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Abstract Deltaic systems represent one of the major hydrocarbon reservoir types worldwide. However, 
limited studies of braided-meandering transitional deltas hinder accurate characterization of deltaic sedi-
mentary systems and the efficient development of associated tight-gas reservoirs. Furthermore, this will 
influence tight-gas recovery during the late development stage of the gas field. To address this issue, this 
study focuses on the H8 Member of the Guadalupian Shihezi Formation in the Su X Block of the Sulige Gas 
Field, Ordos Basin, China. An integrated approach combining core observations, well-logging interpretation, 
seismic inversion, and dynamic data validation is employed to investigate the sedimentary evolution pattern 
of the braided-meandering transitional delta system. The main findings are as follows: 1) The delta plain is 
dominated by braided and meandering distributary channels, which are classified into braided channels 
(sinuosity index <1.3) and meandering channels (sinuosity index >1.3) according to channel sinuosity index. 2) 
As the base level rises, the braided distributary channels on the delta plain gradually transition to meandering 
distributary channels. 3) The sand bodies of braided distributary channels are characterized by a cut-and-fill 
pattern, containing gas-rich reservoirs with higher productivity than those in meandering channels. This study 
proposes a pattern in which the distributary channels on the delta plain undergo an overall transition from 
braided to meandering patterns with the local coexistence of both channels. The findings provide a robust 
theoretical basis for characterizing analogous river-dominated deltaic sedimentary systems and offer 
meaningful geological guidance for enhancing tight-gas recovery efficiency and optimizing reservoir devel-
opment strategies in similar petroliferous basins worldwide.
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1. Introduction

Deltaic reservoirs have long been recognized as 
key targets in global oil and gas exploration and 
development, occurring widely in numerous basins 
such as the Nile Delta Basin (Shehata et al., 2023), the 
Niger Delta Basin (Ignatius et al., 2025), the Tarim 

Basin (Zhu et al., 2016), and the Ordos Basin in China 
(Chu et al., 2023; Pang et al., 2024). The delta plain 
subfacies, characterized mainly by distributary chan-
nels and interchannel, is dominated by 
sandstone—mudstone interbedding and peat swamp 
deposits (Syvitski et al., 2005). In river-dominated 
deltas, frequent channel migration and avulsion, 
together with localized fine-grained deposition in 
interchannel or abandoned channel, lead to significant 
vertical and lateral heterogeneity in reservoir prop-
erties (Leila and Moscariello, 2018; Fawad et al., 
2023). This heterogeneity not only controls hydrocar-
bon accumulation and distribution, but also affects 
fluid flow during production, complicating the spatial 
pattern of remaining hydrocarbons (Wang et al., 2022; 
Yang et al., 2023). Therefore, accurately character-
izing distributary channels and their internal archi-
tectures within delta plains is essential for reducing 
exploration risk and enhancing the efficiency of 
reservoir development (García-García et al., 2011; Xu 
et al., 2025).

Extensive research has been carried out on the 
sedimentary processes and architectural distribution 
characteristics of typical braided-river and 
meandering-river deltas, and relatively systematic 
sedimentary architecture models have been estab-
lished (Coleman and Wright, 1975; Galloway, 1975; 
McPherson et al., 1987; Postma, 1990; Moyano Paz 
et al., 2020; Celis et al., 2021; Chapkanski et al., 
2025). However, numerous distributary channels on 
river-dominated delta plains are not typical braided or 
meandering types, but rather transitional forms be-
tween meandering and braided channels, namely 
braided-meandering transitional deltas (García-
García et al., 2011; He et al., 2014). At present, re-
searchers have employed satellite imagery, outcrop 
investigations, and other approaches to examine the 
planform morphology and sedimentary sequences of 
braided-meandering transitional deltas (Jorgensen

et al., 1990; Bridge, 2003; Li et al., 2022). Never-
theless, the evolutionary pattern of the sedimentary 
architecture in braided-meandering transitional 
deltas has yet to be established.

Integration of well-log and seismic data can 
significantly improve the accuracy of sedimentary ar-
chitecture characterization (Cao et al., 2025; Ehsan 
et al., 2025). In this study, considering Block SU X of 
the Sulige Gas Field in the northern Ordos Basin, China 
as an example, multi-scale architectural character-
ization of braided-meandering transitional delta is 
accomplished by integrating core, logging, seismic, 
and production data. The current study aims to (1) 
characterize the distribution of sedimentary archi-
tecture of distributary channels in the delta plain; (2) 
investigate the effects of base-level variations on the 
evolution of braided-meandering transitional deltas 
and establish an evolutionary pattern; (3) evaluate the 
implications of this pattern for hydrocarbon explora-
tion and development. This study integrates well, 
seismic, and dynamic data to characterize the archi-
tectural distribution and establishes the evolutionary 
patterns of braided-meandering transitional deltas. 
The insights gained from this study provide valuable 
guidance for predicting analogous sedimentary sys-
tems and for enhancing hydrocarbon recovery in oil 
and gas fields with comparable sedimentary settings.

