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The Lucaogou Formation, a typical fine-grained mixed formation in the Jimusaer Sag of the Junggar Basin, exhibits considerable potential for hydrocarbon exploration. Accurate brittle prediction is a crucial factor in determining hydraulic fracturing effectiveness. However, the area features complex lithological characteristics, including carbonate rocks, clastic rocks, volcanic rocks, and gypsum interbeds, along with thin layering and sporadic sweet spots. Traditional prediction methods offer limited resolution and there is an urgent need for a seismic brittle prediction method tailored to this complex geological environment. This paper presents a multi-mineral composition equivalent model for complex lithologies that enables the accurate calculation of Vp and Vs These ratios serve as the foundation for pre-stack elastic parameter predictions, which include Poisson’s ratio and Young’s modulus. By comparing the predicted parameters with well-logging measurements, the prediction accuracy is improved to 82%, with particularly high conformity in intervals characterized by high organic matter and clay content. Additionally, a three-dimensional brittle modeling approach reveals that the brittleness of the reservoir exceeds that of the surrounding rock, showing a gradual improvement in brittleness with increasing burial depth from southeast to northwest. The central area exhibits relatively good brittleness, with a stable, blocky distribution pattern.
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1 INTRODUCTION
The Lucaogou Formation in the Jimusaer Sag of the Junggar Basin hosts significant potential for hydrocarbon exploration, with estimated recoverable resources of approximately 238 million tons (Cao et al., 2016; Liu et al., 2017; Zhi et al., 2018; Cai, 2020; Yin et al., 2021; Yin et al., 2022). This formation represents one of the oldest terrestrial mixed clastic rock sequences in China, deposited in a saline lake basin. It features complex characteristics, such as the intermixing of carbonate rocks, clastic rocks, volcanic rocks, gypsum interbeds, source-reservoir integration, thin layering, and sporadic sweet spots (Zhang et al., 2019; Duan et al., 2020; Li et al., 2020; Wang and Wang, 2021; Wei et al., 2022). Rock physics and brittleness modeling are crucial components of comprehensive oil and gas seismic-geological-engineering research in this area. The modeling results not only impact pre-drilling sweet spot predictions but also influence the optimization of reservoir hydrofracturing processes (Wang et al., 2013; Yu et al., 2016; Wu et al., 2017; Feng et al., 2020; Gui et al., 2020; Jahed et al., 2020; Shan et al., 2021).
Prediction methods for rock physics and brittleness can generally be categorized into three types: 1) brittleness prediction based on rock mineral composition, which calculates the brittleness index profile for the entire well section using the mineral composition, achieving a high level of accuracy (Mukerji et al., 1995; Zhi and Zan, 2015; Li et al., 2019; Ma et al., 2019; Ba et al., 2021; Meng et al., 2021); 2) brittleness evaluation based on rock mechanical elastic parameters, relying on vertical and horizontal well logging wave data and pre-stack inversion. It employs the Rickman formula to compute the correlation between Young’s modulus, Poisson’s ratio, and the brittleness index (Meng et al., 2015; Li et al., 2017; Gui et al., 2023); 3) utilization of uniaxial and triaxial stress-strain tests on core samples to obtain correlations between rock physical parameters, mineral composition, bedding characteristics, hydrocarbon content, and other parameters (Wang et al., 2017; Chen et al., 2019; Tao et al., 2020; Liu et al., 2021). However, as rock physics and brittleness parameters are fundamentally a result of the comprehensive response of rock material composition, structure, porosity, and fluid under specific temperature and pressure conditions, predictions based solely on mineral composition or rock mechanical parameters have inherent limitations (Li, 2022; Li, 2023).
