2012; Ferrill et al., 2017a, 2017b, 2017b; Vasquez et al.,
2018). The fault networks in the dolostone layer are more developed
than underlaying anhydrite (Fig. S1), which we speculate is based on
mechanical contrast that controls the lithologically-controlled conjugate

faults. However, the primary fault network is not constrained by the
lithologies.

6. Conclusions

Based on high-resolution 3D seismic data, we have interpreted fault
networks in the Triassic Leikoupo Formation, composed of carbonates
and evaporates, with implications for understanding gas migration and
accumulation in carbonate reservoirs. We found that seismic attributes
could be applied to identify the fault networks in the subsurface. The
results show an orthogonal network of primary faults in the Xinchang
region and a secondary set of conjugate fault networks in the fold limb.
The observation of the conjugate fault networks integrated with frac-
tures from core samples illustrates a lithologically-controlled conduit
system for natural gas in the Leikoupo Formation. The characteristics of
the conjugate fault networks favor the model of self-sourced migration
and accumulation in the Xinchang reservoir, where the dolostone of the
Leikoupo Formation, that contains such fault networks, as a potential
exploration target.
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Fig. 8. A summary diagram showing the thermal
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