
 ORCA – Online Research @
Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/159593/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Li, Jian, Li, Wei, Alves, Tiago M. , Rebesco, Michele, Wang, Xiujuan, Li, Shuang, Sun, Jie and Zhan,
Wenhuan 2023. Controls on the morphology of closely spaced submarine canyons incising the continental
slope of the northern South China Sea. Geomorphology 432 , 108712. 10.1016/j.geomorph.2023.108712 

Publishers page: http://dx.doi.org/10.1016/j.geomorph.2023.108712 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may
not be reflected in this version. For the definitive version of this publication, please refer to the published

source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made

available in ORCA are retained by the copyright holders.



1 
 

Controls on the morphology of closely spaced submarine canyons 1 

incising the continental slope of the northern South China Sea 2 

 3 

Jian Li a, Wei Li a, b, *, Tiago M. Alves c, Michele Rebescod, Xiujuan Wange, Shuang Li a, b, Jie Sun a, 4 

Wenhuan Zhan a, b 5 

 6 

a Key Laboratory of Ocean and Marginal Sea Geology, South China Sea Institute of Oceanology, Innovation 7 

Academy of South China Sea Ecology and Environmental Engineering, Chinese Academy of Sciences, Guangzhou 8 

511458, China 9 

b University of Chinese Academy of Sciences, Beijing 100049, P.R. China 10 

c 3D Seismic Lab. School of Earth and Ocean Sciences, Cardiff University, Main Building, Park Place, Cardiff, 11 

CF10 3AT, United Kingdom 12 

d Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS), Borgo Grotta Gigante 42/C, Sgonico, 34010 13 

Trieste, Italy 14 

e Key Lab of Submarine Geosciences and Prospecting Techniques, MOE, Institute for Advanced Ocean Study, 15 

College of Marine Geosciences, Ocean University of China, Qingdao 266100, China 16 

*Corresponding author: Dr. Wei Li (wli@scsio.ac.cn) 17 

 18 

Highlights 19 

- The morphology of submarine canyons changes gradually along a continental slope. 20 

- High sediment supply and frequent sediment flows promote canyon erosion. 21 

- Canyons to the southwest act as preferential pathways for sediment transportation. 22 

- Seafloor scarps form physical barriers for sediment transported downslope. 23 

 24 

Abstract 25 

Submarine canyons are key elements in source-to-sink systems that are commonly developed along 26 

continental margins. They act as major conduits transferring sediment and pollutants from continental 27 

mailto:wli@scsio.ac.cn


2 
 

shelves to deep-water basins, and control the general morphology and evolution of continental 28 

margins. This work uses multibeam bathymetric and high-resolution (two- and three-dimensional) 29 

seismic data to investigate the main factors controlling the morphology of the Shenhu Canyon System 30 

in the northern South China Sea, as well as its detailed morphological character. The Shenhu Canyon 31 

System consists of nineteen (19) submarine canyons whose morphologies vary from southwest to 32 

northeast along the continental slope. Canyons (C1-C10) in the southwest show greater incision 33 

depths, and steeper thalwegs and walls, when compared to their counterparts to the northeast (C11-34 

C17). The southwest canyons are located close to the shelf edge, where the upper continental slope 35 

is relatively steep and multiple landslides are imaged. We show that the thalwegs and walls of the 36 

southwest canyons were more actively eroded by sediment flows, with respect to the northeast 37 

canyons, making them deeper and steeper. Hence, submarine canyons in the southwest, with a more 38 

linear geometry, are now directly connected to the Pearl River Canyon. In parallel, seafloor fault 39 

scarps act as barriers for sediment transported to the heads of the northeast canyons. This research 40 

highlights how sediment supply, sediment pathways, and seafloor scarps can influence submarine 41 

canyon morphology along continental slopes. It contributes to a better understanding of the factors 42 

controlling canyon morphology worldwide. 43 

 44 

Keywords: Seafloor morphology; Submarine canyons; Continental margin; Pearl River Mouth Basin; 45 

Northern South China Sea. 46 

 47 

1. Introduction 48 

Submarine canyons, comprising steep-walled valleys incised onto the continental shelf and slope, can 49 

form along all types of continental margin: divergent, convergent or transform (Mountjoy et al., 2009; 50 
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Harris and Whiteway, 2011; Puig et al., 2014). Submarine canyons have received considerable 51 

attention over the last few decades as they: (1) form major conduits for sediment and pollutants 52 

transported from shallow to deep marine environments (Mulder et al., 2012; Puig et al., 2013; Pope 53 

et al., 2019; Zhong et al., 2021), (2) are recognised as preferential locations for gas-hydrate and 54 

hydrocarbon accumulations (Mayall et al., 2006; Davies et al., 2012; Crutchley et al., 2017), and (3) 55 

record climatic change with a fine-enough resolution to allow palaeoceanographic reconstructions 56 

across continental margins (Zhu et al., 2010; Voigt et al., 2013). 57 

Submarine canyons generally start evolving as submarine slides or slumps triggered by tectonic 58 

events, high sedimentation rates, rapid delta progradation, fluid seepage or fluid overpressure 59 

(Shepard, 1981; McHargue and Webb, 1986; Dugan and Flemings, 2000; Harris and Whiteway, 2011; 60 

Qin et al., 2017). Their development and morphology are influenced by a number of controlling 61 

factors, including sediment supply (Popescu et al., 2004; Puig et al., 2017), the eroding effect of 62 

downslope sediment flows (Orange, 1999; Puga-Bernabéu et al., 2013), tectonic activity (Popescu et 63 

al., 2004; Mulder et al., 2012), oceanographic currents (Mitchell, 2008; Puig et al., 2014) and even, 64 

in modern times, bottom trawling and anthropogenic structures (Martin et al., 2014). Such controlling 65 

factors greatly modify the morphology of submarine canyons at both their local and margin-wide 66 

scales (Goff, 2001; Jobe et al., 2011; Mulder et al., 2012). Therefore, understanding the factors that 67 

influence the morphology of submarine canyons can provide essential information on sediment 68 

transport processes and the modern sedimentary environment as a whole (Baztan et al., 2005; Puga-69 

Bernabéu et al., 2013; Wiles et al., 2019; Naranjo-Vesga et al., 2022).   70 

In recent years, an increasing number of researchers have studied the Shenhu Canyon System in the 71 

northern South China Sea, which comprises nineteen (19) closely spaced submarine canyons (Zhu et 72 

al., 2010; Gong et al., 2013; Ma et al., 2015; Zhou et al., 2015; Li et al., 2019; Yin et al., 2019; Su et 73 
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al., 2020) (Fig. 1). This was due to the discovery of deep-water hydrocarbon prospects and extensive 74 

gas hydrate fields in the region (Zhu et al., 2009; Zhang et al., 2012). Previous work has addressed 75 

the sub-surface geological structures (He et al., 2014; Chen et al., 2016), internal architecture (Zhu et 76 

al., 2010; Gong et al., 2013; Ma et al., 2015; Zhou et al., 2015), and overall geological evolution 77 

