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Abstract
The Sichuan Basin in south-western China is rich in shale oil in the Jurassic strata. Due to its
complex geological characteristics, reservoir identification using current log-constrained seismic
inversionmethods is difficult. Characteristics of the shale oil reservoirs were tested on the basis of
the petrophysical experimentation of core samples from the said strata. Thin sections and logging
data analysis showed the influencing factors on petrophysical characteristics and clarified the
sensitive geophysical parameters for reservoir identification. The Da’anzhai Member reservoirs
were determined to have high acoustic velocities, Vp/Vs ratios and Young’s moduli, and low
Poisson’s ratios. Several geological factors have influenced the petrophysical properties of the
reservoirs. The Da’anzhai Member reservoirs are characterized by a low content of clay minerals
and the development of fractures and laminae. The presence of clay minerals caused general high
acoustic velocities of the reservoirs; the presence of fractures and laminae in high-quality
reservoirs results in a decrease of the acoustic velocities. Therefore, the relatively low value
against the background of high acoustic velocity can be used as the criteria for high-quality
reservoirs. Poisson’s ratio is obviously different in reservoirs and non-reservoirs. When it is
<0.269, the reservoirs can be fully identified. In addition, the combination of the Lame constant
and shear modulus (𝜆 > 25.277 and 𝜇 > 20.72 GPa), P-wave and S-wave velocity (Vp > 4967
and Vs > 2781 m s−1), wave impedance and Vp/Vs ratio (AI> 13.319 g ⋅ cm3 ⋅ km ⋅ s−1 and
Vp/Vs > 1.792) can also provide references for reservoir identification.

Keywords: petrophysical characteristics, continental shale oil, reservoir identification, Central
Sichuan Basin
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1. Introduction

The Sichuan Basin, the main petroliferous area in southwest
China, is featured in rich reservoirs of Jurassic continental
shale oil (Yang et al. 2016). However, it is a challenge to ap-
ply the log-constrained seismic inversion method for reser-
voir identification and prediction in this area due to the com-
plex sedimentary conditions, thinly interbedded reservoirs
and widespread tectonic fractures, which significantly limit
the exploration of continental shale oil (Gan et al.2009;Zeng
et al. 2016; Tian et al. 2021). The rock physical property,
which connects the seismic data, well logs and reservoir pa-
rameters, forms the basis for geophysical reservoir identifi-
cation and prediction (Sun et al. 2021). Therefore, research
about essential petrophysical properties of the Jurassic shale
oil reservoirs in the Sichuan Basin is significant for exploring
continental shale oil.

In the Sichuan Basin, discovered shale oil reservoirs
are mainly distributed in the Shaximiao Formation (J2S),
Da’anzhai Member ( J1dn) and Liangshan Formation (J2l).
The Da’anzhai Member is the primary petroliferous strata,
comprising shell limestone, shale, and mudstone (Pang et al.
2018, 2020). The shale is the main source rock and play a
dominant role in both single layer thickness and cumulative
proportion. The shell limestone is the main reservoir inter-
vals, frequently interbedded with shale intervals, which con-
stitutes a set of hydrocarbons bearing layers dominated by
shale (Chen et al. 2015; Li et al. 2020). Microscopically, the
pore throat radius of the reservoirs is small with poor sorting,
forming a complex pore throat structure. The intrusive mer-
cury curve shows that the displacement pressure of pores is
high (Li et al. 2020). The porosity is less than 1%, and the
permeability is less than 0.5 mD (Su et al. 2020, Tian et al.
2021), characterized by ultralow porosity and ultralow per-
meability. Micro/nanopores dominate the reservoir spaces,
pores with a diameter of >1 𝜇m are mostly micro-fractures
and dissolution pores (Tian et al. 2017) and pores <1 𝜇m
are mainly intragranular and intergranular pores (Xu et al.
2019). The reservoirs have a dual pore-fracture space type
(Pang et al. 2018, 2020). As the main reservoir spaces and
migration pathways, fractures directly influence the oil and
gas production efficiency (Zeng et al. 2009, Ding et al. 2016,
2016, Gong et al. 2021a). Under the medium-deep burial
diagenetic environment, the complex tectonic stress can si-
multaneously produce fractures of different angles and form
dense fracture networks. The reservoirs with widely devel-
oped fractures in theDa’anzhaiMember generally havebetter
reservoirs and connectivity, which can be considered high-
quality reservoirs (Zeng et al. 2016; Gong et al. 2019, 2021b;
Liu et al. 2021). Current research focuses on the qualitative
geological description of shale oil reservoirs but lacks quan-
titative analysis of petrophysical characterization.

