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Abstract. 3D geological modeling technique, as a comprehensive characteriza-

tion method for oil and gas reservoirs, is widely applied in the process of oil 

and gas field development. Addressing the challenge of unclear geological 

characteristics in the early exploration stage of atmospheric shale gas reservoirs, 

this study employs a modeling workflow encompassing structural modeling, 

stress field modeling, fracture modeling, lithofacies modeling, attribute model-

ing, porosity modeling, permeability modeling, total organic carbon content 

modeling, and gas content modeling. The established models successfully pre-

dict the geological features of the reservoir in the study area. This model can 

provide support for well deployment, drilling tracking, and hydraulic fracturing 

design. 
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Three-dimensional geological modeling refers to the integration of seismic, geologi-

cal, well logging, well testing, and reservoir engineering data through computer-aided 

methods [1-3] to comprehensively and quantitatively characterize structural features, 

sedimentary facies distribution, and reservoir attributes [4-7]. This technology is 

widely employed in the development process of oil and gas fields [8-11], particularly 

serving as a crucial technique in the integrated development of shale gas geological 

engineering [12-16]. 

The Fu Yan Block is located in Guizhou Province, characterized by typical karst 

topography. The terrain in the work area is generally higher in the northwest and low-

er in the southeast, with elevations ranging between 600 and 1429 meters. Undergo-

ing multiple tectonic movements since the Late Paleozoic, subjected to strong com-

pressional stress from the southeast, the Fu Yan Block exhibits the structural charac-

teristics of a narrow, northeast-trending thrust-fold belt. During the Late Ordovician 

Five Fingers Formation sedimentation period, the study area formed a stable set of 

organic-rich mud shale, overlain by biotic mud limestone at the top of the Five Fin-

gers Formation. In the early Silurian period, the Fu Yan Block was in a relatively 
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quiet, low-energy, and strongly reducing deep-water continental shelf environment. 

The Longmaxi Formation deposited a set of black carbonaceous mud shale with en-

richments of pyrite and organic matter. The vitrinite reflectance in the study area 

ranges from 1.92% to 2.19%, with an average of 2.06%. The kerogen is in the high 

maturity to over-maturity evolution stage, with the targeted Five Fingers Formation-

Longmaxi Formation shale having a total organic carbon content ranging from 0.24% 

to 5.79%, with an average of 4.05%. Regarding reservoir characteristics, the predom-

inant pore types are organic pores and dissolution pores, with minimal microfractures 

and intercrystalline pores. Core analysis test results indicate a porosity range of 3.25% 

to 4.85%, with an average of approximately 4.1%. The permeability varies from 

0.0003 to 0.0804 mD, with an average of 0.011 mD. In terms of gas content, on-site 

analysis of Well 1 in Fu Di reveals a total gas content ranging from 3.04 to 5.68 m3/t, 

with an average of about 4.39 m3/t. For Well 1 in Fu Ye, the analyzed gas content 

ranges from 0.8 to 1.66 m3/t, with an average of 1.2 m3/t, and the total gas content 

ranges from 2.3 to 5.6 m3/t, with an average of approximately 3.5 m3/t. Overall, the 

gas content is relatively good. 

2 Materials and methods 

The data utilized in the modeling process include well coordinates, core elevation, 

well trajectory, and other well-related data, geological layering data, single-well litho-

facies data, logging curves, logging interpretation results, and seismic data such as 

three layers of depth-domain seismic interpretation, depth-domain acoustic imped-

ance, amplitude volumes, and depth-domain fracture prediction ant bodies. 

Traditional modeling approaches typically follow a workflow involving structural 

modeling, lithofacies determination, reservoir property characterization, and fracture 

modeling [17-20]. In this study, based on the fundamental characteristics of atmos-

pheric shale gas reservoirs, a novel modeling approach was developed by integrating 

geological, seismic, well logging, and core analysis data. Analysis of single-well strat-

igraphic division results, structural interpretation results, detailed logging interpreta-

tion results, and precise characterization of physical properties informed the innova-

tive creation of structural models, stress field models, fracture models, and lithofacies 

models. Under the control of the lithofacies model, attribute models for porosity, 

permeability, total organic carbon content, gas content, and others were established. 