(Gong et al., 2013; Ma et al., 2015; Zhou et al., 2015) of these submarine canyons, but scant research 78 

has focused on their seafloor geomorphology (e.g. Li et al., 2016; Yin et al., 2019). Significantly, the 79 

submarine canyons that form the Shenhu Canyon System reveal a differing morphology along the 80 

continental slope, with much steeper and more incised canyons occurring in the southwest when 81 

compared with their counterparts to the northeast (Fig. 2). Even so, there is still a lack of information 82 

about the factors controlling such morphological variations.  83 

In this study, high-resolution bathymetric and two- and three-dimensional (2D/3D) seismic data are 84 

used to investigate the Shenhu Canyon System in the northern South China Sea (Fig. 1). The specific 85 

aims of this work are to: (a) quantitatively analyse the key geomorphologic features of the Shenhu 86 

Canyon System and related seafloor features; (b) investigate the main factors controlling the 87 

morphology of the Shenhu Canyon System; (c) discuss the effects of sediment supply, sediment 88 

transport pathways, and seafloor scarps on the morphology of closely spaced submarine canyons 89 

along a continental slope.  90 

 91 

2. Geological setting 92 

The South China Sea is a large semi-enclosed, marginal sea located at the junction between the Pacific, 93 

Indian-Australian and Eurasian tectonic plates (Taylor and Hayes, 1980). Sedimentary basins 94 

developing along its northern margin include, from west to east, the Yinggehai, Qiongdongnan, Pearl 95 

River Mouth and Taixinan basins (Fig. 1). The Pearl River Mouth Basin, where the Shenhu Canyon 96 
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System is located, is the largest sedimentary basin in the northern South China Sea (Fig. 1). Its 97 

evolution can be divided into two main stages (Yu, 1994): (1) early rifting and onset of tectonic 98 

subsidence from Late Cretaceous to the Middle Eocene; (2) regional thermal subsidence and tilting 99 

of the continental shelf, during which marine strata were accumulated from late Oligocene to the 100 

present day. In addition, three main tectonic events occurred in the Pearl River Mouth Basin during 101 

the Cenozoic: the Nanhai (ca. 32 Ma), Baiyun (ca. 23.8 Ma) and Dongsha (10.5 to 5.5 Ma) events 102 

(Dong et al., 2009; Pang et al., 2009; Wu et al., 2014). The Dongsha tectonic event affected the 103 

northeast part of the Pearl River Mouth Basin, having resulted in tectonic uplift, widespread faulting, 104 

magmatic activity and local erosion (Wu et al., 2014) (Fig. 1).  105 

The Shenhu Canyon System is located at a water depth between 300 m and 1700 m, and records four 106 

distinct phases of evolution since 13.8 Ma (Ma et al., 2015). The heads of the submarine canyons are 107 

confined to the upper continental slope, south of a broad continental shelf with an average width of 108 

236 km (Huang et al., 1995). Further south, the Shenhu Canyon System joins the E-W striking Pearl 109 

River Canyon, which forms one of the main conduits for sediment sourced from onshore areas into 110 

deep-water basins (Figs. 1 and 2a; Ding et al., 2013). The Pearl River Delta, to the northwest of the 111 

Shenhu Canyon System, has been a major source of sediment to the study area since the Late 112 

Oligocene (Fig. 1; Bao, 1995; Lüdmann et al., 2001; Lin et al., 2018). 113 

 114 

3. Data and methods 115 

Multibeam bathymetric and high-quality 2D/3D seismic data are used in this work (Figs. 1 and 2). 116 

The multibeam bathymetric data span an area of approximately 10,000 km2, at a water depth of 200 117 

m to 2600 m (Fig. 2a). The bathymetric data were acquired by the Guangzhou Marine Geological 118 

Survey, Ministry of Land and Resources, using a SeaBeam 2112 multibeam echosounder operating 119 
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at a main frequency of 12 kHz with a pulse length of 3–20 ms. The raw multibeam bathymetric data 120 

were post-processed using CARIS HIPS and SIPS software, so to remove noise and correct for sound 121 

velocity variations within the water column. The resulting, processed bathymetric data were used to 122 

generate high-resolution seabed digital terrain models (DTM) with a grid resolution of 100 m. The 123 

DTMs were also used to generate slope-facing maps (aspect maps) and slope gradient maps using 124 

Global Mapper®. 125 

The seismic data in this work were acquired and processed by the China National Offshore Oil 126 

Corporation (CNOOC) and interpreted on Kingdom© 2015 software. They were processed with a 127 

sampling interval of 4 ms and a bin spacing of 25 m × 12.5 m. The frequency bandwidth of the seismic 128 

data is 35-70 Hz, with a dominant frequency of 50 Hz, and their vertical resolution is ~10 m. The 2D 129 

seismic profiles have a frequency bandwidth of 30-45 Hz and were sampled at a rate of 4 ms, 130 

providing an average vertical resolution range between 15 m and 30 m. A water column velocity of 131 

1530 m/s (Chen et al., 2016) was used to convert two-way travel time to true water depths in our 132 

analysis. 133 

The quantitative analysis developed in this work follows the methods of Green et al. (2007), Covault 134 

et al. (2011), and Shumaker et al. (2018). A series of morphological profiles perpendicular to the 135 

thalwegs were extracted from the bathymetric datasets. The profiles were computed with a spacing 136 

of 50 m, decreasing to 25 m or less in areas of particular interest. In parallel, a series of longitudinal 137 

profiles along the canyon thalwegs and adjacent overbanks were extracted to highlight the 138 

morphological character of canyon incision. However, the data thus extracted are difficult to compare 139 

and contrast because of differences in canyon length and depth. To rectify this problem, we 140 

normalised the longitudinal profiles using the method in Covault et al. (2011). The canyons’ 141 

geomorphological parameters measured in this work include total and straight canyon length, canyon 142 
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sinuosity, depth of canyon incision, average canyon gradient along the canyon axis and relative to the 143 

north azimuth, the distance between canyon head and shelf edge, and the gradient of the slope between 144 

the canyon heads and shelf edge (Table 1).  145 

 146 

4. Results 147 

4.1. Shelf edge and slope morphology in the Pearl River Mouth Basin 148 

4.1.1. Shelf edge 149 

The shelf edge, or shelf break, is marked by an important change in slope gradient, and separates the 150 

flat-lying continental shelf from a steeper slope. The exact location of the shelf edge in clear on 151 

seismic profiles crossing the shelf and upper continental slope (Figs. 3 and 4b).  The present-day shelf 152 

edge has a depth of ~300 m in the southwest part of the study area (Fig. 3a). To the northeast, however, 153 

the shelf edge occurs at a depth of ~200 m (Figs. 1 and 3). The bathymetric map of the study area 154 

shows that the shelf edge generally strikes to the NE, recording an abrupt change from SE to NE at a 155 

longitude of ~ 114.5°, near the southwest limit of the study area (Figs.1 and 2a).  156 

