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Tight gas sandstone represents a significant unconventional resource
extensively discovered across numerous sedimentary basins around the world.
Tight sandstone reservoirs are characterized by low porosity, low permeability,
variable source material, rapid spatial and temporal changes, poor reservoir
properties, and strong heterogeneity. Traditional geophysical methods struggle
to meet the demands of exploration and development of these types of
reservoirs. This study applies a high-precision comparative approach using well-
seismic integration to establish a relative isochronous stratigraphic framework.
Based on this framework, extracting seismic properties can effectively predict
tight sandstone reservoirs. This paper, focusing on the Penglaizhen Formation
in the Luodai Gas Field of the Western Sichuan Jurassic system. This entire
process accomplished in three steps: starting with regional marker layers as
the initial framework; followed by the establishment of a relative isochronous
framework through precise well-seismic integration; and finally stratigraphic
slicing techniques to delineate isochronous stratigraphic frameworkwith shorter
time intervals. Thereby enhancing the reliability of subsurface stratigraphic
information and data accuracy. The study posits that current technological
means cannot create a truly isochronous stratigraphic framework; thus,
“isochronous” is considered a relative concept in this context. The framework
aims to ensure temporal consistency by minimizing discrepancies through
mutual constraints between well and seismic data, serving to exploration and
development requirements. Furthermore, analyses such as sensitive attribute
extraction, impedance inversion, and assessment of hydrocarbon potential in
tight sandstone reservoirs demonstrate strong correlation with drilling results.
This validation underscores the framework’s efficacy in interpreting industrial
gas production flows, thereby providing robust support for future oil and gas
exploration.
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1 Introduction

The Luodai Gas Field in the Western Sichuan Basin is rich in
Tight thin gas resources, characterized by sand bodies typically
thinner than one-quarter of a wavelength. The Luodai gas field is
situated in the southeastern corner of the middle section of the
West Sichuan Depression within the Sichuan Basin. The reservoir
is predominantly located in the Jurassic Penglaizhen Formation and
Suining Formation, the sedimentary facies aremainly of the shallow-
water delta type (Zhu et al., 2010). Despite extensive research
on the Western Sichuan Jurassic Tight thin sandstone reservoirs
in recent years, problems in their exploration and development
persist: multiple sand bodies within a single sand group complicate
depositional microfacies delineation; the thinness of sand bodies
(less than 1/4 wavelength) means that seismic reflections from the
top and bottom of layers do not reflect true geological information
(the phenomenon of seismic wave superposition interference occurs
when the two-way travel time distance between the upper and
lower reflection interfaces is shorter than the wavelet length),
and it cannot ensure that the interpreted horizon is formed at
the same time. The aims of this work establishing an effective
isochronous stratigraphic framework to enhance the accuracy of
depositional microfacies delineation and meet exploration and
development needs.

The establishment of an isochronous stratigraphic framework
is key and a prerequisite for the study of seismic stratigraphy and
seismic sedimentology. It not only reflects subsurface geological
information but also plays a crucial role in understanding
the evolution of depositional structures, preventing multiple
interpretations in lithologic identification (Zhu et al., 2011; Zeng
and Kerans, 2003; Zeng, 2011). Since the 1970s, many experts have
deeply studied isochronous stratigraphic frameworks, discussing
whether seismic reflection phase axes can represent isochronous
layers (Yang et al., 2013). Vail and others believe that seismic in-
phase axes are isochronous (Vail and Mitchum, 1977). (except at
unconformities); Brown and others argue that unconformities are
often transgressive (except at fluid interfaces), and it is generally
believed that the seismic response of stratigraphic interfaces is
isochronous (Brown and Fisher, 1980). Zhu and others think
that phase axes fundamentally reflect the isochronous framework
(Zhu et al., 2013; Zhu et al., 2018). Zeng and others argue that the
frequency of seismic data controls the angle and internal reflection
structure of seismic reflection phase axes. Low-frequency seismic
data tend to indicate lithologic significance, while high-frequency
seismic in-phase axes reflect isochronous depositional interfaces
(Zeng and Kerans, 2003). Zeng posits that the assertion that
seismic in-phase axes and chronostratigraphic interfaces coincide
is only suitable for low-level sequences (third-order sequences)
or sedimentary layers thicker than 50 m (Zeng and Kerans,
2003). Therefore, seismic in-phase axes cannot be equated with
isochronous stratigraphic frameworks. In otherwords, seismic event
are only isochronous under specific conditions.

