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Abstract

High-resolution multichannel seismic data enables the discovery of a previous, undocumented submarine
canyon (Huaguang Canyon) in the Qiongdongnan Basin, northwestern South China Sea. The Huaguang Canyon
with a NW orientation is 140 km in length, and 2.5 km to 5 km in width in its upper reach and 4.6 km to 9.5 km in
width in its lower reach. The head of the Huaguang Canyon is close to the Xisha carbonate platform and its tail is
adjacent to the Central Canyon. This buried submarine canyon is formed by gravity flows from the Xisha
carbonate platform when the sea level dropped in the early stage of the late Miocene (around 10.5 Ma). The
internal architecture of the Huaguang Canyon is mainly characterized by high amplitude reflections, indicating
that this ancient submarine canyon was filled with coarse-grained sediments. The sediment was principally
scourced from the Xisha carbonate platform. In contrast to other buried large-scale submarine canyons (Central
Canyon and Zhongjian Canyon) in the Qiongdongnan Basin, the Huaguang Canyon displays later formation time,
smaller width and length, and single sediment supply. The coarse-grained deposits within the Huaguang Canyon
provide a good environment for reserving oil and gas, and the muddy fillings in the Huaguang Canyon have been
identified as regional caps. Therefore, the Huaguang Canyon is a potential area for future hydrocarbon
exploration in the northwestern South China Sea. The result of this paper may contribute to a better

understanding of the evolution of submarine canyons formed in carbonate environment.
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1 Introduction

Submarine canyons are prominent topographic features on
both passive and active continental margins, which can extend
for thousands of kilometres across the seafloor (Harris and
Whiteway, 2011). They are more common in distal slope regions
and play an essential role in determining the sediment dispersal
pattern, and the growth of the whole fan. They are with great re-
search value and meaning in the hydrocarbon industry (Piper
and Normark, 1983; Mayall et al., 2006; McHargue et al., 2011;
Ortiz-Karpf et al., 2015). Submarine canyons are very important
as they could transport large volumes of sediment from the con-
tinental shelf into deep-water and form the largest sedimentary
deposits on earth (Wynn et al., 2007). These deposits are signific-
ant hosts for gas and oil reserves, and hold key information on

past climate change and mountain building episodes. The initi-
ation and evolution of submarine canyons result from a combin-
ation of factors, including basin tectonics, climate, sea-level
changes, and Coriolis force (deviate to right in the northern
hemisphere) that control the type, supply and deposition of sedi-
ment (Bouma, 2004; Kolla, 2007; Richards et al., 1998; Peakall et
al., 2012; Cossu and Wells, 2013; De Leeuw et al., 2016). The re-
search on submarine canyons is of great importance for charac-
terizing ancient and buried turbidite units that may contain hy-
drocarbons (Li et al., 2013; Su et al., 2014).

Submarine canyons have been widely documented in the
South China Sea where now is a promising area for hydrocarbon
exploration. The Cental Canyon in Qiongdongnan Basin (QDNB)
has been identified as a main hydrocarbon reservoir, which is
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composed of the late Miocene Huangliu Formation (late Mio-
cene) and the Pliocene Yinggehai Formation (the Pliocene)
(Wang, 2012; Wang et al., 2016). Moreover, large amount of gas
hydrate has been found in the Zhujiang River Canyon system and
Penghu Canyon system (Feng et al., 2015; Wang et al., 2016;
Zhang et al., 2015). Studies on submarine canyons in this area,
especially on the northwestern South China Sea margin, has
made some great progresses in recent years due to the availabil-
ity of high-resolution seafloor images and seismic datasets (Gong
etal., 2011; Ding et al., 2013; Su et al., 2014). The most studied
submarine canyon on the northwestern South China Block mar-
gin is the Central Canyon, which is paralleled to the shelf break
with an “S-shaped” geometry (Gong et al., 2011; Li et al., 2013; Su
etal., 2014). Gong et al. (2011) have investigated the architecture,
sequence stratigraphy and depositional processes of the Central
Canyon. The whole canyon can be divided into three segments
(the head area, the western segment and the eastern segment)
based on its distinct morphological and depositional architec-
ture characteristics (Su et al., 2014). Zhang et al. (2013) found
that palaeobios buried in the Central Canyon are belonging to
the Huangliu Formation by analysing the characteristics of sedi-
mentary microfacies, so the formation time of the Central
Canyon is earlier than 5.5 Ma. Yuan et al. (2009) have identified a
series of buried submarine canyons on the slope of Qiongdong-
nan Basin. These buried canyons probably developed in the late
Quaternary period when a relative sea level drop occurred (Yuan
et al., 2009). Turbidity currents originated from the mountain
river of mid-Vietnam are proposed to contribute to the forma-
tion of these canyons (Yuan et al., 2009). Li et al. (2015) have re-
vealed the morphology and internal architecture of numerous
submarine canyons on the continental slope of Qiongdongnan
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Basin. They proposed that the recurrent mass-transport deposits
derived from these submarine canyons could have improved the
reservoir potential within the Central Canyon. Recently, Lu et al.
(2018) reported the presence of Zhongjian Canyon between two
carbonate platforms (Xisha and Guangle carbonate platforms) on
the northwestern South China Sea margin. They investigated the
internal architecture and evolutionary processes of the Zhongji-
an Canyon and proposed that its formation was related to the oc-
currence of submarine landslides. However, few studies have in-
vestigated the submarine canyons around the Xisha carbonate
platform, and their implications for hydrocarbon explorations in
the northwestern South China Sea.