2. Geological setting

The Ordos Basin, located in central China, covers 
an area of approximately 370,000 km 2 (Liu et al., 
2022; Jia et al., 2024). From a structural perspec-
tive, it is located in the western part of the North 
China Craton and constitutes a large, superimposed 
basin with multiple depositional cycles, overlying a 
crystalline basement of Archean to Paleoproterozoic 
age. From north to south, the basin is subdivided into 
six major tectonic units: the Yimeng Uplift, the 
Western Thrust Belt, the Tianhuan Depression, the 
Yishan Slope, the Jinxi Flexural Fold Belt, and the 
Weibei Uplift (Liu et al., 2022; Jia et al., 2024) 
(Fig. 1A). By the depositional stage of the Lopingian 
Shiqianfeng Formation, the Paleo-Asian Ocean along 
the northern margin had closed, initiating continental 
collision, while tectonic subsidence within the basin
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Fig. 1 A) Location and simplified geological map of the Ordos Basin showing major basin features, modified from Yang et al. (2008). The 
blue box highlights the location of the Sulige Gas Field and the green box highlights the location of the research area; B) Comprehensive 
stratigraphic column of the H8 Member, showing the lithological section, log facies of GR and SP and depositional cycle division, modified 
from Yang et al. (2008); C) Well distribution in the study area. The black line represents the planar projection of the horizontal well 
trajectory. LSC: Long-term sedimentary cycle. MSC: Mid-term sedimentary cycle.
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had significantly slowed. The Guadalupian deposi-
tional pattern largely inherited the paleogeographic 
framework established during the deposition of the 
Shanxi Formation, characterized by higher topography 
to the north and south and a relatively depressed 
central basin. The peripheral uplift belts rose rapidly 
and expanded in extent, providing abundant sediment 
supply to the basin (Liu et al., 2020; Chen et al., 
2025). During this period, the basin hosted a variety 
of depositional systems, including alluvial fans, allu-
vial plains, deltas, and shallow lacustrine facies (Guo 
et al., 2025; Tao et al., 2025). Toward the end of the 
Permian, the base level stabilized, lacustrine envi-
ronments expanded―predominantly in the southern 
part of the basin―while tidal flat—lagoon systems 
retreated further south (Guo et al., 2025; Tao et al., 
2025).

The study area is situated in the northern part of 
the Sulige Gas Field, where the primary gas-bearing 
intervals are Carboniferous and Permian (Fu et al., 
2018; Wu et al., 2022). From base to top, the 
Permian strata in this area comprises the Taiyuan 
Formation, Shanxi Formation, Shihezi Formation, and 
Shiqianfeng Formation (Fu et al., 2018; Wu et al., 
2022). The Shihezi Formation is divided into the 
lower and upper formations and further subdivided 
into eight members (H1—H8) respectively, whereas 
the Shanxi Formation consists of two members (S1—S2) 
(Fig. 1B). The present study targets the H8 Member, 
which has a thickness of approximately 60—85 m and 
occurs at depths of 3245—3390 m. Structural noses are 
locally developed, whereas faults are rare (Yin et al., 
2018). The regional structural gradient dips from 

northeast to southwest with ~0.03 rad (Yang et al., 
2008). Core and wireline logging data indicate that 
the H8 Member is a rising long—term cycle, comprising 
one complete and one rising medium—term cycle (Zhu 
et al., 2023).

3. Dataset and methodology

3.1. Dataset

By June 2024, a total of 293 wells had been drilled 
in the study area, including 33 vertical wells, 21 pilot 
wells, and 228 horizontal wells, of which 11 are side-
tracked horizontal wells (Fig. 1C). The Su X Block of 
the Sulige Gas Field has been developed using a reg-
ular horizontal well pattern with a spacing of 
600 m × 1200 m.

Seismic coverage in the study area comprises 17 2-
D survey lines totaling 253 km, corresponding to a 
regular acquisition grid spacing of ~1.2 km × 2.4 km

(Fig. 1C). The post-stack 2-D seismic data are char-
acterized by a dominant frequency of 19.5 Hz and a 
bandwidth of 8—29 Hz. The distribution of 2-D seismic 
lines is shown in Fig. S1, the processed seismic profiles 
are shown in Fig. S2, and the complete gamma-ray 
(GR) dataset is shown in Fig. S3 of the Supplemen-
tary Material.

