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Study and application of PS-wave pre-stack migration in
HTI media and an anisotropic correction method*
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Abstract: Anisotropy correction is necessary during the processing of converted PS-
wave seismic data to achieve accurate structural imaging, reservoir prediction, and fracture
detection. To effectively eliminate the adverse effects of S-wave splitting and to improve PS-
wave imaging quality, we tested methods for pre-stack migration imaging and anisotropic
correction of PS-wave data. We based this on the propagation rules of seismic waves in a
horizontal transverse isotropy medium, which is a fractured medium model that reflects likely
subsurface conditions in the field. We used the radial (R) and transverse (T) components of
PS-wave data to separate the fast and slow S-wave components, after which their propagation
moveout was effectively extracted. Meanwhile, corrections for the energies and propagation
moveouts of the R and T components were implemented using mathematical rotation. The
PS-wave imaging quality was distinctly improved, and we demonstrated the reliability of
our methods through numerical simulations. Applying our methods to three-dimensional and
three-component seismic field data from the Xinchang-Hexingchang region of the Western
Sichuan Depression in China, we obtained high-quality seismic imaging with continuous
reflection wave groups, distinct structural features, and specific stratigraphic contact
relationships. This study provides an effective and reliable approach for data processing that
will improve the exploration of complex, hidden lithologic gas reservoirs.

Keywords: HTI media, PS-wave, pre-stack time migration, anisotropic correction, Xinchang-
Hexingchang region, the Western Sichuan Depression

IntrOdUCtion and the characteristics of pores, cracks, or fractures
therein. Thus, the numerous dynamic, kinematic, and
geometrical attributes, such as amplitude, frequency,

Anisotropy may form within subsurface media propagation velocity, dispersion, and attenuation, of
as a result of matrix arrangement, fluid permeation, seismic waves may azimuthally vary while propagating
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PS-wave pre-stack migration

through anisotropic media, so multiple methods have
been developed to analyze seismic anisotropy. Multi-
wave amplitude variation with azimuths and velocity
variation with azimuths, as well as shear wave splitting,
have shown promising results (Cheng and Xu, 2009;
Akalin et al., 2014; Zhang et al., 2015).

Research on migration imaging of PS-waves has
gained increasing attention in recent years. Sun and
Martinez (2003) investigated a PS-wave migration
processing method with a 3D, true-amplitude weighting
function based on Schleicher’s theory. Li et al. (2005)
and Dai et al. (2005, 2006, 2007a, 2007b, 2008b)
applied a 4-parameter PS-wave Kirchhoff migration
processing technique to several types of strata, including
homogeneous and multi-layered media, based on
a precise velocity analysis. In addition, Zhang et
al. (2009) researched the true-amplitude, pre-stack
migration of PS-waves, based on a virtual offset. Huang
et al. (2009, 2014) achieved the 3D true-amplitude
anisotropy Kirchhoff migration of PS-waves based
on layered media and Bleistein’s theory. Based on the
4-parameter migration method described by Dai and Li
(2005, 2008b), Li et al. (2013) and Chen et al. (2016)
each developed a pre-stack migration method for the
2-parameter simplified equation for vertical transverse
isotropy (VTI) media.

Despite this extensive effort, PS-wave imaging
research has remained focused on the propagation of
PS-waves through isotropic, homogeneously layered, or
VTI media, and the field has largely neglected the fact
that PS-waves are even more sensitive to anisotropy
than simple P-waves (Qian et al., 2012). Anisotropy can
directly lead to the PS-wave propagation moveout, which
causes adverse effects during the processing of wide-
azimuth PS-wave data (e.g., velocity analysis, normal
moveout correction, and dip moveout correction), giving
rise to false structural artifacts that are particularly
detrimental to the identification and analysis of fine
structures (Li et al., 2015). For example, the propagation
time and amplitude of the radial (R) component of a PS-
wave changes notably with the azimuth, whereas the
transverse (T) component exhibits an obvious polarity
reversal at every azimuth multiple of 90°. It is therefore
necessary to apply effective corrections to eliminate the
influences of imaging effects.