Regarding research methods, rock physics models can be broadly classified into three categories: 1) effective medium models that use volume-averaged mineral properties, such as Voigt–Reuss–Hill models (Chung and Buessem, 1967), Hashin-Shtrikman models (Neumann and Bohlke, 2016), Wood equations, Wyllie equations (Saleh and Castagna, 2004), and Raymer equations (Raymer et al., 1980), etc.,; 2) adaptive and scattering theory models that study the influence of internal pore structure and fluids on rock properties, such as the Differential Effective Medium (DEM) model, Kuster-Toksöz model (Hu and Weng, 2000), self-consistent approximation (SCA) model (Ignatchenko and Polukhin, 2016), and Gassmann equation.; 3) contact theory models based on particle interactions, such as the Hertz contact model (Muthukumar &DesRoches, 2006). These models can reflect the brittleness characteristics of reservoirs to some extent. However, the complex interplay between mixed clastic rock’s intricate pore structure and mineral composition has made it challenging to establish a clear relationship between rock mechanical properties and geological parameters in the Lucaogou Formation of the Jimusaer Sag. Moreover, the reservoir in the study area consists of thin interbeds with multiple minerals, with each layer having a thickness of 1–4 m, making identification and prediction based solely on seismic data difficult.
In light of these challenges, this paper focuses on the Lucaogou Formation in the Jimusaer Sag, considering factors such as mineral composition and pore structure in combination to evaluate their impact on rock seismic elastic parameters. Appropriate rock physics equivalent theory models are chosen for the study area to obtain rock elastic parameters, and a brittleness index theoretical template is established to determine the spatial distribution model of reservoir brittleness. This research holds significant guidance for sweet spot predictions and fracturing process optimization.
2 RESEARCH DATA AND METHODS
2.1 Research area
Jimusaer Sag is located in the southeast edge of the Junggar Basin, surrounded by Qitai uplift, Santai fault, Xidi fault and Jimusaer fault, which is in the form of a dustpan high in the east and low in the west. The Lucaogou Formation has developed throughout the entire depression, with an average thickness of about 200–350 m (Figure 1) (Yin et al., 2022; Yin et al., 2023a; Yin et al., 2023b). It belongs to the sedimentary system of saline lake basins, characterized by mixed carbonate clastic volcanic gypsum rocks, integrated source and reservoir, thin layer stacking, and dispersed desserts. The Lucaogou Formation has developed two “dessert bodies,” upper and lower. The upper dessert body is located in the second section of the Lucaogou Formation, and the lithology is mainly composed of lithic sandstone, sandy dolomite, and feldspar lithic sandstone, interbedded with mudstone and dolomite mudstone; The porosity ranges from 1.1% to 2.4%, with an average of 9.88%; Permeability at 0.01 × 10−3 μm2∼36.3 × 10−3 μm2, with an average of 0.07 × 10−3 μm2. The lower dessert body is located in the first section of the Lucaogou Formation, mainly composed of fine sandstone and cloudy sandstone, interbedded with muddy sandstone and mudstone. The porosity ranges from 2.1% to 26.5%, with an average of 8.75%; Permeability at 0.01 × 10−3 μm2–52.6 × 10−3 μm2, with an average of 0.05 × 10−3 μm2. This Formation is divided into two members, Lu1 and Lu2, and four sand groups, P1l11, P1l12, P2l21 and P2l22 from bottom to top. The major reservoirs are two sweet spot layers, the lower one (P2l12)is mainly dolomitic siltstone; the upper one (P2l22)is primarily composed of felsic siltstone, dolomitic siltstone and silty dolomite (Figure 1B).
[image: Figure 1]FIGURE 1 | Location and composite stratigraphic column of the study area (A) Location and structures of the work area; (B) Composite stratigraphic column of the Lucaogou Formation.