Multiple shelf-edge deltas occur on the continental shelf (Figs. 3a and 4b). Seismic profiles crossing 157 

the southwest sector of the study area reveal a shelf edge to upper continental slope with southeast-158 

prograding deltas, and associated clinoforms, dated as Pliocene to Quaternary in age (Ma et al., 2015; 159 

Zhou et al., 2021) (Figs. 3a and 4b). Series of mass-transport deposits (MTDs) are also observed close 160 

to these clinoforms (Fig. 4). The length and height of the slide scars of MTDs can be up to ~40 km 161 

and ~50 m, respectively (Figs. 2a and 4). In contrast, seismic profiles crossing the upper continental 162 

slope in the northeast sector of the study area reveal Pliocene-Quaternary strata as being continuous, 163 

parallel or subparallel in character (Figs. 3c and 5b). 164 

 165 



8 
 

4.1.2. Slope morphology 166 

Seismic profiles covering the continental shelf and slope of the Pearl River Mouth Basin reveal two 167 

different types of continental slope (Fig. 3). Due to the presence of the Pearl River Canyon and Baiyun 168 

Slide Complex downslope, seismic lines crossing the southwest part of the study area show a concave 169 

slope (Figs. 3a and 3b). The continental slope is relatively steep in its upper part, where a maximum 170 

gradient of ~2.5° is reached, becoming gentler towards its base (Figs. 3a and 3b). In contrast, the 171 

seismic profiles crossing the northeast part of the study area reveal a convex slope with a relatively 172 

gentle (~0.3°) upper slope and a steep (~2°) lower slope (Fig. 3c).  173 

 174 

4.2.  Pearl River Canyon and linear depressions 175 

The Pearl River Canyon is sinuous in plan view and divided into three distinct reaches with differing 176 

orientations (Figs. 1 and 2a). The upper reach lies on the shelf edge and upper continental slope, 177 

striking to the SE (Fig. 2a). Several small-scale channels, with their heads incising the shelf edge, 178 

show a V-shaped section on the upper reach, with a maximum incision depth of ~70 m and a width 179 

of ~2 km (Fig. 2a). In comparison, the middle reach of the Pearl River Canyon extends for a distance 180 

of ~80 km, changing to a predominant E-W strike at a water depth of ~1200 m (Fig. 2a). Lower on 181 

the continental slope, at a water depth of ~2100 m, the general strike of the middle reach changes 182 

from nearly E-W to NW-SE until one finds the continental rise (Figs. 1 and 2a). Seamounts are located 183 

near the boundary between the middle and lower reaches of the Pearl River Canyon (Fig. 2a). It 184 

should be noted that a giant submarine slide, the Baiyun Slide Complex, is also observed in this area 185 

as shown by its prominent seabed scarp (Fig. 2a). It is the largest submarine landslide near the Pearl 186 

River canyon (Fig. 2a). The Baiyun Slide Complex spans an area of ~ 11000 km2, comprising multi-187 

stage overlapping submarine landslide deposits (Fig. 2a). The headwall of the Baiyun Slide Complex 188 
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displays an arcuate scarp, with a length of ~250 km and an average height of up to ~130 m (Figs. 2a, 189 

2e and 3a). 190 

Aspect maps can help to identify seafloor features with spurious strikes, highlighting the presence of 191 

seafloor depressions, sidewalls, gullies and local variations in slope gradient (McAdoo, 2000). 192 

Continuous and linear depressions are identified in the lower reaches of the Shenhu Canyon System 193 

and Pearl River Canyon on the seafloor aspect map (Fig. 6). Their length varies from a few kilometers 194 

to tens of kilometers, with a depth ranging from a few meters to tens of meters (Fig. 6). It should be 195 

stressed that a series of linear depressions were developed on the canyon head in the southwest part 196 

of the study area (e.g. C3-C7, C9), and some these depressions can be traced from the canyon heads 197 

up to the shelf edge (e.g. C3, C4, C7) (Fig. 6b). They are up to ~1 km wide and ~100 m deep (Fig. 198 

6d). However, linear depressions in the canyons to the northeast do not extend to the shelf edge. Those 199 

that extend downslope from the canyon mouths are shown to bypass the seamounts, to finally enter 200 

the lower reach of Pearl River Canyon (Fig. 6). 201 

 202 

4.3. Shenhu Canyon System 203 

4.3.1 General geomorphology 204 

The Shenhu Canyon System consists of 19 submarine canyons, herein named C1 to C19, following 205 

a southwest to northeast direction (Fig. 2a). They do not erode the shelf edge and are thus classified 206 

as slope-confined canyons, with their heads located at a water depth between 350 m to 880 m (Table 207 

1). Submarine canyons are 13 km to 36 km long, displaying V-shaped cross-sections in their upper 208 

reaches and U-shaped cross-sections in their lower reaches (Fig. 2). The bathymetric data show they 209 

are wider downslope, ranging from 2 km to 5 km in width. All these submarine canyons have no 210 
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obvious branches at their heads and exhibit a relatively straight thalweg with an NW-SE orientation, 211 

except for C17 and C18 (Fig. 2a and Table 1). Importantly, canyons C3 to C10 can be traced into the 212 

middle reach of the Pearl River Canyon, whereas the lower reaches of canyons C5 to C10 have been 213 

eroded by the Baiyun Slide Complex (Fig. 2a and 2e). In the northeast part of the study area, canyons 214 

C11 to C17 terminate 8 km to 50 km before reaching the Baiyun Slide Complex, though smaller-scale 215 

linear depressions on their downslope prolongation still enter the lower reach of the Pearl River 216 

