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Abstract： The external geometry, internal architecture and sedimentary evolution processes of the deep-water 33 

channel system in Zhujiang Formation in the Midwest of Baiyun Sag have been revealed in detail according to the 34 

integrated analysis of 3D seismic data and a large number of drilling and logging data sets. In addition, the 35 

controlling effect of sediment supply, sea level change, shelf break zone and palaeogeomorphology on the deep-36 

water channel system was discussed. Finally, it is concluded that the development and distribution of the deep-water 37 

channel system is controlled by both provenance and landform. The deep-water channel system can be subdivided 38 

into different sections: the provenance area, the waterway and the sedimentary area. It presents the features of a 39 

'three segment channel' which indicates that the fluid energy of the gravity flow changes from weak to strong and 40 

then weak along depositional inclination. Because the processes of internal filling and latter reformation which the 41 

channel experienced in different sections during different periods are complex, the inner filling characteristics of 42 

the channels are different, mainly high sand-shale ratio superimposed channel (sand-rich deposit) and low sand-43 

shale ratio channel-levee complex (sand-lean deposit). It is clear that the development and spatial distribution 44 

characteristics of deep-water channel system in Zhujiang Formation are controlled by the shelf edge delta of Pearl 45 

River, forced regression, the shelf break zone and restricted landform collectively. The shelf edge delta at the lower 46 

member of Zhujiang Formation in the north of Baiyun Sag provides the large amount of clastic sediments for the 47 

development of deep-water channel system. Forced regression drives the continuous transportation of the sediments 48 

from shelf edge to deep-water channel system. The shelf break and the fault slope break provide favorable paths 49 

and topographic conditions for transportation of the sediments in the deep-water channel system. The fracture 50 

systems and the subaqueous low uplifts influenced the spatial distribution of the deep-water channel system together. 51 

Keywords：deep-water channel system; controlling factor; Zhujiang Formation; Baiyun Sag; Pearl River 52 

Mouth Basin 53 

*Corresponding author. Hunan Provincial Key Laboratory of Shale Gas Resource Utilization, Hunan University of Science and 54 
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1. Introduction 57 

A large proportion of the global energy demand requires petroleum, and gravity flow reservoirs are among the 58 

most significant hydrocarbon reservoirs in deep-water settings (Pirmez et al., 2000; McHargue et al., 2011; Palozzi 59 

et al., 2018). Despite the mud-rich nature of the slope systems, sand-rich architectural elements (slope channels and 60 

their terminal lobes) are common and represent attractive hydrocarbon exploration targets (Piper and Normark, 2001; 61 

Shultz and Hubbard, 2005). As such, the exploration of deep-water oil and gas began as early as the late 70s of last 62 

century (Hull, 2003; Tao et al., 2006; He et al., 2006; Zhang et al., 2017). After decades of exploration, outstanding 63 

achievements have been made and a collection of giant and super giant oil and gas fields have been consecutively 64 

discovered (Hull, 2003; Liang et al., 2011; Zhang et al., 2017; Zhao et al., 2014). Since then, deep-water settings 65 

and slope environments have been the focus of both scientific and economic interest (Kane et al., 2007; Hubbard et 66 

al., 2008; Maravelis et al., 2014; Palozzi et al., 2018). 67 

Deep-water channel systems are important 'source-sink' components of the continental shelf to deep-sea 68 
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sedimentary area, and make up the majority of the most important submarine geomorphic elements (Fildani et al., 69 

2013; Li et al., 2020). The deep-water channels are distributed widely in many deep-water basins around the world, 70 

and extend to thousands of kilometers in the sea bottom (Wynn et al., 2007). The deep-water channel can not only 71 

be used as a transport waterway for terrigenous detrital sediments, but also can be used as a depositional place for 72 

deep-water sand-rich sediments. A reservoir with deep-water channel architecture has been found in the deep-water 73 

basins of Mexico Bay, Brazil and Angolan Sea with the progress of deep-water oil and gas exploration and the 74 

introduction of high resolution 3D seismic and deep-sea drilling technology, deep-water channel deposits as a good 75 

reservoir, have aroused extensive attention (Mayall et al., 2006; Cross et al., 2009; Babonneau et al., 2010; Jancko 76 

et al., 2013). A large number of findings have been made in the aspects of the external geometry, the internal filling 77 

architecture, the sedimentary evolution model, the control factors influencing the depositional mechanism and the 78 

spatial distribution characteristics of the sand body in the deep-water channel (Wynn et al., 2007; Peakall et al., 79 

2007; Kolla et al., 2007; Tinterri and Lipparini, 2013; Zhang et al., 2015). Sea level change is one of the important 80 

factors controlling the development of deep-water channel (Wellner & Bartek, 2003; Saller & Dharmasamadhi, 81 

2012). During the period of relative sea level decline, part of the continental shelf is exposed to sea level. On the 82 

one hand, a large number of terrigenous clastic materials are transported to the continental slope by rivers, and then 83 

transported to the deep sea by gravity flow to form deep-water gravity flow deposits. On the other hand, due to the 84 

exposure of the continental shelf, it is easy to be eroded by rivers, which provides abundant provenance for gravity 85 

flow deposition. In addition, the decline of sea level can also promote the decomposition of combustible ice in deep 86 

sea, resulting in the instability of continental slope and the formation of gravity flow. Deep-water fan deposits are 87 

well developed in the deep-water area of Baiyun Sag, Pearl River Mouth Basin (Zheng et al., 2013; Pang et al., 88 

2014), and many deep-water channel deposits have been discovered (Liu et al., 2011; Qiao et al., 2015; Liao et al., 89 

2016; Ma et al., 2017). These deep-water channels referred above are mainly Quaternary or present deep-water 90 

channel in the deep-water area of Baiyun Sag and a large-scale deep-water channel revealed by drilling in the 91 

Miocene Zhujiang Formation in the eastern Baiyun Sag. They provide different information about deep-water 92 

channel separately. The Quaternary or present deep-water channels put emphasis on the characteristics of internal 93 

filling, plane geometry shape and channel migration model. The large-scale deep-water channel of the Zhujiang 94 

Formation in the eastern Baiyun Sag concentrate on the sedimentary evolution process, and discuss the control 95 

factors for the deep-water channel system, such as sediment supply, shelf break and palaeogeomorphology. 96 

However, a deep-water channel system in the Zhujiang Formation in the Midwestern Baiyun Sag have not 97 

been investigated. So, by advantage of 3D seismic data and a large number of drilling and logging data, the external 98 

geometry, internal filling architecture and sedimentary evolution characteristics of the deep-water channel system 99 

have been systematically anatomized using the idea of subsection research. Based on the theory of 'source-channel-100 

sink' (Somme et al., 2009; Cao et al., 2018), the control function of sediment supply, sea level change, shelf break 101 

zone and palaeogeomorphology to the deep-water channel system have been discussed, and the genetic mechanism 102 

and the depositional model of the deep-water channel system have been clarified. Our researches may avail to more 103 

geologic understanding of deep-water sedimentation and deep-water exploration in the Pearl River Mouth Basin 104 

and other regions around the world. 105 

2. Geological setting 106 

The Pearl River Mouth Basin (PRMB) is one of the four major basins which developed in the northern South 107 

