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Abstract 9 

Submarine canyon deposits have drawn attention due to their significance on source-to-sink analysis and 10 

hydrocarbon exploration. High-resolution 2-D and 3-D seismic and exploration well data recently collected in 11 

the Ledong-Lingshui segment of the Qiongdongnan Basin are used to investigate the depositional architecture 12 

of the palaeoslope-parallel Central Canyon, which is distinct from other slope-perpendicular canyons. This 13 

study indicates that the canyon developed along the thalweg of a multiple stepped palaeotopography with a 14 

slope-parallel descending trend eastwards. The location of the thalweg is controlled by regional tectonics and 15 

progradational slope clinoforms in the western Qiongdongnan basin. Geographic changes in an extending 16 

direction and slope gradient of the palaeotopography resulted in variations in the depth and width of the 17 

canyon. Analysis of the canyon infillings indicates multiple sediment sources including an axial sediment 18 

source from the Central Vietnam and the western Hainan Island and a canyon-side source from the northern 19 

slope of the Qiongdongnan basin. Provenance study shows that the former source supplied relatively 20 

coarse-grained turbidites and the later supplied fine-grained mass transport deposits (MTD). Most of such 21 

MTDs originated from the northern slope of the basin. Evolution of the Central Canyon can be classified into 22 

three stages. Stage 1 is characterized by significant incisions that are responsible for the formation of the 23 

canyon. Subsequently or contemporaneously, the sharp bend at the beginning of the middle segment of the 24 

canyon likely resulted in lateral erosion, which triggered large-scale and small-scale canyon margin failures in 25 

the middle and lower segments of the canyon, respectively. The subsequent early filling stage (Stage 2) refers 26 

to the deposition of turbidites supplied by the axial sediment source. However, the morphology of the stepped 27 

thalweg slope resulted in sediment bypass in the upper segment of the Central Canyon. During the late filling 28 

stage (Stage 3), MTDs supplied by the canyon-side sediment source were dominated, and interbedded with 29 



turbidite deposits. The deposition of the MTDs resulted in the sharp decreases in canyon accommodation 30 

space and the abrupt southeastwards stepping of the deepest part of the canyon. Moreover, complex 31 

interactions between debris-flows and turbidity-flows occurred during this stage. Such variations in 32 

architecture of the canyon were controlled by multiple sediment supplies and topographic changes. The 33 

proposed conceptual model of canyon infilling and the resulting stratigraphic architecture could be applied in 34 

other analogous canyons for hydrocarbon exploration. 35 
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1. Introduction38 

Submarine canyons, the primary conduits for transporting sediments from the continental shelf to the 39 

deepwater area (Babonneau et al., 2002; Popescua et al., 2004; Antobreeh and Krastel, 2006; Lo Iacono et al., 40 

2014), have drawn the attention of numerous studies because they offer abundant information of tectonic and 41 

stratigraphic evolution, and climatic and sea-level changes of continental margins (e.g. Wonham et al., 2000; 42 

Gingele et al., 2004; Antobreeh and Krastel, 2006; Yoshikawa and Nemoto, 2010; Umar et al., 2011; Talling, 43 

2015; Flecker et al., 2015 and Vesely, 2015) as well as significant hydrocarbon reservoir discoveries within 44 

the canyon fillings (e.g. Crossey et al., 2006; Mayall et al., 2006; Fuh et al., 2009). Generally, the evolution of 45 

a submarine canyon is characterized by erosion in the early stage, which is triggered by relative sea-level fall 46 

that results in an erosional container filled with sediments in the later stage owing to subsequent relative 47 

sea-level rise (e.g. Babonneau et al., 2002; Deptuck et al., 2003 and 2007; Catterall et al., 2010). The majority 48 

of the reported submarine canyons are in general perpendicular or oblique to the continental slopes because 49 

canyon development is controlled mainly by downslope gravity processes (e.g. Gingele et al., 2004; Crossery 50 

et al., 2006; Harris et al., 2011; Iacono et al., 2014; Bouroullec et al., 2017). However, in certain 51 

circumstances canyons may run parallel or sub-parallel to continental slopes owing to particular structural 52 

settings. For example, the Central Canyon exhibits a slope-parallel development controlled by the elongate 53 

slope-parallel No. 2 Fault and other basement faults in the Qiongdongnan Basin (Fig. 1A) (Gong et al., 2011). 54 

The architectures of slope-perpendicular canyons have been widely documented and discussed regarding both 55 

passive and active continental margins during the last decades (e.g. Shepard and Emery, 1973; Nagel et al., 56 

1986; Pratson et al., 1994; Deptuck et al., 2003 and 2007; Bertoni et al., 2005; Di Celma et al., 2014; Gamberi 57 

et al., 2015; Mauffrey et al., 2017). Their architectures are generally related to a single sediment source, 58 



physiographic changes, tectonic evolution, sea-level changes, or climatic changes such as sea-level variation. 59 

However, the palaeoslope-parallel Central Canyon in the Qiongdongnan Basin was supplied by both axial and 60 

side sediment sources, resulting in distinct architectures compared with other slope-perpendicular canyons 61 

(e.g. Gong et al., 2011). 62 

In the past few years, the depositional architectures of the Central Canyon in the eastern segments of the 63 

Qiongdongnan Basin have been analysed and discussed (e.g. Gong et al., 2011; Su et al., 2014; Wu et al., 64 

2018). The accurate time at which the sediments supplied by the side sediment source began to be dumped 65 

into the canyon differs among these studies. The sedimentary infilling processes within the canyon show a 66 

gradually decreasing input from the axial sediment source and an increasing supplement from the side 67 

sediment source upwards (Gong et al., 2011; Wu et al., 2018). In general, the sediments supplied by the axial 68 

sediment source are composed of coarse-grained turbidites, whereas those supplied by the side sediment 69 

source are dominated by fined-grained mass transport deposits (MTDs) (e.g. Gong et al., 2011; Wu et al., 70 

2018). These features help us to understand the vertical evolution of the canyon in our study area, that is, the 71 

Ledong–Lingshui segment of the canyon (Fig. 1). However, changes in the depositional architecture along the 72 

canyon pathway caused by topographic changes have so far not been considered in previous studies. Our 73 

observations indicate that these changes are characterised by a stepped-thalweg slope along the canyon 74 

pathway, and the canyon fillings show a complex interplay between the axial sediment supply, the side 75 

sediment supply, and the topographic changes. Additionally, recent hydrocarbon exploration wells provide 76 

critical information to further our understanding of the depositional architecture of the canyon.  77 

Based on analysis of high-resolution two-dimensional (2D) and three-dimensional (3D) seismic data, 78 

well logs, and lithologic data, the objectives of this study are: (i) to quantify the geomorphology of the canyon, 79 

specifically width, depth, and thalweg slope gradient, in the Ledong–Lingshui segment of the Qiongdongnan 80 