In terms of research methods, precise well-seismic calibration
is crucial. By accurately matching well data in the depth domain
with seismic data in the time domain and adjusting them
mutually through feedback, the established time-depth relationships
endow seismic data with geological significance (Shi et al., 2022).

On this basis, Huang Renchun and others established a high-
precision isochronous sequence stratigraphic framework through
wavelet analysis of high-frequency layer sequences in 2019, which
remains an effective method for studying isochronous stratigraphic
frameworks today (Huang et al., 2019). Wavelet transforms enable
time-frequency localization of well log signals, allowing for the
extraction of stratigraphic time-frequency characteristics from
well data, thereby obtaining geological features such as the
cyclicity of sedimentary sequences. However, attribute extraction
for large segments is challenging to reveal their spatial changes.
Dong Jianhua and others also proposed building an isochronous
stratigraphic framework using typical marker layers based on
precise well-seismic calibration in 2018. Under the control of an
existing isochronous framework, finer seismic stratigraphic slices
are extracted (Dong et al., 2018). But the time spans between
various marker layers are often large, making it difficult to
achieve expected results with stratigraphic slicing based on an
isochronous framework. Combining previous research, under
an initial isochronous framework based on marker layers, the
integration of well-seismic feedback and high-precision comparison
can better constrain the isochronous nature after stratigraphic
slicing, making the depiction of depositional faciesmore precise and
the predictions more accurate.

2 Geological setting

The thickness of the Jurassic strata in the western Sichuan
Depression is large, ranging from2000 to 4,400 m, encompassing the
lower Jurassic Baitianba Formation, the Middle Jurassic Qianfoya
Formation and Shaximiao Formation, as well as the Upper Jurassic
Suining Formation and Penglaizhen Formation (Hu et al., 2018).
The western Sichuan Depression mainly formed after the Late
Triassic and experienced three major tectonic cycles: Indosinian,
Yanshanian and Alpine. In the late Middle Jurassic, under the
influence of the Yanshan Movement, the eastern part of the basin
was uplifted, and the former fluvial environment became a large
lake, which deposited the main muddy formation of the Suining
Formation, and then began to retreat, and deposited the sand-
mudstone interlayer of the Penglaizhen Formation, which was
widely developed in the fluvial delta facies.

The Luodai gas field is located in the eastern slope tectonic
margin of the central depression belt (Figure 1), which is a nose-
shaped anticline to the northeast, a complex tectonic belt of
Longquanshan thrust to the east, and the east wing of Deyang-
Pengxian syncline to the west.

According to sedimentary cyclicity, previous researchers have
subdivided the Penglaizhen Formation from bottom to top into four
segments: Peng 1, Peng 2, Peng 3, and Peng 4.The entire Penglaizhen
Formation has a thickness of about 900 m, consisting primarily of
light gray, brown-gray fine to powder sandstones interbedded with
brownish-red mudstones.

3 Data and methods

The 3D seismic data used in this study covers an area of
about 200 square kilometers, the time depth includes the whole
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FIGURE 1
Regional structural division map of the central section of the Western Sichuan Depression (According to Hu et al., 2018; modified by Yang et al., 2018).

FIGURE 2
Luodai working area inline1320 seismic profile.

Penglaizhen Formation in the study area, and the main frequency is
40 Hz.The logging data of 40 representativeWells (including natural
gamma curve, sonic lag curve, resistivity curve, etc.) were selected.

Based on the comprehensive analysis of lithology, seismic
and logging data of Penglaizhen Formation in western Sichuan
studied by predecessors, the position of marker layer in the three-
dimensional seismic data of Penglaizhen Formation in the study

area is determined, and it can also be used as the initial frame of
isochronous stratigraphic framework.