In addition, a substantial suite of production per-
formance datasets is available, including bottom-hole 
pressure measurements, daily individual-well gas-
production records, and quantum dot tracer (QDT) 
test results. This integrated dataset provides a robust 
multi-disciplinary foundation for sedimentary archi-
tecture analysis.

3.2. Seismic data processing and inversion

For clarity, the workflow is subdivided into three 
components (Fig. 2A, B and C). Seismic responses in 
the target zone are significantly affected by the re-
sponses of the neighboring zones (Li et al., 2023). 
Multi-wavelet decomposition and reconstruction 
technology (Ricker, 1953; She et al., 2013) were 
employed to suppress the strong reflections from the 
thick coal seams beneath the target interval, thereby 
improving the quality of seismic data (Fig. 2A). This 
analysis was implemented using GeoScope 3.7.3 soft-
ware. The original seismic volume was decomposed 
into 400 atoms. After removing the first two atoms, 
the remaining atoms were reconstructed to generate a 
new seismic volume.

Artificial neural networks (ANNs) have been widely 
and successfully applied in the field of seismic inver-
sion, improving the interpretation accuracy of
research targets (Côrte et al., 2020; Mousavi et al.,
2024; Yue et al., 2025a). Specifically, the seismic 
inversion adopted in this study was realized using the 
back-propagation neural network (BPNN) (Fig. 2A). 
The BPNN model for seismic inversion in this study 
adopted a three-layer structure (input-hidden-
output), which included one hidden layer with 13 
neurons―this configuration was determined as the 
optimal solution by comparing different numbers of 
hidden layers and neurons. The hyperparameters 
included sigmoid (hidden layer) and linear (output 
layer) activation functions, the BP algorithm, and 
training stopping criteria (max 1000 epochs, target 
MSE 1 × 10 −4 , early stop if MSE unchanged for 50 
consecutive epochs). Model validation was conducted 
via 5-fold cross-validation, where quantitative metrics 
showed good performance with R 2 = 0.92 and RMSE = 8 
API between predicted and actual GR logs. The BPNN 
exhibits superior inversion performance with a coef-
ficient of determination (R 2 ) of 0.92 and a root mean
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square error (RMSE) of 8 API, significantly out-
performing the support vector machine (SVM, 
R 2 = 0.89, RMSE = 9.4 API) and the enhanced artificial 
neural network (EANN, R 2 = 0.84, RMSE = 10.1 API). 

The seismic inversion profile constrained by GR 
logging curves was employed to characterize the 
lateral distribution of architectural elements in the H8 
Member. Specifically, the red (Fig. 3A), green (Fig. 3B), 
and blue (Fig. 3C) inversion responses correspond to 
distributary channels, overbanks, and interchannels, 
respectively.

3.3. Architectural characterization from well
data

Utilizing well data for architectural characteriza-
tion is the most commonly used method in sedimen-
tary research (He et al., 2013; Kulga et al., 2018; Chen 
et al., 2023). Furthermore, horizontal wells provide 
abundant lateral information and enable the identifi-
cation of architectural boundaries. Therefore, the 
integration of vertical and horizontal well data for 
architectural characterization has greatly reduced the 
uncertainty in predicting the scale and distribution of 
reservoir architectural elements (Fig. 2B). The

specific steps are as follows: (1) Single-well architec-
tural division is completed based on the interpretation 
conclusions of oilfield experts (Table 1); (2) After 
determining the sedimentary architecture of vertical 
wells, adjacent horizontal wells are used to charac-
terize the lateral distribution of the architecture. 

The application of quantitative geometric re-
lationships can guide the characterization of sedi-
mentary architecture (Leeder, 1973; Lorenz et al., 
1985; Wang et al., 2017; Yue et al., 2018, 2025b; Li 
et al., 2023). The depth of distributary channels is 
obtained through compaction rate calculation and 
correction (Wang et al., 2017). The empirical geo-
metric relationship for the width of active channels is 
derived from Leeder (1973); the empirical geometric 
relationship for single channel belts is derived from 
Lorenz et al. (1985); and the empirical geometric 
relationship for point bar spans from Yue et al. (2018). 
In braided distributary channels, the length and width 
of braided bars as well as the number of braided bars 
in areas lacking well control are constrained by the 
empirical geometric relationship from Li et al. (2023). 
These quantitative geometric relationships serve as 
essential constraints on the predicted distribution and 
scale of sedimentary architecture.