Basin; (ii) to describe and interpret the seismic facies and reveal the internal architecture patterns; and (iii) to 81 

discuss the effects of multiple sediment supplies and topographic changes on the depositional architecture of 82 

the palaeoslope-parallel canyon.  83 

2. Geological setting 84 

The Qiongdongnan Basin, one of the Cenozoic petroliferous basin located in the northwestern margin of 85 

the South China Sea (Xie et al., 2008; Yu et al., 2009; Su et al., 2012; Wang et al., 2015; Huang et al., 2015), 86 

has an area of about 45, 000 km2 (Fig. 1A) (Su et al., 2014). The basin is bounded by the Red River Fault to 87 



the west, the Hainan Islands to the north, the Pearl River Mouth Basin to the northeast, and the Xisha Uplift to 88 

the south (Fig. 1) (Zhu et al., 2009; Li et al., 2013; Su et al., 2014; Ma et al., 2017; Li et al., 2017a). Tectonic 89 

evolution of the Qiongdongnan Basin has experienced two stages: (i) a rifting stage (Eocene to Oligocene), 90 

marked by the multiple episodes of rifting, which formed a series of subbasins that are downthrown to the 91 

south; (ii) a post-rift stage (Miocene to Holocene), including the thermal subsidence and accelerated 92 

subsidence sub-stages separated by the regional discontinuity T40 (11.6 Ma) (Fig. 2) (Gong and Li, 1997; Xie 93 

et al., 2008; Wu et al., 2008; Zhu et al., 2009; Hu et al., 2013; Morley, 2016). Basin filling in the 94 

Qiongdongnan Basin consists of the lower rift supersequence and the upper post-rift supersequence separated 95 

by the regional discontinuity T60 (23 Ma) (Gong et al., 2011). The former contains the marsh to coastal plain 96 

Yacheng Formation and littoral Lingshui Formation, and the latter is composed of the littoral to neritic Sanya 97 

and Meishan Formations, as well as the bathyal to abyssal Huangliu, Yinggehai and Ledong Formations (Fig. 98 

2).  99 

The Central Canyon in the Qiongdongnan Basin has a length of more than 425 km, and a width ranging 100 

from 3km to 16 km (Gong et al., 2011). The canyon shows an overall W-E extending S-shaped geometry in 101 

plan-view (Su et al., 2014) (Fig. 1), which is suggested to occur during the accelerated subsidence sub-stage 102 

(Fig. 2) (Su et al., 2009). The Ledong-Lingshui segment of the Central Canyon is the focal point of this study 103 

(Fig. 1). The canyon in the western study area had incised into the strata of T31-T30 (8.2-5.7 Ma), but did not 104 

penetrate the discontinuity T31 (8.2 Ma) (Fig. 3C). Moreover, the canyon was fully filled at the discontinuity 105 

T29 (4.2 Ma) (Figs. 3). Thus, the canyon infill stage in the study area is inferred to commence after 8.2 Ma, 106 

and terminate at 4.2 Ma. 107 

3. Data and Methods 108 

The data used in this study were provided by the China National Offshore Oil Corporation (CNOOC), 109 

including an industry acquired 3D seismic volume with an area of 2000 km2, several high-resolution 2D 110 

seismic profiles with a total length of 200 km, well log and lithologic data collected from two exploration 111 

wells, and a 3D velocity model of the strata in the Qiongdongnan Basin. The dominant frequency of these 112 

seismic data is approximately 30 Hz, with a vertical resolution of ~25 m and the sample rate of 4 ms. Bin 113 

spacing of the 3D seismic data is 25 m × 12.5 m and the 2D seismic data have a trace spacing of 12.5 m. 114 

These seismic data were processed to zero phase and presented using “SEG reverse polarity”. 115 

Synthetic seismic records were generated using the sonic, density logs, well tops, time-depth relationship 116 



data, and the 3D seismic data (Fig. 4). Then the records were used for seismic-well tie to determine the key 117 

seismic reflections (T40, T31, T30, T29, T27 and T20), and the tops and bases of the depositional units 118 

(DU2-6) within the canyon (Fig. 4). The tops and bases of DU1 and DU7 were discerned through the 119 

observation of amplitudes, continuities, truncations, onlaps and downlaps of the seismic data. All these 120 

discontinuities were traced in the whole study area. The seismic data were interpreted using Geoframe 2012. 121 

The seismic attribute toolkit module in Geoframe 2012 was utilized to get RMS attribute and coherence slice 122 

maps. Additionally, 2D visualization module in Petrel 2011 was used to generate the topographic map of the 123 

canyon in Fig. 3A.  124 

Numerous line measurements were taken to determine the morphological parameters of the canyon such 125 

as thalweg slope gradient, width, and depth (Fig. 3A). The canyon was subdivided into three parts: canyon 126 

thalweg, canyon wall, and canyon flank (Figs. 3A and 3B). The canyon thalweg is the deepest part of the 127 

canyon, and the adjacent steep margins are referred to as canyon walls; the canyon flanks represent the 128 

relatively gentle sections on either side of the canyon walls (Figs. 3A and 3B). Like the quantitative methods 129 

used by Catterall et al. (2010), the width of the canyon is defined as the horizontal distance between the 130 

inflection points in the cross-section, and the depth is defined as the average value of the vertical differences 131 

between the thalweg and the inflection points in the cross-section (Fig. 3B). 132 

Horizon data of key seismic reflections in the thalweg longitudinal profile such as basal erosion surface, 133 

T30, T27, T20, and the modern seafloor (Fig. 3C) were imported into Petrel 2011 software and were 134 

converted from time to depth using the 3D velocity model, which was established by China National Offshore 135 

Oil Corporation (CNOOC) based on the velocity spectrum data collected from numerous wells in the 136 

Qiongdongnan Basin. Then, the horizon data were imported into 2D MoveTM software, and a 2D 137 

decompaction workflow was conducted to obtain the original geomorphology of the thalweg slope of the 138 

canyon. The stripped-off strata were shown in Fig. 3C. During the process of decompaction, standard values 139 

of 0.51 and 0.51 were used for coefficients of porosity and depth, respectively (e.g. Catterall et al., 2010). 140 

Differences in the tectonic subsidence within the study area were not obvious (e.g. Li et al., 2013), and thus 141 

tectonic subsidence was not considered after the decompaction workflow. 142 

4. Results 143 

4.1 Geomorphology of the canyon 144 

Based on geomorphological changes of the canyon including trend, thalweg slope gradient, width, and 145 



depth, the canyon was subdivided into three segments within the Ledong–Lingshui Depression: (i) Upper 146 

Reach; (ii) Middle Reach, and (iii) Lower Reach. In general, the canyon is characterised by an overall 147 

V-shaped plan-form geometry as seen in plan view (Figs. 3A) and a stepped-thalweg slope along its pathway 148 

(Figs. 3C and 5A,). Moreover, three knickpoints (K1-K3) were observed in the thalweg slope profile (Fig. 5A). 149 

To quantify the geomorphology of the canyon, the canyon thalweg in the first measuring line (i.e. in the 150 

northwestern-most corner of the study area (Fig. 3A) is referred to as the origin of the x-axis in Fig. 5. The 151 

Upper Reach is present over the first 21.5 km, and the Middle Reach is located between 21.5 and 54.3 km (Fig. 152 