Most of the reservoir strata in Da’anzhai Member are
thin inter-beds, for which the strata distribution character-

istics cannot be reflected accurately by conventional seis-
mic reflection parameters. Therefore, a high-resolution in-
version technology is a must in this aspect (Liu 2021). Log-
constrained seismic inversion is a high-resolution inversion
methodunder the constraints of geological laws (Karimpouli
et al. 2013). First, the internal relationship between petro-
physical parameters and seismic elastic parameters is estab-
lished through the analysis of petrophysical characteristics.
Then the seismic elastic parameters sensitive to the reservoir
are selected, which can be used to guide seismic inversion
and the interpretation of inversion results and realize the pre-
diction of the distribution of oil and gas reservoir (Aleardi
2018; Liu et al. 2019; Gao et al. 2021). Scholars have made
specific progress in identifying and predicting the Da’anzhai
Member reservoirs. Peng et al. (2014) quantitatively pre-
dicted the reservoirs’ distribution by uranium logging and
seismic impedance inversion. Tian et al. (2017) systemat-
ically analysed the relation among matrix pores, fractures,
physical properties andoiliness of theDa’anzhaiMember and
reported that the siliceous and argillaceous shell limestone
werepotential reservoirs. Pang et al. (2020)calibrated theGR
logs and the rock types to figure that ‘GR<30API’ is a practi-
cal standard for reservoir identification. Tian et al. (2021) es-
tablished the template of resistivity logs, with which the frac-
ture scale, density andfilling degree of theDa’anzhaiMember
reservoirs are predicted effectively. Current studies on pre-
dicting reservoirs’ distribution are mainly based on the re-
sponse characteristics of seismic waves and logging curves.
The analyses on petrophysical characteristics and sensitivity
parameters on cores are still relatively weak. There is a lack of
support from dynamic and static petrophysical experiments
when using the log-constrained seismic inversion method to
predict reservoir distribution.

We analysed the petrophysical characteristics of core sam-
ples in theDa’anzhaiMemberon thebasis of ultrasonicpulse-
transmission and triaxial rock compression experiments.
Combinedwith thin sections andwell logging interpretation,
we discussed the main factors influencing the petrophysical
characteristics and influencing mechanisms. Finally, we se-
lected sensitive parameters for reservoir identification. The
research results can provide essential petrophysical experi-
mental evidence for identifying and predicting theDa’anzhai
Member reservoirs based on the log-constrained seismic in-
version method.

2. Geological setting

Featured in a multi-directional thrust nappe tectonic back-
ground, the Sichuan Basin is a secondary tectonic unit in
the north-western part of the Yangtze Plate with a rhom-
bus shape and a clear boundary outline. Figure 1 shows the
main tectonic divisions inside and surrounding the basin. It
is surrounded by the Longmenshan, Dabashan, Bamianshan,
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Figure 1. (a) TheGeological map of the Central Sichuan Basin (Core well PL10, PL111, LQ2). (b) The comprehensive stratigraphic columnar section
of the Da’anzhai Member.

Table 1. Basic information of samples (Xu et al. 2018, 2019)

Rock type Number
Sampling
stratum

Density
(g/cm3) Calite (%)

Quartz
(%)

Clay minerals
(%)

Shell
limestone

17 samples from the
reservoir intervals; 6
samples from the

non-reservoir intervals

Da’anzhai
Member

2.705 60–90 5–25 5–15

Loushan and Emeishan-Liangshan Fault Fold Belts (Li &He
2014). Under multiple stages of tectonic evolution, the tec-
tonic framework of the Sichuan Basin was initially formed
during the IndosinianMovement and then further developed
during theYanshanMovement; during theHimalayanMove-
ment period, it was intensely rebuilt and finally presents the
geological features now (Li et al. 2016; Zeng et al. 2022).Due
to high thermal maturity, the Jurassic lacustrine source rocks
are at the oil generation stage. The oil-producing areas are
mainly distributed in the Central Sichuan Basin (Yang et al.
2016).