Fig. 2 Workflow diagram outlining the methodology for multi-level architecture characterization of delta plain. It consists of three main 
methods: seismic data processing and inversion (workflow element A), architectural characterization from well data (workflow element B), 
and dynamic data validation (workflow element C).
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3.4. Dynamic data validation

Dynamic data, such as gas reservoir pressure (Wang 
et al., 2025), initial daily gas production (He et al., 
2013), and quantum dot tracer tests (Silva et al., 
2025), are commonly used to validate the results of 
sedimentary architecture characterization. Within the 
same architectural elements, the pressure and daily 
gas production of production wells decrease annually 
due to the high internal connectivity of sand bodies 
(Deng et al., 2003). Therefore, the characterization of 
these architectural elements can be verified by

comparing the pressure and initial daily gas produc-
tion of production wells commissioned at different 
times (Fig. 4A). The QDT quantitatively characterizes 
the production contribution rate of each fracturing 
stage in horizontal wells by labeling gas and water in 
the reservoir (Gao et al., 2018; Silva et al., 2025). 
Given that the physical properties and gas-bearing 
capacity of point bars are superior to those of aban-
doned channels (Winkels et al., 2022), QDT was 
employed to validate their characterization in this 
study (Fig. 4B). The QDT test was conducted over a 2-
month period from May 28 to July 28.

Fig. 3 Seismic inversion profile constrained by GR logging curves. A) The red inversion response (GR: 0—80 API) indicates distributary
channels; B) The green inversion response (GR: 80—120 API) indicates overbanks; C) The blue inversion response (GR: 120—160 API) indicates
interchannels. RD: Deep investigate double lateral resistivity log.

Table 1 Identification criteria for the architectural elements in the Shihezi Formation H8 Member of the study area.

Architecture elements GR/(API) TG/(%) Logging rock debris

Point bar 25~102 (61.2) 0.4—12 (3.02) Coarse sandstone
Abandoned channel 43~95 (76.1) 0.07—12 (0.15) Fine sandstone
Braided bar 25~82 (58.5) 0.4—12 (3.95) Gravelly coarse sandstone, coarse sandstone 
Braided channel 24~94 (78.8) 0.1—12 (0.19) Fine sandstone, medium sandstone 
Overbank 94~110 (104.3) 0.07—0.29 (0.16) Siltstone, argillaceous siltstone
Interchannel 110~162 (128.4) 0.07—0.24 (0.12) Mudstone, silty mudstone

TG: Total gas, %. 25—102(61.2) represents the maximum value and the minimum value with the averages given in parentheses.
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4. Results

4.1. Core characteristics of architecture
elements

Braided and meandering distributary channels 
exhibit marked differences in lithology, sedimentary 
structures, and other characteristics (Fig. 5A, B and C).

The lithology of meandering distributary channels 
exhibits a downward-to-upward sequence of coarse 
sandstone, medium sandstone, fine sandstone, and 
minor argillaceous fine sandstone. The sedimentary 
structures are dominated by trough cross bedding, 
wedge-shaped cross bedding, and parallel bedding in 
an upward succession, respectively (Fig. 5A). The sand 
body thickness generally exceeds 3 m, with a pre-
dominantly positive grain-size rhythm. The interior of

Fig. 4 Verification of architectural elements by using dynamic data. A) The original wellhead pressure decreased 9.88 MPa in Well 74—64H 
commissioned in 2017 compared with Well 74—62H commissioned in 2012 and the initial daily gas production decreased 1.48 × 10 4 m 3 /d, 
indicating high internal connectivity within the point bar; B) QDT production profile. The gas production contribution rates of fracturing 
stages 1, 2, and 4 (located within the point bar) are 28.1%, 34.3%, and 28.8%, respectively, whereas that of fracturing stage 3 (in the 
abandoned channel) is only 8.8%. This indicates that the gas production contribution rate of the abandoned channel is significantly lower 
than that of the point bar. GR: Gamma-ray, API (American Petroleum Institute units); TG: Total gas, %.
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Fig. 5 Typical sedimentary sequences and core photographs of distributary channels in the H8 Member of the Shihezi Formation. A) 
Meandering distributary channels; B) Braided distributary channels; C) Core photographs of Wells 10—18 and 87—60 demonstrating the 
lateral facies changes among braided-dominated, transitional, and meandering-dominated zones. ① and ②: Core photographs of 
meandering distributary channel; ③ and ④: Core photographs of braided-meandering transitional distributary channel; ⑤ and ⑥: Core 
photographs of braided distributary channel.
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meandering distributary channels can be further sub-
divided into point bars and abandoned channels, 
where the point bar sand bodies are thicker and 
coarser-grained than those in abandoned channels. 