China Sea during the Cenozoic (Hao et al., 1995, 2000; Zhou and Yao, 2009). The PRMB which is between Hainan 108 

Island and Taiwan Island is located to the south margin of the South China continent, covering about 17.5×104 km2 109 

(Wang et al., 2012). It can be divided into five large-scale first-order tectonic units trending NE. From the north to 110 

the south (Chen and Pei, 1993), they are the northern fault terrace belt, northern depression belt (including Zhu Ⅰ 111 

Depression and Zhu Ⅲ Depression), central uplift belt (including Shenhu uplift, Panyu low uplift and Dongsha 112 

uplift), the southern depression belt (including Baiyun Sag and Chaoshan Depression), and the southern uplift belt 113 

(Fig. 1A). The Baiyun sag of the PRMB is one of the largest hydrocarbon generation sag in the PRMB which lies 114 
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on the continental slope along the northern margin of the northern South China Sea, covering an area of 115 

approximately 1.2×104 km2, recording a draught of 200-2000 m (Zhang et al., 2014; Ma et al., 2015). The deep-116 

water channel system of this study area is located on the northern slope of the Baiyun sag and connects the broad 117 

shelf and deep-water basin (Fig. 1B). The paleo-Pearl River delta which is on the northwestern of the deep-water 118 

channel was the main material source. The deep-water fan is located in the southeastern part of the deep-water 119 

channel, and is the main sedimentary facies in the study area (Pang et al., 2007a). Influenced by the tectonic 120 

movement of the Baiyun event, the continental shelf slope break transited from the southern Baiyun sag at 23.8Ma 121 

to the northern Baiyun sag at 21 Ma and it has been nearby the northern Baiyun sag since then (Pang et al., 2007b; 122 

Shao et al., 2007; Qin et al., 2011a; Chen et al., 2016).The migration of the shelf break provides the topography and 123 

geomorphic conditions for the development of deep-water channel system and deep-water fans in the Baiyun sag, 124 

and therefore many deep-water fan developed in the subsequent sequence (Fig. 1C).  125 

 126 

Fig. 1. (A) Location map of the study area in the Pearl River Mouth Basin, northern South China Sea, showing the tectonic elements 127 

of the Pearl River Mouth Basin. (B) The study area located in the Panyu low uplift and Baiyun sag, showing the deep-water channel-128 
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lobe mainly developed in the northern Baiyun sag. Shelf break at 21 Ma is modified from Liu et al. (2011). (C) Regional stratigraphic 129 

structure profile across the Panyu low uplift and Baiyun sag, showing the structural styles from the shelf to the continental slope where 130 

our study area located. Regional stratigraphic structure profile is modified from Pang et al. (2007a). Red areas note that deep-water fan 131 

system has been widely developed in Baiyun Sag, Pearl River Mouth Basin since 21 Ma. See the position in (B).  132 

2.1. Tectonic evolution 133 

Similar to many other passive continental margin basins, the evolution of the Pearl River Mouth Basin has 134 

experienced rift stage (57.5-32 Ma), transition stage (32-23.8 Ma) and depression stage (23.8 Ma to present) (Fig. 135 

2). The Paleocene-early Oligocene rift stage was characterized by the well-developed half-graben structures (Huang 136 

et al., 2005; Sun et al., 2005, 2009). The transition stage that occurred during the late Oligocene was defined by a 137 

significant decrease in the intensity of the active normal faults (Pang et al., 2008; Zhou et al., 2015a). The southward 138 

transition of ridge of the center South China Sea at 23.8 Ma, named the Baiyun event, led to the skipping of the 139 

continental shelf slope break from southern margin of the southern uplift belt to northern margin of the Baiyun sag, 140 

and then the sedimentary environment of Baiyun sag changed from neritic sea to deep-water (Pang et al., 141 

2007b).This tectonic event marked the beginning of the drift stage of the Pearl River Mouth Basin (Pang et al., 2008; 142 

Zhang, 2010). The Baiyun tectonic event occurred at the end of the Oligocene (23.8 Ma) and influenced not only 143 

South China Sea but also the east Asia (Pang et al., 2007b; Zhou et al., 2015a). The Oligocene-Miocene transition 144 

stage was a period of great changes in the geological environment, such as tectonics, climate and sea level. The 145 

changes of tectonics are as follows: (1) readjustment of the boundary between the southeast Asia plate and southwest 146 

Pacific plate, collision between Australia and the Philippine Sea Arc and collision between Ontong Java Plateau and 147 

Melanesian Arc (Hall, 2002);（2）the component of the sediment in the northern South China Sea had great changes 148 

during the Late Oligocene (23.8Ma) , and the main clastic sediments in the Baiyun sag changed from sandy 149 

sediments into argillaceous sediments (Shao et al., 2008; Li et al., 2011; Yu et al., 2015); (3) rapid uplift of the 150 

northern part of the Tibetan Plateau (Sobel and Dumitru, 1997); and (4) transformation of the Red River fault and a 151 

shift in the strike of the mid-ocean ridge of the South China Sea from EW direction to SW direction (Taylor and 152 

Hayes, 1983; Briais et al., 1993). The influence for the climate and sea level is obvious, such as the cooling events 153 

during the Miocene, the dryness and desertification of Asia, and the dramatically declining of the global sea level 154 

(Zhong et al., 1998; Guo et al., 2002; Cai et al., 2008; Yu et al., 2014). 155 

2.2. Sequence stratigraphy 156 

The Cenozoic strata in the Baiyun sag of the Pearl River Mouth Basin is about 11 Km thick and overlays the 157 

basement rocks of Cretaceous and Jurassic granites (Fig. 2; Pang et al., 2007a; Zhou et al., 2009).During the rift 158 

stage, fluvial-lacustrine sandstones, mudstones and coal deposits were developed in the Shenhu formation, 159 

Wenchang formation and Enping formation of the Baiyun sag. The lacustrine mudstones and coal-bearing strata of 160 

Wenchang formation and Enping formation are the main hydrocarbon source rocks of the Pearl River Mouth Basin 161 

(Zhu et al., 2009). After the rift stage, a large shallow shelf delta developed in Zhuhai formation of the Baiyun sag. 162 

