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Abstract 

The research area of this paper is located in the southeastern margin of the Sichuan 
Basin, and the target layer is the Permian. By means of methods such as observation of 
field profiles, geological data collection statistics, and sample analysis, a systematic 
analysis of the lithofacies palaeogeography of the Late Permian in the southeastern 
margin of the Sichuan Basin was carried out. The main work completed is as follows: 
Identified the Permian marker layer in the study area, and determined the sedimentary 
facies type in the southeastern margin of the Sichuan Basin by analyzing the sedimentary 
facies markers; established the Permian sedimentary model in the southeastern margin 
of the Sichuan Basin. 
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1. Introduction 

During the Permian period, the Yangtze plate was actively affected by crustal movement. During the 

Permian period, the largest transgression occurred during the Paleozoic period [1]. As a result, the 

Permian strata in central and southern Chongqing were widely exposed.Studies have shown that 

carbonate reservoirs account for about half of the world’s oil and gas reserves [2-4]. The Permian 

strata in China are important oil-bearing horizons in the south [5]. With the discovery of many large 

gas fields, such as Puguang and Longgang, the Permian strata of the Yangtze plate gradually became 

hot spots for marine carbonate exploration. [6] With the discovery of several hundred billion cubic-

scale gas fields, the exploration potential of the Permian-Triassic strata in the Sichuan Basin has been 

identified once again [7-9]; affected by the rising oil and gas exploration, Various scholars began to 

study the sedimentary facies in the Yangtze area, and formed various understandings. The main 

stronghold of carbonate rock formation-the "shallow sea" concept was first divided by Edie and Shaw 

[12-16]. Through the study of the Lower Permian profile in southern Sichuan, Liu Baojun and others 

determined that it is an open continental shelf facies dominated by waves; Feng Zengzhao and others 

used the "single factor analysis and multi-factor comprehensive mapping method" to study the Middle 

Permian lithofacies palaeogeography in the south. Systematic study of the characteristics [17], and 

believed that carbonate platform facies developed in the Sichuan Basin in the Middle Permian; based 

on a large number of actual drilling and field investigation data, Huang Xianping believed that the 

Middle Permian in the Sichuan Basin belongs to the carbonate platform Facies [18]; Feng Renwei 

and others believed that the Middle Permian developed shallow sea carbonate gentle slope 

sedimentary systems [19]; however, the predecessors did not deposit the Late Permian petrological 

characteristics, sedimentary structure and profile of the Southeastern Sichuan Basin. The system is 

studied in detail. 
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This article takes the Early Permian in Jiangkouzhen section of Wulong area in central Chongqing as 

the research object, and systematically develops the Wulong area and the Permian sedimentary 

environment through the methods and methods of observation of the field section, geological data 

collection statistics, and sample analysis. research. The lithology of the Qixia Formation and some 

Maokou Formations in the study area are gray to gray-black medium-thick layered bioclastic 

limestone and argillaceous limestone, which are carbonate platform deposits, mainly in shallow water 

and high energy environment. The lithology of some Maokou Formations in the study area is dark 

gray ~ gray black thin ~ medium thick layered microcrystalline limestone containing a lot of flint 

aggregates and strips, which are deposited on gentle slopes, mainly in the open sea and low energy 

environment. 

2. Regional Geology Overview  

The Sichuan Basin is located in the southwest of China and is one of the four major basins in China. 

It is located east of Longmen Mountain in Sichuan Province and in Chongqing City. The exposed 

rock layers in the Sichuan Basin are mainly Paleozoic and Proterozoic. Viewed as a whole, the 

Sichuan Basin is vast, with a total area of approximately 18×104 km2 [20]. It is diamond-shaped and 

the terrain is low. The interior of the basin is mostly low hills. Its average altitude is hiding at about 

1500m. The high mountains surround the Sichuan Basin, the north is Micang Mountain, Daba 

Mountain, the south is the Daliang Mountain Lou Mountain, and the west is the Sky Bridge. Qiong 

Mountain, Qiyue Mountain in the east. The sedimentary period of the entire Sichuan Basin is in the 

marine phase, and the continental sedimentary transition only began in the late Permian [21]. The 

Sichuan Basin is based on the Yangtze Quasi-Platform as the main structural unit. It is affected by 

the adjacent tectonic movements, especially the tectonic movements in the Himalayas, which led to 

the uplift of the Qinghai-Tibet Plateau, which led to the formation of the current landscape. The basin 

can be generally divided into 4 large structural regions: the low-lying and moderately central Sichuan 

structural area, the gentle-central Sichuan structural area, the steep and high-eastern Sichuan 

structural area, the relatively gentle southern and southwestern Sichuan structural area.  