5A). The Lower Reach is the shortest segment of the canyon in the study area, extending from 54.3 to 60.1 km 153 

(Fig. 5A). 154 

In the Upper Reach, the canyon is slightly sinuous (with the sinuosity of 1.01°) and has a WNW to ESE 155 

trend (Fig. 3A). The boundary between the canyon wall and canyon flank is not very clear because the widths 156 

of the canyon flanks of both sides are fairly narrow (Fig. 3A). The Upper Reach is characterised by a gentle 157 

thalweg slope. Over the first 13.7 km, the thalweg slope is about 0.17°. However, between 13.7 and 21.5 km, a 158 

convex-up section of the thalweg longitudinal profile, at about 0.5–2°, was observed (Fig. 5A). The depth of 159 

the canyon has a range of 288.0-445.5 m (Fig. 5A and Table 1). At 21.5 km, the minimum depth of the canyon 160 

corresponds to the maximum point of the thalweg convexity (Fig. 5A). Additionally, a constant increase in the 161 

width of the canyon (from 4.1 km to 9.2 km wide) was observed throughout the Upper Reach. In the first 11.4 162 

km, the width of the canyon increases slowly (from 4.1 km to 5.5 km wide), and increases rapidly between 5.5 163 

and 21.5 km, reaching a width of 8.9 km at the boundary with the Middle Reach (Fig. 5B). Knickpoint K1 at 164 

21.5 km marks the boundary between the Upper and Middle Reaches (Fig. 5A), after which point the thalweg 165 

slope becomes steeper, and the increase of the canyon width ends abruptly (Fig. 5). 166 

In the Middle Reach, the canyon is characterised by a slight S-shaped geometry as seen in plan view 167 

(with the sinuosity of 1.14) and has an overall SW–NE orientation (Fig. 3A). Downslope between 21.5 and 168 

30.9 km, the canyon trends ESE and then changes sharply to NE at 30.9 km (Fig. 3A). A concave-up thalweg 169 

longitudinal profile is present throughout the Middle Reach, which exhibits more sinuous plan-form 170 

morphology (with the sinuosity of 1.14°) than that in the Upper Reach (1.01°) and the Lower Reach (1.00°), 171 

as shown by the red solid line in Fig. 3A. Within the initial part of the Middle Reach (21.5–25.5 km), the 172 

thalweg slope is relatively gentle, at about 0-2°; however, the adjacent part in the downstream direction 173 

(25.5-30.9 km) is the steepest part of the entire study area, at about 3-6° (Fig. 5A). Note that the convex-up 174 

section between 21.5 km and 30.9 km (circled in Fig. 5A) probably resulted from the velocity model because 175 



this abnormal phenomenon was not observed in time domain (see the basal erosion surface in Fig. 3C). 176 

Between 30.9 and 34.0 km, a gentle thalweg slope of about 0.5° was observed. Knickpoint K2 marks the 177 

boundary between this gentle section and the following relatively steep section (1–3.5°) in the downstream 178 

direction (34.0–35.9 km) (Fig. 5A). The remaining part of the Middle Reach (35.9-54.3 km) is characterised 179 

by a gentle thalweg slope of about 0.5–1.5° (Fig. 5A). The depth of the canyon increases rapidly between 21.5 180 

and 30.9 km, reaching at depth of 720.5 m at 30.9 km. The depth of the canyon shows little change 181 

(720.5-797.2 m deep) throughout the remaining part of the Middle Reach (30.9-54.3 km) (Fig. 5A). It is 182 

noteworthy that between 44.1 and 54.3 km, the width of the canyon (10.8–16.7 km wide) is significantly 183 

larger than that in the adjacent parts (Fig. 5B). Throughout the initial part of the Middle Reach between 21.5 184 

and 34.6 km, an overall increase in canyon width (from 8.9 km to 13.0 km wide) was observed (Fig. 5B). 185 

However, a little change (12.9-13.9 km wide) was observed between 34.6 and 44.1 km (Fig. 5B). 186 

Knickpoint K3 marks the boundary between the Middle and Lower Reaches (Fig. 5A). The canyon has 187 

an approximately WSW–ENE orientation in the Lower Reach (Fig. 3A) and is characterised by a gently 188 

concave-up thalweg slope profile of about 0-3° (Fig. 5A). The width of the canyon declines abruptly to 9.3 km 189 

at knickpoint K3 (Fig. 5B). An overall increase in canyon depth (from 751.5m to 1032.2 m deep) is present 190 

throughout the Lower Reach. 191 

4.2 Seismic facies and depositional interpretations 192 

On the basis of observed seismic reflection changes, such as those in amplitude, continuity, frequency, 193 

and external geometry, seven seismic facies were discerned and calibrated with the well logs and lithological 194 

data collected from two exploration wells (wells A and B in Figs. 1B and 3A). 195 

Seismic facies 1 (Fig. 6A) appears in the vertical seismic profile as high-amplitude, low-frequency, 196 

high-continuity and sub-parallel reflections that onlap against the canyon walls. The lithological data and 197 

gamma ray (GR) log from well A (Fig. 6B) indicate three fining-upward successions each composed of lower 198 

thick-bedded sandstone and upper thin-bedded silty mudstone/mudstone. The sandstones were characterised 199 

by massive beddings and were interpreted as the Ta divisions of the Bouma sequence (Li et al., 2017a). The 200 

thin-bedded silty mudstones/mudstones are interpreted as the Te divisions of the Bouma sequence, 201 

representing the final period of fine-grained suspension sedimentation of turbidity currents (e.g. Lowe, 1982). 202 

The lithofacies associations were interpreted as high-density turbidity current deposits, which have been well 203 

documented in previous studies (e.g. Lowe et al., 1982; Baas et al., 2004; Olariu et al., 2011; Li et al., 2017). 204 



Seismic facies 2 (Fig. 6C) consists of moderate frequency, low–moderate amplitude, and moderate–high 205 

continuous reflections. The lithological data and GR log from well A (Fig. 6D) reveal multiple fining-upward 206 

successions. Each succession is commonly characterised by thin-bedded sandstone, siltstone, or muddy 207 

siltstone in the lower part and thin-bedded silty mudstone or mudstone in the upper part. The sandstone and 208 

siltstone are interpreted as the Tb and Tc divisions of the Bouma sequence, respectively, formed by traction 209 

sedimentation of lower-density turbidity currents (e.g. Lowe, 1982; Campion et al., 2003; Joubert et al., 2010; 210 

Li et al., 2016). The muddy sandstone is interpreted as mixed traction and suspension sedimentation of 211 

lower-density turbidity currents, or the Td division of the Bouma sequence (e.g. Lowe et al., 1982). The silty 212 

mudstone and mudstone are interpreted as suspension sedimentation of lower-density turbidity currents in the 213 

final period (the Td division of the Bouma sequence) (e.g. Lowe et al., 1982), as documented by Li et al. 214 