The Central Sichuan Basin stretches to the western
Longquanshan Tectonic Belt and the eastern Huayingshan
Fault Belt. Being influenced by the uplift of the Huayingshan
Fault Belt, the general tectonic terrain of this area dips from
east to west in a nose-like shape (Xu et al. 2012). Due to the
great basement rigidity, this study area is mainly dominated
by gentle folds and only a few large-scale faults. However,
the diversified tectonic types and features, as well as the tec-

tonic stress changed in multiple directions, make the strata
suffer irregular forces, which provide a condition beneficial
for forming fractures (Zeng 2010; Li et al. 2018). After over
50 years of exploration, Jinhua,Gongshanmiao, Lianchi,Gui-
hua, Zhongtaishan and other 15 hydrocarbon bearing blocks
have been found by China National Petroleum Corporation
(Chen et al. 2015). Da’anzhai Member is the major produc-
tion layer, wells from Da’anzhai Member are increasing in
numbers across the entire Central Sichuan area, thereby pro-
viding detailed data support for this research.

The sedimentary thickness of the Jurassic strata is
extensive and complete in the Sichuan Basin. Six sets
of petroliferous strata are in the Jurassic, including the
Shayi Member ( J2S1), the Liangshan Formation (J2l), the
Da’anzhai Member ( J1dn), the Ma’anshan Member ( J2m),
the Dongyuemiao Member ( J1d) and the Zhenzhuchong
Member ( J1z) (Yang et al. 2016; Wang et al. 2018). Figure 1
shows the comprehensive strata histogram of the Da’anzhai
Member; it is dominated by brown shell limestone and black
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Figure 2. Typical shell limestone samples of the Da’anzhai Member. (a) Reservoir intervals at a depth of 2118.53 m in the Well LQ2. (b) Reservoir
intervals at a depth of 2111.36m in theWell LQ2. (c) Reservoir intervals at a depth of 2135.05m in theWell PL10. (d)Non-reservoir intervals at a depth
of 1981.8 m in theWell PL10. (e) Non-reservoir intervals at a depth of 2115.38 m in theWell LQ2. (f) Non-reservoir intervals at a depth of 2033.13 m
in theWell PL10.

Figure 3. The distribution ranges of (a) P-wave velocities (Vp) from experimental results, (b) P-wave velocities (Vp) fromwell logging data, (c) S-wave
velocities (Vs) and (d) Vp/Vs ratios of the Da’anzhai Member (N= 23).

shale (Pang et al. 2018, 2020). From the sedimentary evolu-
tion profile, theDa’anzhaiMember has experienced the com-
plete cycle of sea-level evolution from the expansion period,
the peak period, to the contraction period. The correspond-
ing strata are divided into three submembers: the Dayi, Day-
isan and Dasan. The Dayi and Dasan submembers are fea-
tured in the development of shell limestonewith coastal shal-

low lake facies; the Dayisan submember is featured in the de-
velopment of shale with shallow and semi-deep lake facies
(Chen et al. 2015; Yang et al. 2017). It can be seen from the
plane that the sedimentary facies are distributed in a ring-
like shape, which is respectively the semi-deep lake facies, the
shallow lake facies and the lakeshore facies from the centre
to the edge of the lake basin (Xu et al. 2020). The strata are
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Figure 4. The distribution ranges of (a) P-wave velocities (Vp), (b) S-wave velocities (Vs) and (c) Vp/Vs ratios of the reservoir intervals and the non-
reservoir intervals of the Da’anzhai Member (N= 23).

Figure 5. The distribution ranges of (a) Young’s moduli (E) and (b) Poisson’s ratios (𝜈) of the Da’anzhai Member (N= 23).

2300–2800 m deep and 80–110 m thick, developing black
shale with the semi-deep lake facies and shell limestone with
the coastal lake biological shell facies (Peng et al. 2014).

