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Yanshu Yin2 and Mei Chen2*
1CNOOC Research Institute LTD., Beijing, China, 2School of Geosciences, Yangtze University, 
Jingzhou, Hubei, China

Gravity flow deposits record a variety of sedimentary processes preserved 
within depositional systems. However, comprehensive studies on the evolution 
changes of gravity flow depositional architectures from fault-proximal sources 
to rift-distal areas remain limited. In particular, large-scale cases studies 
that systematically integrate different types of gravity flow deposits are still 
lacking. Using data from cores, well logs, and three-dimensional seismic 
reflection, this study focuses on the lithofacies evolution and associated 
sedimentary architectures of the upper of the upper sequence of the Third 
Member of the upper Liushagang Formation in the Weixinan Sag, Beibu Gulf 
Basin, South China Sea. The results indicate that: 1) Lithofacies in the study 
area can be classified into coarse-grained and fine-grained types. Coarse-
grained lithofacies dominate the fault-proximal zone, where conglomerate and 
sandstone account for 79% of the deposits, whereas fine-grained lithofacies 
prevail in rift-distal areas, with mudstone comprising 53%. 2) Coarse-grained 
lithofacies are mainly massive, poorly sorted, and subangular to angular, 
commonly containing floating gravels. In contrast, fine-grained lithofacies 
exhibit decreased gravel content, increased sandy material, and well-developed 
bedding structures such as graded bedding, wavy bedding, convolute bedding, 
ripple lamination, and lenticular bedding. 3) Lithofacies characteristics and 
proportional analysis indicate that debris flow deposits dominate the source-
proximal region, while turbidite deposits represent the main depositional 
environment. 4) Debris flows develop in a divergent fan-shaped geometry, 
whereas turbidity currents form tongue-shaped lobate bodies. 5) These 
lobes are laterally assembled and vertically stacked, with individual lobes 
extending 1.2 km–1.5 km in width. They form the widely distributed thin-
bedded interbedded sandstone-mudstone deposits within the Weixinan Sag. 
Overall, the depositional evolution reflects a shift from topographically elevated, 
fault-proximal debris flows to lower-relief, rift-distal turbidity currents systems. 
The underlying paleotopography exerted strong control on the distribution of 
deposits. These findings provide important insights into sedimentary processes 
in gravity flow systems, especially the development of thin interbedded 
mudstone and sandstone units, and have significant implications for predicting
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sediment distribution and improving hydrocarbon exploration and production 
efficiency.

KEYWORDS

beibu gulf basin, debris, fan-delta, gravity flow, south China sea, turbidite 

1 Introduction

 

 

    
   

 

    
 

   

 

   
   

      
 

   

    

   
   

   

 

2 Regional setting
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FIGURE 1
Regional geological setting. (a–c) Geographic location of the study area, showing the South China Sea, the Beibu Gulf Basin, and the Weixinan Sag. The 
base map in (a–c) was downloaded by GEBCO (General Bathymetric Chart of the Oceans) gridded bathymetric data, 2025. (d) Sedimentary setting of 
the Weixinan Sag (modified from Liu et al. (2023)). (e) Stratigraphic characteristics of the Liushagang Formation. (f) Tectonic setting of the Liushagang 
Formation.

  

  

3 Materials and methods
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FIGURE 2
Examples of typical sedimentary structures in the proximal fault zone. (a) well A7, 2047.5 m, coarse sandstone containing floating gravel. (b) well A6, 
2076.2 m, fine conglomerate containing floating pebbles. (c) coarse sandstone containing floating gravel. (d) mudstone embedded in coarse 
sandstone in torn shapes. (e) mudstone embedded in coarse sandstone in torn shapes. (f) well A5, 2041.5 m, Basal graded bedding interval. (g) well A8, 
2013.3 m, wavy bedding interval of Bouma Sequence. (h) well A8, 2053.8 m, wavy bedding interval of Bouma Sequence. (i) well A9, 2027.6 m, reddish 
brown bioturbation in medium sandstone. (j) bioturbation in minor cross-bedding fine sandstone.

 

 

4 Results

4.1 Lithofacies

4.1.1 Observation
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FIGURE 3
Examples of typical sedimentary structures in the distal rift area. (a) well B7, 2614.59 m, massive bedding developed in the Ta division. (b) well B7, 
2610.19 m, cross-bedding developed in the Ta division. (c) well B17, 2049.6 m, Parallel bedding developed in the Ta division. (d) well B7, 2616.19 m, 
deformation structure. (e) well B17, 2973.89 m, deformation structure. (f) well B17 2882.32 m, bioturbation in sandy-muddy deposits. (g) well B17, 
2979.16 m, reddish bioturbation in silty deposits. (h) well B13, 3129.0 m, fine sandstone with floating gravel, indicating debris flow deposits. (i) well B13, 
3136.59 m, coarse sandstone with floating gravel, indicating debris flow deposits.

 

   

 

 

4.1.2 Interpretation
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FIGURE 4
Lithofacies types, main components, sedimentary structures, indicative sedimentary facies, and typical core photos in the study area.
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FIGURE 5
Depositional microfacies types and their characteristics: lithology, sedimentary structures, rhythm patterns, typical well-log responses, and 
representative core examples.

       

4.2 Sedimentary facies

4.2.1 Main types of sedimentary facies

     

 

  

 

4.2.2 Distribution of sedimentary facies
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FIGURE 6
Connected-well facies profiles along the provenance direction (location is shown in Figure 1c).

FIGURE 7
Connected-well facies profiles in the cross-provenance direction (location is shown in Figure 1c).
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FIGURE 8
Seismic attribute analyzing. (a–c) Minimum amplitude maps for the Upper L3I, Lower L3I, and L3II members. (d) Relationship between minimum 
amplitude and sand-shale ratio.

TABLE 1  Scales of lobes at different hierarchies in the Upper L3I, Lower L3I, and L3II members.

Layers Average maximum width 
of the lobe system (m)

Average maximum width 
of lobe complex (m)

Average maximum width 
of the single lobe (m)
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FIGURE 9
Sedimentary facies map of the Upper L3I (a), Lower L3I (b), and L3II (c) members. (d) a lobe system from L3I-1; (e) a lobe complex from (d); (f) an 
individual lobe from (e).

4.3 Architecture of sedimentary facies

4.3.1 Morphology of sediment units

   

 

  

 

4.3.2 Stacking pattern
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FIGURE 10
Planar and vertical stacking patterns of fan-delta front lobes and turbidite lobes.

5 Discussion

5.1 Evolution of gravity flows

 

   

  

5.2 Controls and pattern of gravity flow 
deposits
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FIGURE 11
Variations in architectural-element stacking patterns with distance from the provenance area in the Upper L3I, Lower L3I, and L3II members.
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FIGURE 12
(a) Relative paleogeomorphology before the deposition of Liushagang Formation; (b) Well-connected seismic profile from proximal to distal.

5.3 Implications of gravity flow deposits 
consisting of interbedded thin sandstones 
and mudstones
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FIGURE 13
Sedimentary model of the fan-delta lobe to turbidite lobe system.

   

     

 

   

 

6 Conclusion
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