Anisotropy also provides direct evidence for the
existence of cracks with the target media. Removing
it is somewhat controversial because its retention
during the processing of converted-wave data can
enable useful insights. Recent studies on PS-wave
seismic data have suggested that the decision to retain
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or eliminate anisotropy should depend on the specific
geological target. Jenner (2011) presented a pre-stack
time migration method for P-wave data that combined
VTI and horizontal transverse isotropy (HTI) media; he
then discussed an effective workflow and demonstrated
it with examples. Cheng et al. (2012) achieved pre-stack
migration imaging while preserving anisotropic features
within VTI media in the angle domain. Koren and Ravve
(2014) also proposed a velocity updating method for
anisotropic processing. The general consensus is that
to obtain the high-quality, converted-wave, fast S-wave
and slow S-wave seismic data that are necessary for
effective multi-wave and multi-component seismic
exploration (Dai and Li, 2011), anisotropy effects on
energy, moveout, and frequency of PS-wave data must
be eliminated (Cheng et al., 2012; Simmons, 2009).

Currently, few cases have successfully solved the PS-
wave imaging problem in fractured media under actual,
complex geological conditions. Instead, most studies
have been based on forward modeling with theoretical or
synthetic data. To conduct a structural and stratigraphic
interpretation and to extract amplitude versus offset
(AVO) response characteristics, the anisotropy and
S-wave splitting phenomena within the fractured media
must be treated for PS-wave pre-stack trace gathers and
post-stack imaging. The effects of anisotropy must be
eliminated before the analysis can accurately identify
lithological or oil-gas anomalies when using PS-wave
data for AVO inversion or AVO analysis (Skopintseva
and Alkhalifah, 2013). This is because the reflection
amplitude of a PS-wave that is propagating through
a fractured medium simultaneously changes with the
azimuth and offset (Mahmoudian et al., 2015; Chang
et al, 2017). However, the anisotropic features in
seismic data should be retained when S-wave splitting
phenomena are being employed to detect fractures.

In this study, we analyzed PS-wave propagation
characteristics in HTI media and investigated a pre-stack
time migration and anisotropic correction method based
on HTI media and S-wave splitting. The reliability of
the proposed method was verified through HTI-media
forward modeling, after which the method was applied
to a real-world, ultra-deep (more than 5000 m), ultra-
tight, low-porosity, and low-permeability gas reservoir
with strong heterogeneity and anisotropic features in the
Xinchang-Hexingchang region of the Western Sichuan
Depression. The results included high-quality PS-
wave R and T component data, as well as fast and slow
S-wave seismic data, which could prove highly useful
for improving future structural interpretations, strata
tracking precision, and fracture detection.
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Methodology and technological
realization

Seismic numerical simulation of HTI media and
wave field features

Real subsurface media are commonly characterized
by multi-phase heterogeneities, partial elasticity, and
anisotropy. Hexagonally symmetrical anisotropic
media have been studied more than other types. They
primarily include transversely isotropic media that
are characterized by vertical transverse isotropy with
a vertical axis of symmetry (i.e., VTI), horizontal
transverse isotropy with a horizontal axis of symmetry
(i.e., HTI), or transverse isotropy with a tilted axis
of symmetry (TTI; Thomsen, 1986; Thomsen 1999;
Berryman, 2009). An HTI medium (which is azimuthally
anisotropic) is considered to be a good representation
of subsurface vertically fractured media (Thomsen,
1986). Vertical fractures serve as both favorable
storage elements and important migration channels
for oil and gas (Mahmoudian et al, 2015; Chang et al,
2017). Therefore, it is vitally important to identify the
development areas, principle directions, and densities
of such fractures during seismic exploration, especially
when planning well deployment and well trajectory.

When a seismic wave propagates through HTI media,

the directional distributions of fractures or joints, the
depositional patterns of rock strata, and the directional
alignments of stress fields can all lead to anisotropy
within the velocity, time, amplitude, energy, and
frequency of the seismic wave. S-waves are particularly
sensitive to such anisotropy, and S-wave splitting can
add even more complexity (Skopintseva and Alkhalifah,
2013). When propagating through an anisotropic medium
(e.g., a fractured medium), an S-wave will split into fast
and slow S-waves with orthogonal polarizations parallel
and perpendicular to the fracture strike, respectively.
The former will propagate faster than the latter. Since
such splitting only occurs when an S-wave propagates
at a certain angle relative to a fracture, the intensities of
the split fast and slow S-waves are closely related to the
fracture dimensions (Crampin and Peacock, 2005; Koren
and Ravve, 2014). These characteristics can be observed
and analyzed through numerical simulations.

Table 1 lists the parameters of the simulated multi-
layer HTI fractured medium that we used in our model.
There were seven layers in total and the second, fourth,
and sixth layers were set as fractured, anisotropic layers
(Table 2). In the numerical simulation, the detection
points were set at 36 azimuths, at a step of 10°, and with
a geophone interval of 1000 m. The changing features of
the P-wave (vertical or Z-component) and the PS-waves
(horizontal or X- and Y-components) at each azimuth
were obtained (Figure 2).