In this paper, a previously, undocumented submarine canyon
on the northwestern South China Sea margin is identified and
described (Fig. 1) by utilizing high-resolution two-dimensiond
(2D) and three-dimensional (3D) seismic data. The submarine
canyon is close to the Huaguang Depression and herein named
as Huaguang Canyon (Fig. 2). Till now, the origin and develop-
ment processes of this submarine canyon have not been re-
vealed, and the interplay of canyon incision, aggradation, lateral
migration, and levee deposition are still poorly understood.
Therefore, the aims of this paper are to: (1) analyze the detailed
internal architecture of the Huaguang Canyon; (2) investigate the
main controlling factors responsible for its formation and evolu-
tion; (3) discuss the implications of the Huaguang Canyon for hy-
drocarbon exploration on the northwestern South China Sea
margin. Results from this study may contribute to an improved
understanding of the stratigraphy and evolution of submarine
canyons in carbonate environment on other continental margins
worldwide.
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Fig. 1. Location map of the study area in the Qiongdongnan Basin on the northwestern South China Sea margin. The black dotted
lines present the boundaries of the Zhujiang River Mouth Basin, the Qiongdongnan Basin and the Yinggehai Basin. The red box
indicates the location of Fig. 2. Major topographical features, including the Hainan Island, the Xisha Islands and the Zhongsha Islands

are marked.
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Fig. 2. Distributions of submarine channels on the northwestern South China Sea. The Xisha Platform in the eastern of the HGC. The
red lines indicate the seismic profiles in Figs 5-9. HGC: Huaguang Canyon, ZJC: Zhongjian Canyon, CC: Central Canyon.

2 Geological setting

The South China Sea (SCS) is the largest and deepest margin-
al sea in the western Pacific with an area of 3.5x106 km? and its
evolution has been jointly affected by the Eurasian, Pacific and
Australi-India plates. During the Cenozoic, the South China Sea
experienced complex tectonic evolution (Liidmann and Wong,
1999; Yan et al., 2006; Xie et al., 2006; Sibuet et al., 2016). The sea-
floor spreading initially started at around 33 Ma in the northeast-
ern South China Sea (Li et al., 2015). The spreading center
jumped around 20 km southwards and triggered a second phase
of spreading in the Southwest Subbasin at around 23.6 Ma (Li et
al., 2015). The seafloor spreading stopped at around 15 Ma in the
East Subbasin and around 16 Ma in the Southwest Subbasin (Li
etal., 2015).