Canyon (Figs. 2a and 6).  217 

 218 

4.3.2. Morphological analysis of submarine canyons 219 

Canyons C18 and C19 in the northeast portion of Shenhu Canyon System are not fully imaged by our 220 

bathymetric data (Fig. 2a). A detailed analysis of canyons C1 to C17 reveals gradual variations in 221 

morphological parameters such as the water depth of canyon heads, the depth of canyon incision, the 222 

average slope gradient along the canyon thalweg, and the slope gradient of the canyon walls (Table 223 

1).  224 

The canyon heads of C1 to C17 do not incise the shelf, lying on the upper continental slope at a water 225 

depth from 350 m to 730 m (except for C8) (Table 1). In addition, the depth of the canyon heads 226 

increases markedly from southwest to northeast (Fig. 7a). The canyon heads of C1 to C10 occur at 227 

water depths between 350 m and 580 m (except for C8), while the heads of C11-C17 are observed at 228 

a water depth ranging from 660 m to 730 m (Figs. 2a and 7a). Longitudinal profiles along the canyon 229 

thalwegs shows that canyons in the southwest (e.g. C3-C7, C9-C11) have concave-upward profiles, 230 

while canyons to the northeast (e.g.C12-C16) have slightly concave profiles (Fig. 8). Their maximum 231 

incision depth varies from 150 m to 412 m, decreasing from southwest to northeast, except for C1 232 

and C2 (Fig. 7b and Table 1). The maximum incision depth of canyons C3-C10 varies from 288 m to 233 
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412 m in the southwest part of the study area, while it varies from 155 m to 270 m for C11-C17, in 234 

the northeast (Fig. 7b). The average slope gradient along the canyon thalwegs ranges from ~1.5° to 235 

~2.3° (Table 1) and shows a decreasing trend from southwest to northeast (Fig. 7c). Canyons C1-C10 236 

in the southwest have relatively steeper canyon walls, with their maximum slope gradient reaching 237 

~20° (Fig. 9a). Canyons to the northeast (C11-C17) have wall gradients of less than ~15° (Fig. 9a).   238 

The distance between canyon heads and the shelf edge varies from 1.6 km to 61 km, revealing an 239 

increasing trend from southwest to northeast (Fig. 10a and Table 1). In the southwest, the distance 240 

between the canyon heads and shelf edge varies from 1.6 km to 8 km (except for canyon C8) and the 241 

slope gradient ranges from ~1.8° to ~2.7° (Figs. 9a and 10 ). However, the canyons to the northeast 242 

reveal a longer distance (20-61 km) between their heads and the shelf edge (Fig. 10a). The seafloor 243 

in the upper part of their heads is relatively flat, with an average slope gradient ranging from ~0.4° to 244 

~1.1° (Figs. 9a and 10b). 245 

As described, the submarine canyons in the Shenhu Canyon System show morphological variations 246 

that follow a southwest-northeast trend along the continental slope. The incision depth, average slope 247 

gradient along the canyon thalwegs, the slope gradient of the canyon walls, and the gradient of the 248 

seafloor between canyon heads and shelf edge, all decrease towards the northeast. Conversely, the 249 

water depth of canyon heads, and the distance between canyon heads and the shelf edge, increase 250 

towards the northeast. 251 

 252 

4.3.3. Evolution stages of the Shenhu Canyon System  253 

The development of the Shenhu Canyon System has been divided into multi-evolutionary phases 254 

based on its internal seismic facies. Seismic profiles crossing the study area reveal that small 255 

individual canyons were initially formed in the Middle Miocene at ~13.8 Ma (Fig. 11). The size of 256 
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the interpreted canyons is greater, and their spacing relatively smaller, from 12.5 Ma to 10.5 Ma (Fig. 257 

11). Seismic reflections show poor continuity and the presence of multiple MTDs after 10.5 Ma in 258 

the northeast part of the Shenhu Canyon System, likely because the Dongsha tectonic event resulted 259 

in significant basement uplift (Figs. 1 and 11). A series of small canyons were then developed in the 260 

northeast part of the Shenhu Canyon System and incised upper Miocene strata data from 10.5 Ma 261 

onwards (Fig. 11). However, they were completely filled and buried by younger strata, comprising 262 

continuous, parallel or subparallel seismic reflections, after 5.5 Ma (Fig. 11). 263 

 264 

4.4 Faults and related seafloor scarps 265 

A basement high is identified on a seismic profile crossing canyons C3 to C19, with its depth below 266 

the seafloor increasing to the southwest (Fig. 11). Several normal faults associated with this basement 267 

high are identified on the upper continental slope (Fig. 5). Some of the faults dipping opposite to the 268 

slope gradient reach the seafloor to form prominent seafloor scarps with heights of tens of meters or 269 

more (Figs. 5a and 9 ). The high-quality bathymetry data interpreted in this work also reveals a series 270 

of seafloor scarps, with lengths of 5-15 km in the northeast part of the study area (Figs. 2a and 9). 271 

Faults mainly strike E-W to WNW-ESE, perpendicularly to the strike of present-day canyons (Figs. 272 

2a and 9a).  273 

 274 

5. Discussion 275 

The geomorphological data in this work stress the important differences observed between the 276 

northeast and southwest portions of the Shenhu Canyon System in terms of their incision depth, slope 277 

gradient of canyon thalwegs and slope gradient of their walls (Figs. 2b, 7b, 7c and 9a ). Canyons in 278 

the southwest have greater incision depths, steeper canyon thalwegs, and steeper canyon walls (Figs. 279 
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7b, 7c and 9a). In the following sections, the factors controlling the morphology of the Shenhu 280 

Canyon System are discussed. 281 

 282 

5.1. Canyon morphology as a function of sediment supply  283 

Shelf-edge deltas play a critical role in the partitioning and delivery of sediment to the continental 284 

slope and basin floor (Gong et al., 2019; Liu et al., 2019). A deltaic succession developed on the shelf 285 

edge from the Pliocene to the Quaternary in the northwest part of the study area (e.g. Bao, 1995; 286 

Lüdmann et al., 2001; Lin et al., 2018; Liu et al., 2019; Wang et al., 2020) (Figs. 1, 3a and 4b). All 287 

prodelta fronts reveal important progradation and, consequently, deltas have prograded onto the outer 288 

shelf (Figs. 3a and 4b). Previous studies demonstrated that the Pearl River deltas have prograded 10-289 

15 km for the past 478 ky in the form of a broad sediment apron over the pre-existing shelf edge 290 

(Gong et al., 2019), due to high sediment supply (Liu et al., 2019; Su et al., 2019; Wang et al., 2020). 291 

Shelf-edge deltas spilling over the shelf edge can guarantee the delivery of terrestrial sediment to 292 

deep-water basins regardless of relative sea-level position (Covault and Graham, 2010; Gong et al., 293 

