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Abstract
Starting from the construction of shale petrophysical model, this paper will
comprehensively use geological, core, logging and seismic data to correct the physical
model. The logging data are input into the petrophysical model to obtain equivalent
elastic properties, such as elastic wave velocity, density and anisotropy parameters. The
obtained equivalent elastic parameters are compared with the actual logging data to
inverse the reservoir physical parameters (such as aspect ratio, mineral composition,
etc.). The obtained elastic parameters can be used to construct the petrophysical
template. According to the petrophysical characteristics of southern Sichuan, combined
with the irreducible water logging data in this area, the differential equivalent model
and self consistent model are comprehensively used to simulate the shale matrix. The
wood model and brown korringa model are used for fluid replacement under
anisotropic conditions, and finally the saturated shale petrophysical model is obtained.
Finally, the pore shape of shale is controlled by pore aspect ratio, and the fine simulation
of the genesis of different anisotropy of shale is realized.
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1. Introduction
Shale reservoir is one of the research hotspots of unconventional geophysical exploration. Seismic
petrophysical analysis technology is an important means to describe reservoir physical parameters.
Petrophysical modeling is a very important method to study the influence of rock physical properties
(lithology, pore size, fluid saturation, mineral composition, etc.) on rock elastic parameters. It is a
bridge between rock physical parameters and elastic parameters [1]. The traditional petrophysical
modeling method for shale can not well adapt to the anisotropic characteristics of shale [2]. Since
Hornby et al. (1994) deduced the anisotropic model from the isotropic self consistent model and
differential equivalent model, the petrophysical modeling of shale has been further [3]. However,
shale has more complex mineral components and pore structure, which brings great difficulties to the
construction of shale petrophysical model. How to build a reasonable anisotropic model for shale
anisotropy is one of the hotspots and difficulties [4]. More studies show that part of the anisotropic
source of shale is clay and kerogen, and organic matter such as clay and kerogen itself has certain
anisotropy. Therefore, how to properly consider organic matter such as clay and kerogen into
petrophysical model is particularly important [5].

2. Physical Property Analysis of Target Block
As we all know, petrophysical modeling plays a very basic and important role in the process of
reservoir identification and evaluation. Therefore, it is very important to study the content of various
mineral components and microstructure of shale reservoir and its response to the macro elastic
parameters of rock [6]. Generally speaking, the factors that determine the elasticity, mechanical
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properties and anisotropy of shale reservoir mainly include: organic matter content and organic matter
pore development degree, clay mixture content, microstructure and micro characteristics of pore
space [7]. Taking this area as an example, the mudstone of the upper member of Jurassic Shaximiao
formation, the sandstone of the upper member of Shaximiao formation, the sandstone of the lower
member of Shaximiao formation, the sandstone of Ziliujing formation, and the quartz sandstone of
Triassic Xujiahe formation are mainly exposed.

Figure 1. logging results of a well in southern Sichuan

3. Establishment Process of Petrophysical Model

Figure 2. shale petrophysical modeling process
The existence of kerogen is one of the induced causes of shale anisotropy. In order to fully consider
the role of kerogen [8], firstly, anisotropic SCA model and anisotropic DEM model are
comprehensively used to simulate the equivalent elastic characteristics of clay and kerogen mixture;
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Then the isotropic SCA model is used to simulate the equivalent elasticity of brittle mineral mixtures
such as quartz, feldspar and calcite [9]; Establish the shale matrix model without pores: take the
organic matter mineral mixture as the background medium, add the brittle mineral mixture to the
background medium by using the anisotropic DEM model, then establish the dry shale model with
pores, and finally establish the petrophysical model of saturated fluid shale. The above figure shows
the modeling process determined by adding bound water on the basis of Jun-chuan Gui [10].

4. Example Analysis of Rock Physical Modeling
According to the logging results of a well in southern Sichuan, there are obvious logging response
characteristics of high natural gamma, high acoustic moveout, high porosity and low density in the
depth section 3780-3810, which is the main gas producing layer. Therefore, the petrophysical
modeling analysis is carried out for this section. The target reservoir is composed of quartz, limestone,
soil, pyrite and organic matter, The elastic modulus and density parameters used in the model are
shown in Table 1 below:
Table 1. The elastic modulus and density parameters used in the model
COMPONENT

Bulk modulus GPa

shear modulus GPa

density g/𝑐𝑚

CALCITE

76.8

32

2.71

ILLITE

20.1

7

2.6

QUARTZ

37

44

2.65

KEROGEN

2.9

2.7

1.3

PYRITE

147.4

132.5

4.93

WATER

2.25

0

1

GAS

0.01

0

0.1

The thickness of the reservoir is about 30m, so only the depth is modeled and analyzed, and the rock
mechanical parameters of the range reservoir are calculated by traversal search.

(a)vs
(b)vp
Figure 3. Comparison between predicted P-wave velocity and logging measurement results
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The modeling results are shown in Figure 3 above. Figure 3 (a) shows the comparison diagram of
shear wave velocity, in which vs is the P-wave velocity measured by actual logging (light blue), and
VSS is the P-wave velocity obtained by petrophysical modeling (dark blue). Figure 3 (b) shows the
comparison diagram of P-wave velocity, in which VP is the P-wave velocity measured by actual
logging (red), and VPF is the P-wave velocity obtained by petrophysical modeling (pink). The Pwave prediction results are basically consistent with the acoustic logging results, which proves the
applicability of the above petrophysical modeling process.

5. Conclusion
A new shale petrophysical modeling method proposed in this paper not only verifies the reliability of
the model, but also has the following conclusions: (1) considering the influence of bound water on
clay and then on anisotropy, the bound water is considered separately to improve the accuracy of the
model. (2) On the main parameters of shale anisotropy, clay and kerogen, the influence of its shape
factor is considered
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