 

 

Figure 1. Structural unit division and section location map of Sichuan basin 



 

 

300 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 6 Issue 8, 2020 

DOI: 10.6919/ICJE.202008_6(8).0040 

The location of the southeastern margin of the Sichuan Basin is the main geographic location of this 

study (Figure.1). In this area are the Jialing River, Qu River, and Pei River. These three rivers are 

very important rivers in southwestern my country. These three rivers eventually converged in 

Hechuan. Structurally, it belongs to the southeastern margin of the middle-upper Yangtze area and 

belongs to the E-Chongqing transitional tectonic belt on the edge of the Sichuan Basin. Its 

sedimentary evolution characteristics are closely related to the tectonic activities of the middle-upper 

Yangtze block [22]. In the early-Middle Proterozoic, the base of the Yangtze plate began to form and 

developed around the ancient land core. The entire Yangtze plate was completely consolidated during 

the Jinning period [23-24]. At this point, the Yangtze plate was basically shaped [25], and thus entered 

stability the development period of Craton [26-27]. 

3. Strata Introduction  

According to the "International Stratigraphic Table" formulated by the International Stratigraphic 

Commission in 2012, and based on the original experience, the Permian strata in the Sichuan Basin 

of my country were divided. The Sichuan Basin is divided into Upper System, Middle System and 

Lower System. The upper series includes the Longtan and Changxing formations, the middle series 

includes the Qixia and Maokou formations, and the lower series is mainly the Liangshan formation. 

In the studied area, due to various tectonic movements, the early Permian strata were gradually 

missing, and the middle and late Permian strata were widely exposed.  

The measured sections of the study area are located near the Xiacheng line of Jiangkou Town, Wulong 

District, Chongqing City, near Xiahuayuan Village, Songkan Town, Tongzi County, Guizhou 

Province, and near Dashanping Village, Fenshui Town, Xuyong County, Sichuan Province, mainly 

marine carbonates the mudstones and sandstones of rock and sea-land interaction are mainly 

argillaceous limestone and bioclastic limestone. Take Xiahuayuan Village, Songkan Town, Tongzi 

County as an example: 

Longtan Formation (P2w): This group is pseudo-integrated on the Maokou Formation (Figure.2-a). 

The main lithology is sandstone, clay rock, carbonaceous clay rock, with multiple coal seams and a 

layer of kaolin at the bottom. The biota is dominated by plants with a small amount of brachiopods 

and feces on the top. The thickness is about 70m. The Longtan period is a marsh and lagoon phase. 

Its era belongs to the early Late Permian (Figure.3). 

Changxing Formation (P2c): This group is continuously deposited on the Longtan Formation as a set 

of shallow marine limestone deposits (Figure.2-b). The main lithology is marine gray-dark gray thin-

medium thick layered microcrystalline bioclastic limestone, rich in flint nodules and rock belts, and 

the top is a few meters thick bioclastic intercalated with calcareous clay rocks. There are abundant 

brachiopods and a few corals. The thickness is about 20m. It belongs to the late LatePermian 

(Figure.4). 

 

 
a, Maokou Formation-Longtan Group Boundary    b, Longtan Formation-Changxing Group Boundary 

Figure 2. Boundary of each group in field section 
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Figure 3. Bar Chart of the longtan formation in the Tongzi section 

 

4. Main Rock Types and Characteristics 

There are various types of rocks in the Permian in the study area, mainly marine carbonate rocks, and 

a small amount of mud shale with alternating land and sea phases, and dolomites in deeper water. 

4.1 Limestone 

According to the characteristics of rock structure, genesis and structure, the Permian limestone in this 

area is divided into three categories, namely, raw debris limestone, micrite limestone, and grain 

limestone. 

4.1.1 Bioclastic limestone 

Bioclastic limestone is more common in the Changxing Formation. Mainly gray-dark gray thick 

layered. The volume fraction of biological debris is generally greater than 50%, including algal 
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clumps, foraminifera, brachiopods, corals, crinoids, gastropods, and ostracods (Figure.5-a, b). The 

matrix is mainly mud (powder) crystal calcite, and a few are muddy. Brilliant bioclastic limestone is 

only developed in the third member of the Maokou Formation. Limestones with bioclastics and 

limestones with bioclastics have the same characteristics except for the content of bioclastics, which 

are common in the Maokou Formation. 