2019). 294 

In the southwest part of the study area, sediment transported by deltaic systems onto the shelf margin 295 

resulted in a series of progradational, sigmoidal clinoforms (Figs. 2a, 4 and 9a). As a result of this 296 

setting, the average seafloor gradient increases from ~0.1° on the shelf to ~2.5° on the upper 297 

continental slope (Figs. 3a, 3b and 9a). The high sediment supply and relatively steep upper 298 

continental slope promote seafloor instability and, accordingly, a series of slide scars are observed in 299 

bathymetric data close to the canyon heads in the southwest (Figs. 2a, 4a and 9a). Similarly, multiple 300 

MTDs are identified in between Pliocene-Quaternary clinoforms near the canyon heads (Fig. 4b). 301 

Mass-wasting events originating from the shelf edge likely account for a significant portion of 302 
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sediment supplied to the canyons in the southwest part of the study area. In this same region, 303 

information gathered from gravity and piston cores suggest a large amount of shelf-derived, coarse 304 

sediment on the upper continental slope (Wang et al., 2018; Gong et al., 2019), indicating that gravity 305 

flows are active (and abundant) in this region. This is consistent with the fact that longitudinal profiles 306 

along the canyon thalwegs in the southwest reveal a concave-upward morphology, while canyons to 307 

the northeast show a slight concave-upward geometry (Fig. 8). Such a difference is due to the fact 308 

that southwest canyons have suffered relatively stronger erosion (e.g. Mitchell, 2005; Covault et al., 309 

2011). In contrast, seismic profiles crossing the upper continental slope in the northeast reveal 310 

continuous, parallel or subparallel Pliocene-Quaternary strata (Figs. 3c and 5b). This shows that the 311 

northeast sector of the study area is not frequently affected by mass movements (He et al., 2014; Ma 312 

et al., 2015). 313 

Downslope-eroding gravity flows derived from the shelf and upper continental slope, or generated 314 

by downslope flow transformation of canyon-walls landslides, are common mechanisms promoting 315 

axial incision in submarine canyons (Parsons et al., 2007; Rebesco et al., 2009; Puga-Bernabéu et al., 316 

2013). The walls of canyons C1-C10 in the southwest are steeper (up to ~20°) than those of canyons 317 

C11-C17 in the northeast (less than ~15°) (Fig. 9a). Steeper canyon walls undoubtedly result in a 318 

higher probability of slope instability. This is consistent with the results in Chen et al. (2016) proving 319 

that the number of landslides and slumps on canyon walls decreases from southwest to northeast in 320 

the study area. Downslope-eroding gravity flows generated by the unstable canyon walls are 321 

considered to promote axial canyon incision (Parsons et al., 2007; Puga-Bernabéu et al., 2013). 322 

Therefore, canyons in the southwest were likely eroded more frequently by gravity flows than those 323 

in the northeast, promoting their greater depth and the formation of steeper thalwegs. 324 

 325 
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5.2. Influence of sediment pathways on canyon morphology  326 

The dimension of submarine canyons is closely controlled by slope morphology (Naranjo-Vesga et 327 

al., 2022). The orientation of the sediment flow pathways is controlled by the slope gradient, as these 328 

flows will tend to be directed towards topographic lows (Kneller et al., 2016; Naranjo-Vesga et al., 329 

2022). The Pearl River Canyon and Shenhu Canyon System constitute the main topographic lows for 330 

sediment transported from shallow to deep waters in the Pearl River Mouth Basin (Fig. 2; Ding et al., 331 

2013). Previous studies have shown that the Pearl River Canyon began its development at ~21 Ma 332 

(Ding et al., 2013; Chen et al., 2020), i.e. much earlier than the Shenhu Canyon System, which started 333 

to form at ~13.8 Ma (Fig. 11). After the Shenhu Canyon System was formed, it gradually became the 334 

main sediment conduit on the continental slope by replacing the upper reach of the Pearl River 335 

Canyon (Ding et al., 2013; Su et al., 2020). Later, the lower reaches of canyons C5 to C10 were 336 

eroded by the Baiyun Slide Complex, creating prominent seafloor scarps oriented perpendicularly to 337 

these canyons (Figs. 2a, 2e, 3a and 6; Li et al., 2014). The seafloor depression, or relative low, 338 

generated by the Pearl River Canyon and Baiyun Slide Complex provided abundant accommodation 339 

space for sediment derived from submarine canyons in the Shenhu Canyon System (Figs. 2a, 2e, 3a 340 

and 6). Due to the presence of the Pearl River Canyon and Baiyun Slide Complex downslope, the 341 

continental slope shows a concave-upward morphology that can be associated with the high sediment 342 

supply recorded in the southwest part of the study area (Adams et al., 1998; Patruno et al., 2015; Zhuo 343 

et al., 2019). Similarly, concave-upward slopes have been observed in other parts on the northern 344 

South China Sea margin, such as in the Yinggehai and western Qiongdongnan basins (Zhuo et al., 345 

2019). These basins are characterised by their rapid sediment progradation, suggesting they are 346 

preferential areas for sediment transport. 347 

We note that the lower reaches of the southwest canyons C3-C10 are directly connected to the middle 348 
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reach of the Pearl River Canyon. Conversely, a series of seamounts is present between the lower 349 

reaches of the northeast canyons C11-C17 and the Pearl River Canyon (Figs. 2a and 6). In addition, 350 

canyons C1-C10 in the southwest are closer to the shelf edge when compared to canyons C11-C17 to 351 

the northeast (Figs. 1, 2a and 10a). The distance between canyon heads and the shelf edge increases 352 

significantly from southwest (~1.6 km) to northeast (61 km) (Figs. 2a, 10a and Table 1), whereas the 353 

average seafloor gradient between canyon heads and the shelf edge decreases from ~2.5° to ~0.4° 354 

towards the northeast (Figs. 9a and 10b ). As sediment flows inevitably move downslope in the 355 

direction of maximum dip, they are highly sensitive to seafloor topography and gradient (Kneller et 356 

al., 2016; Naranjo-Vesga et al., 2022). This suggests that sediment flows along the shelf edge and 357 

upper continental slope were more easily funneled into the canyon heads in the southwest part of the 358 

study area.  359 

The aspect map of the study area reveals the presence of linear depressions that are an order of 360 

magnitude smaller than the submarine canyons. The linear depressions extend from the downslope 361 

termination of the canyons in the Shenhu Canyon System to the middle reach of the Pearl River 362 