The primary petroliferous Jurassic strata were distributed
continuously on the plane. They were not subject to the
control of the tectonic topographies and manifested as

unconventional oil and gas accumulations (Xu et al. 2017;
Zhang & Tang 2022). Among them, the Da’anzhai Mem-
ber reservoirs rich in oil and gas are distributed mainly in
Dayi, Dayisan and Dasan submembers along the vertical di-
rection. Dayisan submember is dominated by shale, which is
the main source rock of the Da’anzhai Member; it primarily
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Figure 6. The distribution ranges of (a) Young’s moduli (E) and (b) Poisson’s ratios (𝜈) of the reservoir intervals and the non-reservoir intervals of the
Da’anzhai Member (N= 23).

Figure 7. Microphotographs of samples with different content of clay minerals of the Da’anzhai Member. (a) Shell limestone with a significant number
of clay minerals in the non-reservoir intervals (pointed by red arrow), plane-polarized light, the P-wave velocity is 4842 m s−1 and the S-wave velocity
is 2737 m s−1 (Well PL10, 1981.57 m). (b) Shell limestone with no clay mineral in the reservoir intervals, plane-polarized light, the P-wave velocity is
5809 m s−1 and the S-wave velocity is 3095 m s−1 (Well PL10, 2034.93 m).

contains self-generated and self-reservoir oil and gas. Fur-
thermore,Dayi andDasan submembers aredominatedby the
argillaceous shell limestone and shell limestone, which pro-
vide reservoir space for oil and gas generated from the Day-
isan submember; theymainly contain near-source accumula-
tionoil andgas.TheDa’anzhaiMember reservoirs are charac-
terized by<2% porosity and<0.1 mD permeability (Huang
et al. 2018, Su et al. 2020). The main space types of reser-
voirs are micro-pores, fractures and dissolution pores (Zhu
et al. 2022). Therefore, the Da’anzhai Member reservoirs are
tight with a small pore throat radius, diverse pore structure
and firm heterogeneity (Gan et al. 2009).

3. Materials andmethods

This study conducted ultrasonic pulse-transmission and tri-
axial rock compression experiments to clarify the petrophys-

ical characteristics of the Da’anzhai Member reservoirs and
select sensitive parameters for reservoir identification. The
23 experimental samples come from five coring wells (PL10,
PL111, PL15, LQ2 and LQ104 seen in figure 1). The sam-
pling strata are the Da’anzhai Member, including 17 sam-
ples in the reservoir intervals and six samples in the non-
reservoir intervals (Table 1). Figure 2 shows the photos of
standard samples. The leftover samples are used for opti-
cal thin-section analysis to characterize the mineral and pore
features.

The densities of the samples were determined by the
weighing method, taking the average of three tests. Three
ultrasonic pulse-transmission experiments using the CTS-
8077PR pulse generator determined the acoustic veloci-
ties; the dominant frequency of ultrasonic transducer is
0.5 MHz. Young’s moduli and Poisson’s ratios were deter-
mined by a single triaxial rock compression experiment using

83

D
ow

nloaded from
 https://academ

ic.oup.com
/jge/article/20/1/78/6991331 by N

ational Science & Technology Library user on 29 June 2023



Journal of Geophysics and Engineering (2023) 20, 78–90 Song et al.

Figure 8. This figure shows the relationship between P-wave veloci-
ties (Vp) and gamma-ray logging values (GR) of the Da’anzhai Member
reservoirs. As the gamma values decrease, the P-wave velocities gradually
increase.

Tektronix DPO3012 digital phosphor oscilloscope. All pa-
rameters were determined under normal atmospheric tem-
perature andpressure. The average error ranges between 1.36
and 2.53%, and the maximum error is 13.5%.

