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Micro scale fractures play a crucial role in facilitating the migration of oil and gas in low permeability shale reservoirs. However, the identification of such fractures is a complex task. The efficacy of the dual lateral log physical field changes as a means of identifying shale micro fractures remains uncertain. To address this issue, a three-layer shale bedding fracture model was developed using the finite element method and core and conventional logging data from eight wells, which was based on different shale reservoirs within the Yanchang Formation in the Ordos Basin. The present study examines the dual lateral log response characteristics resulting from distinct characteristics of horizontal bedding fractures, with a focus on the response mechanism. The simulation of logging response characteristics of shale and siltstone combination were utilized by core statistical data for verification purposes. The results indicate that under the lithology combination of shale and siltstone, the magnitude of the difference between the resistivity of the filled fracture and the formation resistivity, the greater the formation resistivity of the shale itself, the wider the fracture width, and the greater the difference between the apparent resistivity and the real formation resistivity. Furthermore, the suitable conditions for the detection of shale bedding fracture characteristics by dual lateral log are clarified. In the presence of effective filling, the dual lateral log has the capability to identify shale fractures at the micron scale. The findings of our study establish a theoretical framework for the identification and assessment of shale fractures, and furnish technical assistance for the optimal selection of “sweet spots” within shale reservoirs and the precise evaluation of reservoirs. This study lays a theoretical foundation for the identification and evaluation of shale fractures, and provides technical support for the optimal “sweet spot” selection of shale reservoirs and the accurate evaluation of reservoirs.
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1 INTRODUCTION
Recent developments in shale oil and gas exploration in China have shown significant progress (Zou et al., 2023). Shale reservoirs are characterized by their high content of brittle minerals and the presence of multiple types of pores and fractures (Wang et al., 2016; Sun et al., 2022). Fractures serve as both reservoir spaces and seepage channels, enhancing the physical properties of the reservoir and facilitating the extraction of oil and gas. The presence of such fractures plays a crucial role in determining the potential for shale oil enrichment (Zeng et al., 2007; George et al., 1968; Fu H. J. et al., 2022; Fu et al., 2007). The identification and assessment of fractures in shale formations present several technical challenges owing to the intricate nature of their origin and classification of shale fracture systems (Yin et al., 2021; Shi et al., 2022). Consequently, it is imperative to devise a precise, practical, and flexible methodology for the detection and evaluation of fractured shale reservoirs (Wang et al., 2021; Ren et al., 2023; Gan et al., 2023).
The logging method serves as a valuable instrument for the quantitative depiction of fracture characteristics. Various logging techniques exhibit limitations in identifying fractures, with acoustic logging being susceptible to “cycle-skipping” phenomena and neutron porosity indicating high values for gas bearing fractures (Fan et al., 2008). While these methods are cost-effective, their indirect nature may result in inconsistent responses to fractures across different regions. Imaging logging provides accurate representation of fracture characteristics, but its detection range is limited and lacks data (Hadi et al., 2016; Dong et al., 2020). High resolution array induction logging struggles to interpret complex intrusion profiles (Tang, 2015). The cross dipole with high accuracy is only applicable to vertical fractures or high angle fractures near the wellbore (Wen et al., 2018). While new logging techniques have emerged that can extract detailed formation information, their widespread use is restricted by cost and application scope limitations (Wang et al., 2005; Tang et al., 2012; Xie et al., 2020; Lu, 2018; Liu, 2022; Liu et al., 2022). Nevertheless, the dual lateral log’s unique instrument structure, featuring a strong focusing effect, enables the detection of deeper formations. The fractured intervals’ logging response characteristics are distinctly apparent, as evidenced by the amplitude disparity between deep and shallow lateral resistivity curves. The positive difference is observed in the high dip angle fracture and vertical fracture, while the low dip angle fracture and horizontal fracture generally exhibit negative difference (Chen et al., 2005). Furthermore, the invasion difference ratio parameters, in conjunction with the response characteristics of dual lateral log, can aid in fracture identification (Zhou and Yang, 2003). The dual lateral log technology is an effective method for identifying fractures, characterized by good longitudinal continuity, moderate detection scale, low cost, and accurate description of fracture characteristics. Drawing upon the primary controlling factors of fractures, including lithology, structural, and stress control, geological data such as formation lithology and thickness are interpreted through logging curves to anticipate areas conducive to fracture development. The finite element numerical simulation method, a semi-quantitative approach to fracture prediction, amalgamates the benefits of other numerical simulation algorithms and can be implemented in complex 3D strata. (Zhang and Wang, 1996; Tan et al., 2007; Yang et al., 2009; Gao et al., 2010; Um et al., 2015; Tang et al., 2016; Huang et al., 2019; Xue et al., 2021; Yin et al., 2022). Scholars have conducted pertinent research on reservoirs utilizing the logging finite element method. Sibbit and Faivre (1985) developed a two-dimensional fracture model to simulate the dual lateral log response of fractures and assess fracture characteristics in vertical wells. Pezard and Anderson (1990) subsequently derived the relationship between fracture dip angle and dual lateral log response using a plate fracture model. Shi et al. (2004) computed the correlation between the dual lateral response of fractured formations and fracture porosity, mud resistivity, fracture dip angle, and bedrock resistivity. Deng et al. (2012); Zhao et al. (2015) simulated the dual lateral log response of fracture-cave formations. Subsequently, Tan et al. (2014); Su et al. (2015) gradually applied dual lateral log response simulation technology to shale fracture evaluation. Yong et al. (2022) used finite element to characterize nano scale shale fractures.