Canyon (Fig. 6). It should be noted that some linear depressions can be traced from canyon heads to 363 

the shelf edge in the southwest part of the study area (e.g. canyons C3, C4 and C7). Previous work 364 

suggested that such linear depressions within canyons are troughs eroded by high-frequency sediment 365 

flows (Field et al., 1999; Orange, 1999; Kneller et al., 2016; Shumaker et al., 2017; Wang et al., 2017; 366 

Li et al., 2020). Once developed, such troughs are able to control the paths of sediment flows by 367 

funnelling them (Normandeau et al., 2022). The distribution of linear depressions in the study area 368 

illustrates that canyons in the southwest, with more linear depressions in their upslope and downslope 369 

regions (Fig. 6), would have been more eroded by gravity flows. This indicates that the southwest 370 

canyons, when compared with the canyons in the northeast, formed preferential pathways for 371 
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sediment transported from shallow to deep waters. We infer that in the area of the Shenhu Canyon 372 

System, high-frequency sediment gravity flows along the depressions were sourced from larger-scale 373 

canyons in the part of the slope with the highest gradient. The fact that these depressions can only be 374 

traced from the canyon heads to the shelf edge in the southwest part of the study area (Fig. 6), and 375 

that the southwest canyons are much deeper and steeper than those in the northeast (Figs. 7b and 7c), 376 

confirms that sediment gravity flows are more active in the southwest part of the Shenhu Canyon 377 

System. This also means this part of the canyon system effectively replaced the upper reaches of the 378 

Pearl River Canyon in transferring sediment from shallow to deep waters (Fig. 12). This made the 379 

southwest canyons much deeper and steeper than those in the northeast.  380 

 381 

5.3. Effect of seafloor scarps on canyon morphology 382 

Previous studies proposed tectonic uplift as a major influence on submarine canyon morphology 383 

(Mountjoy et al., 2009; Harris and Whiteway, 2011; Mulder et al., 2012; Tournadour et al., 2017). 384 

The most prominent example is that of submarine canyons on the northern slope of the Little Bahama 385 

Bank (Mulder et al., 2012). In this region, the geometry of submarine canyons varies along a west-386 

east trending bank slope. The eastern canyons in the Little Bahama Bank are longer, deeper, wider 387 

and more incised than those in the west of the bank (Mulder et al., 2012; Tournadour et al., 2017). 388 

Differences in canyon morphology were considered to result from tectonic tilting of the entire 389 

carbonate margin to the west during the Cenozoic (Mulder et al., 2012).  390 

A series of tectonic events have occurred in and around our study area during the Cenozoic, i.e. the 391 

Nanhai (ca. 32 Ma), Baiyun (ca. 23.8 Ma) and Dongsha (ca. 10.5 to 5.5 Ma) events (Dong et al., 2009; 392 

Pang et al., 2009; Wu et al., 2014). Submarine canyon development in the Shenhu Canyon System 393 

was largely affected by the Dongsha tectonic event (Fig. 1; Ma et al., 2015; Zhou et al., 2015), which 394 
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caused significant uplift in its northeast part (Figs. 3c, 5a and 11). At the time of the Dongsha tectonic 395 

event, still in the northeast part of the study area, seismic reflections show poor continuity and the 396 

presence of multiple MTDs (Fig. 11). This suggests the occurrence of frequent sediment flows and 397 

an unstable sedimentary environment in this area. A series of smaller canyons are observed in upper 398 

Miocene strata in the northeast part of the Shenhu Canyon System (Fig. 11). However, these small 399 

canyons disappear in the northeast, and are replaced by continuous, parallel or subparallel seismic 400 

reflections after 5.5 Ma (Fig. 11). This fact indicates that quieter open-slope conditions replaced the 401 

previous sediment flows and erosion may have already ceased after 5.5 Ma in this region. In addition, 402 

the present-day submarine canyons in the northeast part of the Shenhu Canyon System are smaller 403 

and less incised compared to those in the southwest (Figs. 2b and 7b), and a series of seafloor scarps 404 

can be observed above the canyon heads in the northeast of our study area (Figs. 3c, 5a and 9). We 405 

postulate that tectonic uplift resulting from the Dongsha tectonic event does not significantly 406 

influence submarine-canyon morphology at present, even though it may have played a vital role in 407 

the past and may have generated the still-present rugged seafloor in the northeast of our study area 408 

(Figs. 3c, 5a and 9). 409 

Canyon morphology can also be affected by a rugged seafloor topography above the canyon heads 410 

(Puga-Bernabéu et al., 2013). Puga-Bernabéu et al. (2013) have shown that the morphology of 411 

submarine canyons varies along the Great Barrier Reef margin offshore northeastern Australia. 412 

Submarine canyons with extensive barrier reefs in their upper regions are less incised and, thus, were 413 

interpreted as slope-confined canyons. Conversely,  submarine canyons with no well-defined barrier 414 

reefs are deeply incised on the continental shelf, and sediment supply to these canyons is larger 415 

compared to slope-confined canyons. Thus, the presence of barrier reefs at the shelf edge is 416 

considered as one of the main factors controlling canyon morphology in the Ribbon Reef region 417 
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(Puga-Bernabéu et al., 2013).  418 

In the study area, a series of normal faults related to local tectonic uplift are observed close to the 419 

heads of canyons C16-C19 (Figs. 3c and 5). They offset the modern seafloor, resulting in the 420 

formation of scarps that are up to 60 m tall (Figs. 3c, 5a and 9). These scarps are WNW-SEE striking 421 

and act as physical barriers for sediment flows derived from the shelf edge (Figs. 5a,  9 and 12). The 422 

root-mean-square (RMS) amplitude maps published in Ma et al., (2015) reveal obvious differences 423 

on both sides of the scarps. High RMS amplitudes are located on the north side of the scarps, while 424 

their southern sides show low RMS amplitudes. This implies that a large volume of coarse-grained 425 

sediment is deposited on the north side of the scarps (Ma et al., 2015). The lack of seafloor scarps 426 

close to the heads of canyons C1 to C15 suggests the absence of bathymetric obstacles and greater 427 

sediment transport across the continental shelf and upper continental slope than those reported in Ma 428 

et al. (2015) (Fig. 12). If existent, seafloor scarps would have formed physical barriers for sediment 429 

transported to the canyon heads, making the northeast canyons less eroded by sediment flows. 430 

The data in this work thus show that the canyons in the southwest part of the Shenhu Canyon System 431 

are more incised by sediment flows than those in its northeast part, as they are closer to the Pearl 432 

River delta and lack any bathymetric traps (faults scarps) for incoming sediment. 433 