The sandstone deposited at this stage accounts for about 50-60% of the volume of the rock and covers a large area, 163 

so it is considered to be the most important reservoir rocks in Pearl River Mouth Basin (Zhu et al., 2009). During 164 

the drifting stage, deep-water depositional systems developed in Zhujiang formation, Hanjiang formation, Yuehai 165 

formation, Wanshan formation and Quaternary strata respectively in Baiyun sag of Pearl River Mouth Basin (Zhou 166 

et al., 2015b). At present, Zhujiang formation which is the oldest in Miocene sequence is the main research objective. 167 

According to the seismic reflection structure characteristics of the Pearl River Mouth Basin, paleontological dating 168 

and the third order relative sea level change curve, 4 third order sequence boundaries (SB23.8, SB21, SB17.5, 169 

SB16.5 and SB15.5) and 1 maximum flooding surface (MFS18.5) in Zhujiang formation have been identified (Haq 170 

et al., 1987; Qin, 2002; Pang et al., 2008; Zhou et al., 2015b). The deep-water channel system involved in this paper 171 

is located in Zhujiang formation. Further, it is between the third order sequence boundary SB21 of the Zhujiang 172 

formation and its maximum flooding surface MFS18.5. 173 
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 174 

Fig. 2. Sequence stratigraphic framework of the Pearl River Mouth Basin (modified from Pang et al., 2008). Approximate locations of 175 

shelf break is shown by the red lines. The relative sea level change curve of the Pearl River Mouth Basin is modified from Qin (2002) 176 

and the global eustatic curve is from Haq et al. (1987). 177 

3. Data and methods 178 

The 3D seismic survey covered an area of approximately 3100 km2 ,with a bin size of 12.5×12.5 m2 in the 179 

inline and crossline directions. Seismic data was acquisited in 2009 and processed by pre-stack time migration. The 180 

frequency bandwidth of the data ranges from 15 to 70 Hz with a dominant frequency of 50 Hz, and the sampling 181 

interval is 2 ms. The seismic velocity of the Zhujiang formation in Baiyun sag is 3500 m/s, and the vertical resolution 182 

is approximately 15 m. There are 22 wells involved in this study and all of them possess gamma-ray logging (GR), 183 

acoustic logging (AC) and lithology data. Furthermore, 15 of the wells are in the shelf and the rest are in the upper 184 

slop and basin floor (Fig. 1B). 185 

Firstly, the deep-water channel is segmented by the external geometry configuration and location; Secondly, 186 

the characteristics of internal filling structure are described and the interpretation of sedimentary units is carried out 187 

piecemeal; Then, the application of the amplitude attribute of mean square root, horizontal amplitude slices and 3D 188 

visualization technique is used to dissect the sedimentary evolution process of the deep-water channel; Finally, 189 

based on the 'source-channel-sink' theory, sediment supply, sea-level change, the shelf break zone and the 190 

palaeogeomorphology have been discussed individually for influence on the development of the deep-water channel 191 

system. 192 
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4. Results 193 

4.1. The characteristics of the external geometry of the deep-water channel 194 

According to fine interpretation tracking and multi attribute extraction of 3D seismic data of the study area 195 

which is about 3100 km2, it is clear that the overall shape of the deep-water channel system of the Zhujiang 196 

Formation is sigmoid and NNW-SSE trending, extending from the northern of the 21 Ma shelf break to the middle 197 

of the Baiyun Sag that is in the lower slope (Fig. 3). The northern and southern channels are wide and the middle 198 

part is narrow, with a total length of about 26.5 km. There are two obvious inflection points of the deep-water 199 

channel in horizontal distribution, and the inflection points just lie in the location where the fault is developed (Fig. 200 

3). 201 

The deep-water channel system has been divided into three segments according to both its horizontal 202 

distribution characters, namely, the provenance area segment in the shelf edge and upper slop (about 5.5 km long, 203 

NNW-SSE extending), the waterway area segment in the middle slope (about 11 km long, the fore part NNE-SSW 204 

extending, the rear end NNW-SSE extending) and the sedimentary area segment in the lower slope (about 10 km 205 

long, NNW-SSE extending).  206 

 207 

Fig. 3. (A) The amplitude attribute of root mean square of the SB21 upward 30 ms in Zhujiang formation, Baiyun sag. The blank area 208 

with no attribute is the location of the fault. Shelf break at 21 Ma is modified from Liu et al. (2011). (B) The external geometry and 209 

segmental interpretation of the deep-water channel system in Zhujiang Formation. Note the provenance area, the waterway area and 210 

the sedimentary area are identified by the development location and the width scale of the deep-water channel system. The ①～⑦ is 211 

the location of seismic profiles shown in Fig. 4, Fig. 5 and Fig. 6. 212 

According to the statistical analysis of the seven seismic lines (The ①～⑦ profiles in the Fig. 4) which are 213 

from north to south, it is found that the deep-water channel system of the provenance area segment is mainly 214 

characterized by incised U-shaped channel which is isolated and unsymmetrical, the thickness range of the single 215 

channel is 162-175 m, the width range of the channel is 0.5-1.3 km, and the width to depth ratio range is 3.09-7.43 216 
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(Fig. 4, Tab. 1). About the waterway area segment, the isolated single channel has become a complex channel where 217 

the incised U-shaped channel superposed on the incised V-shaped channel. The covering area of the deep-water 218 

channel system is obviously smaller. The thickness range of the single channel is 73-174 m and the width range is 219 

mainly 0.5-0.9 km. The width of the single channel is obviously narrower than that in the provenance area segment, 220 

and the width to depth ratio range is 2.87~6.85, which is smaller than that of the provenance area segment. The 221 

profile shape (from the profile⑤ to ⑦) of the deep-water channel in the sedimentary area segment is characterized 222 

by the transition from the incised V-shaped channel to the U-shaped channel. Here, the channel size is larger, the 223 

thickness range of the single channel is 112-312 m, the width range is mainly from 0.5-1.8 km, and the width of the 224 

single channel is obviously larger than that in the waterway area segment. The width to depth ratio range is 225 

4.46~5.77. The profile⑥ and ⑦ reveal the character of the end of the deep-water channel system which is in the 226 

sedimentary part: (1) the size of the single channel is larger; (2) the erosion incision ability is significantly weakened; 227 

(3) the overflow deposit is developed; (4) the deep-water channel system in the sedimentary area segment is 228 

characterized by the lobe body deposit (Fig. 3A). 229 
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  230 

Fig. 4. Typical morphological characteristics of deep-water channel system in seismic profiles. Profile location has been shown in Fig. 231 

3. 232 

In summary, the deep-water channel system transforms from an isolated single channel to a complex channel 233 

which is superposed by two channels from north to south, and then turns into a large-scale isolated single channel. 234 