Synthetic seismogram is an important “bridge” for the
combination of well and earthquake, and also lays a foundation
for the further subdivision of the initial isochronous stratigraphic
framework. In this paper, 35 Hz Ricker theoretical wavelet is used to
make a synthetic record and complete the well seismic calibration.
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FIGURE 3
(A) Characterization of logging curve for well LS12D. (B) Characterization of logging curve for well L84D. (C) Characterization of logging curve for well
L84D. (D) Characterization of logging curve for well L63.

The purpose of the high-precision correlation of well shock
cross-feed fusion lies in the close combination of earthquake and
geology, which mainly takes advantage of the wide coverage of 3D

seismic data, the advantages of lateral traceable and the advantages
of longitudinal high resolution logging data. In the case of tight and
thin sandstone reservoirs, the vertical resolution of seismic data will
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FIGURE 4
Synthetic seismic record alongside LS37D well.

be multiple. Combined with the high vertical resolution of logging
data, the longitudinal resolution of 3D seismic data can be improved
indirectly through the combination of well pattern and sand body
correlation between adjacent Wells, and the synthetic recording
and calibration technology, and the isochronous stratigraphic
framework can be established within the initial framework.

Finally, the formation slices are made in Geoscope software,
and the isochronous stratigraphic framework established by
well-vibration mutual feed fusion and high-precision correlation
is further subdivided to obtain an isochronous stratigraphic
framework with shorter time intervals.

4 Results

4.1 Marker layer division

Marker layers, characterized by stable lithology, distinct features,
and widespread distribution, are commonly used as benchmarks
for isochronous stratigraphic divisions (Cui et al., 2023). The
Penglaizhen Formation of the Western Sichuan Jurassic system
mainly develops interbedded brown-gray fine to powder sandstones
and brownish-red mudstones, with occasional thick layers of fine-
grained feldspathic quartz sandstones. It often uses regional shales
at Cangshan, Lishuwan, and Jingfuyuan for stratigraphic division
(Yang et al., 2010). In the Luodai Gas Field, Tight thin sandstones
in the Penglaizhen Formation are characterized by stacked and
merged sand bodies, with a sedimentary period of about 9.70 Ma
(154.7–145 Ma) (Qiu and Fu, 2000). Based on this, combined with
well log response characteristics, seismic responses, and lithological
differences above and below, the top and bottom boundaries of
the Penglaizhen Formation are identified and subdivided from
bottom to top into four segments: Peng 1, Peng 2, Peng 3,
and Peng 4 (Figure 2).

4.1.1 Interface between Penglaizhen Formation
and underlying Suining Formation (J3P/J3SN)

Lithological markers: The Peng 1 segment has an average
thickness of about 330 m. The bottom of the formation
develops light green, thick-layered, blocky, fine-grained
calcareous powder sandstone; the middle mainly develops thick-
layered, blocky, brownish-red sandstone and mudstone, with
sandstone thicknesses varying from a few meters to over 20 m,
showing parallel bedding and other features; the top is 4–6 m
thick gray-green, yellow-green shale interbedded with thin-
layered powder sandstone and mud limestone, known as “
Cangshan Shale” (Zhao, 2013).

Seismic markers: The reflection interface is relatively
stable, characterized by medium-strong amplitude, medium-
low frequency, and medium-high continuous reflection structure
(as shown in Figure 2).

Well log markers: There is a clear abrupt contact relationship
above and below the interface. The bottom of the overlying
Penglaizhen Formation shows a relatively clear high-amplitude
spiky well log characteristic, with natural gamma displaying
low values. The top of the underlying Suining Formation
has a large suite of mudstones with low-amplitude weakly
toothed columnar well log characteristics, with high natural
gamma values. The two are demarcated by “Penglaizhen
Formation Sandstone,” with well log curves showing distinct
differences (Figure 3A).