 434 

6. Conclusions 435 

The Shenhu Canyon System of the northern South China Sea constitutes a unique case study that to 436 

improve our understanding on the factors controlling the morphology of closely spaced submarine 437 

canyons. A combination of high-resolution bathymetric, 2D/3D seismic data were therefore used in 438 

this study to investigate morphological variations in the Shenhu Canyon System of the northern South 439 

China Sea. The main conclusions of this work are as follows:  440 
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(1) The Shenhu Canyon System consists of nineteen (19) submarine canyons showing a variable 441 

morphology along the continental slope, from southwest to northeast. Canyons in the southwest have 442 

greater incision depths, steeper canyon walls, and steeper thalwegs than those in the northeast. 443 

(2) The differing canyon morphology observed in the study area suggests the effect of multiple 444 

controlling factors, both regional and local, throughout the evolution of the Shenhu Canyon System. 445 

Sediment supply, preferential pathways for sediment, and the presence of seafloor scarps, are main 446 

factors controlling the morphology of the studied submarine canyons.  447 

(3) Canyons C1 to C10 are close to the shelf edge, where numerous landslides occurred in the past. 448 

They are connected to the Pearl River Canyon and reveal an open upper continental slope with no 449 

seafloor scarps. They act as preferential pathways for sediment transported from the shelf edge into 450 

the Pearl River Canyon. The canyon walls of canyons C1-C10 to the southwest are also steeper (up 451 

to ~20°), resulting in a higher instability of its walls. These conditions allow for higher sediment 452 

supply and frequency of sediment flows, intensifying canyon erosion.  453 

(4) In the northeast of the study area, the upper continental slope is characterised by a broad, low 454 

gradient seafloor, probably associated with fewer sediment flows. The northeast canyons C11-C17 455 

developed far from the shelf edge and have relatively gentle canyon walls (<15°). This makes them 456 

less likely to be eroded by sediment flows sourced from the shelf edge, upper continental slope, and 457 

canyon walls. In addition, seafloor scarps on the seafloor have limited the transport of sediment to 458 

the Shenhu Canyon System. Consequently, the northeast canyons were less eroded by sediment flows. 459 
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Figure and table captions 471 

Figure 1: Combined topographic and bathymetric maps of the northern South China Sea margin. The 472 

orange dashed lines highlight the boundaries of four major deep-water sedimentary basins in the 473 

northern half of the South China Sea. The location of the present shelf edge is indicated by the black 474 

dashed line (modified from Huang et al. (2021) and Zhuo et al. (2019)). The Shenhu Canyon System 475 

shown in the red box is connected with the ancient Pearl River delta (marked by the shadow in blue) 476 

in the upper slope region and the Pearl River Canyon (indicated by the purple dotted line) in the 477 

downslope area. The distribution of the ancient Pearl River delta is based on Bao (1995) and Lüdmann 478 

et al. (2001). The area affected by Dongsha Tectonic Event is shown by the orange shadowing (Wu 479 

et al., 2014).   480 

  481 

Figure 2: (a) Bathymetry map derived from multibeam bathymetric and 3D seismic data revealing 482 

the detailed seafloor morphology of Shenhu Canyon System and Pearl River Canyon. The polygons 483 

with grey dotted lines represent the coverage of multibeam bathymetric data. The main sediment 484 

fairway of the Pearl River Canyon is shown by a purple dashed line. The blue dashed arrows indicate 485 

the locations of several submarine small-scale channels in the upper reaches of Pearl River Canyon. 486 
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Seafloor scarps in the northeast part of the study area are marked by black dotted lines. (b) 487 

Bathymetric profile across canyons C1 to C17 showing canyon incision to decrease from southwest 488 

to northeast, except for C1 and C2. (c) Bathymetric profile across the upper reach of canyons C3 to 489 

C4 displaying V-shaped morphologies. (d) Bathymetric profile across the lower reach of canyons C3 490 

to C4 displaying U-shaped morphologies. Note that Fig. 2c and Fig. 2d have the same horizontal and 491 

vertical scales. The red lines indicate the variations of slope gradients along the bathymetric profiles 492 

in Fig. 2b, 2c and 2d. (e) Three-dimensional view of the Baiyun Slide scarps highlighting the lower 493 

reaches of canyons C5 to C10 as having been eroded by the Baiyun Slide. 494 

 495 

Figure 3: (a) Two-dimensional (2D) seismic profile crossing the westernmost part of study area 496 

showing the steeper upper continental slope (~2.5°) and the presence of prograding shelf-edge delta 497 

and clinoform seismic facies, the shelf edge, the Baiyun Slide scarps, and the Pearl River Canyon. (b) 498 

NW-SE oriented two-dimensional (2D) seismic profile depicting the slope geometry in the southwest 499 

part of the Pearl River Mouth Basin. Here, the slope is generally concave and the upper continental 500 

slope is steeper (~2.5°) to the lower slope (~0.7°). (c) Two-dimensional (2D) seismic profile with a 501 

NW-SE orientation imaging the continental slope in the northeast part of the Pearl River Mouth Basin. 502 

Here, the slope is convex with a gentle upper slope (~0.3°) and a relatively steep lower slope (~2°). 503 

Note that several faults offset the seafloor to form prominent scarps. Locations of profiles are shown 504 

in Fig. 1. 505 

 506 

Figure 4: (a) Bathymetric map highlighting the detailed seafloor morphology of the shelf edge in the 507 

west of study area. Note that a series of slide scars developed near the shelf edge. See Fig. 2a for 508 

location. (b) Two-dimensional (2D) seismic profile crossing the upper continental slope and C9 509 
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showing the major depositional features, including a shelf-edge delta with clinoforms, MTDs, and 510 

small submarine channels at the shelf edge to the upper continental slope. The stratigraphic 511 

interpretation in this figure follows the framework of Ma et al. (2015) and Zhou et al. (2021). See Fig. 512 

2a for the location of the seismic profile.  513 

 514 

Figure 5: (a) Seismic profile from three-dimensional (3D) seismic data crossing the northeast part of 515 

the Shenhu Canyon System revealing the presence of a large scarp, ~60 m high, generated when of 516 

the uplift of the basement high to the NE. Faults are marked by red solid lines. See Fig. 2a for the 517 

location of the seismic profile. (b) Two-dimensional (2D) seismic profile crossing the upper 518 

continental slope and C16. Several faults can be observed on the upper continental slope, as marked 519 

by red solid lines. Note the seismic facies replaced by continuous, parallel or subparallel seismic 520 

reflections after 5.5 Ma on the upper continental slope. The stratigraphic interpretation in this figure 521 

follows the framework of Ma et al. (2015). 522 

 523 

Figure 6: (a) Slope-facing map (aspect map) of the study area derived from multibeam data. The map 524 

represents the direction of slope gradient. The aspect map is important to highlight the downslope 525 

trending continuous linear depressions. (b) Line-drawn interpretation of Fig. 6a revealing the wide 526 

linear depressions in the study area, features that suggest significant erosion by sediment flows. The 527 

white dotted arrows indicate the location of linear depressions and sediment transport pathways. (c) 528 