On the whole, the channel has a larger width in provenance area segment and sedimentary area segment than that 235 

in waterway area segment, so does the width to depth ratio (Fig. 3; Tab. 1). It has the similar shape to the debris 236 

flow which include the upstream formative region (ladle), the midstream circulation area (linear) and the 237 

downstream accumulation area (lobe). When the channel developed in the provenance area which is in the shelf 238 

edge and upper slope, the head erosion is familiar in channels and its erosion ability is weak. At the same time, the 239 

slump and slide are developed on both sides abundantly, so the width of the single channel is relatively wide and 240 
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the width to depth ratio is relatively large. When the channel developed in the waterway area which is in the middle 241 

slope, the energy of the fluid inside the channel increases gradually and the erosion ability of the channel is enhanced 242 

because of the steep increase of the terrain. Naturally, the channel present V-shaped incised channel, and the width 243 

and the width to depth ratio of the single channel is obviously smaller than that of the channel which is in provenance 244 

area (Fig. 4; Tab. 1). Subsequently, when the channel developed in the sedimentary area which is in the lower slope, 245 

the erosion ability of the channel gradually decreased as the gradually gently topography, so deposition and filling 246 

are dominative and eventually the lobe body deposit emerge. 247 

Tab. 1. Relations of width and depth of each single channel in different section of the deep-water channel system. 248 

Different section Width (km) Depth (m) Width to depth ratio 

Provenance area segment 0.5-1.3 (average 0.9) 162-175 (average 168.5) 3.09-7.43 (average 5.26) 

Waterway area segment 0.5-0.9 (average 0.6) 73-174 (average 140) 2.87-6.85 (average 4.65) 

Sedimentary area segment 0.5-1.8 (average 1.3) 112-312 (average 238) 4.46-5.77 (average 5.10) 

4.2. The characteristics of the internal filling architecture of the deep-water channel 249 

The formation of deep-water channel system usually involves multi-stage continuous, complex erosion- filling 250 

processes. The formation and evolution of single channel present erosion period, filling period, overflow period and 251 

abandonment period (Wynn, 2007). A complete vertical filling succession of the channel includes 4 parts: basal lag, 252 

slump/debris flow, high sand-shale ratio superposed channels and low sand-shale ratio channel- levees complex 253 

(Mayall et al., 2006). The gradient, fluid property, internal filling process and later transformation are complicated 254 

and changeable, so the internal filling records of channels is different for the different spatial positions and different 255 

stages (Liao et al., 2016). In this paper, the development period and internal filling style of deep-water channel 256 

system are described in detail by using the research idea of 'sectional depiction and sectional contrast'. The filling 257 

pattern of the channel in the provenance area located on the shelf edge and upper slope is dominated by slide, slump 258 

and headward erosion channels. The filling pattern of the channel in the waterway area located in the middle slope 259 

is dominated by erosional and aggradational channel. The filling pattern of the channel in the sedimentary area 260 

located in the lower slope is dominated by aggradational channel. 261 

4.2.1. Channel filling pattern of provenance area segment in shelf edge and upper slope 262 

According to the identification, mutual cutting relationship and the seismic reflection characteristics of 263 

secondary erosion surface, one channel has been identified in the provenance area segment which has been in the 264 

shelf edge and upper slope (Fig. 3①, Fig. 5). Because the channel developed on the shelf edge and upper slope 265 

where the slope is relatively gentle, its incised erosion ability is weak. In the area close to the origin of the channel, 266 

the seismic reflection characteristics present medium low frequency and weak amplitude and clutter-blank reflection, 267 

which indicates block transport deposit (Fig. 3①, Fig. 4①, Fig. 5A). The mass transported deposit has been inferred 268 

from slide, slump and headward erosion deposit of the two walls of the channel. In the process when mass transport 269 

gradually transformed into current transport dominated by traction, the seismic reflection characteristics of the south 270 

of the channel in provenance area segment present the middle low frequency and weak amplitude and difference-271 

medium continuous reflection (Fig. 5), indicating that there are both gravity flow and traction flow at the same time. 272 

The adjacent drilling reveal medium-thick bedded light gray fine sandstone which is dominated by quartz and 273 

feldspar. Furthermore, the fine sandstone is medium-sorted, with calcareous muddy cementation, and the GR 274 

logging curve present cylindrical shape (Fig. 5). 275 
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 276 

Fig. 5. Seismic reflection configuration, lithological characteristics and features of logging curve of erosional channel in provenance 277 

area segment. Profile location has been shown in Fig. 3. (A) seismic profile. (B) Logging curve of well B3. (C) Core photo of 3680.05-278 

3680.30 m in well B3. (D) Photo of casting thin section of 3680.15 m in well B3. Q-Quartz, F-Feldspar, R-Rock debris. 279 

4.2.2. Channel filling pattern of waterway area segment in middle slope 280 

In the waterway area segment in middle slope, two channels can be identified, namely channel I and channel 281 

II (Fig. 6). The channel I which was confined in the space with a V-shape shows the abnormal strong vertical erosion. 282 

The channel II that was confined in the space with a U-shape not only superposed on channel I but also migrated 283 

eastwards obviously, its erosion-cutting ability was obviously weaker than that of Channel I. The seismic reflection 284 

characteristics of channel I present medium low frequency, strong amplitude and medium continuous reflection, and 285 

the bottom is characterized by basal lag deposit and high sand-shale ratio channel (sand-rich deposit) while the 286 

upper part is characterized by low sand-shale ratio channel-levees complex (sand-lean deposit) (Fig. 6). The seismic 287 

reflection characteristics of channel II present medium low frequency, medium amplitude and difference-medium 288 

continuous reflection and it is an achievement of three times eastward migration of a channel. In addition, the 289 

channel is featured by high sand-shale ratio channel (sand-rich deposit) on the bottom and low sand-shale ratio 290 

sand-lean deposit which is combined by channel and levees (Fig. 6). 291 
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  292 

Fig. 6. Typical Seismic facies and filling patterns of erosional-aggradational channel in waterway area segment. Profile location has 293 

been shown in Fig. 3. 294 

4.2.3. Channel filling pattern of accretion in the sedimentary area on the lower slope 295 

In the sedimentary area which is on the lower slope, only one channel can be recognized from the bottom shape, 296 

but it can be seen obviously that the channel formed by the vertical superposition of two stage channels (Fig. 7). The 297 

two stage channels are separated by the secondary erosion surface or continuous muddy marine flooding surface. 298 