Vertically, braided distributary channels consist of 
gravelly coarse sandstone at the base, overlain by 
medium and fine sandstone. Trough and tabular cross-
bedding are prevalent, with distinct erosion surfaces 
at the channel base indicative of strong hydrodynamic 
conditions (Fig. 5B). Sand bodies are predominantly 
homogeneous in rhythm and usually thicker than 
3.5 m. Further internal division reveals braided bars 
and braided channels, where braided bar sand bodies 
are characterized by greater thickness and coarser 
grain size compared to braided channel sand bodies. 

Overbank deposits can be subdivided into natural 
levees and crevasse splays. The lithology of natural 
levees consists of argillaceous siltstone, siltstone, and 
fine sandstone. The sand body thickness is generally 
less than 2 m, without obvious rhythmicity. The li-
thology of crevasse splays includes medium sandstone 
and fine sandstone; the sand body thickness ranges 
from 2 to 3 m (Table 2).

The lithology of interchannel is dominated by 
mudstone and silty mudstone, in which carbonaceous 
laminae and plant stem-leaf fossils are preserved. 
Sedimentary structures are mainly massive bedding, 
with wavy bedding occasionally observed (Table 2).

4.2. Architecture distribution of braided-
meandering transitional delta

Following the forward architectural characteriza-
tion method detailed in Sections 3.2, 3.3, and 3.4, the 
spatial distribution of architectural elements was 
identified. The meandering river delta plain subfacies 
is well developed in H8-2 zone (Fig. 6A). The 
meandering distributary channels strike nearly in the

northeast-southwest direction, with a total of five 
channels identified. These channels exhibit a strip-
shaped distribution pattern, with widths ranging 
from 1000 to 3000 m and an average width of 
approximately 1750 m. Internally, the point bars 
within the meandering distributary channels span 
700—2750 m, with a mean span of about 2120 m. In 
contrast, the abandoned channels have widths varying 
from 450 to 510 m, with an average width of roughly 
475 m.

The braided-meandering transitional delta plain 
subfacies is well developed in H8-3 zone (Fig. 6B). The 
distributary channels in this zone strike nearly north-
south. The meandering distributary channels are 
developed in the mid-left part of the study area and 
situated between two braided distributary channels. 
The width of the meandering distributary channel is 
approximately 1820 m. In comparison, the braided 
distributary channels exhibit a banded or wide-banded 
distribution pattern, with a total of five distributary 
channels identified. Their widths range from 1050 to 
3200 m, with an average width of about 2100 m.

The braided river delta plain subfacies is well 
developed in H8-5 zone (Fig. 6C). The braided dis-
tributary channels strike nearly north-south, with a 
total of eight channels identified. These channels 
exhibit a laterally connected sheet-like distribution 
pattern, which reflects the sedimentary characteris-
tics of lateral migration of braided distributary chan-
nels. Their widths range from 1000 to 4100 m, with an 
average width of approximately 2850 m.

Distinct differences exist in the structural char-
acteristics of different types of distributary channel 
sand bodies. The meandering distributary channel 
sand bodies are relatively thin and dominated by iso-
lated vertical distribution, whereas the braided dis-
tributary channel sand bodies are thicker and 
primarily characterized by vertically incised and

Table 2 Characteristics of different architectural elements in the H8 Member of the study area.

Architectural elements Lithology Sedimentary structure Thickness of the sandstone

Distributary channels Meandering channel Coarse sandstone 
Medium sandstone
Fine sandstone

Trough cross bedding 
Wedge-shaped cross bedding 
Parallel bedding

>3 m

Braided channel Gravelly coarse sandstone 
Medium sandstone
Fine sandstone 

Erosion surface
Trough cross bedding 
Tabular crossing bedding 

>3.5 m

Overbank Natural levee Argillaceous siltstone 
Siltstone
Fine sandstone

Wavy bedding
Parallel bedding

<2 m

Crevasse splay Fine sandstone
Gravel medium sandstone 

Wavy bedding 
Parallel bedding 

2~3 m

Interchannel Mudstone
Silty mudstone

Massive bedding 
Wavy bedding

/
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Fig. 6 A) Distribution of architectural elements of the meandering delta plain in H8-2 zone; B) Distribution of architectural elements of the
braided-meandering transition delta plain in H8-3 zone; C) Distribution of architectural elements of the braided delta plain in H8-5 zone; D)
The seismic inversion of profile aa’ constrained by GR logging curves provided critical supplementary evidence for validating the lateral
facies interpretation in Fig. 6A—C. Areas with lower values (represented by red and yellow) were defined as distributary channels, whereas
areas with relatively higher values (represented by blue) were identified as interchannels; E) The distribution of distributary channel sand
bodies of profile aa’.
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superimposed distribution patterns (Fig. 6D and E). 
Within the H8-3 and H8-4 zones, the thickness of the 
intermediate meandering distributary channel sand 
bodies is significantly thinner than those of the adja-
cent braided distributary channel sand bodies (Fig. 6D 
and E), which further indicates the development of 
braided-meandering transitional distributary channels 
in these two zones.