2.2 Research data
For this research, over 100 thin-section photomicrographs were used to investigate the mineral composition and pore structure in the studied region. In terms of seismic data quality, a significant improvement was achieved by conducting a comprehensive and integrated interpretation based on the high-density 3D seismic data collected in the Ji25 area, which covered an area of 25 km2 and included 484 coverage passes with a density of 774,400 traces. The seismic data has a dominant frequency of approximately 25 Hz, an effective bandwidth of 10–60 Hz, a signal-to-noise ratio greater than 15 dB, and a vertical resolution of approximately λ/8, as calculated by seismic inversion theory, allowing for the recognition of sand body thicknesses of around 20 m in areas with high signal-to-noise ratios. This quality largely satisfies the precision requirements for lithology and brittleness index prediction.
Utilizing data from core thin-section photomicrographs, scanning electron microscopy, and X-ray diffraction analysis, the research first identifies the microstructure and mineral composition of the rocks. Subsequently, considering the impact of factors such as mineral composition and pore structure on rock seismic elastic parameters, suitable rock physics equivalent theory models applicable to the study area are selected to obtain rock elastic parameters. A theoretical template for brittleness index is then established. Finally, integrating well-logging, seismic, and core data, a spatial distribution model for reservoir brittleness is developed.
2.3 Research methods
The research builds upon the Xu-White model (Keys and Xu, 2002) and refines the process of complex multi-mineral rock physics modeling to create a complex multi-mineral seismic rock physics model. The proposed model accounts for the layering and mineral composition characteristics of mixed clastic rocks, optimizing the process of mixing the matrix minerals. To address the complexity of pore structures in mixed clastic rocks, variable values are determined for layered and brittle mineral-related porosities, replacing previously used empirical constants to enhance pore description accuracy. The fluid mixture section is modified using the Beri model (Kőrösi et al., 2021) for fluid mixture equivalency, and the Boris model (Oran and Boris, 1981) is employed for fluid replacement. This results in the establishment of a saturated mixed clastic rock equivalent model. The specific workflow is depicted in Figure 2.
[image: Figure 2]FIGURE 2 | Complex multi-mineral mixed rock seismic rock physics model.
2.3.1 Equivalent model for brittle minerals
Among the four brittle minerals distributed in the studied area, quartz, feldspar, and calcite have similar abundancy, while dolomite content is relatively lower. Therefore, based on the characteristics of the content of these four brittle minerals, the following equivalent methods were employed.
1) Quartz, feldspar, and calcite were mixed using a self-consistent approximation (SCA) model that can simultaneously account for multiple mineral phases. Specifically, Berryman proposed a calculation of the equivalent volume and shear modulus for rock containing elliptical inclusions based on elastic wave scattering theory (Formula 1):
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In the equation, [image: image] represents the volume modulus of the ith inclusion, [image: image] is the equivalent volume/shear modulus for mineral grains, i is the mineral medium index, [image: image] is a parameter related to the composition and pore shape.
2) Using the mixture obtained in the previous step as the background medium and dolomite, as the filler, both are mixed using the Differential Effective Medium (DEM) model to obtain the equivalent modulus for brittle minerals (Formulas 2, 3):
[image: image]
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In the equation, [image: image] represents the elastic modulus of the rock matrix as inclusions are gradually added; [image: image] represents the elastic modulus of the inclusions that are gradually added.
2.3.2 Layered minerals and equivalent models
Mixed clastic rocks often exhibit good clay layering, with a variety of clay mineral types. Additionally, different clay minerals have varying elastic properties. The heterogeneity of organic matter, such as kerogen, at different maturities also affects the heterogeneity of mixed clastic rocks. Considering the distribution and interactions of clay and organic matter in mixed clastic rocks, a self-consistent differential effective medium (SCA-DEM) model is used to mix layered minerals (organic matter and clay), resulting in an equivalent modulus with interconnected properties for organic matter-clay:
1) An equal amount of clay is taken in combination with kerogen, and both are mixed using a self-consistent model.
2) With the remaining clay as the background medium and the mixture obtained in step 1 as the filler, both are mixed using the differential effective medium (DEM) model (Cundall and Strack, 1979), resulting in an equivalent modulus with interconnected properties for kerogen-clay plastic minerals.
