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Abstract. Benxi formation is the main gas producing strata in Ansai gas field. In 

order to clarify the characteristics of sedimentary microfacies and exploration 

prospects in this area, based on the interpretation of core and logging data, 

combined with sample analysis and testing, the distribution characteristics of 

sedimentary microfacies and sand bodies in Benxi formation were studied. The 

results show that the sedimentary rocks in Benxi formation are mainly medi-

um-fine grained quartz sandstone, with a small amount of debris quartz sand-

stone. Tidal flat sedimentary system is mainly developed in Benxi formation, and 

three sedimentary microfacies are further divided into sand flat, mixed flat and 

mud flat. The distribution of sand flats is limited, and the sand bodies are scat-

tered in the sedimentary area in patch form, so the connectivity is poor. Only in 

the mid-west, the connectivity of sand bodies is relatively good. The distribution 

of sand bodies in Benxi formation is much more complicated than previously 

thought. Benxi formation is a tidal flat-delta composite sedimentary body, and 

tidal action has obvious destruction and redistribution effects on preexisting delta 

sand bodies. The favorable zones are mainly distributed in the vast middle sand 

flat. 

Keywords: Ansai gas field, Benxi formation, sedimentary microfacies, explo-
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1 Introduction 

Under the action of Hercynian tectonic movement, the uplift and denudation of Ordos 

Basin ended, and Benxi formation, a transitional phase between land and sea, was 

deposited. The Upper Carboniferous Benxi formation is not only an important gas 

source series in Ordos Basin, but also a large-scale sand body. Although the discovery 

of oil and gas shows in Benxi formation has a long history, its oil and gas exploration is 

restricted by the lack of understanding of sedimentary microfacies and sand body 

development law. The preliminary study shows that the theory of natural gas accu-

mulation in Benxi formation is completely different from that of large shallow-water 

delta sedimentary accumulation in Shanxi-Shihezi formation. Its sand body is obvi- 
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ously affected by the current environment, and the tidal transformation has cut the sand 

body into sand dams, and its reservoir-forming mode is mostly internal reser-

voir-forming. Tidal flat-barrier island system can be used as a favorable reservoir sand 

body[1-4]. The hydrodynamic conditions of the sedimentary system in Benxi formation 

are complex, which can be influenced by tides, waves and rivers at the same time, and 

its sedimentary lithology is changeable, which can form sandstone, mudstone and coal, 

making the sedimentary characteristics of the barrier coastal system one of the diffi-

culties in research[5 -7]. 

The predecessors have done a lot of research on Benxi formation in Ordos Basin, 

and think that the southeast of the basin belongs to the barrier coastal sedimentary 

system, which consists of tidal flat in the west and barrier-lagoon and shallow shelf in 

the east, but most of the research is only based on the overall sedimentary distribution 

law, and the vertical sequence and sedimentary characteristics of tidal flat sedimentary 

microfacies have not been systematically summarized except barrier sand bars[8-12]. 

Unclear understanding of the genesis of sand bodies leads to difficulties in sand body 

prediction and restricts exploration and deployment. In this study, the characteristics of 

sedimentary microfacies and the distribution of sand bodies in Benxi formation are 

analyzed comprehensively by using core and logging data and combining with outcrop 

investigation in adjacent areas, which provides geological basis for natural gas explo-

ration in Benxi formation(Fig. 1). 

 

Fig. 1. The geotectonic division of Ordos basin and the location of the study area 

2 Geological Setting 

The sedimentary filling of Ordos basin in the late Paleozoic was mainly controlled by 

the subduction and subduction of the oceanic plate in the Xingmeng trough on the 
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north, the Qinqi trough on the south and the southwest. At the end of Ordovician, 

influenced by Caledonian tectonic movement, Ordos area and even the main body of 

North China Craton evolved into uplift area. Benxi formation is covered on the 

weathering crust at the top of carbonate rocks in Majiagou Formation of Ordovician. 