Every stage channel is dominated by vertical accretion and lateral accretion and its ability of erosion and 299 

downcutting is very weak. The limitation of the single channel is obviously weaker than that in the provenance area 300 

and waterway area. Eventually, at the end of channel and in the transitional zone of lobe deposition, the aggraded 301 

channel with good lateral continuity usually can be found. The inner filling of the channel mentioned above is 302 

medium-low frequency strong amplitude subparallel medium continuous reflection, which shows the process of 303 

vertical accretion of two stage channels and records the slow unloading process of clastic sediments during the 304 

period when the fluid energy changed from strong to weak. Both of the two stage channels are characterized by high 305 

sand-shale ratio sand-rich deposit on the bottom and low sand-shale ratio channel-levees complex (sand-lean deposit) 306 

or the muddy sediments of marine flooding surface on the upper part. At the same time, the middle-low frequency 307 

medium-low amplitude subparallel medium continuous reflection structure can be seen on both sides of the main 308 

line of the channels (Fig. 7), and the flat form is leaf and lobe (Fig. 8, Fig. 9) that is inferred to be the overflow 309 

deposit or basin floor fan formed by the fine-grained sediments overflowing the embankment. 310 
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  311 

Fig. 7. Typical Seismic facies and and filling pattern of aggradational channel in sedimentary area segment. Profile location has been 312 

shown in Fig. 3. 313 

4.3. Sedimentary evolution characteristics of the deep-water channel 314 

Sedimentary elements composition, external geometry and internal filling architecture of different sections and 315 

different periods record the generation, development and extinction of deep-water channel system. Deep-water 316 

channel system presents the combination sequence of slide, slump, headward erosion channels, erosional-317 

aggradational channels and aggradational channels which show the filling evolution characteristics of 'three segment 318 

channel' and indicate the fact that the gravity flow fluid energy change from weak to strong and then to weak. Finally, 319 

the deep-water channel system will terminate in the lower slope in the form of lobes, while the overflow deposit 320 

and basin floor fan formed at the end of the deep-water channel system reach the abyssal plain. According to the 321 

vertical section, the deep-water channel system shows one channel both in the provenance area and in the 322 

sedimentary area while two channels in the waterway area. Though there is one channel shown in the sedimentary 323 

area, we can notice the stacked filling of two stage channel sand bodies on the seismic profile (Fig. 7). It may be 324 

that the two channels of the waterway area juxtapose in the sedimentary area, or the erosion capacity of the channel 325 

in the sedimentary area is very weak, so it is hard to form two obvious U-shaped channels. 326 

In order to explain the sedimentary evolution process of deep-water channel system in detail , the interval 327 

where the deep-water channel developed in 21-18.5 Ma have been divided into three equal proportions to extract 328 

the seismic root mean square amplitude attributes, and three-dimensional visualization mapping has been carried 329 

out (Fig. 8, Fig. 9, Fig 10). It can be seen from the maps that the provenance area segment is located in the upper 330 

reaches of the deep-water channel system and is the cradle of the deep-water channel system. Because the 331 

provenance area segment which has a relatively gentle gradient situated in the transition zone between the shelf 332 

edge and the upper slope, it is easy that the sediments of shelf edge delta inclined to slump and slide to form gravity 333 

flow because of the instability. The flow velocity is not very fast here, so the downcutting ability of the gravity flow 334 

is weak. Under these circumstances, the horizontal distribution of the gravity flow is a restricted isolated single 335 

straight channel, ladle-shaped and extending NNE-SSW with a U-shaped profile. Although there is one channel 336 

whose erosion ability is relatively weak in the profile, two stage evolution processes can obviously be seen in the 337 

root mean square amplitude attribute map, that is, the ladle shape channel in Fig. 9 is obviously larger than that in 338 

Fig. 8 and the headward erosion occurs northward. The waterway area segment is located in the middle reaches of 339 
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the deep-water channel where the topographic gradient is steep, the slope ratio is large, and the fluid velocity is fast, 340 

so, the restricted, superimposed channel with strong vertical downcutting erosion ability is formed. Furthermore, its 341 

horizontal distribution is linear, NNW-SSE extending and its profile shape is U-shaped or V-shaped. There are two 342 

channels distinctively (Fig. 6) and the downward erosion ability of channel I is stronger than that of channel II. The 343 

channel I is mainly filled by high sand-shale ratio superimposed channel (sand-rich deposit), while the channel II is 344 

mainly filled by low sand-shale ratio superimposed channel (sand-lean deposit), and the width of channel formed 345 

by channel II is obviously wider than that of channel I. The sedimentary area segment is located in the lower reaches 346 

of the deep-water channel where the overall terrain is relatively wide, flat and the gradient is gentle and the fluid 347 

energy obviously weakens. Here, the isolated single channel is gradually transformed into complex channel which 348 

is non-restrictive and relatively curvy. The profile shape is mainly U-shaped. Similarly, the downward erosion ability 349 

of the first stage channel is stronger than that of the second stage channel. The first stage channel is filled by high 350 

bending small channel-natural levee, and the second stage channel is filled by wide channel-overflow deposit or 351 

lobe body deposit. Subsequently, with the decrease of relative sea level, the middle and upper reaches of the first 352 

and second stage channel are covered by the sediments of shelf edge delta or wedge deposit of lowstand systems 353 

tract (Fig. 10). 354 

  355 

 356 

Fig. 8. Three-dimensional visualization of root-mean-square amplitude attributes of the first equal-proportion section (Between SB21 357 

and H1 in Fig. 4) where the deep-water channel system located. It presents the early development characteristics of deep-water channel 358 

system. The ①～⑦ is the location of seismic profiles shown in Fig. 4. 359 

 360 

  361 
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 362 

Fig. 9. Three-dimensional visualization of root-mean-square amplitude attributes of the second equal-proportion section (Between H1 363 

and H2 in Fig. 4) where the deep-water channel system located. It presents the late development characteristics of deep-water channel 364 

system. The ①～⑦ is the location of seismic profiles shown in Fig. 4. 365 

 366 

  367 
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Fig. 10. Three-dimensional visualization of root-mean-square amplitude attributes of the third equal-proportion section (Between H2 368 

and MFS18.5 in Fig. 4) where the deep-water channel system located. It presents the characteristics of shelf-edge delta or wedge deposit 369 

of low system tract. 370 

In order to further clarify the sedimentary evolution process of deep-water channel system, several seismic 371 

amplitude slices were extracted from the seismic horizon 21 Ma. The time interval of each seismic amplitude slice 372 

is 5 ms. Fig. 11A shows the initial formation stage of the deep-water channel system (channel Ⅰ). Due to the lack of 373 

sediment supply, a narrow channel is developed. There is no lobe deposit at the end of the channel (Fig. 11A). With 374 

the large supply of shelf-edge delta sediments in the provenance area (shelf edge and upper slope) and the relative 375 

sea-level decline, the sediments continuously erode the water channel, which makes the channel in the waterway 376 

area (middle continental slope) become wider and longer, and form small-scale lobe deposit in the sedimentary area 377 

(lower slope) (Fig. 11B, Fig.11I). Subsequently, the sediments continue to erode the channel, and the channel in the 378 

waterway area (middle slope) is further widened, and small-scale lobe deposit is formed at the end of the channel 379 