3) Using the plastic equivalent material composed of clay-kerogen as the background medium and brittle equivalent materials such as quartz and calcite as the filler, both are mixed using the DEM model to obtain the equivalent modulus of the rock framework.
2.3.3 Dry rock equivalent model
Using the rock framework as the background medium, pores are added to the background medium using the differential effective medium (DEM) model, resulting in the equivalent modulus for dry rock. A porosity anisotropy parameter is introduced in this context.
2.3.4 Saturated rock equivalent model

1) Fluid properties are calculated using the Batzle & Wang model (Han and Batzle, 2020) based on known temperature, pressure, oil density, formation water salinity, and gas-oil ratio. Fluid mixing is performed using Brie’s exponent method (Kőrösi et al., 2021).
2) Since mixed clastic rock layers under oil saturation conditions exhibit significant velocity dispersion, the full-band Boris fluid replacement model is used to introduce mixed fluids into dry rock, thereby establishing a mixed clastic rock equivalent model that closely resembles real conditions. Boris fluid replacement model is shown below (Formula 4):
[image: image]
The mineral composition of the mixed clastic rocks in the target area is primarily quartz, feldspar, carbonate minerals, clay, etc. When modeling, the mechanical parameters of each mineral component are set based on Mavko et al.’s work (Mavko and Nur, 1979). For example, the volume modulus of quartz is set to 37 GPa, the shear modulus to 44 GPa, and the density to 2.65 g/cm³.
3 MINERAL AND PORE STRUCTURE CHARACTERISTICS
The study area in the Jimsar sag of the Junggar Basin hosts the Lucaogou Formation, which is a sedimentary sequence in a saline lake basin. The rock samples exhibit a wide variety of mineral components, including quartz, potassium feldspar, plagioclase feldspar, calcite, dolomite, ankerite, pyrite, pyrrhotite, siderite, natrolite, thomsonite, and various clay minerals. XRD mineral content analysis was conducted on 142 core samples from the target interval in the study area. The results revealed that there are as many as 12 different minerals in the overall composition. Among these, calcite and plagioclase feldspar are the predominant minerals, each accounting for over 20% of the composition. Quartz and siderite follow, with a content range of 10%–15%. There are at least six minerals with an absolute content greater than 4%, indicating a complex mixed composition of multiple mineral components forming the mixed clastic rock’s intricate rock framework. Specifically, in the upper sweet spots, the content of felsic minerals (feldspar and quartz) is relatively high, exceeding 40%, while in the lower sweet spots, mafic minerals are predominant, with a content exceeding 45%. The absolute content of clay minerals is generally low (less than 10%) and is primarily composed of illite and smectite, with small amounts of montmorillonite and kaolinite. The difference in clay mineral composition between the upper and lower sweet spots is not significant (Figure 3).
[image: Figure 3]FIGURE 3 | Mineral composition in the Jimusaer Lucaogou Formation.
The complex mineral composition and content combinations in this region differ significantly from fine-grained sedimentary rocks and shale oil reservoirs in other basins. This reflects a mixed sedimentary rock type transitioning from clastic sedimentation to chemical sedimentation, or from volcanic clastic rocks to normal sedimentary rocks. The relative mineral content varies considerably in different depth intervals, and there are frequent changes in the relative mineral content along the vertical profile. This complexity indicates that the rock types and their combinations are highly intricate.
Pore structure is a crucial factor that influences fluid presence and changes in rock physical properties. Based on core and thin-section analysis data, the primary pore types in the Lucaogou Formation include intergranular dissolution pores (Figure 3A), intragranular dissolution pores, intercrystalline pores, microfractures, and a small number of oomoldic intergranular dissolution pores and biogenic framework pores, among others. In general, the relative content of intergranular pores in terrigenous clastic rock reservoirs is higher compared to other types of rock reservoirs, while in carbonate rock reservoirs, intergranular dissolution pores have a relatively higher content than in other rock types. Various types of fractures, including structural fractures, dissolution fractures, bedding fractures, and pressure solution fractures, have developed. The degree of fracture development is closely related to lithology, with carbonate rock fractures typically more well-developed than sandstone fractures. Overall, carbonate rock exhibits a stronger brittleness compared to sandstone (Figure 4).