4. Results

4.1. Acoustic velocity

Figure 3 shows the results of the ultrasonic pulse-
transmission experiments. The P-wave velocities (Vp)
range between 1500 and 3000 m s−1 (figure 3a), which is
the same as the P-wave velocities of the well logging inter-
pretation (figure 3b). It shows that the higher formation
temperature and pressure in the ground make the P-wave
velocity obtained by logging in good agreement with that
obtained in the laboratory, which provides some evidence
for the laboratory data to better reflect the subsurface condi-
tions (Wang et al. 2021;Wei et al. 2021; Liu et al. 2022). The
S-wave velocities (Vs) range between 1500 and 2100 m s−1
(figure 3c); the Vp/Vs ratios (Vp/Vs) range between 0.7 and
0.9 (figure 3d), consistent with the characteristics of acoustic
velocity in the tight limestone.

Figure 4 parts a–c show the statistical results of the acous-
tic velocity tests. In the reservoir intervals, P-wave velocities
mainly range between 4500 and 5500m s−1, and the average
value is 5127 m s−1; S-wave velocities mainly range between
2500 and 3100 m s−1, and the average value is 2817 m s−1s;
Vp/Vs ratios mainly range between 1.7 and 1.9, and the av-
erage value is 1.8224. In the non-reservoir intervals, P-wave
velocities mainly range between 4500 and 5000 m s−1, and
the average value is 4680 m s−1, while the S-wave velocities
mainly range between 2500 and 2800m s−1, and the average

value is 2695 m s−1. The Vp/Vs ratios mainly range between
1.7 and 1.8, with an average value of 1.7368.

The results show that the distribution range of the acous-
tic velocities in the reservoir intervals overlaps severely with
that of the non-reservoir intervals and shows high-value
characteristics.

4.2. Elastic modulus

Figure 5 shows the results of triaxial compression experi-
ments. Young’s moduli (E) mainly range between 25 and 45
GPa (figure 5a); Poisson’s ratios (𝜈) mainly range between
0.2 and 0.29 (figure 5b), consistent with the elastic charac-
teristics of the tight limestone.

Figure 6 parts a–c show the results of the elastic moduli
tests. In the reservoir intervals, Young’s moduli mainly range
between 25 and 55 GPa, with an average value of 40 GPa.
Poisson’s ratios mainly range between 0.11 and 0.29, with
an average value of 0.2115. In the non-reservoir intervals,
Young’s moduli mainly range between 25 and 45 GPa, with
an average value of 32 GPa. Poisson’s ratios mainly range be-
tween 0.29 and 0.38, with an average value of 0.3433.

The analysis shows Young’s moduli of the reservoir in-
tervals present high-value characteristics and Poisson’s ra-
tios present low value characteristics. Young’smoduli overlap
severely in the reservoir and the non-reservoir intervals, but
Poisson’s ratios have apparent segmentation.

5. Discussion

Under actual geological conditions, various factors often in-
fluence the petrophysical properties of reservoirs. For exam-
ple, fractures can significantly reduce acoustic velocity, clay
minerals may reduce the Vp/Vs ratio, and rock pore struc-
ture and external hydrocarbon charging influence permeabil-
ity, density and resistivity (Abdel-Fattah 2015; Kleipool et al.
2015; Lai et al. 2017, Liu & Ostadhassan 2017). These fac-
tors canbe attributed to sedimentation, diagenesis, tectonism
and resulting petrophysical characteristics of the reservoirs
(Li et al. 2020; Xu et al. 2020; Zhu et al. 2022). In this study,
we used thin sections, well logging interpretations and petro-
physical experiments to analyse the main factors controlling
the petrophysical characteristics and clarify the influencing
mechanisms.

5.1. The influence of clay content on acoustic velocity

The clay content mainly influences the acoustic velocity.
Through observations of thin sections, the micrographs of
the reservoir and non-reservoir intervals of the Da’anzhai
Member are shown in figure 7a and b, indicating that clay
minerals cause a 967 m s−1 drop in P-wave velocity and
a 358 m s−1 drop in S-wave velocity. Figure 8 shows the
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Figure 9. The reservoir parameters interpretation diagram of Da’anzhai member in Central Sichuan Basin (Modified fromHe et al. 2021)

relationship between the gamma-ray logging values and the
P-wave velocities through well logging interpretation. As the
gamma values decrease, the P-wave velocities gradually in-
crease. The low clay content in the reservoir intervals is the