Currently, the identification and evaluation of fractures rely primarily on the analysis of curve changes and actual logging data calculations. The suitability of dual lateral logs cannot be assessed through the response mechanism based on physical field alterations. Additionally, there is a dearth of logging response simulations for shale fracture formation, resulting in a lack of theoretical foundation for the identification and evaluation of shale fractures through logging. Hence, utilizing logging data from eight wells and considering the prevailing formation conditions, a sophisticated wellbore-formation model of horizontal fractures is formulated. The logging response mechanism is scrutinized in light of the impact of fractures on electric field distribution under varying fracture conditions. To obtain more accurate fracture information, the fracture types and logging correction conditions that can be identified by dual lateral log are elucidated.
2 METHODS
2.1 Establishment of the wellbore model of the fracture instrument
The dual lateral log tool comprises nine electrodes, consisting of a main electrode (A0), two sets of monitoring electrodes (M1, M2 and M1', M2'), and two sets of shielding electrodes (A1, A2 and A1', A2'). The instrument has a diameter of 0.089 m, with the main electrode situated at the center. The remaining electrode pairs of the same type are symmetrically distributed and connected via wires to form a short circuit with identical potential. During operation, the main electrode A0 emits a constant current I0 for deep lateral logging, while the shielding electrode emits a current with the same polarity as the primary electrode. This results in the main current flowing vertically through the shielding electrode to the deeper formation, thereby obtaining an apparent resistivity that approximates the true resistivity of the formation. For shallow lateral log, the external shielding electrode is replaced by a loop electrode. The effect of the shielding current is reduced, the detection scale is reduced, so that the resistivity of the invasion zone can be measured. In order to obtain more accurate simulation experiment results, a fracture instrument wellbore model for horizontal fractures is established using the finite element interpolation method, based on the working principle of the dual lateral log tool and actual formation conditions. This model is depicted in Figure 1, where Rs represents wall rock resistivity, Rf represents fracture resistivity, Rt represents undisturbed formation resistivity, Rm represents mud resistivity and CAL represents the well diameter.
[image: Figure 1]FIGURE 1 | Horizontal fracture model of the dual lateral log.
2.2 Dual lateral logging finite element method
The essence of the finite element method of dual lateral logging is the calculation of the steady current electric field in the formation. The potential value in the monitoring electrode can be decomposed into the superposition result of the partial electric field generated by multiple emission electrodes. First, the problem of determining solution is transformed into the problem of determining solution of objective universal function through the constraint of boundary conditions. Then, the target area is discretizated. Finally, the target area is interpolated, and the interpolation function is substituted into the function to solve the equations. So that the apparent resistivity value of dual lateral logging can be obtained from the perspective physical field changes.
The distribution of the electrostatic field electromotive force in the 3D cylindrical coordinate system of double lateral measurement should satisfy:
[image: image]
In the context of dual lateral log numerical simulation, various boundary conditions are employed on the boundary and instrument surface in the x, y, z direction.
The first type of boundary condition is used for constant-pressure electrodes, where φ is a known constant.
The second boundary condition applies to the surface of the constant current electrode:
[image: image]
In the formula: Γ—the whole electrode surface; [image: image]- Electrode direction; [image: image] - Electrode current; [image: image]- Drilling fluid resistivity.
On the insulation boundary surface:
[image: image]
The objective functional is constructed according to the above problem:
[image: image]
In the formula: ΦE—Points on the electrode.