(2016) in the typical turbidite outcrop at San Clemente. The silty mudstone at the uppermost part of the 215 

lithological column in Fig. 5D has a total thickness of 60 m. It was likely formed by multiple low-density 216 

turbidity flow events, in which main bodies of the turbidity flows bypassed downslope, and only the tails of 217 

the flows were deposited at that location (e.g. Brooks et al., 2018).  218 

Seismic facies 3 (Fig. 6E) is characterised by high-amplitude reflection patches laid upon the basal 219 

erosion surface and consists of one or two seismic events. Wu et al. (2018) reported the same seismic facies in 220 

the eastern Lingshui segment of the Central Canyon, and interpreted the seismic facies as basal lag deposits 221 

that are generally composed of sand or mud-clast conglomerates (Mayall et al., 2006). Janocko et al. (2013) 222 

reported the similar seismic facies and deposits in the submarine sinuous channel belts offshore West Africa.  223 

Seismic facies 4 (Fig. 6F) shows high-frequency, moderate-amplitude, high-continuity, and parallel 224 

seismic reflections. It is interpreted as hemipelagic deposits (Gong et al., 2011; Su et al., 2014; Li et al., 225 

2017a). 226 

Seismic facies 5 (Fig. 6G) consists of low-amplitude and chaotic reflections with sheet-like geometries. 227 

The lithological data from well B indicates that these seismic facies is characterised mainly by muddy 228 

deposits; sand deposition is very limited. They are interpreted as debris flow deposits, such as those 229 

documented by Gamberi et al. (2011) in the Gioia Basin of the southeastern Tyrrhenian Sea, Gong et al. (2014) 230 

in the Qiongdongnan Basin, and Sun et al. (2017 and 2018) in the Pearl River Mouth Basin of the South China 231 

Sea.  232 

Seismic facies 6 (Fig. 6H) exhibits slightly disturbed, low-amplitude, low-moderate continuity reflections, 233 

with the seismic package characterised by slightly clockwise rotation. It can be interpreted as slide block 234 



formed by the collapse of the canyon margin. In the studies of Deptuck et al. (2007) and Janocko et al. (2013), 235 

the same seismic facies were found within the Benin-major Canyon in the western Niger Delta slope and in 236 

the sinuous channel belts offshore West Africa, respectively.  237 

Seismic facies 7 (Fig. 6I) is commonly made up of low-amplitude, semi-transparent to chaotic seismic 238 

reflections with irregular cross-sectional and plan-form morphologies occurring locally in the Lower Reach. 239 

This is interpreted as slump deposits formed by gravitational instability in the canyon margin, as reported by 240 

Gong et al. (2014), Su et al. (2014). In summary, seismic facies 5, 6, and 7 all correspond to sediments driven 241 

directly by gravity rather than interstitial fluid motion (Middleton and Hampton, 1976), which are defined as 242 

mass-transport deposits (MTD) (Nardin et al., 1979). Two or more MTDs can be termed as mass-transport 243 

complex (MTC) (e.g. Canals et al., 2004; Shipp et al., 2011; Olafiranye et al., 2013; Gong et al., 2014). 244 

4.3 Depositional units and facies association within the canyon filling 245 

Based on observation of seismic reflection configuration (frequency, continuity and amplitude) and 246 

striatal terminations (onlap, downlap and truncation), seven depositional units (DU1 through DU7, upwards) 247 

were recognized within the canyon filling (Fig. 7) . 248 

DU1 is characterized by three slide blocks presented in the Middle Reach (Fig. 8), and slump deposits 249 

and basal lags in the Lower Reach (Fig. 7F). These slide blocks are characterized by grey coherence patterns 250 

with crescent-shaped plan-form morphology (Fig. 8A) and show low-amplitude, low–moderate continuity, 251 

and slightly disturbed reflections in the vertical seismic profiles (Figs 7A, 7D, 8B, and 8C). Slide blocks 1, 2, 252 

and 3 (Fig. 8A) are all located in the outer bank sides of the canyon. Slide block 1, situated in the proximal 253 

part of the Middle Reach, has an area of 27.9 km2 and a maximum thickness of 671.0 m (Fig. 9A). The long 254 

axis of slide block 1 displays a WNW–ESE orientation (Fig. 8A), whereas the long axis of slide blocks 2 and 255 

3 trend NE (Fig. 8A). Slide block 3, present in the distal part of the Middle Reach, is larger than the other two 256 

slide blocks and covers an area of 46.78 km2, with a maximum thickness of 529.3 m (Fig. 9A). Slide block 2, 257 

the smallest one, is characterised by an area of 11.06 km2 and a maximum thickness of 311.3 m (Fig. 9A). It is 258 

worth noting that these slide blocks were severely eroded by subsequent turbidity currents in the centre of the 259 

canyon (Figs. 7D, 8B, and 8C). The thicknesses of the slump deposits and basal lags in the Lower reach range 260 

from 0 m to 266.5m, averaging 128.7 m (Fig. 9A and Table 1). 261 

DU2 is characterised by thick-bedded high-density turbidity current deposits in the Middle and Lower 262 

Reaches and thin-bedded low-density turbidity current deposits in the Upper Reach (Figs. 7, 8B and 8C). The 263 



thin-bedded low-density turbidity current deposits are marked by relatively consistent thicknesses (Fig. 9B) 264 

averaging 44.6 m (Table1), whereas the thick-bedded high-density turbidity current deposits exhibit variable 265 

thicknesses ranging from 0 to 435.1 m with an average thickness of 137.2 m (Fig. 9B and Table 1). 266 

DU3 is marked by low-density turbidity current deposits covering the entire canyon in the study area (Fig. 267 

7). Significantly, the thickness of the low-density turbidity current deposits in the Upper Reach, averaging 268 

50.4 m, is still less than that of the Middle and Lower Reaches, which have an overall consistent thickness 269 

averaging 86.1 m (Fig. 9C and Table 1). 270 

DU4 consists of high-density turbidity current deposits located in the Upper Reach and in the 271 

southwestern part of the Middle Reach. An MTD is present in the Lower Reach and in the northeastern part of 272 

the Middle Reach (Figs. 7 and 10). The high-density turbidity current deposits show high root–mean–square 273 

(RMS) values in the RMS map (Fig. 10B) with an area of approximately 230 km2, corresponding to sand-rich 274 

deposits. The thickness of the high-density turbidity current deposits shows a slight increasing trend along the 275 

canyon pathway (Fig. 9D), averaging 60.9 m in the upper reach and 85.3 m in the southwestern part of the 276 

Middle Reach (Table 1). On the contrary, the MTD is dominated by low RMS values because the MTD is 277 

composed mainly of muddy deposits, and it covers an area of about 250 km2. The flattened coherence slice 278 

map (Fig. 10A) shows characteristics similar to those presented in the RMS map. The MTD displays a 279 

dark-coloured coherence pattern, whereas the high-density turbidity current deposits exhibit a light-coloured 280 

coherence pattern (Fig. 10A). The uniform thickness of the MTD along the canyon pathway is observed (Fig. 281 