 

 
Figure 4. Bar Chart of the changxing formation in the Tongzi section 

 

4.1.2 Mud crystal limestone 

Mud limestone is more common in the Changxing Formation. It is mainly dark gray-grey-black thin-

medium thick layered, with horizontal bedding, containing a small amount of biological debris, 

mainly brachiopods, ostracods, sponge bone needles, etc (Figure.5-c). This type of rock can respond 

to lower-energy, deeper-water sedimentary environments. 

4.1.3 Grain limestone 

Grain limestone is composed of calcite grains and is composed of mineral limestone, which is mainly 

grayish black thin-medium thick layered. Microcrystalline limestone is generally developed in the 

study area, including microcrystalline limestone (Figure. 5-d), bioclastic microcrystalline limestone, 

fine crystal limestone, etc., containing a small amount of brachiopods, lily, etc. 

4.2 Mud Shale 

Mud shale occurs in all sections of the Late Permian middle system (Figure.5-f), the color is mainly 

black and gray-black, the layer thickness is mainly thin-thin layer, mostly calcareous shale, lens, 

Wave marks, biological disturbances and other structural development, also formed in relatively low-

energy, shallow water environment. Horizontal bedding is common in mud shale, and the reaction is 

relatively stable in still water or semi-enclosed environment. 

4.3 Dolomites 

The Late Permian dolomites are mainly mesocrystalline and coarse-grained dolomites (Figure.5-e), 

with a small amount of white plaques. According to the biological combination and the lithology of 

the upper and lower rock layers, the original rocks of this type of dolomite may be for the micrite 

bioclastic limestone, the deposition environment should be an open platform environment. 
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a, Algal limestone, the bioclastic is mainly algae, single polarized light ×5, the second section of Changxing 

Formation; b, Muddy bioclastic limestone, the red shear head refers to foraminifera, the blue arrow refers to 

brachiopod, yellow Arrows indicate shell debris, green shears indicate Chara, single polarized light ×5, 
Changxing group; c, micrite limestone, white arrows indicate sponge bone needles, single polarized light ×5, 

Changxing group; d, microcrystalline Limestone, brachiopods indicated by white arrows, monopolarized ×5, 

Changxing Formation ; e, mesocrystalline dolomite, monopolarized ×5, the third member of Maokou 

Formation; f, bioclastic carbonaceous shale, monopolarized ×5, Longtan group 

Figure 5. Petrological characteristics of profile 

 

5. Sedimentary Facies Research 

The section of the study area is mainly carbonate rock, and its Late Permian is mainly carbonate 

platform and coastal sedimentary environment. The carbonate platform is divided into three subfacies: 

open platform, limited platform and platform edge slope. Carbonate gentle slope deposits 

intermittently. The carbonate gentle slope system in the study area is mainly composed of shallow 

gentle slope subfacies and deep gentle slope subfacies. 

5.1 Coastal sedimentary system 

5.1.1 Coastal Plain  

The coastal plain refers to the coastal zone located above the highest sea level, mainly affected by 

land rivers, and is a distributary channel and inter-channel sediment. Mainly distributed at the bottom 

of Longtan Formation, the lithology is mainly iron, bauxite mudstone mudstone, calcareous mudstone 

and mudstone, horizontal bedding is developed, and a small amount of plant debris is seen. 

5.1.2 Riparian marsh 

Coastal marsh refers to the nearshore zone located above the average sea level, which is less affected 

by seawater and has weaker hydrodynamic conditions. Since the perennial water accumulation leads 

to a warm and humid sedimentary environment, mainly depositing carbonaceous mudstone and coal, 

local storms bring lens sand and silt. It can be seen that more carbonized plant fragments and plant 

rhizome fossils have developed horizontal bedding and biological disturbance structures. Pyrite is 

common and partially nodular (Figure.6-a, b). 