Thus, the problem of determining the definite solution is converted into an extreme value problem of the universal function. According to the boundary conditions obtained in the research process of dual lateral log, the universal function can be solved and the value to be solved can be obtained.
After discretization and interpolation of the objective function, we get:
[image: image]
In the formula: Φ—vector to be solved; Ge—Stiffness matrix of elements.
Ge is a symmetric real matrix of or 4 × 4 or 10 × 10. According to Ge, the total conductance matrix is obtained:
[image: image]
In the formula: M is the number of elements, N is the number of nodes, Φ is the vector at ϕ each node position to be solved, and G is the total Ge stiffness matrix obtained by N × N installation.
G is a large sparse symmetric matrix, and the matrix is a real number. Because of the extreme value of the functional, we must make each node satisfy the following conditions:
[image: image]
That is:
[image: image]
The value of each node can be obtained by solving Formula (5). Use formula (9) to calculate the apparent resistivity.
[image: image]
It is important to note that multiple nodes will exist on each electrode after meshing, and each electrode can be treated as an equipotential body. Consequently, all nodes on the electrode possess the same electromotive force, and the electromotive force of all nodes on the boundary of the target area is also identical. The ratio of the electromotive force between the shielding electrodes A1 and A2 remains a fixed value, with a positive ratio observed in the deep lateral direction and a negative ratio in the shallow lateral direction. In the calculation of unknowns, the ratio of the electromotive force of the two shielding electrodes is positive, then the apparent resistivity is the deep lateral resistivity. If it is negative, then the apparent resistivity is the shallow lateral resistivity.
3 ANALYSIS OF FRACTURE CHARACTERISTICS OF TYPICAL SHALE OIL RESERVOIRS
Core samples and thin sections of 8 wells at Ordos basin were observed and samples were collected to study fracture typical growth and logging characteristics in Chang 9 shale. We statistics the Chang 9 shale oil reservoir includes black oil shale, grey‒black or black mud, silt-fine sandstone, sandstone and sand-mud interbeds. Based on the composition of sedimentary minerals and the characteristics of rock grain size, three types of lithological combinations, including shale and mudstone, shale and siltstone, and shale and sandstone, were divided. Five types of Structural fractures, including interlayer fractures, bedding fractures, and occasional abnormal fracturing fractures and reticular fractures were identified in work area, among which structural fractures (Figure 2A) and bedding fractures (Figure 2B) are dominant in mudstone (shale) fractures of 8 wells. Structural fractures are often developed in interlayer shales, and bedding fractures are often developed in bedding shale with high gas content (Gao et al., 2022). According to the mechanical causes, the structural fractures are divided into shear fracture and extension fracture (Gong et al., 2021). Shear fractures are the common ones in the Chang-9 Member mudstone (shale) fractures. Less extension fractures. The main length range of fracture observed by core is 0–10 cm, as shown in Figure 3, the main width range of fractures is mainly 0.1–1.5 mm, as shown in Figure 4. Calcite (Figure 2C), asphalt (Figure 2D) and carbon chip (Du et al., 2022) are seen in several of the fractures, unfilled fractures contain gas. As shown in Figure 5, vertical fractures and bedding fractures are the main ones. Horizontal bedding fracture is the most developed. Low angle fractures are not developed. Therefore, we mainly choose horizontal fractures for research. Through the analysis of conventional logging, the dual lateral log response characteristics of shale section in Ordos basin, the deep and shallow lateral resistivity almost coincide (Guo et al., 2023). When the fracture exists, the deep and shallow lateral resistivity will have amplitude difference (Wu, 2021).
[image: Figure 2]FIGURE 2 | Typical fracture types and filling characteristics in shale oil reservoir of Chang-9 Member. (A) Structural fracture. Well YY7 1,304.05 m. (B) Bedding fractures. Well YY7 1,141.14–1,141.3 m. (C) Structural fracture with filled with calcite. Well YY7 1,143.7–1,143.82 m. (D) Micro fractures are filled with organic matter. Well HH22.
[image: Figure 3]FIGURE 3 | Statistical graph of fracture lengths in the Chang 9 section of 8 coring wells.
[image: Figure 4]FIGURE 4 | Statistical graph of fracture widths in the Chang 9 section of 8 imaging wells.
[image: Figure 5]FIGURE 5 | Statistical graph of fracture dips in the Chang 9 section of 8 coring wells.