[image: Figure 4]FIGURE 4 | Microscopic Structure of Pore Types in the Jimusaer Lucaogou Formation (A) Primary intergranular pore (B) Intragranular and intergranular dissolution pores (C) intragranular dissolved pore (D) Residual intergranular pores (E) Intragranular and intergranular dissolution pores (F) Organic matter pore (G) Intergranular pore (H) Diagenetic contraction joint (I) Intragranular dissolved pores.
4 ANALYSIS OF BRITTLENESS PREDICTION EFFECT
4.1 Prediction of mineral content and pore aspect ratio
The Lucaogou Formation exhibits a diverse range of mineral components, making it challenging to provide detailed characterizations for each mineral’s content. However, by analyzing the petrophysical parameters of minerals and optimizing the consolidation of multiple mineral components, effective prediction of mineral content can be achieved. Initially, considering that minerals such as pyrite and siderite have minimal content, constituting less than 4% and having a negligible impact on the modeling results, they were excluded from the analysis. For both orthoclase and plagioclase feldspar, with densities of 2.59 and 2.61 g/cm³, and compressional wave velocities of 5,590 and 5,749 m/s, respectively, their petrophysical properties are similar. As a result, they were combined and simplified into a single category, referred to as “feldspar.” Using this approach, the complex mineral components were ultimately reduced to six categories: quartz, feldspar, calcite, dolomite, clay minerals, and kerogen. Through optimized well log interpretations, it became possible to predict the content of quartz, feldspar, calcite, dolomite, and clay minerals. However, the precise prediction of kerogen content (total organic carbon) is relatively complex (Formulas 5, 6). Therefore, this study applied the Passey formula to predict the kerogen content (Figure 5).
[image: image]
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[image: Figure 5]FIGURE 5 | Comparison of results obtained by different methods for obtaining kerogen.
Where, TOC represents the kerogen content, %; R stands for resistivity, ohm·m; K is the corresponding calibration factor, which is set at 0.02 in this area; Δt represents the sonic transit time, ohm·m; Δt* denotes the baseline for the sonic transit time, ohm·m; and B represents the TOC value for non-source rock intervals. There are usually four methods for calculating the content of cheese roots, namely, the Passey formula method, multivariate fitting method, density method, and natural gamma spectroscopy method. The calculation of kerogen was carried out using the four calculation methods mentioned above, and comparative verification showed that the content of kerogen obtained by the Passey formula method was in good agreement with the measured values in the well (Figure 5).
The fixed constant of pore aspect ratio cannot accurately describe the complex porosity types of the Lucaogou formation. In this study, mineral content is introduced, and a weighted method is used to calculate the porosity aspect ratio curve. The specific formula is as follows (Formula 7):
[image: image]
Where, A represents the porosity aspect ratio curve, Σ denotes the summation formula, V′ stands for the content of a specific mineral, VT is the total mineral content, and A′ represents the theoretical aspect ratio of a certain mineral. Table 1 contains the theoretical values of aspect ratios for different minerals. By applying the formula with the mineral content at various depth points and their respective theoretical aspect ratios, accurate determination of rock porosity aspect ratios can be achieved (Figure 6).
TABLE 1 | Theoretical pore aspect ratio values for different pore types.
[image: Table 1][image: Figure 6]FIGURE 6 | Prediction curve of pore width to length ratio in well C.