9D), with an average value of 154.3 m. 282 

DU5 is composed of high-density turbidity current deposits only (Figs. 7 and 11). The high-density 283 

turbidity current deposits are dominated by high RMS values in the RMS map (Fig. 11A). It is important to 284 

note that in the northeastern part of the Middle Reach, where MTD occurs in the underlying DU4, the 285 

high-density turbidity current deposits could not cover the entire canyon; several areas marked by low RMS 286 

values are observed (Fig. 11). The thickness of DU5 is relatively uniform along the canyon pathway (Fig. 9E), 287 

with the average values of 62.4 m in the Upper Reach, 57.0 m in the Middle Reach, 63.6 m in the Lower 288 

Reach (Table 1). Note that the anomalies in Fig. 9E resulting from the adopted velocity model, was not 289 

observed in time domain. The Upper Reach of the canyon was filled completely during the DU5 deposition 290 

(Fig. 7C). 291 

DU6 is composed of MTC1 through MTC4 in the Middle and Lower Reaches (Fig. 12A). These MTCs 292 

within the canyon show dark-coloured coherence patterns with convex-downslope plan-form geometries as 293 



seen in plan view (Fig. 12A). Moreover, pressure ridges in MTCs 2 and 3 are convex to the southeast in plan 294 

view (Fig. 12 A). MTC1 through MTC4 have, within the canyon, areas of approximately 73, 242, 268, and 295 

200 km2, respectively. In general, these MTCs thin gradually from the northwestern canyon flank averaging 296 

450 m pinching-out towards the southeastern canyon flank in the Middle and Lower Reaches (Figs. 9F and 297 

12B). Therefore, these MTCs display overall wedge-like geometries in the vertical seismic profiles (Figs. 7D, 298 

7E, 7F and 12B). The main body of MTC1 lies in the Upper Reach (Fig. 12A), in which the canyon has 299 

already been filled completely during the DU5 deposition. 300 

DU7 is only composed of low-density turbidity current deposits, which cannot be exhibited completely 301 

due to the limited data. Its thickness shows an increasing trend along the canyon pathway (Fig. 9G), and it has 302 

the average thickness of 29.9 m in the upper reach, 89.0 m in the middle reach and 98.0 m in the lower reach 303 

(Table 1). In the lower part of DU7, a sinuous channel about 0.48–1.52 km wide and averaging 29.9 m deep 304 

(Table 1) occured. The channel is characterized by an overall V-shaped plan-form geometry as seen in plan 305 

view (Fig. 12A), with a sinuosity of 1.25, which can be traced in the entire study area (Fig. 12). However, in 306 

the upper part of DU7, the channel disappears in the Middle and Lower Reaches and resumes in the Upper 307 

Reach (Figs. 12B, 12C, and 12D), where the canyon was filled completely during the DU5 deposition. 308 

5. Discussions 309 

5.1 Origin of the Central Canyon 310 

Since the Early Miocene, the Qiongdongnan Basin evolved into the post-rift subsiding stage, and marked 311 

tectonic subsidence occurred in the Central Depression Belts (Fig.1B) (Shang et al., 2015). Thus, the 312 

longitudinal confined sag between the Central Uplift and the Southern Uplift began to develop (e.g. Shang et 313 

al., 2015). As the basin evolved into the Late Miocene, the continental slope system began to prevail in the 314 

northern margin of the Central Depression Belts (Xie et al., 2008). Therefore, the elongated negative-relief 315 

confined between the northern continental slope and the Southern uplift occurred in the Central Depression 316 

Belts. Moreover, the negative-relief was shallower in the west and deeper in the east, trending NE (Shang et 317 

al., 2015), probably with a bell-mouth shape. Subsequently, with the formation of the Ledong Fan in the 318 

Ledong Depression (Figs. 3C and 13) (see the detail descriptions in Wang et al., 2011; Li et al., 2017b; Li et 319 

al., 2019), the deepest part of the negative-relief in the Ledong Depression stepped gradually into the northern 320 

margin of the Ledong Depression. This negative relief was likely confined between the northern continental 321 

slope and Ledong Fan (Fig. 13) with an ESE trend and minor depths. However, in the Lingshui Depression, 322 



the negative-relief was still deep and confined between the northern continental slope and the Southern Uplift 323 

(Fig. 12B), with a NE trend. This likely resulted in development of the original negative relief with V-shaped 324 

plan-form geometry and a stepped thalweg slope. The Initiation of the Central Canyon has been well 325 

attributed to the significant incisions caused by large-scale and high-energy turbidity currents, which were 326 

supplied by the axial sediment source since 11.6 Ma when relative sea level in the Qiongdongnan Basin 327 

dropped (Fig. 2) (e.g. Li et al., 2011; Zhang et al., 2013). Therefore, the original negative relief accumulated 328 

the turbidity currents and served as a fairway to promote the formation of the Central Canyon. 329 

The Upper Reach of the canyon (averaging 378.6 m deep) is obviously shallower than the Middle Reach 330 

(averaging 649.1 m deep) and the Lower Reach (averaging 919.6 m deep) (Fig. 5A and Table 1), which can be 331 

attributed to limited incisions. As the stepped palaeotopography at that location was gentle, turbidity currents 332 

had the lowest velocity and erosional ability. The canyon depth in the Middle Reach was apparently greater 333 

than that in the Upper Reach (Fig. 5A). That is, erosive turbidity currents had relatively higher flow velocities 334 

and erosional capacities within the segment owing to the existence of the steeper ramp at the beginning of the 335 

Middle Reach (Fig. 5A). Although the stepped palaeotopography was relatively gentle in the Lower Reach, 336 

the accelerated turbidity currents likely could not decelerate within a short distance, which could have 337 

increased the flow velocity, leading to the deepest canyon (Fig. 5A). Because depth of the canyon was 338 

gradually increasing, the sharp change in the trend of the canyon at the start of the Middle Reach, from ESE to 339 

NE, likely forced the turbidity currents toward the canyon walls, giving rise to lateral erosion. Moreover, this 340 

effect might have gradually decreased to zero with distance from the sharp bend. This theory can be applied to 341 

interpret the widest Middle Reach (averaging 12.5 km wide) and the wide Lower Reach (averaging 10.3 km 342 

wide) (Table 1). It is noteworthy that width of the canyon decreases abruptly at the junction between the 343 

Middle and Lower Reaches (Fig. 5B). This is attributed to the presence of slide block 3 at that location (Fig. 344 

8A), which was formed by destabilisation of the canyon margin resulting from the lateral erosion. Similar 345 

occurrences have been documented by Deptuck et al. (2007) in the Pleistocene Benin-Major Canyon (Niger 346 

Delta Slope) and by Janocko et al. (2013) in the submarine channel belts offshore West Africa. 347 

5.2 Provenance of the canyon filling 348 

Very recently, detrital zircon U–Pb chronological analysis and the rare earth element (REE) geochemical 349 

results of numerous samples collected from the upper Miocene sediments within the exploration wells (see 350 

their well locations in Fig. 1B) have revealed that the sedimentary infilling process within the western Central 351 