4 RESULTS
The measurement results of the instrument can be influenced by the borehole, formation, and fracture when the borehole passes through the formation. To investigate the impact of various horizontal fracture characteristics on the response results of dual lateral log, it is assumed that the fracture is free from mud invasion, the well diameter remains constant, and each formation is uniform. A three-layer formation model is established, with a mud resistivity of 1.0 Ω·m, a sampling spacing of 0.1 m, a borehole radius of 0.1016 m, and a surrounding rock formation resistivity of 20 Ω·m. Based on the above determination of formation conditions and resistivity parameters, combined with the vertical fracture and horizontal fracture instrument wellbore models, the corresponding model parameters are established. By altering the fracture parameters, one can analyze the impact of various fracture fillings, fracture width, shale resistivity, and the conditions under which dual lateral log is applicable. The response characteristics of dual lateral log with different lithology combinations were analyzed by fixed formation conditions, mud resistivity, borehole radius and sampling spacing. In the following, the resulting calculation outcomes represent the apparent resistivity under distinct fracture characteristics, which are influenced by multiple factors, including formation. The target layer resistivity represents the true formation resistivity, unaffected by extraneous factors.
4.1 Influence of fracture filling
In instances where the fracture fillings differ, the response mechanism of dual lateral log remains unclear. The information of shale fracture fillings cannot be effectively accurately to evaluate the effectiveness of fractures. Hence, it is imperative to investigate the influence mechanism of fracture fillings on dual lateral log response, drawing upon statistical findings of actual shale reservoir fractures in the study region. Based on the analysis of fracture characteristics aforementioned, the fractures are commonly categorized as asphalt-filling fractures, calcite-filling fractures, unfilled gas-containing fractures, and carbon chip-filling fractures. The deep lateral resistivity of asphalt filled fracture is 156.988 Ω·m, and the shallow lateral resistivity is 163.086 Ω·m. The deep lateral resistivity of calcite-filled fracture is 45.444 Ω·m, and the shallow lateral resistivity is 43.481 Ω·m. The deep lateral resistivity of unfilled gas-bearing fracture is 51.73 Ω·m, and the shallow lateral resistivity is 45.33 Ω·m. The lateral resistivity of the carbon chip filling fracture resistivity is 62.645 Ω·m, and the shallow lateral resistivity is 50.004 Ω·m. Without considering the influence of mud intrusion, three-layer formation models of asphalt filling, calcite filling, gas filling and carbon chip filling were established. Under the condition of vertical well, the resistivity of the upper and lower surrounding rocks is 20 Ω·m. The resistivity of the target formation is 30 Ω·m. The fracture scale is 0.5 m, and the resistivities of the fracture with gas filling, asphalt filling, calcite filling and carbon filling are 100 Ω·m, 444 Ω·m, 266 Ω·m and 5 Ω·m, respectively. The findings depicted in Figure 6 illustrate that the dual lateral log response exhibits an abnormal “M-shaped” trend due to the disparity in resistivity between the fracture fillings and the surrounding rock. The anomalous segment corresponds to the fracture section that is filled with diverse materials, and the depth section of this segment represents the thickness of the fractured reservoir. Notably, the resistivity of the asphalt-filled fracture is the highest, while the carbon chip-filled fracture exhibits the lowest resistivity. When the fracture is filled, the greater the difference between the resistivity and the formation resistivity, the greater the difference between the apparent resistivity and the real resistivity of the formation.
[image: Figure 6]FIGURE 6 | (A) Deep lateral response under different crack filling conditions; (B) Shallow lateral response under different crack filling conditions.
4.2 Influence of fracture scale
The impact of varying fracture scales on dual lateral log response remains uncertain, and the identification of micro-scale fractures is challenging. Consequently, it is imperative to investigate the influence of fracture scale on dual lateral log response by analysing statistical data on actual shale reservoir fractures in the study area. The scale of fractures within the work area undergoes a transition from centimeter to millimeter dimensions, with the primary range of fracture scales falling between 0.1 and 1.5 mm. When the fracture width is 0.01 m, the deep lateral resistivity is 35.917 Ω·m, and the shallow lateral resistivity is 40.75 Ω·m. When the fracture width is 0.03 m, the deep lateral resistivity is 34.454 Ω·m, and the shallow lateral resistivity is 37.402 Ω·m. Without considering the influence of mud invasion, a three-layer fracture width model is established: under the condition of a vertical well, the target formation resistivity is 45 Ω·m, and the fracture width is 0.05 m, 0.1 m, 0.2 m, 0.3 m, 0.4 m, and 0.5 m. Figure 7 illustrates that the resistivity of fractures differs from that of the surrounding rock due to variations in width. This discrepancy results in an anomalous dual lateral log response, with the abnormal portion representing the fracture section. The depth section of the abnormal part corresponds to the thickness of the fractured reservoir. The difference between the apparent resistivity and the real resistivity of the formation increases with the widening of fracture width. The shallow side is more affected than the deep side.