The lithology is mainly dark gray or grayish black shale and light gray or grayish white 

quartz sandstone, with limestone and coal seams, and iron-aluminum clay rocks at the 

bottom. The total sedimentary thickness is generally 40-70m. Its distribution is con-

trolled by the central paleouplift of the basin, and it is semi-circular with an opening to 

the east on the east side of the paleouplift, and its thickness gradually increases from 

west to east. The Late Paleozoic strata are Benxi formation, Taiyuan, Shanxi, Shihezi 

and Shiqianfeng from bottom to top. Benxi formation is the first set of strata dominated 

by clastic rocks after the end of carbonate-dominated sedimentary strata in the early 

Paleozoic in the epicontinental sea of North China, which was formed in the back-

ground of re-transgression after the North China Craton was exposed and weathered by 

about 150Ma in the late Caledonian[5-7]. 

3 Sedimentary Characteristics 

Combined with the regional sedimentary background, according to the comprehensive 

analysis of rock type, sedimentary structure, structure, sedimentary cycle, 

rock-electricity combination and logging data, it is considered that tidal flat sedimen-

tary system is mainly developed in Benxi formation, Ansai gas field, and its sedimen-

tary sand bodies mainly come from the remoulding of northern delta sand bodies by 

waves and tides[8-10]. 

3.1 Petrology 

The sedimentary rocks in Benxi formation are simple, mainly terrigenous clastic rocks, 

accompanied by a small amount of carbonate rocks. Clastic rocks in Benxi formation 

include mudstone, siltstone, sandstone and gravelly sandstone, etc(Fig. 2). Its lithology 

is mainly quartz sandstone, with a small amount of lithic quartz sandstone. Thin coal 

measures developed in the upper part of the formation, indicating that the sedimentary 

environment was humid and warm at that time. Clastic rocks are mostly medi-

um-grained, with less coarse-grained debris relative to medium-grained, medium-sized 

sediments, and good roundness of particles, most of which are sub-circular and round, 

indicating that the hydrodynamic conditions in its sedimentary environment are strong. 

Most of the sediments are supported by particles, but few are supported by het-

ero-groups. 
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Fig. 2. Sedimentary Characteristics of Benxi formation in Ansai gas field 

Coarse-medium sandstone with fine gravel, Y336, sand flat; B-Gray medium sand-

stone, Y750, sand flat; C-Argillaceous sandstone, wave bedding, Y335, mixed flat; 

D-Medium quartz sandstone, Y1307, sand flat; E-Gray medium sandstone with high 

pyrite, sand flat; F-Dark gray mudstone, Y750, mud flat. 

3.2 Sedimentary Microfacies 

Clastic tidal flat deposits are developed in Benxi formation of Ansai gas field, mainly 

including sand flat and sand-mud mixed flat, and a small amount of mud flat microfa-

cies (Fig.3). 

The microfacies of sand flat are gray quartz, debris quartz coarse sandstone and 

medium coarse sandstone, with a slight positive cycle. The grain size gradually changes 

from coarse sandstone to medium coarse sandstone from bottom to top, and the particle 

sorting is general, and the roundness is sub-circular, mainly supported by particles. The 

common sedimentary structure combinations are pinnate cross bedding, trough cross 

bedding, plate cross bedding and sand cross bedding. Plate cross bedding and feather 

cross bedding are common in the lower part of sand flat deposition, while sand grain 

bedding is more common in the upper part. GR of sand flat deposits is mostly 

box-shaped or toothed bell-shaped with medium and high amplitude, and natural 

gamma of thin sandstone section is finger-shaped (Fig.3). 
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Mud flat microfacies are mainly gray mudstone, silty mudstone and shale, with thin 

siltstone and fine sandstone. Horizontal bedding and wave bedding are developed, 

which are sedimentary products under weak hydrodynamic conditions. Thin coal seams 

can also be seen in some areas. The GR curve of mud flat deposit is basically toothed 

with low amplitude, but in thin sandstone or limestone sections and coal seams, natural 

gamma rays show high amplitude peaks. 