The Qiongdongnan Basin is a northeast trended Cenozoic
sedimentary basin in the northern South China Sea which is
bounded to the west by the offshore Red River Fault and the NW-
elongated Yinggehai-Song Hong Basin, to the east by the Shenhu
Uplift and the Zhujiang River Mouth Basin, to the north by Hain-
an Island and to the south by the Xisha Block (Clift and Sun,
2006; Zhu et al., 2009; Van Hoang et al., 2010; Zhao et al., 2018). It
developed on the western end of the northern rifted continental
margin of the South China Sea. Four units can be identified in the
Qiongdongnan Basin, including the Northern Depression, the
Central Uplift, the Central Depression and the Southern Uplift ar-
ranged from north to south. The evolution of the Qiongdongnan
Basin generally underwent two stages, i.e. rift stage and post-rift
thermal subsidence stage (Ru and Pigott, 1986). During the rift-
ing stage, a series of half-grabens and sags were developed. Le-
dong Sag, Lingshui Sag, Songnan Sag, Beijiao Sag, Baodao Sag
and Changchang Sag arrange from west to east in the Central De-

pression of the Qiongdongnan Basin (Zhang et al., 2013). Addi-
tionly, the half-grabens are mainly distributed in the Lingshui,
Songnan, and Beijiao sags, which are bordered by long faults
with large vertical offsets (Zhang et al., 2013). Following the rift-
ing stage, the Qiongdongnan Basin experienced post-rift thermal
subsidence until the present day, and a thick sequence of marine
sediments were dominated by mudstones deposited since Mio-
cene. The basement of the Qiongdongnan Basin mainly consists
of Palaeozoic meta-sedimentary rock, which was deformed by
Jurassic-Cretaceous granitic intrusions (Zhou et al., 1995). Five
sequences can be recognized from seismic stratigraphy in the
Qiongdongnan Basin in the Neogene. They are the Sanya Forma-
tion, the Meishan Formation, the Huangliu Formation, the
Yinggehai Formation and the Ledong Formation, from lower to
upper, respectively (Wu et al., 2009) (Fig. 3).

The study area is located in the Qiongdongnan Basin and the
water depth ranges from 200 m to 2 000 m (Figs 1 and 2). The
Neogene sediments in the study area are mainly from Indochina
Block (mainly terrigenous clastics), Guangle Uplift and Xisha Up-
lift (mainly carbonate) (Sun et al., 2010; Wu et al., 2009). The
Xisha Islands, comprising more than 40 islands and reefs, are loc-
ated in the northwest part of the South China Sea. The Xisha Plat-
form was initiated on the Xisha Uplift during the early Miocene
(Wu et al., 2014). The Xisha Uplift was subaerially exposed prior
to the Miocene, but subsided during the late Oligocene to early
Miocene period of seafloor spreading (Wu et al., 2014). The Xisha
carbonate platform was formed of fault-bounded blocks that de-
veloped during the Xisha Uplift (Wu et al., 2014). The carbonate
deposition was initiated at the beginning of the Miocene and
flourished throughout the middle Miocene before waning during
the late Miocene. The platform was drowned and significantly re-
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duced in size during Pliocene-Quaternary times (Zhao and
Zheng, 2010; Wu et al., 2014; Kuang et al., 2014; Shao et al., 2017a,
2017b). The Guangle Uplift is a palaeo-basement high, already
existing prior to the Neogene (Fyhn et al., 2009). The Guangle
Uplift is separated from the Indochina Block through a narrow
but very deep intrabasinal depression (Fyhn et al., 2009). The se-
quences in the Guangle Uplift are characterized by widespread
carbonate deposits from early Miocene (Xie et al., 2006; Fyhn et
al., 2009; Sun et al., 2011). The Neogene sequence stratigraphy
can be divided into five formations (Xie et al., 2006; Yao et al.,
2008; Sun et al., 2010; Wu et al., 2009). They are the Sanya Forma-
tion (early Miocene), the Meishan Formation (middle Miocene),
the Huangliu Formation (late Miocene), the Yinggehai Forma-
tion (Pliocene) and the Ledong Formation (Pleistocene-Holo-
cene) (Fig. 3).

