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Abstract 
Luzhou area in southern Sichuan is a important shale gas development area in China.  In 
order to define the shale gas enrichment factors, based on the literature research, 3d 
seismic data, regional geological map, the research on 3d structure modeling and its 
recovery, combined with regional tectonic evolution background, the structure 
characteristics of the luzhou area, based on the three dimensional structure recovery 
found fracture luzhou area is divided into three fracture system, (1) the shallow 
HuaYingShan torsional fracture system pressure is given priority to, Go to north east, 
(2)it is the middle Permian fracture system is given priority to with extrusion, more for 
low Angle thrust, mostly north east, east-west, (3)the lower Cambrian to ordovician 
fracture system, Cambrian system development pressure of strike-slip faults, the 
ordovician of overpressured high Angle thrust faults, fault strike mainly east to north. 
The tectonic pattern of Luzhou area experienced four key periods. The caledonian 
Wufeng Formation paleo-morphological pattern showed a low southwest and northeast 
uplift structure, the mid-late Permian overall uplift, early Triassic Indosinian, southern 
low uplift, and finally finalized in yanshanian Himalayan period. 
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1. Introduction 

With the continuous development of information technology and computer technology, 3d geological 
structure modeling is born, 3d geological structure model can directly reflect the terrain, underground 
structure, special geological structure style and other information in the three-dimensional space 
distribution state, now is widely used in the field of petroleum exploration. 

At present, 3d structural modeling is based on the fusion of multiple data sources. Field observation 
data, corresponding seismic data, numerical elevation model, etc., can greatly improve the accuracy 
of modeling, and can more truly display the structural characteristics of the study area. 

Luzhou area of the study area is located in the south of Sichuan Basin, structurally in the south of 
Sichuan low steep fold belt. Sichuan luzhou area rich in shale gas, 2017 annual output accounting for 
one third of the shale gas production in sichuan basin (Ma huaxin,2018), in order to clear the 
productive factors, in the area of the ancient tectonic stress field, shale reservoir characteristics, 
sedimentary accumulation conditions of some analysis and discussion, mainly shale reservoir 
characteristics and oil and gas productive relations(Zou Xiaoyan etc. 2022 ;Ma Xinhua etc. 2020); 
The control of paleotectonic stress field on fracture development(Dong Min etc. 2022); Shale gas 
enrichment main control factors(Liang Xiao etc. 2021; Xu-sheng guo etc. 2014). However, there is a 
lack of in-depth research on the paleo-structural characteristics and tectonic evolution of Luzhou area. 
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Therefore, it is of great significance to establish a Three-dimensional structural model based on 
SKUA-GOCAD software and carry out research on the paleo-structural characteristics in this paper. 

2. Regional Geological Survey 

Basis of luzhou area is located in the south of sichuan basin, belongs to the low steep fold belt, 
affected by the Xianshuihe fault zone, west by xuefeng mountain in southeast south north west to the 
influence of extrusion pressure, affected by the dalou mountains to the north of the extrusion stress, 
the stress under the action of multiple, north east, north west area development and structure. In 
general, the anticline is closed and syncline is wide and slow, and the structural deformation is rich. 

The stratigraphic development of the study area is relatively complete as a whole. Sinian, Cambrian, 
Ordovician, Carboniferous and Permian strata are developed from bottom to top. Triassic and Jurassic 
strata are mainly exposed, and three sets of detachment layers are developed, that is, salt paste layer 
of Cambrian, mudstone layer of Lower Silurian Longmaxi Formation and salt paste layer of Lower 
Triassic Jialing Jiang Formation. 

In this study, five sets of strata, T3x (Xujiahe Formation), T1f (Feixianguan Formation), P2l (Longtan 
Formation), P1l (Liangshan Formation) and O3w (Wufeng Formation), are mainly used as research 
horizons to study the structural characteristics of the region (FIG. 1). 

 

 
Fig. 1 Geological structure map of the study area 

3. 3d Construction Modeling and Balance Restoration 

In this paper, Gocad is used as the 3D modeling software. Because the advantage of this software lies 
in its excellent performance of discrete smooth interpolation algorithm for the true 3D modeling and 
simulation of complex geological bodies(Mallet,1992), it is widely used in the field of petroleum 
exploration. 3 d modeling is to construct a linear process of top-down (figure 2), is also a process of 
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multiple data fusion, this article will explain the software in the strata in the study area, the fault data 
in modeling software, combining with the geological map, digital elevation data in the study area and 
the 3 d seismic data in the study area, fault network model is established, formation model and 
geological body model, The elevation data can be used to limit the surface exposure limit, and the 3d 
seismic data can obviously improve the accuracy of modeling, which can not only reflect the 
geometric form of geological structure more clearly, but also reflect the contact relationship between 
tectonic geological elements more clearly(Yang Yang etc. 2014;Li Zhaoliang etc.2016). Due to the 
complexity of Permian faults in the region, branch faults need to be confirmed when fault planes 
intersect to make 3d structural recovery more accurate. Every step in 3D modeling needs quality 
control and repeated modification. Often in practical work, with the deepening of geological structure 
research in the study area, the 3D structural model is constantly updated and the final model is more 
convincing. 

 

 
Fig. 2 3D modeling flow chart (modified according to Li Zhaoliang et al., 2016) 

 

In order to improve the accuracy of the study area and better study the development of faults in the 
region, the layer data directly derived was compared with the modeling using 3D seismic data, and 
the fracture distribution, tectonic strike and resolution were significantly improved. In this paper, 
high-precision 3D structural modeling analysis was carried out based on seismic data (FIG. 3). 