Table 1 Parameters of forward modeling numerical simulation

Formation Formation Density P-wave velocity ~ S-wave velocity Depth
No. (g/cm3) (km/s) (km/s) (m)
1 Isotropic layer/mudstone 2.46 3.708 1.942 0-1000
2 HTI medium layer/sandstone 2.54 4.433 3.047 1000-1150
3 Isotropic layer/mudstone 2.57 4.719 2.176 1150-1650
4 HTI medium layer/sandstone 2.61 5.046 3.310 1650-1850
5 Isotropic layer/mudstone 5.193 2.385 1850-2350
6 HTI medium layer/sandstone 5.35 3.667 2350-2650
7 Isotropic half-space/sandstone 2.67 5.55 2.542 2650-...

Table 2 Model parameters of the HTI media

HTI-media layer Fractu(roe) strike R?gli)u s Aspect ratio DenSit}Echgsl)ing £as
60 0.001 0.01 0.05
45 0.001 0.01 0.08
20 0.001 0.01 0.15
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Figure 1 displays the changes of the seismic
amplitudes for the X, Y, and Z components at each
azimuth. It clearly shows the waves reflected from
each of the six interfaces. The reflection wave events
for the Z- and X-components along the first isotropic
interface exhibit no azimuthal anisotropy. Meanwhile,
the Y-component shows no energy at the first isotropic

interface, but it exhibits a strong response along the
anisotropic interfaces. In addition, a polarity reversal
can be observed in the Y-component response. These
features confirm that converted waves in HTI media are
characterized by azimuthal anisotropy and that PS-waves
will split into fast and slow S-wave components.
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Fig. 1 Three component simulated records of HTI medium. X-component (a), Y-component (b), Z-component (c).

Converted-wave pre-stack time migration
method based on HTI media

The estimated velocity changes in the subsurface
were fitted by compensating for azimuthal anisotropy
during the pre-stack migration processing of PS-wave
seismic data (Dai and Li, 2008a). These fitted velocity-

variation estimates were then synthesized into a velocity
ellipse, the orientations of which were employed to
conduct dynamic correction stacking. For pre-stack time
migration, the travel time of a converted wave, ¢,,, can
be expressed in terms of the P-wave travel time, ¢,, and
the S-wave travel time, ¢, as t,, = t,+t,, where ¢, and ¢, is

approximately expressed as

27791‘1" [Zi (1 + 70) (1 + 791‘1")]2

1 oo, 20 +y)A+y,) ~

tp = ps0 2 2 . 5 d (1)
L+ 7, ot Ve [V T + (L 200) 22 (L 70) (1 + 70 )]
t, = 2o | Z? <1 il 7/0) (1 + 70&“) _ 280 [Zf (1 + 70) (1 + 70ff):|2 . 2)
s I+, psO V,iﬂ/o ViS}/O |:ti50V;27570 + Zf (1 + 70) (1 Ty )]

Suppose that the PS-wave velocity is the most sensitive
parameter in equations (1) and (2), where ¢, is the travel
time of the converted wave, ¢, is the P-wave travel time,
t, is the S-wave travel time, y, is the ratio of the vertical
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P-wave velocity to that of the S-wave, #,, is the zero-
offset converted-wave travel time, y, is the distance
from the shot to the image point, y,is the distance
from the image point to the receiver, y,; is the effective
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velocity ratio, v, is the PS-wave velocity (a combination
of the P- and S-wave velocities), 7, is the effective
P-wave anisotropy parameter, and &, is the S-wave
anisotropy parameter. For a weakly anisotropic medium,
the anisotropic variations in y,; and y,;, can safely be
ignored, so that only the anisotropic change in velocity is
considered (Li and Yuan, 2003). The anisotropic velocity
variation is equivalent to the anisotropic variation in the
stacked velocity.

Our pre-stack time migration processing of PS-waves
that were propagating through HTT media comprised six
steps (Dai et al., 2004; Jenner, 2011).

(1) Offset setup: generally, the maximum vertical
offset was taken as the limit so that each azimuth had
the same maximum offset, which prevented azimuthal
velocity variations due to differences in the data.

(2) Full-azimuth migration velocity analysis: the
migration velocities and azimuthal parameters were
obtained through full azimuthal seismic data migration
velocity analysis.

(3) Azimuth selection: using due north as the starting
azimuth, an azimuthal selection process was conducted
for super-gather data at specified angle intervals.