4.2 Comparison of rock physical template and logging data
The above method was used to complete the rock physics modeling of 72 vertical wells in the area. Taking a C well with shear wave logging data as an example, the predicted results were compared with the measured results. The prediction accuracy was improved especially in the layers with higher organic matter and clay content, where the consistency was higher (Figure 7). An overall analysis was conducted on 11 wells in the entire region with measured shear wave data. After using the Xu-White and Mixed rock Physics methods, and the point-to-point parameters are compared with the predicted longitudinal wave velocity (Vp), density and shear wave velocity (Vs), the measured data from 3,152–3,208 m in well C. The correlation coefficient between predicted and measured values was as high as 0.82, indicating that this method is highly accurate and reliable (Figure 8).
[image: Figure 7]FIGURE 7 | Comparison between Xu-White model and joint equivalent model in Well C.
[image: Figure 8]FIGURE 8 | Correlation between rock physical prediction and actual measurement in well C.
4.3 Analysis of brittleness prediction effect

1) Establishment of Brittleness Index Based on Elastic Parameter Method
The method for assessing brittleness based on elastic parameters primarily considers that higher Young’s modulus (E) and lower Poisson’s ratio (ν) indicate better rock brittleness. Rickman, using statistical methods, studied the relationship between rock brittleness and Young’s modulus (E) and Poisson’s ratio (ν). While, Young’s modulus can be regarded as an index to measure the difficulty of rock elastic deformation. The greater the value, the greater the stress of the rock elastic deformation occurs to a certain extent, that is, the greater the rock stiffness, and the smaller the elastic deformation occurs under the action of a certain stress. Poisson’s ratio refers to the ratio of the absolute value of the lateral positive strain to the axial positive strain when the rock is pulled or pressed, which is the elastic constant reflecting the lateral deformation of the rock. Rock brittleness is an inherent property of rock when ruptured by force. The fragility index characterizes the speed or difficulty of transient changes before rock rupture, rMeflecting the complexity of cracks formation after reservoir fracturing. Usually, rocks with a higher brittle index are harder and more brittle.
Young proposed that the ability of rocks to fail under loading can be quantified by Poisson’s ratio, while Young’s modulus reflects the rock’s ability to maintain internal fractures after failure. He suggested that rock brittleness is positively correlated with Young’s modulus and negatively correlated with Poisson’s ratio. He established a brittleness index, which has been widely applied in oil fields in South America.
Obtain relevant elastic parameter data through the triaxial stress test of Jimusaer Lucaogou Formation, and conduct intersection analysis between elastic parameters and brittleness. It can be seen that the Young’s modulus and Poisson’s ratio are more sensitive to rock brittleness, and the Young’s modulus is positively correlated with brittleness. The better the brittleness, the greater the Young’s modulus; The Poisson’s ratio is negatively correlated with brittleness. The better the brittleness, the smaller the Poisson’s ratio, and a single Young’s modulus or Poisson’s ratio cannot better characterize the degree of brittleness of the rock. Based on the above understanding, the final optimal formula BI10 is selected to evaluate the reservoir brittleness index.
[image: image]
Where, [image: image] is normalized Young’s modulus, GPa; [image: image] is normalized Poisson’s ratio.
The above method considers not only the influence of mineralogy but also the impact of pore shape and pore fluids. It effectively characterizes the interaction of stress and strain in rocks and provides a reliable reflection of rock brittleness. It establishes a well-defined relationship between brittleness index and elastic parameters, serving as a valuable bridge for brittleness characterization based on seismic data. As a result, it finds wide application in unconventional reservoir brittleness assessment.
3) Brittleness Sensitivity Analysis
Through triaxial stress tests on the Lucaogou Formation in the Junggar Basin, relevant elastic parameter data were obtained, and a cross-plot analysis of elastic parameters and brittleness was conducted. The results show that Young’s modulus and Poisson’s ratio are sensitive indicators of rock brittleness. Young’s modulus is positively correlated with brittleness, meaning that higher brittleness corresponds to larger Young’s modulus. By contrast, Poisson’s ratio is negatively correlated with brittleness, meaning that better brittleness corresponds to a smaller Poisson’s ratio. It was observed that a single parameter, either Young’s modulus or Poisson’s ratio, cannot effectively represent the brittleness of the rock. The analysis confirms the validity of the previously mentioned formula (Figure 9).