Canyon were provinient from Central Vietnam, but the western Hainan Island is also an important sediment 352 

source (Cui et al., 2018). These supplied the axial sediment source. Equally, no channel, gully, or other erosion 353 

surface was observed on both sides of the canyon in the study area, indicating that the canyon filling during 354 

the Late Miocene (DU1 through DU3, upwards) was supplied dominately by the axial sediment source. 355 

Additionally, the detrital zircon U–Pb ages of three greyish-green fine-grained sandstone samples collected 356 

from well B (Fig. 1B) within a depth range of about 4686–4692 m (belonging to the different beds in DU2) 357 

show two dominated Indosinian (220–270 Ma) and Caledonian (420–440 Ma) populations (see Fig. 3B in 358 

Chen et al., 2015). These ages are similar to the age signatures of Central Vietnam, providing the similar 359 

evidences. 360 

The MTD within DU4 (Fig. 7B and 10) is inferred to be sourced from the northwestern continental slope 361 

(side sediment supply) owing to the convex-downslope plan-form geometry as seen in plan view (Fig. 10A) 362 

and the headscarp dipping towards southeast (Fig. 12B). However, the high-density turbidity current deposits 363 

within DU4, DU5, and DU7 (Figs. 7B, 10, 11, and 12) were likely supplied by the axial sediment source, as 364 

evidenced by the absences of channels, gullies, or erosion surfaces on the contemporaneous sides of the 365 

canyon. Within DU6, the canyon filling is composed of four MTCs (MTC1 through MTC4 in Fig. 12A). 366 

MTC2 through MTC4 both show convex-downslope plan-form geometries as seen in plan view (Fig. 12A), 367 

and the headscarp also dips southeastwards (Fig. 12B). Moreover, the pressure ridges observed at the toe 368 

domains of MTCs 2 and 3 are convex to southeast as seen in plan view (Fig. 12B). These evidences indicate 369 

that MTCs2, 3 and 4 have the same flow direction from NW to SE, which is the dip of the continental slope in 370 

the Middle and Lower Reaches, like those reported by Frey-Martinez et al. (2005), Bull et al. (2009), Gong et 371 

al. (2014), and Gamboa and Alves et al. (2016). It is rather remarkable that MTC1 also flowed from NW to SE 372 

but turned to flow along the canyon path; this movement was likely influenced by the slope-parallel negative 373 

topography. The low-density turbidity current deposits within DU7 were supplied by the axial sediment source 374 

because the supplied channel can be traced into the Upper Reach, where a topographic high exists (Figs. 12A 375 

and 12C). Generally, DU4 through DU7 within the canyon were dominated by MTDs sourced from the 376 

northern continental slope (Fig. 7B), in which the shelf-edge deltas were supplied by the Lingshui and 377 

Wanquan rivers in southern and southeastern Hainan Island (Cao et al., 2015). The detrital zircon U–Pb 378 

chronological analysis and REE geochemical results of numerous samples collected from the Pliocene 379 

sediments within the exploration wells (see their well locations in Fig. 1B) show a increased input from 380 

Hainan Island and a decreasing trend in Central Vietnam during the Pliocene (Cui et al., 2018). This is in 381 



agreement with our observations.  382 

5.3 Evolution stages of the Central Canyon 383 

Based on the observations and analyses presented above, the evolution process of the canyon in the 384 

Ledong-Lingshui segment of the Qiongdongnan Basin (South China Sea) was reconstructed for the first time. 385 

The canyon evolved through three phases: (1) the incising stage; (2) the early filling stage, when sediments 386 

were supplied by the axial sediment source; and (3) the late filling stage, during time which sediments were 387 

supplied by both axial and side sediment sources. 388 

5.3.1 Incising stage 389 

During the incising stage, large volumes of erosive turbidity currents supplied by the axial sediment 390 

source during a sea-level fall incised the original negative-relief to form the canyon. These erosive turbidity 391 

currents bypassed and transported their main sediment loadings onto canyon mouth fans in the northwestern 392 

sub-basin of the South China Sea (e.g. Li et al., 2017b). Subsequently or contemporaneously, basal lags (DU1) 393 

were deposited in the study area (Figs. 7B, 7F, and 14A). Moreover, the sharp bend at the beginning of the 394 

Middle Reach, where the trend of the canyon changes from ESE to NE, likely resulted in lateral erosion, 395 

which triggered the collapse of the canyon walls. The lateral erosion effects decreased with distance from the 396 

sharp bend. This explains the large-scale canyon margin failures (DU1) that developed in the Middle Reach 397 

(Figs 7D, 8, and 14A), whereas small-scale canyon margin failures (DU1) occurred in the Lower Reach (Figs. 398 

7F and 14A). 399 

5.3.2 Early filling stage 400 

During this stage, turbidity currents supplied by the axial sediment source began to fill the canyon. 401 

During the deposition of DU2, thick-bedded high-density turbidity current deposits occurred in the Middle 402 

and Lower Reaches, whereas only thin-bedded low-density turbidity current deposits were deposited in the 403 

Upper Reach (Fig. 7). Moreover, the thickness of DU2 in the Upper Reach is obviously thinner than that in the 404 

Middle and Lower Reaches (Fig. 9B). It could be inferred that large volumes of coarse-grained sediments 405 

were transported into the Middle and Lower reaches, and only small volumes of fine-grained sediments were 406 

deposited in the Upper Reach (Fig. 14B). This distribution pattern is believed to be controlled by the 407 

morphology of the stepped-thalweg slope along the canyon pathway. In the Upper Reach, turbidity currents 408 

have larger gravitational potential energy. Under the promotion of the subsequent turbidity currents, they were 409 



likely prone to flow downslope and to transport their main sediment loadings into the Lower Reach to gain the 410 

steady state.  411 

During the deposition of DU3, low-density turbidity current deposits supplied by the axial sediment 412 

source covered the entire canyon. This trend of grain size decrease was likely caused by a decrease in the 413 

sediment supply. The thickness of the turbidites in the Upper Reach was still less than that in the other two 414 

segments (Fig. 9C), implying that the Upper Reach is still a bypass-dominated zone (Fig.14B). In general, the 415 

distribution pattern of sediments within the canyon during this stage was controlled by the morphology of the 416 

stepped-thalweg slope along the canyon pathway. 417 

5.3.3 Late filling stage 418 

At the beginning of this stage, the Red River Fault in the western boundary of the Qiongdongnan Basin, 419 

which is adjacent to our study area (Fig. 1), shifted from sinistral strike-slip to dextral movement, resulting in 420 

high-frequent seismicity in the Qiongdongnan Basin and its surrounding area (Gong et al., 2011). Triggered by 421 

the seismicity, destabilization of the slope deposits occurred in our study area (Fig. 12B). The resultant MTD 422 

(DU4) flowed downslope and was deposited in the distal part of the Middle Reach and the Lower Reach (Figs. 423 

10 and 14C). Therefore, the canyon was plugged, and negative relief was created updip of the MTD (Fig. 424 

14C), similar to a dammed lake on land. Therefore, the high-density turbidity current deposits (DU4) supplied 425 

by the axial sediment source could not be transported downslope until the negative topography was healed 426 