primary reason for the characteristic of high acoustic veloc-
ity. Figure 9 shows the relationship between clay content
and acoustic velocity. At the depth of the sampling point in
figure 7a, the high clay content (Vsh curve) corresponds to
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Figure10. Microphotographs of sampleswith different degrees of fracture development in theDa’anzhaiMember. (a) Shell limestonewith few fractures
in the reservoir intervals, plane-polarized light, the P-wave velocity is 5809 m s−1 and the S-wave velocity is 3095 m s−1 (Well PL10, 2034.93 m). (b)
Shell limestone with large fractures and pores in the reservoir intervals (pointed by red arrow), plane-polarized light, the P-wave velocity is 4660 m s−1

and the S-wave velocity is 2685 m s−1 (Well PL10, 2033.33 m).

Figure 11. This figure shows relationship between P-wave velocity (Vp)
and fracture density (𝜌f) in the Da’anzhai Member reservoirs. The P-wave
velocity gradually decreases as the fracture density increases.

the low acoustic velocity (AC curve), whereas it is opposite
at the depth of the sampling point in figure 7b, which shows
the same laws as the laboratory results.

5.2. The influence of fractures and laminae on acoustic
velocity

Rock fractures are the primary influence on acoustic veloc-
ity. Figure 10 parts a and b show the micrographs of the core
sampleswith different degrees of fracture development in the
reservoir intervals; fractures cause a 967 m s−1 drop in P-
wave velocity and an approximately 410ms−1 drop in S-wave
velocity. Figure 11 shows the relationship between the frac-
ture density and the P-wave velocity. The fracture density is

obtained through calculation and correction based on cores
of well PL10 and PL111. The P-wave velocity gradually de-
creases as the fracture density increases. Figure 9 shows the
relationship between fracture development and acoustic ve-
locity. The brittleness index curve reflects the fracture devel-
opment. The higher the brittleness, the more fractures de-
velop (Kahraman&Altindag 2004; Ba et al. 2021; Forbes In-
skip&Meredith 2021). At the depth of the sampling point in
figure 10a, the low brittleness index curve corresponds to the
high acoustic velocity (AC curve), whereas it is opposite at
the depth of the sampling point in figure 10b, which shows
the same laws as the laboratory results.

Rock laminae can promote the formation of bedding frac-
tures (Liu et al. 2020), so there is a specific concomitant re-
lationship between the laminae and the fractures (Liu et al.
2017). Therefore, the laminae also influence acoustic ve-
locity. Figure 12 parts a and b show micrographs of the
core samples with different degrees of laminae development
in the reservoir intervals. The laminae cause a 643 m s−1
drop in P-wave velocity and a 243 m s−1 drop in S-wave
velocity.

The high-quality reservoirs with large fractures and lam-
inae lead to a partly decline in acoustic velocity and there-
fore show relatively low value under the background of high
acoustic velocity caused by low clay content.

5.3. Optimization of reservoir identification parameters

Reservoir identification by geophysical methods mainly de-
pends on the differences in petrophysical properties. The
selection of identification parameters involves finding the
most distinct petrophysical parameters and determining the
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Figure 12. Microphotographs of samples with different degrees of lamina development in the Da’anzhaiMember. (a) Shell limestone with no lamina in
the reservoir intervals, plane-polarized light, the P-wave velocity is 5809 m s−1 and the S-wave velocity is 3095 m s−1 (Well PL10, 2034.93 m). (b) Shell
limestone with large laminae in the reservoir intervals (pointed by red arrow), plane-polarized light, the P-wave velocity is 5166 m s−1 and the S-wave
velocity is 2852 m s−1 (Well PL10, 2033.13 m).