3 Data and methods

The seismic interpretation carried out as part of this study
used high-quality 169 industrial 3D marine seismic data ac-
quired in 2011 by WesternGeco Geophysical 170 Company. The
data were processed by the Bureau of Geophysical Prospecting.
There are 171 data processing included static corrections, true
amplitude recovery, surface related 172 multiple elimination
(SRME), radon-transform, velocity analysis, migration, and stack.
The dataset used in this study consist of industrially acquired 2D
and 3D multi-channel seismic reflection data. The 3D seismic
data set has common depth point distance and line spacing of
12.5 m and 25 m, respectively. The dominant frequency for the
intervals of interest is 40 Hz to 60 Hz, yielding a vertical seismic
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resolution of 8 m to 11 m. The 2D seismic profiles have a domin-
ant frequency of around 35 Hz and common middle point inter-
vals of 6.25 m and 12.5 m. The 2D seismic data have a vertical
seismic resolution of around 13 m in the target intervals. The ex-
ploration Well YC35-1 was drilled in the lower slope area, and is
used to establish the seismic sequence stratigraphic framework.
Five seismic sequences can be recognized from seismic strati-
graphy of Well YC35-1 since early Miocene, and these sequences
have been published by many other literatures (Yuan et al., 2009;
Gong et al., 2011; Wang et al., 2014). These sequences are the
Sanya Formation, Meishan Formation, Huangliu Formation,
Yinggehai Formation and Ledong Formation, from lower to up-
per respectively. The sequences are bounded by five seismic re-
flectors, i.e. T60, T50, T40, T30 and T20 (Wu et al., 2009). Three
main reflection horizons (T20, T30 and T40) are used in this
study, which have ages of 1.9 Ma, 5.5 Ma and 10.5 Ma, respect-
ively. The Huaguang Canyon was mainly developed at the early
stage of Huangliu Formation (T40). Sediment fillings and
erosional features of the Huaguang Canyon can be observed in
these three main reflectors.

4 Results

4.1 Distribution of the Huaguang Canyon

High-resolution 2D and 3D seismic data show that the buried
Huaguang Canyon is located in the northwestern South China
Sea margin. It is confined in the Qiongdongnan Basin and does
not erode the shelf edge (Fig. 4). The head of the Huaguang
Canyon is close to the Xisha Islands and located between the
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Fig. 3. The chronostratigraphy profile of the Qiongdongnan Basin (QDNB) from Neogene to Quaternary. The sea level change of the
Qiongdongnan Basin and global eustatic were adopted from Hagq et al. (1987).
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Fig. 4. The paleogeomorphic map of study area in later Miocene with overlying sediment filling thickness ranging from 500 m to 4 500 m.
The red lines indicate the seismic profiles in Figs 5-9. The orange area in the northwest of the map denotes the Huaguang Canyon
(HGC), and the orange regions in the southeast of the map indicate the Zhongjian Canyon (ZJC). HGD: Huaguang Depression, XSU:
Xisha Uplift, ZJD: Zhongjian Depression, GLU: Guangle Uplift, LDD: Ledong Depression.

Xisha Islands and Huaguang Depression, with Guangle Uplift to
the south (Fig. 4). The lower reach of this canyon is connected to
the Central Canyon. The Huaguang Canyon displays two distinct
trends in different areas (Fig. 4). It has NW orientation in the up-
per reach with a width between 2.5 km and 5 km, and it turns to
NNW in the lower reach and its width ranges from 4.6 km to 9.5 km
(Figs 5-8). The length of Huaguang Canyon is of around 140 km
and it covers an area of 315 km? (Fig. 4). Furthermore, this
canyon is buried at depths of 1 km to 2 km below the seafloor and
its incision depth ranges from 90 m to 375 m.

4.2 Internal architecture of the Huaguang Canyon

The high-resolution seismic data enable the detailed investig-
ation of the internal architectures of the Huaguang Canyon. The
strata in the late Miocene are rather complex and show obvious
discontinuous reflectors. Several pronounced seismic bodies can
be observed, which are bounded by erosional surfaces. The
erosional surfaces are outlined by truncations of underlying seis-
mic reflectors. The deposits filled the buried submarine canyon
are characterized as high-amplitude seismic reflections, which
might represent sandy deposits in the basal lags, deposited rap-
idly dumping from high-density turbidity currents (Figs 5-
8). Seismic facies exhibit low seismic amplitudes, discontinuous
reflections may indicate muddy fillings which reconstruct the top
sand deposits.