(Fig. 14C). It should be noted that because the turbidity currents could not flow into the Lower Reach, 427 

sediment bypass in the Upper Reach probably started to disappear, further evidenced by the slightly thickness 428 

increasing trend occurring in the Upper Reach and the southwestern part of the Middle Reach (Fig. 9D).  429 

After the MTD topography was healed, high-density turbidity current deposits (DU5) supplied by the 430 

axial sediment source were transported downslope again (Figs. 11A and 14D). The thickness of DU5 shows 431 

little variation throughout the study area (Fig. 9E). Therefore, the Upper Reach was not a bypass-dominated 432 

zone, although the turbidity currents could flow downslope again. It should be noted that the high-density 433 

turbidity current deposits could not cover the Lower Reach and the distal part of the Middle Reach owing to 434 

surface ponding atop the MTD (Fig. 11). Coarse-grained sediments were distributed mainly in the lower parts 435 

of the turbidity currents and were confined within the negative topography atop the MTD. Only the upper 436 

dilute turbidity currents could have reached the topographic highs, such as that occurring through the 437 

interaction between turbidity currents and debris topography as documented by Armitage et al. (2009) in the 438 



Upper Cretaceous Tres Pasos Formation exposed on the Sierra Contreras (southern Chile), By Gamboa et al. 439 

(2010) in the Espírito Santo Basin during the Palaeogene, SE Brazil, and by Masalimova et al. (2015) in the 440 

Puchkirchen Formation in the Molasse Basin (Austria). The deposition of DU5 led to the complete infilling of 441 

the Upper Reach. 442 

Afterwards, slope oversteepening resulting from rapid slope progradation (Fig. 12B) and the seismicity 443 

resulting from the Red River Fault activity (Gong et al., 2011) triggered the large volumes of MTCs that 444 

flowed downslope and were deposited in the Middle and Lower reaches (DU6) (Figs. 12A and 14E). The 445 

same phenomenon was also observed in the adjacent Lingshui Depression of the Qiongdongnan Basin (Gong 446 

et al., 2011, 2014; Wu et al., 2018). This resulted in a sharp decrease in canyon accommodation space and the 447 

abrupt step of the deepest part of the remanent canyon to the southeast with a maximum distance of 10.69 km 448 

(Figs. 12A). After the deposition of DU6, the shallow and wide canyon was filled completely by turbidites 449 

supplied by the axial sediment source (Figs. 12 and 14F). During this stage, the canyon fillings generally show 450 

a complex interplay among the axial and sediment source and the topographic changes.  451 

Comparing to the early filling stage, a smaller sediment input from the axial sediment source during the 452 

late filling stage is present. This phenomenon is in agreement with relative sea-level changes in the 453 

Qiongdongnan Basin. Between 8.2 Ma (T31) and 5.7 Ma (T30) when the Central Canyon was experiencing 454 

the early filling stage, the relative sea level was low (Fig. 2). Therefore, abundant sediments supplied by the 455 

axial sediment source could be transported from the continental shelf into the Central Canyon. However, the 456 

period between 5.7 Ma (T30) and 4.2 Ma (T29 Ma) during which the canyon was going through the late 457 

filling stage, the relative sea level rose (Fig. 2). Thus, sediment input from the axial sediment source decreased. 458 

This phenomenon has been well documented in the previous studies, such as the Kushiro submarine canyon 459 

documented by Tuzino et al. (2010) in the Kurile Trench forearc slope (northwestern Pacific), and the canyon 460 

documented by Di Celma et al. (2011) in the Peri-Adriatic basin (central Italy). The increased sediment input 461 

from the northern continental slope should be attributed to rapid slope progadation that resulted in slope 462 

oversteepening, and the seismicity resulting from the Red River Fault activity (e.g. Gong et al. 2011). These 463 

factors gave rise to the frequent slope failures so that large volumes of MTDs flowed into the canyon during 464 

the late filling stage. All in all, variations in the amount and direction of sediment supplies, and the stepped 465 

paleotopography controlled the depositional architecture of the Central Canyon. 466 

6. Conclusions 467 



 (1) The Central Canyon developed along the thalweg of a stepped palaeotopography during the Late 468 

Miocene and its relief resulted from the tectonic framework and associated sedimentation. A stepped slope and 469 

variation in the thalweg-extending direction lead to the changes in the incising depth and width of the canyon. 470 

 (2) The canyon fillings consist of relatively coarse-grained turbidites supplied by the axial sediment 471 

source and fine-grained MTDs supplied by the canyon-side sediment source. The turbidites are characterized 472 

by thick-bedded medium-grained or fine-grained sandstones or siltstones interbedded with mudstone, whereas 473 

the MTDs are dominated by mudstones originated from the northern slope of the Qiongdongnan basin. 474 

 (3) Three evolutional phases of canyon development are distinguished, namely the incising stage (Stage 475 

1), the early filling stage (Stage 2) and the late filling stage (Stage 3). During the incising stage, the formation 476 

of incising canyon was attributed to a stepped paleotopography and sea-level fall during the Late Miocene. 477 

High-energy erosive turbidity currents scoured and incised significantly along the thalweg, and initiated the 478 

formation of the Central Canyon. Subsequently or contemporaneously, the sharp bend at the beginning of the 479 

Middle Reach likely resulted in lateral erosion, which triggered large-scale and small-scale canyon margin 480 

failures in both the Middle and Lower Reaches, respectively. During the subsequent early filling stage (Stage 481 

2), the canyon infillings were dominated by the turbidite deposition supplied by the axial sediment source 482 

from the Central Vietnam and the western Hainan Island. Controlled by the morphology of the 483 

stepped-thalweg slope along the canyon pathway, the Upper Reach of the canyon is a bypass-dominated zone. 484 

However, the canyon fillings were dominated by MTDs interbedded with thin-layer turbidite deposits in the 485 

late filling stage (Stage 3). Finally, the increase of MTDs from the northern continental slope and the decrease 486 

of turbidite deposits from the axial sediment source upwards led to the completely infilling of the canyon. 487 

Such variations in architecture of the canyon along its pathway were believed to be controlled by multiple 488 

sediment supplies and topographic changes. 489 
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Table 1 Range and average calculations for the morphological parameters of the Central Canyon and thickness of 

the depositional units (DU1-7)  

Reach 

Canyon 

width 

(km) 

Canyon  

depth 

 (m) 

Thickness (m) of the depositional units 

DU1 DU2 DU3 DU4 DU5 DU6 DU7 

Upper 

Reach 

Range  4.1-9.2 288.0-445.5 - 0-255.4 0-210.4 0-150.0 0-130.2 189.2-613.2 0-98.1 

Av. 6.1 378.6 - 44.6 50.4 60.9 62.4 396.9 29.9 

Middle 

Reach 

Range 8.8-16.7 282.5-797.2 0-671.0 0-413.5 0-195.1 0-298.7 0-150.6 0-507.9 0-251.0 

Av. 12.5 649.1 152.3 126.7 85.1 131.7 57.0 303.3 89.0 

Lower 

Reach 

Range 9.3-11.0 751.5-1032.2 0-266.5 0-435.1 0-225.2 0-270.6 0-122.6 47.54-402.1 0-215.8 

Av. 10.3 919.6 128.7 196.3 91.0 151.3 63.6 321.9 98.0 

“ – ” represents non-deposition. 