5. Discussion

5.1. Evidence of the braided-meandering
transition delta

5.1.1. The sinuosity index and rhythmic 
characteristics of distributary channel sand bodies

Schumm (1963) outlined methods for calculating 
river width-to-depth (W/D) ratios (Equation (1)) and 
channel sinuosity index (Equation (2)) based on bed-
material grain size. The threshold sinuosity index of 
1.3 proposed by Li et al. (2017) serves as the demar-
cation criterion for braided and meandering channels. 
The sinuosity index of distributary channels in 
braided-meandering transitional deltas ranges from 

1.14 to 1.4, which is consistent with our architectural 
characterization results (Fig. 7A). This value differs 
from the threshold of 1.15 for distributary channels 
obtained by Yang et al. (2024) in the shallow-water 
delta plain of the Huagang Formation, Xihu Sag, East 
China Sea. This discrepancy may be attributed to 
variations in hydrodynamic conditions and sediment 
supply between the two basins. Therefore, for deltas 
in different regions, it is necessary to statistically 
analyze reasonable threshold values to distinguish 
between braided distributary channels and 
meandering distributary channels.

F = 255M − 1:08 ; F; Width − to

− depth ratio; M; The content of silt and clay; % 

(Equation 1)

P = 0:94M − 1:080:25 ; P; Sinuosity index (Equation 2)

During the transition from braided river deltas to 
meandering rivers deltas, the proportion of sand 
bodies with a positive rhythm gradually increases, 
whereas the proportion of those with a homogeneous 
rhythm exhibits a decreasing trend (Fig. 7B). The 
specific statistical data regarding the proportion of 
different sedimentary rhythm types in each zone of

the H8 Member are listed in Table 3. Braided river 
deltas typically exhibit stronger hydrodynamic condi-
tions and more sufficient sediment supply, which ac-
counts for the observed variation in the rhythm of sand 
bodies (García-García et al., 2011; Celis et al., 2021; 
Winkels et al., 2022). In fluvial systems, sand bodies 
of meandering rivers predominantly exhibit by a pos-
itive rhythm, whereas those of braided rivers are 
dominated by a homogeneous one (Jorgensen, 1990; 
Wang et al., 2017; Li et al., 2023). The sedimentary 
characteristics of distributary channels on the delta 
plain are analogous to those of fluvial deposits, which 
also accounts for this sand body rhythmic pattern.

5.1.2. Comparison of architectural 
characterization and modern analogue

Abundant modern sedimentary analogs have 
documented the transition and coexistence of braided 
and meandering patterns in fluvial systems (La Croix 
et al., 2019). Friend et al. (1993)measured and 
analyzed three rivers in India using satellite imagery, 
describing cases where braided rivers, meandering 
rivers, and their transitional types coexist in modern 
depositional settings. Similarly, Bridge and Tye (2000) 
further demonstrated that braided, meandering, and 
transitional channels can develop simultaneously 
within a single river system.

Satellite imagery also reveals the occurrence of 
braided-meandering transitions and coexistence on 
delta plains, such as a delta developed in the Qinghai 
Lake, China (Fig. 8A and B). A braided distributary 
channel with a sinuosity index of 1.27 and a channel 
width ranging from 305 to 412 m develops on the right 
side, whereas a meandering distributary channel with 
a sinuosity index of 1.38 and a channel width of 
166—291 m occurs on the left side (Fig. 8C). Sedi-
mentary architectural analysis of the study area re-
veals that within the braided-meandering transitional 
delta, a braided distributary channel exhibits a sinu-
osity index of 1.19 and a width ranging from 1600 to 
2000 m, whereas a meandering distributary channel 
has a sinuosity index of 1.33 and a width of 
945—1720 m (Fig. 8D). Based on the standard sinuosity 
ranges for global fluvial systems summarized by Friend 
and Sinha (1993) (1.0—1.35 for braided channels and 
1.35—1.8 for meandering channels), the values 
calculated in this study (1.27 for braided channels and 
1.38 for meandering channels) fall well within the 
globally accepted ranges. A quantitative comparison 
of the key sedimentary architecture parameters 
among the study area, the Qinghai Lake, and the Niger
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Delta is summarized in Table 4. The differences in the 
quantitative parameters of distributary channels may 
be attributed to variations in sedimentary conditions, 
coupled with limited seismic resolution and un-
certainties in the BPNN inversion results, which 
propagate to architectural interpretations.