Obvious differences can be observed in four seismic sections
crossing the Huaguang Canyon from its upper to the lower reach
(Fig. 4). Obvious erosional features can be observed from palaeo-
geomorphology in the boundary of Huangliu Formation (T40)
(Figs 7 and 8). These characteristics indicate the occurrence of
erosion and the instability of basement in the Huaguang Canyon.
The seismic profile crossing the upper reach of the Huaguang
Canyon shows two V-shaped erosional surfaces, which indicates
that the early stage of the canyon consists of two isolated chan-
nels, and the formation time of buried channels is in the early

stage of late Miocene (Fig. 8). These two buried channels have a
deep incision depth into the underlying layers with a distance of
around 1.3 km between the two channels (Fig. 8). Seismic reflec-
tions are not continuous and cannot be traced in the canyon axis,
which can be observed in the cross-sectional profile, while the
canyon flank shows continuous and distinct reflections (Fig. 8).
The amplitude within the channels is relatively high (Fig. 8). In
addition, a normal fault can be identified under the channels
(Figs 7 and 8). Further downstream, the lower reach shows two
broad, flat, and U-shape cross sections. The width of the buried
canyon ranges from 2.5 km to 9.5 km and their depth ranges from
90 m to 375 m (Figs 5-8). The seismic facies in the canyon thal-
weg are expressed as chaotic packages with high amplitude dis-
continuous reflections, which can be easily identified in the
canyon axis (Fig. 4). They commonly display len-shaped, con-
cave-up cross-sectional geometry and are typically contained
within a U-shaped basal erosional surface, where clear trunca-
tion terminations below and onlap terminations above (Fig. 4).
From upper reach to lower reach of the Huaguang Canyon, the
width/depth ratios of the buried canyon gradually increased
(Figs 5-8).

5 Discussion

5.1 Controlling factors on the initiation and development of the

Huaguang Canyon

Multiple causes have been proposed to explain the origin of
submarine canyons, while the erosion of the slope is considered
as the most principal reason (Shepard, 1981). The erosion of
slope is mainly resulted in mass wasting events and turbidity cur-
rents. The headward erosion driven by sediment flow down-cut-
ting are the precursors of submarine canyon systems (Pratson
and Coakley, 1996; Harris and Whiteway, 2011). Slope failures
have also been considered as the most common process respons-
ible for the initiation of submarine canyons. They are formed by



34 Wang Bin et al. Acta Oceanol. Sin., 2021, Vol. 40, No. 2, P. 29-41

o e S

e :

L N %
n_gSJ.-;m coarse-grained =

sediments =

14

== basement of He CF— "
e e L

basement of HGC

\ < 9.5km

\

[ clastic filling ~ [] muddy filling

Fig. 5. The cross-sectional seismic profile across the Huaguang Channel (HGC) (a). Location of seismic profile is shown in Fig. 2. The
black box indicates the buried channels in Fig. 5b. The buried channels lie in the middle area of the seismic profile (b). The sketch
profile shows deposits buried in the HGC (c). The HGC is 9.5 km in width and 90 m in depth. The orange line indicates the basement
of the HGC.



Wang Bin et al. Acta Oceanol. Sin., 2021, Vol. 40, No. 2, P. 29-41 35

Z

o 46km >
Ao ; ‘(\GC « g !

)
smEmay,
A !
- - . LS o
LT T Y T LR

[ clastic filling [] muddy filling

Fig. 6. The cross-sectional seismic profile across the Huaguang Channel (HGC) (a). Location of seismic profile is shown in Fig. 2. The
black box indicates the buried channels in Fig. 6b. The buried channels are located in the upper region of the seismic profile (b). The
sketch profile shows deposits buried in the HGC (c). The HGC is 4.6 km in width and 225 m in depth. The orange line indicates the
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black box indicates the buried channels in Fig. 7b. The seismic profile shows that the buried channels distributed near the upper reach
(b). The sketch profile shows deposits buried in the HGC (c). The HGC is 5 km in width and 135 m in depth. The orange line indicates
the basement of the HGC.
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retrogressive erosion from the initial slide scar and the erosional
events can progressively migrate upslope or downslope (Twichell
and Roberts, 1982; Pratson and Coakley, 1996). Submarine
canyons controlled by slope failure has been documented in sev-
eral areas, such as the Diepgat Canyon on the northern KwaZulu-
Natal continental shelf, South Africa (Green and Uken, 2008). In
addition, tectonic activities (e.g. faults, uplift and denudation of
basins) are also regarded as the main factors influencing the ori-
gin and development of the submarine canyons. It has been
identified in the submarine Mona Canyon which between Puerto
Rico and Hispaniola of the Greater Antilles, and the Zhongjian
Canyon in the northwestern South China Sea (Mondziel et al.,
2010; Lu et al., 2018). Furthermore, the initiation and develop-
ment of submarine canyons are also controlled by the drops of
sea-level, because glacial troughs incised into the continental
shelf by glacial erosion during sea level lowstands. Several areas
have documented this mechanism responsible for submarine
canyons, such as the Canyon of the Indus River-Fan System and
canyon in the western Gulf of Lion, the western Mediterranean
Sea (Baztan et al., 2005; Clift et al., 2014).