Bathymetric profile across the continental slope revealing the presence of multiple seafloor 529 

depressions. They can be up to tens of meters in depth. (d) Bathymetric profile across the upper 530 

continental slope between the canyon heads and the shelf edge revealing the presence of multiple 531 

seafloor depressions. 532 
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 533 

Figure 7: Variations in the morphological parameters of submarine canyons. The red dotted lines 534 

highlight the variations in trend of morphological parameters. (a) The depth of canyon heads shows 535 

an increasing trend from southwest to northeast, except for C8. (b) The maximum canyon incision 536 

shows a decreasing trend from southwest to northeast, except for C1 and C2. (c) The average canyon 537 

gradient along the axial thalwegs of submarine canyons shows a decreasing trend from southwest to 538 

northeast. 539 

 540 

Figure 8: (a) Longitudinal profiles along the canyon thalwegs of submarine canyons C1-C17. (b) 541 

Normalized plots of the longitudinal profiles along the canyon thalwegs and adjacent overbanks 542 

highlighting the character of canyon incision in the study area. It should be noted that canyons C4 543 

and C7 in the southwest have concave-upward profiles along their thalwegs, while canyons to the 544 

northeast (C12 and C15) have slightly concave profiles.  545 

 546 

Figure 9: (a) Slope gradient map of the Shenhu Canyon System highlighting the fact that the walls of 547 

canyons in the southwest (C1-C10) are steeper than those in the northeast (C11-C17). The black 548 

dotted lines indicate the locations of seafloor scarps in the northeast part of the study area. (b) Three-549 

dimensional view of the slope gradient of the upper slope in the northeast part of Shenhu Canyon 550 

System. Note that a series of seafloor scarps developed on the upper continental slope. (c) 551 

Bathymetric profile crossing the upper continental slope revealing the presence of seafloor scarps. 552 

See Fig. 9b for the location of the bathymetric profiles. 553 

 554 

Figure 10: Variations in morphological parameters of the upper continental slope. The red dotted lines 555 
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highlight the variation trend of morphological parameters. (a) Distance between the canyon heads 556 

and shelf edge displaying an increasing trend from southwest (~1.6 km) to northeast (~61 km). (b) 557 

The average seafloor gradient between shelf edge and canyon heads shows a decreasing trend from 558 

southwest (~2.1°) to northeast (~0.3°). 559 

 560 

Figure 11: (a) Seismic profile gathered from 3D seismic data revealing the detailed internal 561 

architecture of submarine canyons C3 to C19. Location of the seismic profile in Fig. 2a. The 562 

development of the submarine canyons can be divided into four stages according to Ma et. al (2015). 563 

Note that the significant tectonic uplift in the northeast part of the Shenhu Canyon System. (b) 564 

Zoomed-in seismic section in Fig. 11a showing that the scales of submarine canyons decrease to the 565 

northeast. Note that few submarine canyons can be identified in the northeast part of the Shenhu 566 

Canyon System, especially above the basement high uplifted after the end of Late Miocene (5.5 Ma). 567 

 568 

Figure 12: Three-dimensional view of a conceptual model highlighting the main sedimentary 569 

processes occurring in the study area. In the southwest part of the study area, canyons are close to the 570 

shelf edge where numerous landslides and sediment flows have developed. They connect with the 571 

Pearl River Canyon and show an open upper continental slope lacking seafloor scarps, which act as 572 

the preferential pathways for sediment transported from the shelf edge into the Pearl River Canyon. 573 

In the northeast part of the study area, the upper continental slope is characterized by a broad, low-574 

gradient seafloor, with fewer sediment flows. The fault scarps act as physical barriers on the seafloor, 575 

limiting the transport of sediment to the northeast canyons. 576 

 577 

Table 1: Summary of the main characteristics of submarine canyons in the Shenhu Canyon System 578 
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C: canyons; HD: depth at canyon head; TD: depth at canyon end; L: total length (distance between 579 

canyon head and canyon mouth measured along the canyon thalweg); SL: straight length (shortest 580 

distance between canyon head and canyon mouth); S: sinuosity (ratio between the total and straight 581 

length); MI: difference in maximum canyon incision depth between the canyon axis and the adjacent 582 

overbanks; CGr: average canyon gradient along the canyon axes relative to horizontal; Az: azimuth 583 

(orientation relative to north between the starting and ending points); D: distance between canyon 584 

head and shelf edge; SGr: slope gradient of the continental slope between the canyon heads and the 585 

shelf edge. 586 

 587 
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Table 843 

C 
HD 

(m) 

TD 

(m) 

L 

(km) 

SL 

(km) 
S 

MI 

(m) 

CGr 

(°) 
Az 

D 

(km) 

SGr 

(°) 

1 487 977 13.0 12.2 1.06 175 2.30 144 4.5 2.15 

2 490 1050 14.8 12.7 1.17 150 2.29 169 5.1 1.97 

3 370 1290 26.7 26.5 1.01 313 2.03 157 1.6 1.77 

4 350 1323 28.7 28.5 1.01 356 1.96 157 1.8 1.90 

5 547 1583 31.0 30.8 1.01 325 1.92 162 5.8 2.05 

6 532 1575 29.9 29.0 1.03 372 2.06 161 5.1 1.93 

7 533 1675 36.2 35.3 1.03 412 1.78 164 4.9 2.71 

8 880 1626 23.4 23.2 1.01 288 1.83 160 15.0 2.02 

9 536 1450 25.9 25.4 1.02 309 1.73 163 6.8 2.07 

10 582 1453 26.2 25.8 1.02 348 1.71 168 8.0 2.05 

11 700 1550 29.5 29.2 1.01 270 1.69 158 20.0 1.13 

12 671 1401 26.7 25.8 1.03 255 1.67 153 21.0 1.03 

13 660 1669 33.5 33.1 1.01 211 1.63 159 23.0 0.85 

14 683 1402 22.5 22.3 1.01 193 1.68 169 30.2 0.75 

15 691 1429 25.5 25.1 1.01 155 1.69 166 45.0 0.44 

16 730 1428 23.8 23.4 1.02 173 1.66 161 47.0 0.37 

17 696 1413 22.5 22.3 1.01 180 1.56 180 61.0 0.36 
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