4.1.2 Interface between peng 2 and peng one
segments (J3P2/J3P1)

Lithological markers: The Peng 2 segment has an average
thickness of about 300 m, with the top of “Cangshan Shale”
as the base. It mainly develops light green fine sandstone,
powder sandstone, and brownish-red mudstone, interbedded
with brown-gray fine-grained lithic quartz sandstone, and
locally includes coarse powder sandstone containing hard
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FIGURE 5
LS12D well and LS37D well single well columnar diagram.

gypsum. The top develops about 3 m thick yellow-gray foliated “
Lishuwan Shale” (Zhao, 2013).

Seismic markers: This interface shows medium-weak
amplitude, medium-low frequency, and high continuous reflection
characteristics compared to the J3P/J3SN reflection interface
(as shown in Figure 2).

Well log markers: The bottom of the Peng 2 segment typically
shows low-amplitude tooth-shaped spiky features onwell log curves,
with large AC values and high natural gamma values (Figure 3B).

4.1.3 Interface between peng 3 and peng 2
segments (J3P3/J3P2)

Lithological markers: The Peng 3 segment has an average
thickness of about 190 m. The middle and lower parts of the
formation develop rhythmically interbedded uneven-thickness
purplish-red mudstone, powder siltstone, and silty powder
sandstone. The middle and upper parts of the formation mainly
develop thick-layered blocky, light green-gray fine-grained
feldspathic lithic sandstone. The top develops widely distributed,
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FIGURE 6
Seismic profile from LS37D to LS12D well (note: The red curve depicted represents the gamma ray curve, while the black line indicates the well
trajectory.).

FIGURE 7
Seismic profiles across wells LS55D-3, LS15, and LS84D. (note: The red curve depicted represents the gamma ray curve, while the black line indicates
the well trajectory).

about 4 m thick, dark gray “Jingfuyuan Shale,” the maximum
lacustrine surface product (Zhao, 2013).

Seismic markers: This interface shows strong amplitude,
medium-low frequency, and medium continuous reflection
characteristics compared to the J3P/J3SN reflection interface
(as shown in Figure 2).

Well log markers: There is a clear abrupt contact relationship
above and below the interface. The “Taihe Town Sandstone” above
the interface shows relatively clear weakly toothed bell-shaped well
log characteristics, with low natural gamma values. The Peng 2
segment strata below the interface show low-amplitude columnar
well log characteristics (Figure 3C).

4.1.4 Interface between cretaceous and
Penglaizhen Formation (K1t/J3P)

Lithological markers: The Peng 4 segment has a thickness
of about 170 m, with the top of “Jingfuyuan Shale” as the
base, thicker in the west and thinner in the east. It develops
light green-gray, light brown-gray powder sandstone and red-
brown, purple-brown mudstone interbedded, with localized
calcareous nodules, occasionally interbedded with lens-shaped
mud limestone and light green shale. The grain size gradually

increases upward, showing scouring structures, parallel bedding,
and other features (Zhao, 2013).

Seismic markers: The seismic profile shows a relatively
continuous reflection interface, with obvious overstepping
phenomena, which are signs of sedimentary interruptions
(as shown in Figure 2).

Well log markers: There is a clear abrupt contact relationship
above and below the interface. The base of the Cretaceous above
the interface often contains gravel, with low natural gamma values,
high amplitude box-shaped or bell-shaped, and huge amplitude
resistivity, low acoustic. The top of the Penglaizhen Formation
below the interface consists of mudstone or sand-mud interbedded
deposition, with well log curves showing low amplitude, weakly
toothed characteristics (Figure 3D).

4.2 Synthetic seismic record calibration

Synthetic seismic records are created by constructing impedance
curves and reflection coefficient sequences from well acoustic and
density data, which are then convolved with seismic wavelets to
produce synthetic seismic traces. These traces are compared with
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FIGURE 8
Cross-well comparison diagram from well LS55D-3 to LS84D.

adjacent seismic traces to endow seismic data with geological
attributes (Benac et al., 2023; Lu et al., 2020).