In this study, the head of the Huaguang Canyon is close to the
Xisha Islands, where few rivers have been reported. Thus the ini-
tiation and development of submarine canyons under the effect
of river sediment input is not possible. In addition, based on the
interpreted seismic lines, there is no evidence of slope failures
(Figs 5-8). Thus, slope failure is not the main reason for interpret-
ing the origin of the Huaguang Canyon. In terms of eustatism, a
significant drop of sea-level in the study area can be observed at
the early stage of late Miocene from the chronostratigraphy pro-
file (Fig. 3). The erosional processes of submarine canyons are
associated to eustatic lowering enhanced by local tectonics (Lofi
and Berné, 2008), and the period of Huaguang Canyon initiation
is corresponding to the most pronounced sea-level drop at the
early stage of late Miocene (10.5 Ma) (Figs 3, 5-8). Additionally,
several erosional features can be observed in palaeogeomorpho-
logy in the boundary T40 (Figs 7 and 8). These erosion character-
istics indicate that the instability of basement of Huaguang
Canyon. Therefore, the Huaguang Canyon is ascribed to the
erosion by gravity flows during sea-level lowstands. Moreover,
the enlargement of canyon width of the Huaguang Canyon (2.5 km
in head to 9.5 km in tail) indicates that the lateral migration has a
great effect on the development in this area (Figs 5¢ and 8c).
From the internal architecture of the Huaguang Canyon, the
channels were buried quickly by sediment after its formation

(Figs 5-8). The possibility of sediment from the rivers can be ex-
cluded because few rivers is adjacent to the head of the Hua-
guang Canyon. Extensive carbonate platforms developed in the
middle Miocene and they were drowned during the late Miocene
(Wu et al., 2014). But the isolated carbonate platform in the cent-
ral Xisha Uplift continued to develop to present. In the early stage
of late Miocene, the Xisha carbonate platform exposed, produ-
cing huge amounts of carbonate detritus, which could act as the
sediment source (Lu et al., 2018). The progradation reflections
and some erosional features have been identified in Fig. 9, which
indicate that the Huaguang Channel is supplied from the Xisha
carbonate platform. Therefore, the deposits in the canyon fills are
mainly sourced from the Xisha carbonate platform. With regard
to the clastic content in the buried sediments of Huaguang
Canyon, more work are needed to improve the understanding of
them in the future.

5.2 Comparison with other submarine canyons on the northwest-

ern South China Sea margin

In contrast to the Central Canyon and Zhongjian Canyon in
the northwestern South China Sea, the Huaguang Canyon has
several different characteristics in terms of canyon scales, forma-
tion time, and sources of sediment supply. This may give us a
better understanding on the evolution of this ancient submairne
canyon. The Central Canyon in the Qiongdongnan Basin is loc-
ated at the abyssal environment with a slope subparallel orienta-
tion. It is about 570 km in length and 4-8 km in width, and no
canyons or gullies are observed adjacent to the Central Canyon
(Yuan et al., 2009). The Central Canyon is proposed to be domin-
ated by both the large-scale submarine gravity flow (slumps,
debris flows or turbidite currents) incision and tectonic activities
(Suetal., 2014). However, the forming mechanisms in three seg-
ments of this canyon (the head of the canyon, the western of the
canyon and the eastern of the canyon) are different (Su et al.,
2014). The head area of the canyon was triggered by the abund-
ant sediment supply from western source (the Red River system
or the eastern Vietnam or the Hainan Island) together with the
fault activity the Red River Fault (5.7 Ma). The eastern part of the
canyon is influenced by the tectonic transformation at the end of
the middle Miocene (11.6 Ma). The evolution of the canyon in
the western segment should be affected by the combination of
the turbidite channel from western source, the mass transport
complex from the northern continental slope (Su et al., 2014). In
addition, the Zhongjian Canyon is located between two carbon-