Figure 13. The cross plots of four groups of reservoir identification parameters. (a) P-wave velocities (Vp) and S-wave velocities (Vs). (b) Wave
impedances (AI) and Vp/Vs ratios. (c) Lame constants (𝜆) and shear moduli (𝜇) and (d) Young’s moduli (K) and Poisson’s ratios (𝜈) in the reservoir
and non-reservoir intervals.
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threshold value to establish the criteria for reservoir iden-
tification (Singha & Chatterjee 2017; Mondal et al. 2018;
Das et al. 2019). There have been numerous mature studies
on the identification parameters of reservoirs with different
lithologies, such as sandstone, limestone, dolomite, shale and
volcanic rock (Fournier et al. 2018; Noorian et al. 2020; Li
et al. 2021; Mondal et al. 2021; Jiang et al. 2022). However,
the identification parameters for continental shale oil reser-
voirs of the Da’anzhai Member are still unclear. Therefore,
based on the previous analysis of petrophysical characteris-
tics, we further calculate elastic and wave resistance param-
eters and use the cross plot method to select sensitive pa-
rameters for reservoir identification. The bulk moduli, shear
moduli, Lame constant and wave impedance can be calcu-
lated from the acoustic velocity and density using equations
(1)–(4), respectively.

K = 𝜌
(
V2
P − 4V2

S∕3
)
, (1)

𝜇 = 𝜌V2
S , (2)

𝜆 = 𝜌
(
V2
P − 2V2

S

)
, (3)

AI = 𝜌VP. (4)

The four groups of parameters with a significant effect on
reservoir identification are obtained (figure 13). The combi-
nation of P-wave velocity (Vp) and S-wave velocity (Vs), P-
wave impedance (AI) and Vp/Vs ratio (Vp/Vs), Lame con-
stant (𝜆) and shear modulus (𝜇) only partially identify the
reservoirs; in comparison, the combinationofYoung’smodu-
lus (E) and Poisson’s ratio (𝜈) can fully identify the reservoir
intervals. Further analysis shows the cross plot of P- and S-
wave velocities.WhenP-wave velocity is>4967m s−1 and S-
wave velocity is>2781ms−1, 11 reservoir points canbe iden-
tified (figure 13a). The same conclusion is obtained in the
cross plot of P-wave impedances and the Vp/Vs ratios when
the P-wave impedance is >13.319 g ⋅ cm3 ⋅ km ⋅ s−1, and the
Vp/Vs ratio is >1.792 (figure 13b). In the cross plot of the
Lame constants and shear moduli, 12 reservoir points can
be identified when the Lame constant is >25.277 GPa and
the shear modulus is>20.72 GPa (figure 13c). Finally, in the
cross plot of bulk moduli and Poisson’s ratios, all the reser-
voir points can be identified when Poisson’s ratio is <0.269
(figure 13d).

In conclusion, Poisson’s ratio (𝜈 < 0.269) should be used
as the main sensitive parameter for reservoir identification.
In addition, the combination of the Lame constant and shear
modulus (𝜆 > 25.277 and 𝜇 > 20.72 GPa), the combination
of P- and S-wave velocity (Vp > 4967 and Vs > 2781 m s−1)
and the combination of P-wave impedance, and Vp/Vs ratio
(AI> 13.319 g ⋅ cm3 ⋅ km ⋅ s−1 and Vp/Vs > 1.792) can also
provide references for reservoir identification.

6. Conclusions

(i) The Jurassic Da’anzhai Member reservoirs in the Cen-
tral Sichuan Basin show the characteristics of high
acoustic velocities, Vp/Vs ratios and Young’s moduli
and low Poisson’s ratios.

(ii) Clay content, fractures and laminae mainly influence
the petrophysical characteristics of theDa’anzhaiMem-
ber reservoirs. The low clay content in reservoirs causes
a general characteristic of high acoustic velocity. How-
ever, the fractures and laminae of high-quality reser-
voirs lead to a large decline in acoustic velocity. There-
fore, the relatively low value under the background
of high acoustic velocity can be used as the crite-
rion for identifying high-quality continental shale oil
reservoirs.

(iii) Poisson’s ratio is the most sensitive identification pa-
rameter. The reservoirs can be fully identified when
Poisson’s ratio is less than 0.269. In addition, the com-
bination of the Lame constant and shear modulus (𝜆>
25.277 and 𝜇 > 20.72 GPa), the combination of P- and
S-wave velocity (Vp > 4967 and Vs > 2781 m s−1) and
the combination of wave impedance and Vp/Vs ratio
(AI > 13.319 g ⋅ cm3 ⋅ km ⋅ s−1 and Vp/Vs > 1.792)
can also provide references for reservoir
identification.
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