Wavelet extraction is a crucial step in the production of synthetic
seismic records. Typically, the method of wavelet extraction is
determined based on the quality of the seismic time profile. When
seismic data quality is good, seismic wavelets can be extracted using
adjacent seismic traces; if the quality is poor, the frequency spectrum
of the seismic sourcewave in the study area can dictate the frequency
band range of the seismic wavelets. In this paper, zero-phase seismic
wavelets extracted from adjacent seismic traces and Ricker wavelets
at 15 Hz, 35 Hz, and 55 Hz were used to create corresponding
synthetic records, with the 35 Hz Ricker wavelet showing the best
match with the frequency relationship of the seismic time profile.
In the conversion of geological information to seismic information,
it is necessary to establish a time-depth relationship, allowing the
transformation of well depth domain information to seismic time
domain information,which underscores the importance of synthetic
records. For instance, the LS37Dwell shows goodmatching in terms
of phase axes, energy, and wave group relationships (Figures 4–6).

4.3 Establishment of the isochronous
stratigraphic framework through
high-precision well-seismic integration

The principle of high-precision well-seismic integration: (1)
Under the results of synthetic seismic record calibration, a sand
layer group corresponds to a separate seismic phase, so the
comparison of results between adjacent wells within a seismic
phase are more accurate. (2) Seismic horizons in a seismic profile
may bifurcation, merge, or terminate, making layer tracking prone
to misjudgment. Under synthetic seismic record calibration, fine

comparison between adjacent wells can make layer tracking more
reliable and the interpreted layers more isochronous. Thus, well
and seismic data mutually enhance each other’s accuracy through
feedback, achieving high-precision comparison.

Through specific data analysis, key geological information can
be obtained from the 3D seismic data and synthetic seismic record
calibration results (Figure 7): (1) The thickness of the sand layer
group for each well, JP43, is determined by the duration of the
seismic profile; (2) Based on the continuity of the seismic horizons,
it is determined that the sand bodies in the JP4

3 sand layer group
of these three wells are continuous and believed to have been
deposited during the same time period. This constraint allows for
precise depiction in the cross-well comparison of wells LS55D-3,
LS15, and L84D.

The cross-well comparison diagram can determine the position
of sand bodies within a sand layer group but cannot precisely
determine the top and bottom positions of the layers. Often, the
continuity of individual sand bodies within a sand layer group is
difficult to judge. In Figure 8, firstly, the thickness of the JP43 sand
layer group is used as a constraint, combined with single well layer
division, to determine the top and bottom positions of the JP43 sand
layer group for the three wells; secondly, through the similarity of
GR curves combined with the continuity of seismic horizons, it is
determined that the lower sand body in the JP43 sand layer group
of well LS55D and the single sand bodies in the JP4

3 sand layer
group of wells LS15 and L84D belong to the same river channel
sand, believed to have formed during the same period, making the
cross-well comparison diagram more reflective of the depositional
microfacies.

In the cross-well comparison diagram in Figure 9, two geological
pieces of information can be obtained: (1)There is a sand body with
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FIGURE 9
Cross-well comparison diagram between wells LS25D-3 to LS27.

FIGURE 10
Seismic profile across wells L656 and LS46D. (note: The red curve depicted represents the gamma ray curve, while the black line indicates the well
trajectory).

good continuity at the top of the JP4
2 sand layer group between

wells LS25D-3 to LS27, with similar GR curves, suggesting that these
two sets of sand were deposited during the same time period; (2)
There are two sets of mud-interbedded sand bodies at the top of the
JP42 sand layer group between wells LS25D-3 to LS27. Comparing
the entire GR curve section, these two sets of mud-interbedded
sand bodies are judged to have been deposited during the same
time period.

Figure 10: Seismic profile across wells LS25D-3 to LS27. It is not
difficult to discern from the diagram that between wells LS25D-
3 and LS27D-2, the seismic in-phase axes of layers JP41−3 and
JP42 merge into a single phase axis. At this point, combining the

geological information obtained from Figure 9, it can be determined
during layer interpretation that this merged phase axis should be
classified at the JP4

2 layer. At the same time, between these two
wells at the JP41−3 layer, the continuity of seismic in-phase axes is
very poor, and seismic layer tracking is prone to misinterpretation.
Combining the geological information from Figure 9 with the
synthetic seismic records, accurate layer interpretation can be
ensured, ensuring that the tracked layers are isochronous within a
short time period.