(Fig. 11C, Fig.11I). At the same time, due to the continuous flow of sediment in the channel and breaking through 380 

the embankment, the original channel near section⑤ was migrated and a new channel was formed (Fig. 11C, 381 

Fig.11I). Then, the channel gradually shrinks, the abandoned channel shortens obviously, the width of the channel 382 

reaches the maximum, and the lobe deposit at the end of the channel in the sedimentary area (lower slope) is not 383 

obvious (Fig. 11D, Fig. 11I, Fig.11J). At this time, the first deep-water channel (channel Ⅰ) deposition ended. Then, 384 

the second deep-water channel (channel Ⅱ) deposition began, and the upper part channel in the waterway area 385 

(middle slope) showed obvious lateral migration characteristics (Section③ and Section④ in Fig. 4; Section④ 386 

location and its northern channel in Fig. 11J). At this time, the width of the channel is obviously wider than that of 387 

the initial stage of the first channel (channel Ⅰ), and obvious lobe deposit is developed at the end of the channel, 388 

which is juxtaposed lobes with the first channel (channel Ⅰ) (Fig. 11E, Fig.11I, Fig.11J). Subsequently, due to the 389 

large supply of detrital sediments in the provenance area (shelf edge and upper slope) and the relative sea-level 390 

decline, the channel in the waterway area (middle slope) further widened, and the lobe deposit in the sedimentary 391 

area (lower slope) correspondingly became larger (Fig. 11F, Fig.11G, Fig.11J). Finally, the second deep-water 392 

channel (channel Ⅱ) deposition gradually shrink, and the channel characteristics of the provenance area (upper slope) 393 

and the waterway area (middle slope) are not obvious (Fig. 11H). Only in the sedimentary area (lower slope), there 394 

are lobe deposits, which are juxtaposed with the earlier stage of the lobe deposits (Fig. 11J). At this time, the second 395 

deep-water channel (channel Ⅱ) deposition ended and entered the abandonment stage of deep-water channel system. 396 
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 397 

Fig. 11. The seismic amplitude slices are extracted upward from the seismic horizon 21 Ma. The ④～⑦ is the location of seismic 398 

profiles shown in Fig. 4. (A) The seismic amplitude slice of the seismic horizon 21 Ma. (B) The seismic amplitude slice is extracted 5 399 

ms upward from the seismic horizon 21 Ma. (C) The seismic amplitude slice is extracted 10 ms upward from the seismic horizon 21 400 

Ma. (D) The seismic amplitude slice is extracted 15 ms upward from the seismic horizon 21 Ma. (E) The seismic amplitude slice is 401 

extracted 20 ms upward from the seismic horizon 21 Ma. (F) The seismic amplitude slice is extracted 25 ms upward from the seismic 402 

horizon 21 Ma. (G) The seismic amplitude slice is extracted 30 ms upward from the seismic horizon 21 Ma. (H) The seismic amplitude 403 

slice is extracted 35 ms upward from the seismic horizon 21 Ma. (I) The juxtaposition of deep-water channels in Fig. 11A-D. (J) The 404 

juxtaposition of deep-water channels in Fig. 11E-H.  405 
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5. Discussion 406 

5.1. Controlling factors for the evolution of the deep-water channel system 407 

Primary study on source-channel-sink couple of controlling factors for the evolution of the deep-water channel 408 

system has been accomplished, source system, relative sea-level change and tectonics have been discussed 409 

separately for influence on the development of the deep-water channel system of the Zhujiang Formation in Baiyun 410 

Sag. It is clear that the development and spatial distribution characteristics of deep-water channel system are 411 

controlled by the Pearl River delta system, forced regression, shelf slope break zone and restricted landform 412 

collectively. 413 

5.1.1. Material basis-the Pearl River delta system 414 

The ancient Pearl River drainage expanded westward suddenly because of the regional tectonic events which 415 

happened at about 23.8 Ma. At the same time, under the influence of the uplift of the Qinghai-Tibet Plateau remotely, 416 

a large, thick and sandy Pearl River delta system which profited from the abundant supply of the terrigenous detritus 417 

from the paleo-Pearl River system developed on the shelf edge of the Pearl River Mouth Basin in the Miocene (Fig. 418 

12). The large, thick and sandy Pearl River delta system provided abundant material foundation for the development 419 

of the deep-water fan system of the Pearl River which is located in the deep-water area of Baiyun Sag (Pang et al., 420 

2006, Yu et al., 2015). Based on the interpretation of the seismic profile, a large-scale medium-weak amplitude 421 

oblique progradational reflection configuration was identified in the lower member of Zhujiang Formation (21-18.5 422 

Ma) in northern Baiyun Sag (Fig. 13). B3 well revealed that the formation in this section was mainly sandstone 423 

(fine-grained sandstone, siltstone) and mudstone interbedding, and the GR curves which presents the typical 424 

characteristics of the delta front were box-shaped, bell-shaped and funnel-shaped (Fig. 5). It indicates that the large-425 

scale Pearl River delta system during the sedimentary period of the lower member of the Zhujiang Formation 426 

advanced from north to south to the north of Baiyun Sag, thus a large scale sand body is situated along the shelf 427 

break zone on the shelf edge of the north slope of Baiyun Sag (Fig. 12). Deep-water channel system originated from 428 

the edge of shelf slope break zone and developed during the sedimentary process when the Pearl River delta system 429 

advanced toward the Baiyun Sag (Fig. 8, Fig. 9, Fig10). It can be inferred that the main material supply of deep-430 

water channel system comes from the Pearl River delta system developed on the northern shelf edge of Baiyun Sag. 431 
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 432 

Fig. 12. The distribution range of the Pearl River shelf marginal Delta in the lower member of the Zhujiang Formation (21-18.5 Ma). 433 

The color part in the graph is the root mean square amplitude property. Red is arenaceous and blue is argillaceous. 434 

5.1.2. Dynamical system-driven by forced regression 435 

There is a delta which is rich in sand body at the edge of the continental shelf on the north of the Baiyun Sag 436 

during Zhujiang formation depositional period, especially at 21 Ma and the delta has an obvious high-angle oblique 437 

progradational reflection configuration (Fig. 13). Strong amplitude domal reflection structure can be seen in the 438 

downdip direction of the delta front, and it fanned out in a southerly direction, which is characterized by overflow 439 

deposit or basin floor fan (Fig. 8, Fig. 9). Based on interpretation of seismic section and correlation of sedimentary 440 

facies of connecting-well section, the characteristics of high angle oblique progradational reflection configuration 441 

are analyzed, and the variation curve of the relative sea level has been drawn (Yu et al., 2018; 2019). It is pointed 442 

out that the delta on the edge of the continental shelf was formed during the period of relative sea level decline, and 443 

the coastline was forced to retreat toward the sea to form a continuous retrograde precursor without the influence of 444 