(4) Azimuthal migration velocity analysis: the initial
velocity field was established, based on the full-azimuth
migration velocities and anisotropic parameters obtained
in step (2), and this field was used to conduct migration
velocity analysis for each azimuth.

(5) Ellipse fitting of anisotropic velocities: after the
velocity ellipses were fit for the same reflection points
at different azimuths, the fitting velocity function was
used to calculate the migration travel time (Tsvankin and
Thomsen, 1995).

(6) Pre-stack time migration of full-azimuth PS-
waves: within the full-azimuth data gather, the velocity
ellipses were used to calculate the migration velocities
that corresponded to different azimuthal data, after which
pre-stack time migration processing was performed
based on the azimuthal velocities.

Correction method for S-wave splitting due to
azimuthal anisotropy

We assumed that subsurface joints and seismic wave
fields satisfy the following criteria: (1) only one group of
joints exists in any analysis time window; (2) joints are
vertical HTI-media features; and (3) the reflected wave
in the analysis time window only comprises the fast
and slow S-wave components. The principle governing
the development of joint orientations within subsurface
media was obtained following a suitable mathematical

method (Alford, 1986; Gaiser, 1999) to further separate
the wave fields of the fast and slow S-wave components
(Figure 2).

The main objective of the HTI-media converted-
wave anisotropic correction method is to employ a
mathematical technique (Alford, 1986) to correct the
propagation energies and moveouts of the R and T
components. Before correction, the fast S-wave, (S)), and
slow S-wave, (S,) , components were separated based on
the PS-wave, and then the azimuth of the fracture strike
was obtained. Then, in the target formation range of the
HTI medium, the propagation moveout between the fast
and slow S-wave components, ¢ = t, - #;,, was computed
based on the correlation between the seismic gathers, S|
and S,. An upward moveout shift was then performed
for the slow S-wave seismic gather, in which S, was
shifted toward zero-time by an increment of ¢. Finally,
the corrected radial component, R"”, and the corrected
horizontal component, 7", of the PS-waves were
calculated as

R" 51 _ cos 6 sind S1
)[04 o

Equation (3) captures the core mathematical
expression of the PS-wave correction:

0 < o ,M(9)= cos 6 S|nt9'
2 —sin@ cos@

This equation is based on S-wave splitting theory and
the propagation behaviors of PS-waves in HTI media.
Based on the azimuthal pre-stack seismic data, the shear
wave splitting technique was used to obtain the fast and
slow S-wave components, as well as their propagation
moveouts. These were then used to conduct moveout
compensation corrections for the PS-wave R and T
components (Simmons, 2009), thereby accomplishing
an azimuthal anisotropic correction for improved
converted-wave imaging. The layer-stripping method
was used during the processing of real data to extract the
propagation moveouts of fast S-wave and slow S-wave
components along geological horizons. Consequently,
corrections for converted-wave multi-layer anisotropic
strata can effectively eliminate the adverse impacts of
subsurface anisotropy on the seismic imaging of highly
precise geological cross sections.

In summary, our anisotropic correction method based
on PS-waves comprised three steps:

(1) The fast and slow S-wave components were
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separated using the PS-wave R and T components, and
their propagation moveouts were calculated.

(2) The R and T components were rotated using
equation (3) to correct the energy and moveout of the R

0 5 10

component.

(3) For anisotropic strata, the processing was
conducted one horizon at a time via the first two steps
until a precise seismic imaging result was obtained.
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Fig. 2 Results of separating the fast S-wave (black) and slow S-wave (red) components using synthetic data.

We conducted a correction for the R and T
components based on the fast and slow S-wave
components that were split using the aforementioned
PS-wave anisotropic correction method. The newly
obtained PS-wave R and T components are plotted
in Figure 3, in which the amplitude, frequency, and
propagation time of the PS-wave R component show
no changes; this is characteristic of horizontally layered
isotropic media. The horizontally uniform features of the
reflection events delineate the interfaces of the isotropic
horizontal layers, which had uniform thicknesses. Due
to the energy allocation effect of the S-wave splitting
process, significant reflected energies were observed on
the T component (Figure 3a). After correction, however,
most of the energy was correctly reallocated to the R
component, after which the T component exhibited no
reflections along the interfaces (except for some noise),
which is characteristic of the seismic response in an
isotropic medium. In summary, due to the HTI strata,
the R and T components initially exhibited the seismic
response features of anisotropic media. After S-wave
splitting and anisotropic corrections, the influences of
the second, fourth, and sixth HTI strata were eliminated,
bringing them in line with the seismic response features
of isotropic media.