Combining geological, well logging, and seismic data for
comprehensive comparative analysis, a cross-well comparison
framework is established. In selecting cross-well comparison
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FIGURE 11
The three-dimensional display of the continuous well seismic profiles of the east-west 3 lines and the northeast-southwest 4 lines of the Penglai Town
Formation, Luodai Gas Field.

FIGURE 12
Seismic profile of the stratigraphic slice between the JP3

1 and JP3
3−1 minor layers.

profiles, control wells covering the entire area are selected, and
based on the fine seismic calibration of the target sand layer group
and cross-well comparison tracking, the accuracy of cross-well
sand body and minor layer comparisons is enhanced by seismic
constraints, establishing a high-precision isochronous comparison

framework consistent with well-seismic data, providing a basis for
qualitative and quantitative reservoir prediction.

Taking the seismic profiles of the three east-west lines
and the four northeast-southwest lines as examples, a three-
dimensional display (Figure 11) is conducted to visually represent
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FIGURE 13
Amplitude plan map after stratigraphic slicing of the JP3

1 to JP3
3−1 minor layers.

the longitudinal and transverse distribution characteristics and
variations of sand bodies. The longitudinal high resolution of
logging data is used to improve the isochronicity of stratigraphic
framework.

4.4 Stratigraphic slicing

In Tight thin sandstone reservoirs, sand bodies are generally
thin, and some sand bodies show very poor continuity on
3D seismic profiles, appearing as lens-shaped waveforms in
isolated small segments. Under these conditions, the isochronous

stratigraphic framework established through high-precision
well-seismic integration cannot accommodate such cases; high-
precision well-seismic integration is conducted under the
premise that seismic in-phase axes are relatively continuous,
otherwise, in most cases where seismic in-phase axes are
missing, using lateral comparisons between adjacent wells as
constraints for layer interpretation becomes meaningless. Adding
stratigraphic slicing further subdivides layers, obtaining a shorter
time interval isochronous stratigraphic framework, not only
improving the reliability of subsurface stratigraphic information
and data accuracy but also explaining hard-to-track thin
sand layers.
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FIGURE 14
Maximum amplitude attribute plan map of the JP3

3−1 layer.

Figure 12: Stratigraphic slice profile between layers JP31 and
JP33−1, showing that based on the isochronous stratigraphic
framework established through high-precision well-seismic
integration, using stratigraphic slicing technology for isochronous
interpolation assigns a relative geological time scale to stratigraphic
interfaces, further narrowing the isochronous time interval
(about 77,000 years). At the same time, stratigraphic slicing
can depict the vertical evolution and changes of sedimentary
sand bodies. Figure 13 shows the stratigraphic slicing from the
base of the Penglaizhen Formation JP33−1 layer to the top surface
of the JP31 layer. From layers JP31 to JP33−1, nine stratigraphic
slices are selected from bottom to top. It can be seen that the
stratigraphic slice in Figure ⑤ corresponds to the JP32 layer.
The seismic profile for this layer shows very poor continuity of
phase axes. The isochronous stratigraphic framework established
through high-precision well-seismic integration does not demarcate
the JP32 layer. After stratigraphic slicing, the development scale,
position, and distribution characteristics of the JP32 distributary
channel sand body can be clearly seen. Studies have shown
that stratigraphic slicing technology not only can establish a
shorter interval isochronous stratigraphic framework but also
effectively guide the depiction of sand body distribution and vertical
evolution analysis.

4.5 Predictive analysis of tight thin
sandstone reservoirs within the
isochronous stratigraphic framework

The previous section revealed that establishing a high-precision
isochronous stratigraphic framework in Tight thin sandstone
reservoirs is necessary. Therefore, it is also essential to verify
the effectiveness of the established isochronous stratigraphic
framework in exploration and development. Seismic attribute
analysis, impedance inversion, and hydrocarbon analysis are
key factors in predicting Tight thin sandstone reservoirs
(Gao et al., 2019; Guo et al., 2023). Combining drilled well data
can validate whether the isochronous stratigraphic framework
established through high-precision well-seismic integration meets
exploration and development needs.