 

 
Fig. 3 (a) P2l Formation before treatment;(b) The treated formation 
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4. Three-dimensional Structure Restoration 

Structural restoration refers to the restoration of a section or surface to the undeformed state, which 
can be divided into two-dimensional restoration and three-dimensional restoration. Two-dimensional 
restoration has three basic principles, namely, conservation of length, conservation of thickness and 
conservation of area. There are two methods for 3d structural recovery: fold removal and fault 
removal. Fold removal can be divided into flexural slip and Simple shear. The former has 
conservation of area and layer length before and after recovery, while the latter is mostly applied to 
blocks in the tensile environment. Fault removal is done by moving the hanging wall of the fault 
along the fault plane to eliminate the distance caused by the involvement of fault blocks. Both 
restoration methods are based on layer thickness fixation. Flexural slip restoration emphasizes line 
length consistency, while simple shear restoration emphasizes line length consistency and disobeies 
line length conservation. These methods are based on basic geological understanding and often adopt 
different restoration methods when encountering different geological structures. In this paper, seismic 
data of xujiahe, Feixianguan, Longtan, Liangshan, Longtan and Wufeng formations are used to 
analyze the fault distribution and paleostructure in Luzhou area through the process of Three-
demensional structural modeling, layer leveling and curvature value extraction. 

 

 
Fig. 4 three-dimensional structural restoration 
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5. Fracture Plane Distribution 

Based on three-dimensional structure modeling to extract the longtan group, five mountains, the high 
accuracy of curvature chart (figure 5) curvature figure(a) from this text group see north east, north 
east to the faults are very developed, areas by the north west - south east to the extrusion of stress, 
due to the south-west of the xuefeng mountain compression, influenced by HuaYingShan fault zone 
in the east and the south dalou mountains, Due to the different active periods and stress levels of the 
three faults, the present faults are formed. Combined with the profile, it can be seen that the NEE-
trending faults are high-angle reverse faults developed in the succession of the strike-slip faults in the 
basement. The ne trending faults are mostly listric faults, which have imbricated style due to the 
influence of lower Cambrian detachment layer. Curvature chart clearly see from longtan group 
fracture mainly north(b), east-west, north east to west, more than five mountains group of fracture 
and comparison development direction for north east to small fracture, combining section can be seen 
that these faults are mainly Permian internal fault, due to the Permian to early Triassic, Permian 
subprime squeeze thrust structure internal development. Will break in the study area is divided into 
three fracture system, (1) the shallow HuaYingShan torsional fracture system pressure is given 
priority to, go to the north east, (2) it is the middle Permian fracture system is given priority to with 
extrusion, more for low Angle thrust, mostly north east, east-west, (3) the Cambrian and ordovician 
fracture system, Cambrian system development pressure of strike-slip faults, High Angle thrust faults 
are developed in the Ordovician succession, and the fault strike is mainly NE and NE trending. 

 

 

 
Fig. 5 (a) P2l Curvature diagram;(b) O3w Curvature diagram 
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6. Evolution Process of Paleo-structure and Palaeo-geomorphology in Luzhou 
Area 

Four paleo-tectonic maps (FIG. 6) were obtained by layer leveling to analyze the paleo-tectonic 
evolution of Luzhou area. Palaeomorphology of Upper Ordovician Wufeng Formation in the early 
sedimentary period of Liangshan Formation (a) : The luzhou area as a whole presents a tectonic 
pattern of uplift in the southwest, low in the south, northeast and north. Due to the Caledonian tectonic 
movement, large-scale uplift in the north was used. Paleomorphology (b) of the Lower Permian 
Liangshan Formation at the early stage of longtan Formation deposition: The middle to late Permian 
was uplifted as a whole, and the fault system in the region was active in the direction of EAST-west 
and northeast, and the fault development was weak, which shows that the tectonic activity was not 
strong in this period. Paleomorphology of Upper Permian Longtan Formation (c) in the early 
deposition of Feixianguan Formation: The low-amplitude uplift in the south of Luzhou area was 
caused by the Early Triassic Indosinian movement in the southwest and south of The area. Current 
shape of Xujiahe River (d) : Under the influence of strong nW-trending compressive stress during 
yanshanian Himalayan Period, the Luzhou area presents a tectonic pattern of closed anticline and 
wide syncline, and the Luzhou area is finally finalized in Yanshanian Himalayan Period. 

 

 

 
Fig. 6 Paleo-tectonic evolution(a) The palaeomorphology of Wufeng Formation in the early 

deposition of Liangshan Formation;(b) The palaeomorphology of Liangshan Formation in the early 
deposition of Longtan Formation;(c) Palaeomorphology of Longtan Formation in the early 

deposition of Feixianguan Formation; (d) The present shape of Xujiahe 

7. Cognition and Conclusion 

(1) luzhou area have three fracture systems, one is HuaYingShan torsional fracture system pressure 
is given priority to, go to the north, east to pull fold fracture system is given priority to with extrusion, 
more for low Angle thrust, mainly for the north east, east-west, three is the Cambrian and ordovician 
fracture system, the development of Cambrian system pressure torsion strike-slip faults, the 
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ordovician inheritance and development of high Angle thrust faults, The fault strike is mainly north 
- south.  

(2) The Faults of Wufeng Formation in Luzhou area are mostly high-angle reverse faults inherited 
from early basement strike-slip faults.  

(3) The tectonic pattern of The Luzhou area has experienced four periods. The caledonian Wufeng 
Formation paleo-morphological pattern shows a low southwest and northeast uplift structure, the mid-
late Permian overall uplift, the early Triassic Indosinian, the southern low uplift, and finally finalized 
in the Yanshanian Himalayan period. 
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