Our experimental processing of converted-wave
seismic data with a theoretical model has verified the
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effectiveness of the fast and slow S-wave splitting
method, as well as the converted-wave anisotropic
correction method for the R and T components while
demonstrating the significance of fracture response
features and anisotropic corrections of converted waves.

Application case study with field data

The Western Sichuan Depression in China is
extensively underlain by a tight clastic gas reservoir,
and it contains numerous horizons at a variety of depths.
Vertically, a near-source Upper Triassic gas reservoir
is located within the same strata series as the source
rock, and a number of Jurassic gas pools are situated far
from the major source rock. The favorable reservoir-
forming geological conditions of the Western Sichuan
Depression include an abundant gas source characterized
by a high-pressure anomaly, a regional paleo-uplift belt,
a favorable storage-cap combination, good dredging
conditions, and numerous complex traps. To date,
many gas fields, including the Xinchang, Hexingchang,
Pingluoba, Qiongxi, Zhongba, and Bajiaochang gas
fields, have been discovered in the shallow, middle, and
deep strata of the Western Sichuan Depression. Multiple
high-productivity industrial gas wells, including Well
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Fig. 3 (a) R component (left) and T component (right) before application of the S-wave splitting correction;
(b) R component (left) and T component (right) after the S-wave splitting correction, as implemented on synthetic data.

X851, Well X856, Well X2, Well CG561, and Well DY,
have been successfully drilled in the Triassic Xujiahe
Formation within the Xinchang structural belt to confirm
the discovery and development prospects of tight
sandstone gas reservoirs in the deep continental facies
beneath the Western Sichuan Depression. However,
gas exploration in this area is difficult because of the
low porosity of the rock matrix, the tightness of the
reservoir rock, and the development of fractures in the
reservoirs of the Xinchang-Hexingchang region (Figure
4). In particular, these fractures have induced anisotropic
characteristics in the reservoir, including inhomogeneous

gas accumulation and apparent anisotropic PS-wave
responses that have complicated imaging efforts.
Figure 5 illustrates the PS-wave propagation in the
Xinchang-Hexingchang area. The propagation times and
amplitudes of the R component vary with the azimuth
within the target stratum, whereas the T component
registered high energy within the target stratum with
obvious polarity reversals at every 90° interval. This
indicates the presence of strong anisotropy and a
high probability of fracture development in the strata.
Consequently, the imaging result will be affected if the
anisotropy is not effectively corrected. To obtain high-
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precision converted-wave imaging data, the HTI-media
pre-stack time migration and the anisotropic correction
methods were used as described above for the three-
dimensional and three-component (3D3C) seismic
anisotropic processing of the research area. High-quality

seismic data were acquired with continuous reflected
wave groups, distinct structural features, and specific
stratigraphic inter-relationships that helped establish a
firm data foundation for the exploration of the complex,
hidden gas reservoirs in the area.

Fig.4 Formation fracture imager photo and core photos from Well CX560.

(a) Azimuth (°)
| 1?0 3|§0 1|80 3|6|0 1|80 3|6|0 1?0 SEO 1?0 3|6|0

5.0 - - 2 =

1|80 3|60

(b) Azimuth (°)

0 180 360 180
15 b 1

50 -

Fig.5 Azimuthal stacked gathers of the R component (a) and T component (b) in the 3D3C work area of the Xingchang-
Hexingchang region in the Western Sichuan Depression. The red arrows indicate the target stratum in each image.

To obtain high-precision PS-wave images, the
isotropic-, VTI-, and HTI-media imaging methods were
applied to the PS-wave pre-stack seismic data to acquire
distinctly different processing results. Figure 6 shows a
comparison between the isotropic media and anisotropic
HTI-media cases. The velocity updating method based
on isotropic media was unable to effectively “flatten” the
PS-wave seismic gathers. This is because the velocity
anisotropy of the PS-waves resulted in an uplift or pull-
down event within the pre-stack time migration gather,
which was not easily corrected and which inevitably
affected the subsequent stacked images. However,
in our HTI-media imaging method, the gathers were
significantly flattened through velocity anisotropy
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processing. The post-flattening PS-wave seismic gathers
reflected the true AVO response features of reservoirs
during the subsequent stacked imaging.