3 Results 

In accordance with the geological features of the Fu Yan Block, the modeling work 

area is strategically oriented at 55° to align with the elongation of the anticline. En-

compassing a substantial 102 square kilometers, the planar grid resolution is meticu-

lously set at 20×20 meters. The targeted layer, ranging from 5 to 20 meters, is intri-

cately partitioned into 40 layers, each approximately 0.4 meters thick. The compre-

hensive modeling comprises a total of 1,198,000 grids, meticulously configured to 

meet the stringent accuracy criteria of the model. 
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3.1 A Subsection Sample 

Drawing upon the outcomes of structural interpretation, a comprehensive set of 81 

fault models has been meticulously crafted for the study area. Predominantly oriented 

in the northeast, these faults exhibit lengths ranging from 199 to 3595 meters and 

throws varying from 15 to 583 meters (Figure.1). Leveraging well-point geological 

layering data as the cornerstone and employing depth-domain structural planes as 

trend surfaces, a rigorous alignment between well-point layering data and structural 

planes is ensured. This meticulous process results in the creation of a three-

dimensional structural model characterized by authenticity, logical coherence, and 

adherence to precision standards. Notably, six planes — O3w, O3g, S1l1
1, S1l1

2, 

S1l1
3, S1l1

4—have been established, as depicted in Figure 2. The structural and strati-

graphic models not only align with structural trends but also incorporate real drilling 

insights, with grid volumes for stratigraphic units meticulously ranging from 0 to 

1197 cubic meters, and the absence of negative volume grids. 

 

Fig. 1. 3D fault model of Fuyan Block. 
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Fig. 2. 3D surface model of Fuyan Block 

3.2 Geostress Model 

The spatial distribution of geostress within the Longmaxi Formation of the Fu Yan 

Block is intricately shaped by the compounding effects of overlying strata pressure 

and burial depth. Leveraging parameters encompassing the average density of upper 

formations, topography maps, stress gradients, as well as geophysically-derived data 

on Young's modulus and Poisson's ratio, coupled with insights into the regional prin-

cipal stress direction, a meticulous geostress stress model has been devised for the 

block. This model prognosticates the nuanced distribution of stress within the target 

layer. The resulting model portrays overlying strata pressure ranging from approxi-

mately 2.0 to 16.0 MPa. Notably, areas with thinner overlying strata, particularly in 

the eastern and southern sectors of the inclined block, exhibit lower overlying strata 

pressure. Conversely, regions characterized by thicker overlying strata, primarily in 

the core and western expanses, correspond to higher overlying strata pressure. Within 

the Longmaxi Formation of the Fu Yan Block, the maximum principal stress is esti-

mated to range from 2.5 to 27.5 MPa. Notably, the eastern wing of the Fu Yan anti-

cline registers lower maximum principal stress values, while the western wing experi-

ences comparatively higher values. Stress concentration is particularly conspicuous in 

the core region, aligning with areas of pronounced structural deformation and active 

fault development, where the geostress is notably elevated (Figure. 3). 
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Fig. 3. Geostress model of Fuyan Block 

3.3 Fracture Model 

Building upon the established geostress stress framework, this modeling initiative 

relies significantly on ant body recognition technology applied to post-stack seismic 

data for the anticipation of natural fractures. The "Ant Tracking Algorithm," an intri-

cate seismic attribute algorithm developed by Schlumberger, has been harnessed for 

its suitability in modeling large-scale fractures. A novel facet, the "Vector Ant Track-

ing Technology," has been introduced, involving the systematic tracking of ant bodies 

in diverse directions based on the principal orientation of fault systems and large-

scale fractures. This process facilitates the extraction of significant fracture segments. 

The fundamental principle at play entails the dissemination of a multitude of virtual 

ants across seismic data. Ants that meet predefined conditions release pheromones, 
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attracting other ants to trace fracture locations. The application of this technology, 

synergized with profile fracture interpretation and attribute map fracture distribution, 

facilitates the spatial tracking of fractures. Notably, the core region of the anticline 

emerges as a zone characterized by concentrated geostress stress, fostering well-

developed fractures, primarily oriented in a northeast direction (Figure.4). 

 

Fig. 4. Fracture model of Fuyan Block 

3.4 Facies Model 

Initiating the process, lithology data from well log interpretations is discretized and 

incorporated into a grid model. Subsequently, a comprehensive data analysis is con-

ducted, focusing on the vertical distribution and variogram functions associated with 
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lithofacies. Guided by the distinctive characteristics of regional sedimentary facies 

distribution and integrating insights from lithofacies distribution in individual wells, a 

methodical approach using sequential indicator simulation is adopted. The objective is 

to craft a lithofacies model specific to shale reservoirs, effectively capturing the spa-

tial distribution nuances of carbonaceous mudstone, carbonaceous shale, and inter-

bedded limestone (Figure.5). 