The mixed flat deposits are interbedded with gray mudstone and argillaceous silt-

stone, siltstone and fine sandstone, and transition upwards to black mudstone and coal 

seam. This interbedded deposit is the result of alternating sandy deposits in tidal ac-

tivity period and muddy deposits in diverticular period. From bottom to top, due to the 

gradual weakening of hydrodynamic conditions and the gradual increase of argilla-

ceous content, there are often changes in vein bedding, wavy composite bedding and 

lenticular bedding. 

 

Fig. 3. Sedimentary microfacies analysis of single well in Benxi formation, Ansai gas field 

3.3 Distribution characteristics of sand bodies and sedimentary microfacies 

The correlation profile and sedimentary microfacies distribution map of sand bodies 

in Benxi formation show that the distribution of sand flats is limited, and the sand 

bodies are scattered in the sedimentary area in patches, with poor spatial connectivity. 

Relatively large sand bodies are only developed in the southern and northern margins, 
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representing two main provenance inlets, and the original delta sand bodies have been 

completely transformed into scattered lumps by tidal and wave actions. The deposi-

tion range of sand flat in Benxi formation 1 member is slightly expanded, and the 

difference between the east and the west of sand bodies is obvious. The connectivity 

of sand bodies in the middle and west is relatively good, showing a strip shape in the 

north-south direction. Mixed flat and mud flat deposits occupy most areas of Ansai 

gas field (Figs. 4 and 5). 

 

Fig. 4. Sedimentary Microfacies Profile of Benxi formation in Ansai Gas Field 

3.4 Main controlling factors of sand body distribution and exploration 

prospect 

There are many types of cross bedding in Benxi formation, especially sedimentary 

structures reflecting tidal sedimentation. Feather cross bedding, vein bedding, wavy 

bedding, lenticular bedding, soft sediment deformation structure and quartz boulders 

in mudstone show that the intensity of tidal action is greater than previously thought, 

and the range of high-energy tidal action covers almost the whole study area. On the 

other hand, the existence of the northern delta in Ansai gas field shows that the sand 

body is the result of the interaction of tides and rivers. It can be seen that the sedi-

mentary background of the whole study area was a relatively open tidal sand bar-delta 

composite sedimentary environment in Benxi period. Judging from the development 

degree of tidal bedding, the south may have reached the background of tidal range, 

and the distribution of sand dams is mainly controlled by tidal current. The northern 

part may have a moderate tidal range background, and the sand body still retains the 

face of the delta well. The tidal bar-delta composite system with open bay background 

is helpful to re-understand the development and distribution law of sand bodies in 

Benxi formation, and also implies that the exploration in Benxi formation may need 

to break through the previous ideas in the future. The distribution of sand bodies in 

Benxi formation is much more complicated than previously thought. From the point 
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of view that the high-quality sand bodies of this system are mainly developed in the 

lower part of intertidal zone and the upper part of subtidal zone, the favorable zones 

are mainly distributed in the vast middle sand flat. In the search for future exploration 

targets, it is necessary to strengthen the study on the change of tidal current and its 

transformation degree to the delta and the migration track of low tide surface during 

the sea level change in Benxi period. 

 

Fig. 5. Distribution characteristics of sedimentary facies in Benxi formation of Ansai gas field 

4 Conclusion 

(1)The sedimentary rocks in Benxi formation of Ansai Gas Field are mainly medi-

um-fine grained quartz sandstone, with a small amount of lithic quartz sandstone, and 

the sediments are moderately sorted, with good particle roundness and particle sup-

port, which reflects the strong hydrodynamic conditions in the sedimentary environ-

ment. 