Similarly, the VTI-media imaging method failed
to produce ideal migration results in the early stages,
whereas the HTI-media imaging method worked better
for actual subsurface media features. Figure 7 shows a
comparison between the converted-wave VTI- and HTI-
media processing results. They exhibit the same structure
and shape, but the HTI-media processing was better
during the relatively stable and continuous PS-wave
reflection events. This confirms that the HTI-media-
based anisotropic processing method offers a higher
resolution, a better signal-to-noise ratio, and richer
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strata information. The obtained section is favorable for interpretation, strata tracking, and reservoir prediction.

thin-layer identification and interpretation, structural
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Fig.7 Comparison of converted-wave migration imaging effects for the VTl-media (a) and HTI-media (b). The yellow boxes
highlight a region with improved results for the HTl-media imaging.

splitting, the reflection events in the R component
undulated, whereas the corresponding T component
events had more reflection energy. Figure 9¢ and 9d
show the R and T components after the correction,

Figure 8 shows a comparison of S-wave splitting
results before and after anisotropic correction. Figure
9a and 9b illustrate the R and T components before the
correction, respectively. Due to the effects of S-wave
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Fig.8 Comparison between the S-wave splitting of PS-wave R and T components before and after anisotropic corrections (from
left to right: original R and T stacked data; R and T stacked data after S-wave splitting; fast and slow S-wave stacked data).
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respectively. The event moveout in the R component
was removed by the correction, and the energy of the
T component was reallocated to the R component
through rotation. Finally, Figure 9¢ and 9f demonstrate

205

=
o =
E

the extracted fast and slow S-wave components,
respectively, based on the R and T components, and a
distinct propagation moveout can be seen.

Trace No
@5 a5 %5 2% W5

Fig. 9 Comparison of stacked sections of PS-wave splitting azimuthal anisotropy as it appeared before (a) and after (b)
anisotropy correction. Red arrows indicate points of particular improvement or interest.

After the anisotropic correction was applied, based on
the HTI-media method, the energy on the T component
was effectively reallocated to the R component, the
S-wave splitting phenomenon was effectively handled,
and the PS-wave imaging quality was further improved.
Figure 9 shows a comparison of the stacked sections
of the PS-wave splitting azimuthal anisotropy, both
before and after the correction. The results indicate
that the reflection event energies and frequencies
after the azimuthal anisotropic correction were more
consistent and that the imaging quality at each depth was
improved, as is evidenced by the relatively continuous
strata reflections and clearer structural features. These
findings suggest that our processing approach can
provide a better-quality data base for late-stage reservoir
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interpretation.

Conclusions

The following conclusions can be drawn from our
in-depth testing of pre-stack migration and anisotropic
correction methods for PS-waves in HTI media, as well
as through the processing of PS-wave seismic field data
from the Xinchang-Hexingchang region of the Western
Sichuan Depression:

(1) Through theoretical research and synthetic data
processing, we confirmed that both velocity anisotropy
and S-wave splitting should be considered during the
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processing and migration imaging of HTI media to
ensure accurate geological interpretation and reservoir
prediction. When subsurface joints are well-developed,
the fast and slow S-wave components that split from
PS-waves can have an apparent impact on the R and T
component reflection events. Thicker strata will generate
a larger moveout delay and have a greater impact on the
converted-wave imaging quality.

(2) The deep, tight reservoir fractures in the strata
beneath the Western Sichuan Depression result in
distinct structural anisotropy. This gives rise to the
directional dependence of the energy and travel time of
the PS-wave R component. Meanwhile, the T component
exhibits an energy response and a 90° phase reversal.
Our isotropic- and VTI-media imaging methods failed
to yield satisfactory image qualities in the early stages.
However, the PS-wave anisotropy was effectively
corrected by employing our HTI-media processing
method. In addition, the pre-stack gathers were precisely
flattened, and the S-wave splitting effect was eliminated.
Furthermore, the T component energy was rotated and
reallocated to the R component, which improved the
imaging of the latter.

In conclusion, HTI media conform to a fractured-
media model that is relatively similar to the actual
conditions of the subsurface. With the application of pre-
stack migration imaging processing and an anisotropic
correction method based on the propagation rules of
PS-waves in HTI media, the adverse effects of S-wave
splitting can be effectively eliminated and the imaging
precision can be improved. After applying these methods
to a set of 3D3C seismic data that were collected from
the Xinchang-Hexingchang region of the Western
Sichuan Depression, high-quality seismic data with
continuous, reflected wave groups, distinct structural
features, and specific stratigraphic contact relationships
were obtained. These findings should provide vital
technological support for the exploration of complex,
hidden gas reservoirs in the area.
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