 

Fig. 5. Facies model of Fuyan Block 

3.5 Petrophysical Model 

Based on well logging interpreted petrophysical data and under the control of a three-

dimensional lithofacies model, a three-dimensional attribute model is established 

using sequential Gaussian simulation, with seismic fracture data and petrophysical 

statistical analysis results serving as constraints (Figure.6). The simulated porosity 

results align closely with the observed porosity distribution patterns, ranging from 

1.3% to 5.4%, with a main value range of 4.5% to 5.4% and an average of 4.4%. On a 

planar scale, there is relatively little variation in porosity across the study area, with 

higher porosity values in the core region of the anticline. Vertically, porosity gradual-

ly decreases with increasing burial depth, and the S1l1
3 layer exhibits relatively higher 

210             J. Chen et al.



porosity. The simulated permeability results closely mirror the observed permeability 

distribution patterns, ranging from 0.012 to 0.045 mD, with a main value range of 

0.035 to 0.045 mD and an average of 0.034 mD. On a planar scale, the core region 

and southern part of the anticline exhibit relatively higher permeability values. Verti-

cally, the S1l1
3 layer shows relatively higher permeability. Results for total organic 

carbon content closely correspond to the observed distribution patterns, ranging from 

0.01% to 5.72%, with a main value range of 3% to 5% and an average of 3.69%. On a 

planar scale, the central part of the block exhibits relatively higher total organic car-

bon content. Vertically, the S1l1
1 layer shows relatively higher total organic carbon 

content. The simulated gas content results closely align with the observed distribution 

patterns, ranging from 2.1% to 5.25%, with a main value range of 3.8% to 4.4% and 

an average of 3.88%. On a planar scale, the central part of the block exhibits relative-

ly higher gas content, and vertically, the S1l1
1 layer shows relatively higher gas con-

tent. 

 
a) 3D porosity model 
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b) 3D permeability model 

 
c) 3D TOC model 
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d) 3D gas saturation model 

Fig. 6. 3D petrophysical model of Fuyan Block 

3.6 Model Application 

Based on the results of structural characterization, the 3D structural model is used to 

accurately characterize the structure and surface distribution. Based on the fault dis-

tribution and the surface of structural model, the drilling of FY-1HF well is improved 

significantly by guiding geological guidance tracking while drilling. In the geological 

model, the facies, porosity, permeability, TOC and gas content of the target zone are 

in basically consistent with the well logging (Figure 7). 

 

Fig. 7. Model verification of Fuyan Block 
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4 Discussion 

Integrated seismic fracture characterization and stratigraphic tracking results are used 

to refine the three-dimensional structural model, providing detailed insights into the 

structural and stratigraphic distribution within the block. Guided by the distribution of 

faults and the deformations observed in the structural model, geological steering 

while drilling is implemented, significantly enhancing the drilling encounter rate of 

reservoirs in wellbore trajectory of the Fu Yan 1HF well. Utilizing the comprehensive 

seismic fracture prediction volume, the three-dimensional fracture model is employed 

to finely represent the spatial distribution characteristics of fractures within the block. 

Combining information on in-situ stress and fracture distribution characteristics, this 

approach can guide the deployment of horizontal well locations and the design of 

engineering schemes in the Fu Yan Block. Built upon single-well data, the three-

dimensional attribute model is applied to finely characterize the heterogeneity fea-

tures of the reservoir. The geological model includes lithofacies, porosity, permeabil-

ity, total organic carbon content, and gas content within the target reservoir interval. 

The simulation results closely match the well data, providing a strong foundation for 

subsequent reservoir evaluation and the formulation of development strategies. 

5 Conclusion 

The Fu Yan Block exhibits a narrow and elongated northeast-trending anticline, with 

the target reservoir interval consisting of black shale from the Five Member For-

mation to the Longmaxi Formation. This geological formation presents favorable 

conditions for hydrocarbon generation, characterized by well-developed organic 

pores, high gas content, and good compressibility. On a planar scale, the core region 

of the anticline displays relatively higher porosity and permeability values, while the 

central part of the Fu Yan Block exhibits higher total organic carbon content and gas 

content. Vertically, the S1l1
3 and S1l1

1 layers exhibit relatively higher porosity and 

permeability values, while the S1l1
1 and S1l1

4 layers show higher total organic carbon 

content and gas content. In response to the geological characteristics of the atmos-

pheric-pressure shale gas reservoir, an innovative modeling workflow is introduced, 

encompassing the construction of a structural-stress-fracture-lithofacies-attribute 

model. This model aligns closely with the initial geological understanding, demon-

strating a high degree of compatibility with well data and overall credibility. The 

application of this model to guide geological steering while drilling significantly en-

hances the encounter rate of reservoirs during actual drilling, providing substantial 

support for reservoir evaluation and the formulation of development strategies. 
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