(2)Tidal flat sedimentary system is mainly developed in Benxi formation in the 

middle of Ordos Basin, and three sedimentary microfacies are further divided into 

sand flat, mixed flat and mud flat. 

(3)The correlation profile of sand bodies in Benxi formation and the distribution 

map of sedimentary microfacies show that the distribution of sand flats is limited, and 

the sand bodies are scattered in the sedimentary area in patches, with poor spatial 

connectivity. Only in the central and western regions, the connectivity of sand bodies 

is relatively good, showing a strip shape in the north-south direction. 

(4)The distribution of sand bodies in Benxi formation is much more complicated 

than previously thought. The favorable zones are mainly distributed in the vast middle 

sand flat. In the search for future exploration targets, it is necessary to strengthen the 

Sedimentary Microfacies and Exploration Prospect of Benxi Formation             381



study on the change of tidal current and its transformation degree to the delta during 

the sea level change in Benxi period. 

References 

1. Holmes A. Principles of physical geology. Geologiska Foereningan Stockholm. Foerhan-

dlingar, 1945, 67(1): 115-116. 

2. Carter RWG, Orford JD, Forbes DL, et al. Gravel barriers headlands and lagoons; an evo-

lutionary model. ASCE, Coastal Sediments, 1987, (2)1776-1792. 

3. Hoy RG, Ridgway KD. Sedimentology and sequence stratigraphy of fan-delta and riv-

er-delta deposit systems, Pennsylvanian Minturn Formation, Colorad. AAPG Bulletin, 

2003, 87(7): 1169-1191. 

4. Deynouxa M, Inerb A, Olivier M, et al. Facies architecture and depositional evolution of 

alluvial fan to fan- delta complexes in the tectonically active Miocene Kfipr Oqay Basin, 

Isparta Angle, Turkey. Sedimentary Geology, 2005, 173(1-3): 315-343. 

5. Su DX, Bill Y, Li SL, etc. Sedimentary characteristics and distribution law of barrier coast 

in Benxi formation, southeastern Ordos Basin. Natural Gas Industry, 2017,37(09):48-56. 

6. Jia LB, Zhong DK, Sun HT, et al. Discussion on the provenance of sediments in Benxi 

formation, Ordos Basin and its tectonic significance. Acta Sedimentary Sinica, 

2019,37(05):1087-1103. 

7. Zhai YH, He DF, Ma JH, et al. Late Carboniferous Benxi tectonic-sedimentary environment 

and prototype basin characteristics in Ordos Basin and its adjacent areas. Geological Sci-

ence, 2020,55(03):726-741. 

8. Feng JP, Ouyang ZJ, Chen QH, et al. Sedimentary characteristics of Upper Carboniferous in 

Ordos Basin and its surrounding areas. Journal of Palaeogeography, 2021,23(01):53-64. 

9. Jian L, Zhang CL, Jiang FJ, et al. Main controlling factors of tight gas enrichment in Upper 

Carboniferous Benxi formation in Ordos Basin. Natural Gas Industry, 2021,41(04):30-40. 

10. Wang RG, Zhou JS, Du YH, et al. Carboniferous-Permian sedimentary evolution model of 

Yan 'an gas field in southeastern Ordos Basin. Geological Science, 2021,56(04):1088-1105. 

11. Xi YY, Wen ZG, Zhao WB, et al. Geological characteristics and enrichment law of shale 

gas in Carboniferous Benxi formation, eastern Ordos Basin. Natural Gas Geoscience, 

2022,33(12):1936-1950. 

12. Niu XB, Zhao WB, Shi YH, et al. Gas accumulation conditions and exploration potential in 

Benxi formation, Ordos Basin. Acta Petrolei Sinica, 2023,44(08):1240-1257. 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

382             D. Wu et al.

http://creativecommons.org/licenses/by-nc/4.0/

	Sedimentary Microfacies and Exploration Prospect of Benxi Formation in Ansai Gas Field, Ordos Basin