Fig. 7 A) Diagram of sinuosity index and width-to-depth ratio of distributary channels in the H8 Member of the Shihezi Formation.; B)
Different logging curve shapes and sand body rhythm characteristics in the H8 Member of the Shihezi Formation and the rhythmic proportion
of different sand bodies within different zones. The green arrow indicates an upward increase in the proportion of positive rhythms and a
corresponding decrease in homogeneous rhythms from bottom to top.

Table 3 Proportion of different sedimentary rhythm types in 
various zones of the H8 Member.

Zone rhythm type H8-1 H8-2 H8-3 H8-4 H8-5 H8-6

Positive rhythm 0.6 0.61 0.47 0.42 0.38 0.33
Homogeneous rhythm 0.38 0.33 0.53 0.58 0.6 0.62
Reverse rhythm 0.02 0.06 0 0 0.02 0.05
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5.2. Evolution pattern of the sedimentary 
architecture of the braided-meandering 
transitional delta

Base-level fluctuations were identified and quan-
tified using Gamma-ray (GR) log trends. Medium-term

base-level cycles are characterized by amplitudes of 
15—20 m and durations of 0.5—1 Ma, while long—term 

cycles show larger amplitudes (40—60 m) and longer 
durations (1.5—2 Ma) (Tao et al., 2025). According to 
the characteristics of architectural elements and 
changes in the base level, we established sedimentary

Fig. 8 A) Modern sedimentary example of coexistence and transformation of braided-meandering distributary channels in the Qinghai 
Lake; B) The enlarged view within the yellow bounding box in Fig. 8A reveals some details of the coexistence and transformation of braided-
meandering distributary channels; C) Planar distribution of distributary channel and their internal architectural elements of Fig. 8B; D) An 
example of coexistence and transformation of braided-meandering distributary channels in the study area, with the scope corresponding to 
the blue box in Fig. 6B.

Sedimentary architecture 13



patterns for different evolutionary stages of the 
braided-meandering transitional delta. With the 
gradual rise of the base level, the braided river delta 
evolves into a braided-meandering transitional delta, 
and finally transitions into a meandering river delta at 
a high base level (Fig. 9A, B, and C). Changes in the 
base level reflect the relative changes in accommo-
dation space and sediment flux (He et al., 2014). At a 
low base level, abundant provenance supply and high 
hydrodynamic energy of distributary channels, 
together with bed load-dominated sediment compo-
sition and intense scouring-erosion processes 
(Schumm, 1981), drive the development of braided 
distributary channels (Fig. 9A). With the rise of the 
base level, accommodation space increases while 
channel energy decreases, which enhances lateral 
erosion and further triggers the transformation of 
some braided channels into meandering ones (Fig. 9B). 
Thus, sediment flux to the lake was reduced, and the 
grain size was significantly refined (Zheng et al., 
2000), which contributes to the formation of 
meandering distributary channels (Fig. 9C).

The braided-meandering delta patterns estab-
lished in this study can be partially compared with the 
data reported in the literature. The patterns estab-
lished in this study are analogous to those proposed by 
Yang et al. (2024) for the shallow-water delta plain of 
the Huagang Formation in the Xihu Sag, East China 
Sea, since both study areas are characterized by 
similar gentle tectonic settings and rising base-level 
conditions. Pennington et al. (2017) noted that with 
the rise of the base level, the Holocene Nile Delta was 
dominated by meandering river deltas. This phenom-
enon may be attributed to factors such as the distant 
provenance and fine-grained sediment composition of 
the delta (Hennekam et al., 2015; Pennington et al., 
2017). For deltas formed by rivers draining into the 
ocean, such as the Bengal Delta (Akter et al., 2016), 
the effects of waves and tides may increase sediment 
resuspension (Zhang et al., 2020), thereby further 
complicating this braided-meandering transition pro-
cess. Therefore, it is essential to acknowledge that 
the braided-meandering transition of deltas is also 
influenced by tectonic movements (Zeng et al., 2017; 
Yang et al., 2024), climatic conditions (Tang et al.,

2016; Zhao et al., 2019), and vegetation develop-
ment (Winkels et al., 2022) and other relevant factors. 

The braided-meandering transitional delta has not 
garnered sufficient research attention, consequently, 
its conceptual pattern has yet to be fully applied to 
the interpretation of ancient deltaic systems. The 
evolutionary pattern of braided-meandering transi-
tional deltas established in this study may serve as a 
valuable supplement to the field of delta sedimen-
tology, providing new insights into the characteriza-
tion of ancient deltas (Zeng et al., 2017; Yang et al., 
2024).