Figure Captions 

Fig.1 (A) Present-day topographic map showing the Cenozoic sedimentary basins and the major structures in 

the northwestern South China Sea, as well as the location of the Central Canyon in the Qiongdongnan Basin 

(modified after Gong et al., 2011; Mao et al., 2015). The purple dotted lines representing the position of the 

shelf break at 5.7 Ma (Gong et al., 2011). (B) The map displaying the tectonic units in the western 

Qiongdongnan Basin (modified after Su et al., 2014) and the locations of wells used in this study (the red dots) 

and wells used in Cui et al. (2018) (the green dots). The pink solid lines illustrate the positions of the Figures 

3A, 3C, 8A, 9A, 12A, 12B, 12C and 13, respectively. 

 

Fig. 2 Cenozoic geological column of the Qiongdongnan Basin with seismic reflectors, structural evolution 

stages, depositional environments and relative sea-level changes (modified after Su et al., 2014; Wu et al., 

2018) 

 

Fig. 3 (A) Topographic map showing the geomorphology of the canyon, and the locations of the measuring 

lines for the canyon geomorphology-measurements. Also shown are the areas of the Upper, Middle and Lower 

Reaches of the canyon. (B) Shaded seismic profile (line location shown in Fig. 3A) displaying methodology 

for quantification. (C) Vertical seismic profile (line shown in Fig. 3A) exhibiting the key seismic reflections 

(Seabed, T20, T27, T29, T30, T31 and T40, respectively) and four units that was stripped off during the 

process of decompaction, as well as the position of the Ledong Fan. 

 

Fig. 4 Seismic well tie and synthetic seismic generation from well A and 3D seismic data: (a) TVD (m)/ TWT 

(ms); (b) Sonic log (µs/ft); (c) Density log (g/cm3); (d) Reflectivity coefficients; (e) Wavelet extracted from 

the closest seismic profile (inline); (f) Synthetic traces generated using the extracted wavelet; (g) Extracted 

seismic section (the closest inline); (h) Well tops. Note that, at the location of WellA, DU1 and DU7 did not 

develop. Therefore, only the tops and bases of DU2-6 were marked. 

 

Fig. 5 Results of quantification of the canyon geomorphology. The canyon thalweg in the first measuring line 

(i.e. the measuring line in northwestern-most corner of the study area, see Fig. 3A) is referred to the origin of 

the x-axis. (A) Vertically exaggerated plot along the mapped length of the canyon, showing changes in the 



thalweg slope gradient and in the canyon depth. (B) Vertically exaggerated plot along the mapped length of 

the canyon displaying changes in the canyon width. 

 

Fig. 6 Seismic profiles showing seven seismic facies identified in the Central Canyon based on the internal 

configuration and external geometry of seismic reflections. See the text in Section 4.1 for the detail 

descriptions.  

 

Fig. 7 (A) Seismic profiles (line location shown in Fig. 1B) along the canyon thalweg showing seven 

depositional units (DU1 through DU7, upwards) within the canyon filling. (B) Interpretation for the facies 

organization and distribution within the canyon filling in the seismic profile above. Seismic traverses (location 

shown in Fig. 1B) showing seven depositional units (DU1-7) within the canyon filling, as well as their facies 

organization and distribution (C, D, E and F, respectively). MTD= Mass transport deposits. 

 

Fig. 8 (A) Flattened horizontal coherence slice (see the location in Figs. 8B and C) illustrating plan-view 

geomorphological expression of three slide blocks within DU1. Seismic traverses (location shown in Fig. 8A) 

showing seismic appearance of the slide blocks (B and C, respectively). 

 

Fig. 9 Isopach maps of the depositional units (DU1-7). Note that, within DU2 (Fig. 9B) and DU3 (Fig. 9C), 

the obviously thinner thicknesses are present in the Upper reach. In DU4 (Fig. 9D), a slight thickness 

increasing trend can be observed in the Upper Reach and the southwestern part of the Middle Reach, while the 

remaining part is characterized by uniform thickness along the canyon pathway. In DU5 (Fig. 9E), relatively 

uniform thickness is present and the channel-like anomalies is resulted from the velocity model. Within DU6 

(Fig. 9F), a thickness reducing trend from the northwest to southeast is present in the Middle and Lower 

Reaches. In DU7 (Fig. 9G), a thickness increasing trend is present along the canyon pathway. 

 

Fig. 10 (A) Flattened horizontal coherence slice seen at 50 ms above the basal bounding surface (T30) of DU4 

illustrating coherence slice appearance of the high-density turbidity current deposits supplied by the axial 

sediment source and the MTD supplied by the side sediment source, respectively. (B) RMS map of DU4 

showing RMS appearance of the high-density turbidity current deposits supplied by the axial sediment source 

and the MTD supplied by the side sediment source, respectively. MTD= Mass transport deposits. 



 

Fig. 11 (A) RMS map of DU5 showing the RMS appearance of the high-density turbidity current deposits 

supplied by the axial sediment source. (B) Vertical seismic profile (line location shown in Fig. 11A) 

illustrating the ponding of turbidites atop the MTD. MTD= Mass transport deposits. 

 

Fig. 12 (A) Flatted horizontal coherence slice (see location in the Fig. 12B) illustrating coherence slice 

appearance of four MTDs supplied by the canyon-side sediment source within DU6, and low-density turbidity 

current deposits supplied by the axial sediment source within DU7. (B) Vertical seismic profile (see location 

in Figs. 1B and 12A) showing the relative positions of the northern continental slope, the southern uplift and 

the Central Canyon. Also shown is the position of the coherence slice map in Fig. 12A. (C) Seismic profile 

(line location shown in Fig. 1B) displaying seven depositional units (DU1-7) within the canyon filling and 

turbidity channel within DU7 in the upper reach. (D) Seismic profile (see location in Fig. 12B) illustrating 

seismic appearance of DU6 and DU7. MTC= Mass transport complex. 

 

Fig. 13 NE-SW slope-perpendicular profile showing the relative positions of the continental slope, the Ledong 

Fan and the Central Canyon 

 

Fig. 14 3D depositional evolution models to summarize the filling process and the depositional architecture of 

the Central Canyon. It evolved through three phases: (1) The incising stage (A); (2) The early filling stage 

when sediments were supplied by the axial sediment source (B); (3) The late filling stage during which 

sediments were both supplied by the axial and side sediment sources (C-F). See the text in Section 5.3 for the 

detail descriptions.  
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Highlights 

• Geomorphology of the palaeoslope-parallel Central Canyon in the Qiongdongnan Basin is 

quantified.  

• Effects of multiple sediment supplies and physiographic changes on the depositional 

architecture of the plaeoslope-parallel Central Canyon are documented in detail. 

• 3D depositional evolution models of the Central Canyon are proposed, providing new insights 

on the stratigraphic architecture of the deep-water canyon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