5.2 Carbonate platform deposition system 

According to the paleogeographical location, environmental characteristics and natural conditions, it 

is divided into four types: continental margin platform, marginal platform, sunken platform and 

isolated platform. The platform system in the study area is dominated by the edged platform. 
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5.2.1 Limited platform 

The limited platform is located below the normal wave base. Due to the limited circulation and weak 

hydrodynamics, the horizontal bedding is developed. The main sediment is muddy limestone, and the 

tidal flat and lagoon are very common (Figure.6-c, d). Local high-energy zone shows the development 

of shallows within the platform. 

5.2.2 Open platform 

Open platform is similar to limited terraces and are also located below the normal wave base. Unlike 

limited terraces, open platform have deeper water depths, higher oxygen enrichment, and contain 

large amounts of biological fossils. It mainly deposits bioclastic mudstone limestone, bioclastic 

mudstone limestone, and sandstone limestone. This type of sedimentary facies can be seen in each 

group of the profile. 

5.2.3 Platform edge slope 

The platform edge slope is located in the offshore slope zone of the carbonate platform, the slope can 

reach 30 degrees, and it is located above and below the wave base, mainly composed of various debris. 

The sediments are very unstable and vary greatly in size and shape. The fine-grained rock layer can 

be a layered stratum with a large sliding structure or a wedge-shaped layer, mainly composed of 

limestone and limestone mounds. Rarely developed in the study area. 

5.3 Carbonate gentle slope sedimentary system 

Carbonate gentle slope refers to the area where the edge of the platform is obvious, the slope is less 

than 3 degrees, the upper part is connected to the carbonate platform, and the lower part is connected 

to the basin system. Carbonate gentle slopes are developed in the study area, which can be divided 

into shallow gentle slopes and deep gentle slope sedimentary subfacies according to the normal wave 

base and slope (Figure.6-e, f). 

 

.  

a, Longtan Formation carbonaceous shale see tuffy; b, Longtan Formation mudstone see horizontal bedding; 

c, Tongmakou Formation bioclastic limestone; d, Maokou Formation limestone with calcareous shale; e, 

Longtan Formation see flint mass; f, Longtan Formation Baiyun Limestone 

Figure 6. Field photos 

 

The shallow gentle slope in the study area is located above the normal wave base and is an oxygen-

depleted zone. It is mainly affected by the barriers of near-energy clastic reefs and beaches. It mainly 

deposits thin-medium-thick layered muddy bioclastic limestone with local calcification shale  
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The deep gentle slope extends from the limit of bottom water depth affected by the storm to the basin 

plain. It is a low-water-energy anoxic zone, mainly composed of siliceous band marl, and a large 

number of siliceous nodules and bands can be seen. 

6. Lithofacies and Palaeogeographic Features 

By sorting out the field survey profile data and the geological report of the 1:200,000 research area 

collected, as well as the analysis of the microscopic slices, combined with the rock lithology, color, 

and structural characteristics of the study area, the late southeast margin of the Sichuan Basin was 

late. With a general understanding of the overall distribution of sedimentary facies in the Permian, 

the lithology percentage method was used to analyze the dominant phases of different layers in each 

profile, and the quantitative paleogeographic research method of "single factor analysis and multi-

factor comprehensive mapping" was used for mapping. Determine the boundary of each phase. 

6.1 Lithofacies paleogeographic characteristics of longtan formation 

It can be seen from Figure.7 that there are four sedimentary facies zones in the Longtan Formation in 

the study area, which are shore marsh facies, shallow-water limited platform, deeper open platform 

and deep-water gentle slope. Due to the influence of the First Soochow Movement at the end of the 

Maokou Formation, a large-scale retreat occurred in the study area, and large-scale coastal marsh 

facies began to appear, limiting the platform, open platform, and gentle slope areas to collapse in the 

northeast direction. The main deposits are black carbonaceous shale, silty shale with thin siliceous 

rock, siliceous shale, silty clay rock and coal, and dolomite limestone can be seen. The open platform 

sedimentary facies zone mainly deposits gray-dark gray bright-grained bioclastic limestone and algal 

clastic limestone, with higher bioclastic content; gentle slope deposits are distributed in Chongqing 

Tong 4 well area respectively, the upper part of gentle slope facies deposits and platform facies They 

are connected to each other and are deeper than the platform. They are mainly deposited in dark gray 

siliceous micrite limestone, banded siliceous rock or flint nodule limestone. Flint nodules and flint 

bands are often seen on outcrop sections. 