[image: Figure 7]FIGURE 7 | (A) Deep lateral response under different crack width conditions; (B) Shallow lateral response under different crack width conditions.
4.3 Influence of different shale resistivities
The dual lateral log response varies significantly when fractures occur in different shale reservoirs. The resistivity of the shale reservoirs within the study area is distributed between 20 Ω·m to 160 Ω·m. The deep lateral resistivity of the 1,383.75 m (mud) shale in Well X 45 is 20.29 Ω·m, and the shallow lateral resistivity is 22.927 Ω·m. The deep lateral resistivity of the (mud) shale in the 1,684.52 m–1693.52 m of the LP 171 well is 24.415 Ω·m, and the shallow lateral resistivity is 33.254 Ω·m; the deep lateral resistivity of Well YY6 shale is 33.611 Ω m, and the shallow lateral resistivity is 34.002 Ω·m. The deep lateral resistivity of the 859.1–859.6 m (mud) shale in the C109 well is 35.817 Ω·m, and the shallow lateral resistivity is 40.75 Ω·m. LP171 well 1,678.82–1,679.82 m deep lateral resistivity is 39.922 Ω·m, shallow lateral resistivity is 55.165 Ω·m; the deep lateral resistivity of 1853.22–1853.62 m shale in LP171 well is 47.025 Ω·m, and the shallow lateral resistivity is 60.381 Ω·m. Without considering the influence of mud invasion, a three-layer model is established: under the condition of a vertical well, the fracture scale is 0.5 m. The target formation resistivities are 25 Ω·m, 30 Ω·m, 35 Ω·m, 40 Ω·m and 50 Ω·m. Figure 8 illustrates that the dual lateral log response is anomalous due to the disparity between the resistivity of the shale and that of the surrounding rock. The fracture section is identified as the abnormal section, and the thickness of the fractured reservoir corresponds to the depth of the anomalous part. The greater the formation resistivity of shale itself, the greater the difference between the apparent resistivity and the true formation resistivity. The shallow side is more susceptible to the effects of the fracture than the deep side.
[image: Figure 8]FIGURE 8 | (A) Deep lateral response under different shale resistivity conditions; (B) Shallow lateral response under different shale resistivity conditions.
4.4 Response mechanism of dual lateral log in different lithologic assemblages
The dual lateral log response exhibits significant variation when fractures develop under distinct lithology combination conditions, necessitating an exploration of the statistical results of actual shale reservoir fractures in the work area to establish a law. To this end, we categorized the shale reservoirs in the work area into two groups, namely oil shale reservoirs and low-resistivity shale reservoirs, and investigated the dual lateral log response of different lithology combinations (shale-mudstone combination, shale-sandstone and shale-siltstone combination) in each group. The deep lateral resistivity of high resistivity shale is 51.730 Ω·m, and the shallow lateral resistivity is 45.337 Ω·m. The deep lateral resistivity of low resistivity shale is 24.261 Ω·m, and the shallow lateral resistivity is 27.632 Ω·m; mudstone resistivity deep lateral resistivity 44.971 Ω·m, shallow lateral resistivity 56.183 Ω·m; the deep lateral resistivity of sandstone is 35.540 Ω·m, and the shallow lateral resistivity is 37.720 Ω·m. The deep lateral resistivity of siltstone is 30.892 Ω·m, and the shallow lateral resistivity is 38.698 Ω·m. Without considering the influence of mud invasion, a three-layer formation model is established: under the condition of a vertical well, the fracture scale is 0.5 m, the resistivity of the target layer of the oil shale reservoir is 55 Ω·m, and the resistivity of the target layer of the low resistivity shale reservoir is 25 Ω·m. The analysis of different lithological combinations is shown in Figures 9, 10. The dual lateral log response is disrupted in the fracture section due to the influence of surrounding rock alterations. The thickness of the fractured reservoir is indicated by the depth of the abnormal section. While the dual lateral log response is minimally impacted by different lithological combinations in oil shale and low-resistivity shale reservoirs, distinctions still exist. It can be seen that the greater the difference between shale and surrounding rock is, the greater the error between the apparent resistivity and the real formation resistivity. The shallow lateral resistivity remains largely unaffected by varying lithological combinations.