The Luodai Gas Field’s Penglaizhen Formation represents
a delta front sub-facies, with sand bodies being Tight thin
and thin, and the phenomenon of sandstone and mudstone
interbedding is severe (Luo et al., 2006). Amplitude attributes are
not affected by seismic phase and can differentiate mudstone
and sandstone (Liu et al., 2011). The maximum amplitude
characteristic is more sensitive to sandstone. This characteristic
can identify bright and dim spots in the formation, clearly
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FIGURE 15
Impedance attribute plan map of the JP3

3−1 layer.

distinguishing meandering river depositional microfacies types.
Selecting amplitude attributes for seismic attribute analysis is
most suitable. Figure 14 shows the maximum amplitude attribute
map extracted based on the established isochronous stratigraphic
framework.

Impedance inversion uses the sparse spike inversion
method. In establishing the initial model, high-resolution
well log data vertically combined with continuously changing
seismic interfaces laterally are used. This model can better
reflect the geological characteristics of the sedimentary body.
In Tight thin sandstone reservoirs, sandstone appears as low
impedance, while mudstone appears as high impedance (as shown
in Figure 15).

This study uses dual-medium oil and gas detection technology
(Zhang et al., 2010), which can accurately depict the distribution
of gas-bearing sand bodies (as shown in Figure 16). The principle
is that when the relative velocity of movement between fluid and
solid particles is slow, i.e., when the fluid is fixed within the
skeleton, seismic wave attenuation is minimal, and amplitude is
maximal. This phenomenon, known as “resonance,” mainly appears
at a specific low frequency of seismic waves. As the frequency
increases, due to inertial effects, the relative velocity of movement
between fluid and solid also increases. At a certain frequency point,

seismic wave attenuation reaches its maximum, and amplitude
decreases, known as high-frequency attenuation. When the fluid
is oil and gas, the seismic records will display more apparent
“low-frequency resonance, high-frequency attenuation” dynamic
characteristics.

Combining analysis of drilling test situations in the
Luodai area (Table 1), it is evident that the seismic attributes
extracted, impedance inversion results, and oil and gas distribution
based on the high-precision well-seismic integration-established
isochronous framework match very well with the actual drilled
wells, increasing the credibility of the Tight thin sandstone reservoir
predictions.

5 Discussion

In the study of Tight thin sandstone reservoirs, individual
layer thicknesses are often less than 10 m, and gas-bearing sand
bodies below 5 m are very common in the Luodai Gas Field
(λ values approximately range from 30 m). These sand bodies
have layer thicknesses far below the vertical resolution limit of
3D seismic data λ/4 (λ being the length of the seismic wavelet),
making it difficult to display them independently as “seismic
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FIGURE 16
Oil and gas distribution plan map of the JP3

3−1 layer.

TABLE 1 Partial well data from the JP33-1 sand layer group in the Luodai.

Well name Layer Cumulative gas (×
104m3)

Well name Layer Cumulative gas (×
104m3)

L25-2 JP3
3−1 3347.7 L59 JP3

3−1 4,121.0

L29 JP3
3−1 1204.7 L73 JP3

3−1 2,550.3

L51 JP3
3−1 2322.6 LS7 JP3

3−1 2,109.6

L55 JP3
3−1 1489.5 LS25D JP3

3−1 4,193.8

in-phase axes” on seismic profiles. Moreover, the porosity and
permeability of these sand bodies are extremely low, generally
reducing the efficiency of exploration and development. In Tight
thin sandstone reservoirs, the higher the isochronism of the
established stratigraphic framework, the higher the match of the
predicted results.