sediment supply rate. Now, △Va/△t＜0 and (△Vs/△t)＞(△Va/△t) (Vs is the allowance of sediments, Va is the 445 

accommodation space, t is the time). So, the sediment is forced to advance toward the sedimentary basins and form 446 

forced regressive deposits. According to Fig. 13, during the process of the relative sea level descend passively, five 447 

sets of foreset bed can be seen progradation to the basin in turn, and overflow deposits and basin floor fans are 448 

developed in the downdip direction at the fore-end of the foreset bed. It can be inferred that there must be channels 449 

which communicate the shelf edge delta and deep-water fan and the development of the channel is obviously 450 

affected by forced regression (relative sea level decline). Base on Fig. 8 and Fig. 9, it can be seen that the distribution 451 

range of deep-water channel and fan body in the first channel (channel Ⅰ) is obviously smaller than that in the second 452 

channel (channel Ⅱ). It is concluded that forced regression (relative sea level decline) is not only the main controlling 453 

factor for the deepening and widening of deep-water channels but also the main driving force for the progradation 454 

of the clastic sediments on the shelf edge. In the end, the clastic sediments advance into basin floor to form overflow 455 

deposit and basin floor fan. 456 
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 457 

Fig. 13. Relative sea level change curve and overlay pattern of the formation (modified from Yu et al., 2018, 2019). Obvious 458 

progradational reflection configuration and domal reflection can be seen in the seismic profile. The connecting-well profile is 459 

characterized by obvious progradation. See the position in Fig. 1B. 460 

5.1.3. Important transport path-shelf break zone 461 

Affected by the Baiyun movement, the shelf break zone in the northern part of the Pearl River Mouth Basin 462 

migrated from the southern side of the Baiyun Sag to the northern side of the Baiyun Sag, and it has been in the 463 

northern side of the Baiyun Sag since 21 Ma (Pang et al., 2008; Wu et al., 2010; Liu et al., 2011). The existence of 464 

shelf break zone provides vantage ground which is higher in north and lower in south and favorable gradient for the 465 

development of deep-water channel system. Further, there is a fault-type shelf slope break developed at the transition 466 

zone between Panyu low uplift and Baiyun Sag (Fig. 14B), its landform and gradient changed abruptly toward the 467 



21 

slope. Naturally, the first grade slope break zone (21 Ma shelf slope break zone) formed in the transition zone 468 

between the shallow water area of the shelf and the deep-water area of the continental slope. As a result of the 469 

further extending along the landing slope to Baiyun sag, there is another fault-type slope break, which is a fault-470 

terrace slope break zone composed by multi-level faults and show a gradual saltation of the gradient. Thus, the 471 

second grade slope break zone (fault slope break zone) developed between the continental slope area and the 472 

hinterland of Baiyun Sag.The first and second grade slope break belts construct together a multi-stage transport path 473 

from shallow shelf to profundal zone (Fig. 14). The continental shelf edge delta system in the lower member of the 474 

Zhujiang Formation deposited near the shelf edge was transported to Baiyun Sag along the first and second grade 475 

slope break zones for a long time exactly. During the process, the distribution of sediment volume and the 476 

differentiation of sediment flow pattern occurred and finally, the deep-water channel sedimentary system was 477 

developed in Baiyun Sag. 478 

 479 

Fig. 14. One of the influence factors for the formation and distribution of the deep-water channel system-shelf break zone. The ①～480 

⑦ is the location of seismic profiles shown in Fig. 4. (A) The seismic profile is the cross section of the deep-water channel system in 481 

Fig. 13B. The seismic profile shows a complex channel where the incised U-shaped channel superposed on the incised V-shaped 482 

channel. (B) There are two slope breaks. One is the shelf break at 21 Ma, the other is the fault slope break. The deep-water channel 483 

system extends to Baiyun Sag along shelf break and fault break. (C) The seismic profile is along the depositional strike of the deep-484 

water channel system. The obvious fault slope break and strong amplitude channel can be seen in the seismic profile. 485 

5.1.4. Restrictive landform 486 

During the age of the lower member of Zhujiang Formation, the subaqueous low uplift in waterway area 487 

segment and sedimentary area segment act collectively as a natural barrier which is NW-NE oriented on the west 488 
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side of Baiyun Sag (Fig. 15). The deep-water channel system is restricted by the subaqueous low uplift in waterway 489 

area segment and sedimentary area segment and extends along the east foot of the low uplift, NW-NE oriented too. 490 

The shelf slope break zone separates the deep-water area on the continental slope of Baiyun Sag from the shallow-491 

water area on the northern shelf, so it is easily to form gravity flow which benefit from block glide and block 492 

slumping due to the instability of the earlier sediments. Deep-water channel system caused by gravity flow extends 493 

along the first grade slope break zone (shelf slope break) and is restricted in an NS direction. Under the influence 494 

of the second grade slope break zone (fault slope break), the gradient of the slope increases suddenly and the deep-495 

water channel system continues to extend southward. However, restricted by the fault slope break, the deep-water 496 

channel system distributes in a NE-SW direction. When the deep-water channel system enters the waterway area, 497 

the distribution of the deep-water channel system changes from NE-SW to NW-SE due to the restriction of the low 498 

uplift landscape in the waterway area. Subsequently, the deep-water channel system continued to develop southward 499 

to the sedimentary area. Restricted similarly by the low uplift landscape, the deep-water channel system continued 500 

to spread to NW-SE. And in a relatively flat and open zone, the sand lobe and leaf deposit began to develop. 501 

  502 

Fig. 15. One of the influence factors for the formation and distribution of the deep-water channel system-restricted paleotopography.  503 

As above, the shelf edge delta at the lower member of Zhujiang Formation in the north of Baiyun Sag provides 504 

the most important material base for the development of deep-water channel system. Forced regression provides 505 

dynamic support for the continuous transportation of the sediment from shelf edge to deep-water channel system. 506 

The shelf break zone which is in the northern part of Baiyun Sag and the fault slope break zone which is inside 507 

Baiyun Sag, i.e. the first and second grade slope break zones, provide favorable paths and topographic conditions 508 

for transportation of the sediments which are the material base for the development of deep-water channel. The 509 

fracture systems developed in the waterway area segment and the restricted landform which developed both in 510 

waterway area segment and sedimentary area segment influenced the spatial distribution of the deep-water channel 511 

system together. Because the shelf edge delta and the dynamic force of continuous sediment supply driven by forced 512 

regression belong to the category of provenance, and the shelf slope break zone, fault system and restricted 513 

geomorphologic background can all belong to the category of landform, therefore, the development and evolution 514 
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of the deep-water channel system can be further summarized as the co-control of provenance and landform. In other 515 

words, the development of deep-water channel system is mainly controlled by shelf edge delta and forced regression, 516 

while the evolution of deep-water channel system is mainly controlled by shelf break, fault system and subaqueous 517 

low uplift. 518 

5.2. Genetic mechanism and depositional model of deep-water channel system 519 

Deep-water channel deposits are usually developed on the continental slope and the following 520 

deep-water area, especially for the delta systems which is large and sand rich (Wynn et al., 2007). 521 