[image: Figure 9]FIGURE 9 | (A) Response characteristics of deep lateral logging under different lithologic combinations (oil shale); (B) Response characteristics of shallow lateral logging under different lithologic combinations (oil shale).
[image: Figure 10]FIGURE 10 | (A) Response characteristics of deep lateral logging under different lithologic combinations (low resistivity shale); (B) Response characteristics of shallow lateral logging under different lithologic combinations (low resistivity shale).
5 DISCUSSION
5.1 Suitability analysis
In order to investigate the response properties of shale fractures containing effective filling, a three-layer model is constructed for a vertical well. The mud resistivity is 1 Ω·m. The resistivity of the upper and lower surrounding rocks is 20 Ω·m. The resistivity of the target layer is 35 Ω·m. The fracture width is 0.5 m–1 nm. As illustrated in Figure 11, it is apparent that fractures with a width of less than 0.1∼1 µm exhibit a linear response in both deep and shallow lateral directions, rendering them indistinguishable. Thus, the minimum dimension of a fracture is 0.1–1 µm.
[image: Figure 11]FIGURE 11 | (A) Deep lateral response under effective filling conditions; (B) Shallow lateral response under effective filling conditions.
5.2 Application and effect
In order to validate the precision of the simulation, practical application was conducted using the measured data from Well YY7 in the work area, as depicted in Figures 12, 13. An unfilled horizontal bedding fracture section can be seen at a vertical depth of 1,139∼1,149 m. The deep lateral resistivity of the fracture at 1,141.14∼1,141.35 m is 38.531 Ω·m, and the shallow lateral resistivity is 32.729 Ω·m. The resistivity value of the dual lateral logging exhibits an overall decrease, while the core observation reveals the presence of horizontal bedding fractures, which is in agreement with the identification of fractures by lateral log. The response characteristics of the dual lateral log for vertical fractures are similar to those of horizontal fractures. To compare the difference of dual lateral log characteristics between horizontal and vertical fractures, two structural black oil shale fractures can be seen in the 1,299∼1,310 m well section. The deep lateral resistivity of the fracture at 1,308.5 m is 50.3 Ω·m, and the shallow lateral resistivity is 43.806 Ω·m. The dual lateral log shows a positive difference, and the acoustic interval transit time does not change much, which indicate a high angle fracture. The core observation shows that it is a high-angle tensile structural fracture without filling. The deep lateral resistivity of the fracture at 1,304.5 m is 51.638 Ω·m, and the shallow lateral resistivity is 45.142 Ω·m. The dual lateral log shows positive difference, indicating a vertical fracture. The core observation indicates the presence of unfilled vertical fractures. The identification conclusion of the fracture dual lateral log is consistent with the core observation statistics.
[image: Figure 12]FIGURE 12 | Comprehensive analysis of fractures in well section one139–1,149 m of the YY7 well.
[image: Figure 13]FIGURE 13 | Comprehensive analysis of fractures in well section one299–1,310 m of the YY7 well.
6 CONCLUSION
Based on geological and logging data, our study proposes reasonable parameters for shale bedding fracture formation models. Additionally, the study clarifies the conditions for applying dual-lateral logging methods under varying fracture characteristics and analyzes the minimum scale of fractures that can be characterized by this method. These findings provide a foundation for identifying and evaluating shale fractures.
The work area exhibits predominantly horizontal bedding fractures, with fracture lengths primarily ranging from 0–10 cm and widths ranging from 0.1 to 1.5 mm. Some fractures are filled with calcite, asphalt, and carbon chip.
The formation model with filling, fracture scale, different shale resistivity, and different lithological combinations is established and simulated in the forward direction. When the resistivity of the fracture is filled, the greater the difference between the resistivity and the formation resistivity, the greater the fracture scale, the greater the formation resistivity of the shale itself, the greater the difference between the resistivity of the surrounding rock and the target formation, and the greater the difference between the apparent resistivity value and the true resistivity value of the original formation. The horizontal fracture scale of shale identified by the dual lateral logging method under effective filling can reach the micron level or above.
In the future, it is recommended to conduct dual lateral log forward modelling of shale vertical fractures. On the basis of understanding the response law of forward simulation, combined with intelligent algorithm, the actual single well fracture identification is carried out, which lays a theoretical foundation for comprehensive reservoir evaluation.
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