Isochronism in the isochronous stratigraphic framework
has always been a subject of study by many experts and
scholars. Although it is currently impossible to establish

a truly isochronous stratigraphic framework, after a long
period of research by experts and scholars, the methods
summarized generally fall into two categories: (1) By improving
geophysical methods, continuously enhancing the resolution of
3D seismic data, and minimizing the interference of seismic
wavelets with each other; (2) By subdividing research units as
finely as possible to ensure that the position of stratigraphic
slices matches the depositional time interface of the target
sand body (Liu et al., 2018).
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In other studies around the world, Harishidayat has improved
3D seismic interpretation by integrating seismic data, well logging
data, and analog data to comprehensively analyze the sedimentary
morphology and evolution of the mid-Late Triassic river system
in the Hammerfest Basin, east of the Barents Sea, using a variety
of geophysical methods (Harishidayat and Johansen, 2015). By
analyzing the lacustrine delta-turbidite fan system of the third
member of the Shahejie Formation (Es3 m) in the Dongying
Sag, Bohai Bay Basin, eastern China, Lutome integrated seismic
reflection data and well logging data to identify and map
multiple fourth-order sequences. Then, the relative temporal
geological model (RTG) was created to generate a high-quality and
high-resolution geological consistency model through optimized
interpretation methods, so as to achieve fine subdivision of the
study unit and ensure the consistency of the sedimentary time
interface (Lutome et al., 2020). Zeng’s analysis and reconstruction
of the high frequency sequence stratigraphic framework in the
Vermilion block off Louisiana identified and mapped the fourth
level sequence and its system domain by focusing on horizontal
seismic geometry information rather than traditional vertical
seismic profiling, and reconstructed the high frequency sequence
stratigraphic framework in a three-dimensional view of the seismic
volume. Enable high-resolution formation analysis, especially in
areas beyond logging control, to improve the accuracy of oil and gas
reservoir prediction (Zeng and Hentz, 2004).

This study combines several methods, the Luodai Gas Field’s
Penglaizhen Formation follows the principle of “big before small,
hierarchical control, gradually refining” to establish a high-precision
isochronous stratigraphic framework. This paper posits that the
isochronous stratigraphic framework established through high-
precision well-seismic integration is isochronous within the same
time period, and stratigraphic slicing can further narrow this time
period. In Tight thin sandstone reservoirs, this approach can depict
hard-to-explain layers.

Of course, this method also has its limitations.Theoretically, the
denser the well network in the work area, the higher the isochronism
of the established stratigraphic framework. For research areas in
the early stages of exploration and development, the applicability of
the isochronous stratigraphic framework established by this method
may not be high. Additionally, as geophysical technology continues
to develop, combining technologies from other disciplines to
improve the resolution of 3D seismic data and enhance stratigraphic
slicing techniques can further improve the isochronism of the
stratigraphic framework.

6 Conclusion

(1) Using the high-precision well-seismic integration comparative
method, an isochronous stratigraphic framework was
established. Based on this, seismic attribute extraction,
impedance inversion, and oil and gas analysis were conducted
for Tight thin sandstone reservoirs. Combining drilled well
data, the method was validated as meeting the needs for
predicting Tight thin sandstone reservoirs.

(2) This paper posits that “isochronous” in the establishment
of an isochronous stratigraphic framework for the Western
Sichuan Jurassic Tight thin sandstone is a relative concept.

Theoretically, a time period can be infinitely subdivided, and
it can be considered that sediments formed by the same
event during a time period are contemporaneous and thus
isochronous.

(3) The high-precision well-seismic integration comparative
method mainly relies on the fact that a sand layer group
corresponds to an independent seismic phase, so fine tracking
of seismic phases can accurately determine sand layer group
comparison. High-resolution well log data can accurately
judge tracked layers when seismic in-phase axes cross,
merge, or terminate, making the interpreted layers closer to
isochronous.

(4) Achieving complete isochronism is very challenging. On
the basis of the isochronous stratigraphic framework
established through high-precision well-seismic integration,
“gradually refining” production of stratigraphic slices assigns
a relative geological time scale to stratigraphic interfaces,
further narrowing the isochronous time interval. Combining
stratigraphic slicing technology with high-precision well-
seismic integration not only establishes a shorter interval
isochronous stratigraphic framework but also enhances the
accuracy of layer interpretation, avoiding “missing sand”
phenomena during the interpretation process. Analyzing well-
seismic data mutually adjusts and enhances data accuracy
and reliability, providing a robust basis for oil and gas field
exploration and geological research.
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