Generally, the terrigenous clastic materials are transported and accumulated on the shelf edge or slope 522 

by ancient rivers. Under given conditions (such as water depth, slope angle and sufficient material 523 

source) and given triggering mechanism (such as the activity of growth fault and the decomposition 524 

of combustible ice), these clastic materials can slide and slump along the slope to form gravity flow 525 

and then develop deep-water channel system. During the sedimentary period of the lower member of Zhujiang 526 

Formation, a large amount of terrigenous clastic materials which are carried by the paleo-Pearl River pour into the 527 

Pearl River Mouth Basin in the north. Although the relative sea level was gradually rising during this period, a 528 

forced regression that result in a rapid decline of the relative sea level occurred during the 21 Ma period, and so the 529 

paleo-Pearl River delta progress constantly to the shelf break which is located in the north of the Baiyun Sag (Fig. 530 

16). At this time, the shelf edge delta deposit enriched by sand bodies developed. Affected by the intermittent 531 

activities of several growth faults near the edge of the shelf break, the front-end of the Pearl River delta is triggered 532 

by vibration and then slide, slump and liquefaction appear. At the same time, the sediments are re-transported along 533 

the primary slope break zone (shelf break) with the help of continual activation of the 21 Ma forced regression and 534 

the terrain appeared to be higher in the north and lower in the south. After the sediment gravity flow arrive in the 535 

waterway area, it erodes the shelf edge and upper slope continuously. Under the guidance of the second grade slope 536 

break zone (fault slope break) and the limitation of the landform of the waterway area, the sediments continue to 537 

move forward along the eastern side of the low uplift in waterway area. So the typical V-shaped erosion channel 538 

developed in the waterway area and it is thought to have the benefit of steep gradient, speed of velocity of the gravity 539 

flow and strong erosion-under cutting ability. The bottom of the V-shaped erosion channel which is mentioned above 540 

is basal lag deposit or high sand-shale ratio superimposed channel (sand-rich deposit) and the top is low sand-shale 541 

ratio sand-lean deposit which is combined by channel and levees. In T1 period, a narrow and short channel began 542 

to develop (Fig. 16A). In T2 period, the channel became wider and longer, forming a small-scale lobe deposit at the 543 

end of the channel. In T3 period, the original channel near section⑤ was migrated, and the lobe deposit at the end 544 

of the channel became larger. In T4 period, the channel shrank, and the width of the channel reached the maximum. 545 

At this time, the deposition process of the first deep-water channel (channel Ⅰ) was completed (Fig. 16A). Then, the 546 

second channel (channel Ⅱ) with U-shape eroded the channel Ⅰ and migrated laterally. In T5 period, a narrow channel 547 

with small lobe deposit began to develop (Fig. 16B). In T6 and T7 period, the channel was further widened, and the 548 

lobe deposit at the end of the channel was further enlarged. In T8 period, the channel began to shrink and the lobe 549 

deposit reached the maximum. At the same time, the deposition process of the second deep-water channel (channel 550 

Ⅱ) ended (Fig. 16B). Later, the sediments of the two channels were juxtaposed in the sedimentary area segment, 551 

aggradational channel developed because of the gentle rolling terrain, the deceleration of the flow speed and the 552 

impairment of the downward erosion ability. The aggradational channel mentioned above is featured by high sand-553 

shale ratio superimposed channel (sand-rich deposit) on the bottom and low sand-shale ratio channel-levees complex 554 

(sand-lean deposit) or the mud-rich deposit of abysmal sea on the upper part. Subsequently, the sediments escape 555 

from the channel and disperse to form overflow deposit or lobe-shaped basin floor fan deposit, which are usually 556 

distal low-density turbidity flows and deep-sea shale (Fig. 16C). 557 
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 558 

Fig. 16. (A) Evolution process of the channel Ⅰ in the deep-water channel system. T1～T4 is the four stages of channel Ⅰ evolution. 559 

(B) Evolution process of the channel Ⅱ in the deep-water channel system. T5～T8 is the four stages of channel Ⅱ evolution. (C) 560 

Depositional model of the deep-water channel system in the Zhujiang Formation of Baiyun Sag, Pearl River Mouth Basin. The ①～561 

⑦ is the location of seismic profiles shown in Fig. 4. 562 

6. Conclusions 563 

The deep-water channel system of Zhujiang Formation in Baiyun sag, Pearl River Mouth Basin has been 564 

evaluated using 2D/3D seismic and well data. The geometry, sedimentary architecture, stacking pattern, 565 

evolutionary process and controlling factors as follows: 566 

(1）Deep-water channel deposits can be subdivided into 3 segments from north to south according to different 567 

genetic types. The deep-water channel which is in the provenance area is isolated single channel and dominated by 568 

headward erosion channel, the sediment is transported usually by block glide and block slump. The channel 569 

dominated by erosional-aggradational channel in waterway area is recombined by one channel (channel Ⅰ) when the 570 

downward erosion is strong and the other channel (channel II) when the downward erosion is weak. The channel 571 

dominated by aggradational channel in sedimentary area is recombined by two stage channels. It presents the filling 572 
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feature of 'three segment channel' that indicates the fluid energy of the gravity flow change from weak to strong and 573 

then weak along depositional inclination. 574 

(2) Two channels can be identified in the waterway area segment and the sedimentary area segment. The bottom 575 

of Channel I in waterway area is basal lag deposit or high sand-shale ratio superimposed channel (sand-rich deposit) 576 

and the top is low sand-shale ratio sand-lean deposit which is combined by channel and levees. The sediments 577 

migrated laterally in channel II, forming three stages of channel. Every stage channel is featured by high sand-shale 578 

ratio superimposed channel (sand-rich deposit) on the bottom and low sand-shale ratio sand-lean deposit which is 579 

combined by channel and levees. While both of the two stage channels in the sedimentary area are characterized by 580 

high sand-shale ratio superimposed channel (sand-rich deposit) on the bottom and low sand-shale ratio channel-581 

levees complex (sand-lean deposit) or the muddy sediments of marine flooding surface on the upper part. 582 

(3) The development and distribution of deep-water channel system are controlled by both provenance and 583 

landform. The northern Pearl River delta system provides the most important material base for the development of 584 

deep-water channels. Forced regression provides a source of power for gravity flow in deep-water channels. The 585 

gradient of shelf slope break zone is favorable for transportation of the sediment which is the material base for the 586 

development of deep-water channel. The fracture system and the restricted geomorphic background control the 587 

spatial distribution pattern of the deep-water channel system. 588 
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