3) Seismic Brittle Index Prediction
[image: Figure 9]FIGURE 9 | Intersection of Young’s modulus and Poisson’s ratio in the Permian Lucaogou Formation of Well C (A) Crossplot of data from different lithologies; (B) Crossplot of different brittle data.
Leveraging the complex lithology and multiple mineral components of the mixed sedimentary rocks, high-precision Vp/Vs ratios can be obtained as the basis for pre-stack elastic parameter prediction. This allows for the calculation of sensitive rock mechanics parameters such as Poisson’s ratio and Young’s modulus (Figure 10), enabling quantitative predictions of brittleness and geomechanical sweet spots.
[image: Figure 10]FIGURE 10 | (A) Prediction Profile of Poisson’s Ratio through Well A; (B) Yang’s modulus prediction profile.
Building upon the pre-stack inversion, data on Young’s modulus and Poisson’s ratio are obtained, normalized, and entered into the brittleness index calculation formula to achieve quantitative brittleness characterization. From the prediction results, the upper and lower sweet spots exhibit better brittleness compared to the surrounding rocks, consistent with drilling observations. Additionally, to validate the reliability of the results, two wells (C and B) with similar sweet spot quality and hydraulic fracturing parameters were selected. The prediction results show that the sweet spot in well C has better brittleness, forming a complex fracture network with excellent reservoir space and high oil richness. By contrast, the sweet spot in well B exhibits lower brittleness and relatively lower oil richness. When considering the actual oil production results, well C averages 7.76 tons of daily oil production, while well B averages 0.71 tons of daily oil production. The prediction results align well with the actual situation, demonstrating the reliability of the prediction method. This also reflects that brittleness is one of the key controlling factors for high oil production in this mixed sedimentary rock region (Figure 11).
[image: Figure 11]FIGURE 11 | Brittle parameter profile of well B-C.
From the brittleness index contour map, it is observed that the brittleness in the study area gradually improves as the depth increases from southeast to northwest. Simultaneously, there is a clear east-west zonation feature. The central part of the area exhibits relatively good brittleness, showing stable block-like distribution. This central region is a favorable area for the subsequent deployment of horizontal wells (Figure 12).
[image: Figure 12]FIGURE 12 | Brittleness Index Plan (?) of the Permian Lucaogou Formation in Well Block A (A) Top dessert body; (B) Lower dessert body. 
5 CONCLUSION

1) In response to the complex lithology and pore structure of the Lucaogou Formation in the Jimusaer Sag, by utilizing a complex lithology multi-mineral component mixed rock equivalent model, high-precision brittleness index are obtained. These ratios serve as the basis for predicting elastic parameters in pre-stack analysis, including Poisson’s ratio and Young’s modulus, which are sensitive rock mechanics parameters. This enables the quantitative prediction of brittleness, stress conditions, and other engineering parameters.
2) The rock physics model developed in this study shows good alignment with well-logging interpretation results. The prediction accuracy has improved, especially in the intervals with high organic content and clay content, where the alignment is even better. This indicates that the method is highly accurate and reliable.
3) Examining the prediction results reveals that the brittleness of the upper and lower sweet spots is better than that of the surrounding rock, consistent with drilling observations. Analyzing the spatial distribution of brittleness indices, it can be observed that the brittleness in the study area gradually improves as depth increases from the southeast to the northwest. Furthermore, there is a distinct zonal pattern in the east-west direction, with the central area exhibiting relatively higher brittleness. This area demonstrates stable, block-like distribution and is considered a favorable region for future horizontal well deployment.
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