5.3. Indicative meaning of the sedimentary
architecture of the braided-meandering
transitional delta

The braided-meandering transition in deltas has 
not attracted sufficient attention from geologists. The 
evolution patterns of braided-meandering deltas are 
not only critical for the architectural distribution of 
ancient deltas, but also highly valuable for predicting 
the spatial distribution of high-quality reservoirs in 
tight oil and gas systems.

Some studies have confirmed that braided-river 
deltas are generally characterized by coarser grain 
sizes and better porosity and permeability than 
meandering-river deltas (Zhu et al., 2017; Winkels 
et al., 2022). In tight-gas reservoirs characterized by 
underdeveloped fault systems and relatively stable 
tectonic settings―such as the Sulige Gas Field―the 
dominant sedimentary architecture exerts a primary 
control on the distribution of high-quality reservoirs 
and thereby affects gas productivity (Yang et al., 
2008; Wu et al., 2022). Sand bodies of the stacked 
braided distributary channels are characterized by 
greater thickness, and their gas-bearing properties are 
superior to those of the isolated sand bodies of 
meandering distributary channels (Fig. 10A and B). 
Wells 82—42H and 78—36H, which drilled through 
more braided bar sand bodies, exhibit the highest 
initial daily gas production and average daily gas 
production (Fig. 10C and D). Therefore, the estab-
lishment of the braided-meandering transitional delta 
patterns is of considerable significance for enhancing

Table 4 Comparison of quantitative sedimentary architecture parameters among the braided-meandering transitional delta in the Ordos 
Basin, the Qinghai Lake and the Niger Delta.

Range of distributary channel widths (m) Mean sinuosity index

Braided Meandering Braided Meandering

The Ordos Basin (this study) 1450~2100 850~1850 1.16 1.51
The Qinghai Lake (satellite imagery) 166~291 305~412 1.27 1.38
The Niger Delta (Reijers, 2011; Ignatius et al., 2025) 630~1510 320~1260 1.29 2.13
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Fig. 9 A) Sedimentary pattern, sedimentary sequence, and typical core photographs of the meandering river delta in the H8 Member of the 
study area; B) Sedimentary pattern, sedimentary sequence, and typical core photographs of the braided-meandering transitional delta in 
the H8 Member of the study area; C) Sedimentary pattern, sedimentary sequence, and typical core photographs of the braided river delta in 
the H8 Member of the study area. Upward blue vertical triangles represent mid-term base-level rises, while downward blue vertical triangles 
represent mid-term base-level falls. Low base level: an estimated duration of ~0.5 Ma; Medium base level: ~0.7 Ma; High base level: 
~1 Ma.5.3.
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exploration success rates and guiding horizontal-well 
deployment strategies in analogous oil and gas fields.

5.4. Limitations

The study area is covered by thick loess, which has 
resulted in generally suboptimal quality of the seismic 
data. Due to this data limitation and the inherent 
characteristics of seismic inversion, the BPNN inver-
sion results exhibit significant uncertainties in the 
detailed imaging of thin, isolated meandering dis-
tributary channel sands (Duan et al., 2025). Conse-
quently, the seismic inversion results only provide 
constraints for the interpretation of composite dis-
tributary channels. Nevertheless, the area benefits 
from a dense well network, particularly with closely 
spaced horizontal wells (Fig. 1C). Integrating the 
inversion results with the dense well data effectively

reduces the uncertainty in sandbody prediction. 
Therefore, the evolutionary patterns of the braided-
meandering transitional delta proposed in this study 
demonstrate considerable reliability.

6. Conclusions

1) This study applied an integrated approach 
combining seismic inversion, well logging, and dy-
namic data to characterize the sedimentary ar-
chitecture in the H8 Member. Within the study 
area, the delta exhibits vertical braided-
meandering transition and the coexistence of 
local single zones.

2) In the H8 Member of the study area, base-level 
fluctuation is identified as the primary control on 
the transformation of braided-meandering

Fig. 10 A) The profile of architecture model; B) The profile of gas saturation, corresponding to Fig. 10A; C) The initial gas production of
horizontal wells in Fig. 10A; D) The average gas production of horizontal wells in Fig. 10A. SSTVD: Sub-surface ture vertical depth.
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transitional deltas. As the base level rises pro-
gressively, the braided-river delta evolves into the 
braided-meandering transitional delta and ulti-
mately develops into the meandering-river delta. 

3) From an applied perspective, the braided distrib-
utary channel sandbodies in the H8 Member exhibit 
superior reservoir quality and gas-bearing proper-
ties, which could provide guidance for enhancing 
oil and gas recovery efficiency in the study area. 
Although this study still has certain limitations, 
continuous in-depth research will advance the un-
derstanding of deltaic systems.
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