6.2 Lithofacies paleogeographic characteristics of changxing formation 

 

Figure 7. Lithofacies palaeogeographic map of Longtan formation in the study area 
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It can be seen from Fig. 8 that there are three sedimentary facies zones in the Changxing Formation 

in the study area, which are mainly shallow and shallow water limited platforms, deeper open 

platforms and deep-water gentle slopes. A transgression occurred again in the study area of the 

Changxing period, and the area of limited terraces, open terraces, and gentle slopes increased on a 

large scale compared with the Longtan period. The main deposits are gray-dark gray, medium-thick-

thick layered argillaceous limestone and siliceous limestone, interbedded with very thin layered coal 

bed and shale. Under the background of shallow water open terraces, the main lithology is gray, gray-

brown brilliance bioclastic limestone and algal limestone; the gentle slope deposits are distributed in 

Chongqing Tong 4 well-Fengdu area respectively, and the upper part of the gentle slope facies deposit 

is connected to the platform facies It is deeper than the platform facies, and mainly deposits dark gray 

siliceous banded micrite limestone, banded siliceous rock or flint nodular limestone. Flint nodules 

and flint bands are often seen on the outcrop section. 

 

 

Figure 8. Lithofacies palaeogeographic map of Changxing formation in the study area 

7. Sedimentary Evolution 

Based on the analysis of sedimentary facies in the study area, combined with previous studies, it is 

believed that the Permian in this area has several sea advances and retreats. The sedimentary evolution 

process is described as follows: The late Middle Permian was affected by the Dongwu movement, 

and a sharp retreat occurred resulting in the absence of the Gufeng Formation. Since the Longtan 

Formation, transgression occurred again in the study area. The coastal marsh facies in the early 

Permian period gradually transformed into carbonate platform deposits, and a set of gray-grey black 

microcrystalline limestone was developed. During the Changxing period, transgression continued, 

and carbonate platform sedimentary argillaceous limestone was deposited in the study area. At this 

point, the transgression continued until the Triassic. 
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8. Conclusion 

In this paper, through the field observation of the Permian section in the southeastern margin of the 

Sichuan Basin, combined with the observation of the slice under the indoor microscope, the late 

Permian deposition system in the study area is analyzed in detail, and the following main 

understandings are obtained. 

1）By observing a large number of field profiles and combining sedimentary facies indicators, such 

as sediment lithology, color, sedimentary structure, and paleobiological characteristics, it is believed 

that the study area mainly developed coastal systems, carbonate platform systems, and carbonate 

gentle slopes in the Late Permian System, where the coastal system is divided into coastal marsh and 

coastal plain, the carbonate platform system is divided into three subfacies, namely open platform, 

limited platform and platform edge slope, and the carbonate gentle slope system is divided into 

shallow gentle slope and Deep gentle slope. 

2）The distribution characteristics of sedimentary facies belts in the study area are distributed in strips 

along the east and west. The Longtan Formation mainly develops 4 sedimentary facies zones, from 

south to north, in order from shore marsh facies, limited platform, open platform and deep-water 

gentle slope. Due to the large-scale retreat in the late study area of the Maokou Formation, large-scale 

coastal areas began to appear in the south the shore-swamp facies, confined terraces, open terraces, 

and gentle slopes collapsed to the northeast. The gentle slope deposits were mainly distributed in the 

area of Well Tong 4 in northern Chongqing. In the study area, the Changxing Formation developed 

three sedimentary facies zones, from south to north, which were limited terraces, open terraces and 

deep-water gentle slopes. The transgression occurred again in the Changxing Formation study area, 

and the restricted terraces, open terraces and gentle slope areas were larger than the Longtan period 

the scale has expanded, and gentle slope deposits are mainly distributed in the Tongtong-4-Fengdu 

area in northern Chongqing. 

3）Based on the analysis of sedimentary facies in the study area, combined with previous studies, it 

is believed that the Permian in this area has several sea advances and retreats. The process of 

sedimentary evolution is as follows: due to the influence of the Dongwu movement in the late Middle 

Permian, a sharp retreat occurred resulting in the absence of the Gufeng Formation. Since the Longtan 

Formation, transgression occurred again in the study area. The coastal marsh facies in the early 

Permian period gradually transformed into carbonate platform deposits, and a set of gray-grey black 

microcrystalline limestone was developed. During the Changxing period, transgression continued, 

and carbonate platform sedimentary argillaceous limestone was deposited in the study area. 
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