the Xisha carbonate platform

Fig. 9. The seismic profile is shown in the Figs 2 and 4. The Xisha carbonate platform and the Huaguang Channel (HGC) are shown in
the cross-sectional seismic profile. The orange line indicates the basement of the HGC. The green lines represent the progradation
reflection. The high-amplitude reflection indicates the clastic fillings, the strong and high reflections indicate the muddy fillings.
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ate platforms which developed at the middle Miocene (Wu et al.,
2014; Lu et al., 2018). Zhongjian Canyon is around 9 km in width
and maximum 125 km in length (Lu et al., 2018). The Zhongjian
Canyon originated from NW-SE strike-slip fault activities during
syn-rift and post-rift stages, and grew during the development of
the Xisha carbonate platforms since the middle Miocene (Lu et
al., 2018). The water depth of the Zhongjian Canyon increased
due to the rapid development of carbonate platforms (Lu et al.,
2018). Predominantly mixed carbonate-igneous clasts and muds
are the main sediment inputs to the Zhongjian Canyon (Lu et al.,
2018).

In the study area, the Huaguang Canyon is about 140 km in
length and 2.5-9.5 km in width (Figs 5-8). The scale of this
canyon is much smaller than the Central Canyon and Zhongjian
Canyon. The Huaguang Canyon was initiated at the early stage of
the late Miocene (10.5 Ma), corresponding to the expansion of
carbonate platform in the Xisha uplift (Wu et al., 2014). However,
the Central Canyon and Zhongjian Canyon began to develop at
the end of the middle Miocene (11.6 Ma). Therefore, the forma-
tion time of the Huaguang Canyon is later than the Central
Canyon and Zhongjian Canyon. Furthermore, there is a signific-
ant difference on the source of sediment supply. The sediment
source of the Central Canyon is from western (the Red River sys-
tem or the eastern Vietnam or the Hainan Island) and the north-
ern continental slope (Su et al., 2014). The sediment within the
Zhongjian Canyon is supplied from the Xisha and Guangle car-
bonate platforms (Lu et al., 2018). However, the Huaguang
Canyon is only received sediment from the Xisha carbonate plat-
form.

As mentioned above, the Huaguang Canyon has later forma-
tion time, smaller width and length, and single source of sedi-
ment supply compared to the adjacent large-scale Central
Canyon and Zhongjian Canyon.

5.3 Significance for hydrocarbon exploration in the northwestern

South China Sea

Submarine canyons and channels have been considered as
potential areas for hydrocarbon explorations (Clark and Picker-
ing, 1996). The canyon fills accumulating within the submarine
canyons play significant roles in reserving oil and gas (Crossey et
al., 2006). Coarse-grained, high-density turbidity current depos-
its are commonly observed in submarine canyons, which are
transported from the canyon heads to the deep-water environ-
ments (Shepard and Dill, 1966; Normark and Carlson, 2003). The
coarse-grained deposits are important architectural elements of
submarine-canyon fills, which can serve as hydrocarbon reser-
voirs (Anderson et al., 2006). This phenomenon has been docu-
mented in many other regions, such as the San Joaquin Basin in
California where large amounts of oil are buried in sand-rich,
coarse-grained, high-density turbidity current deposit sequences
closely associated with submarine canyons (Lamb et al., 2003).
Furthermore, marginal reef carbonate platforms in offshore areas
can deliver large amounts of coarse-grained sediments to the
submarine canyons (Puga-Bernabéu et al., 2008). During the
period of sea-level falls, the occurrence of sand-rich deep-water
deposition will increase with sea-level falls sufficient to expose
most of the shelf (Posamentier and Kolla, 2003). Coarse-grained,
deep-water, carbonate sediment has been recognized as very im-
portant and attractive reservoirs for hydrocarbon explorations
(Scholle, 1977). These carbonate reservoirs have been docu-
mented in several regions around the world, such as the carbon-
ates from the Otway Basin in Australia (Leach and Wallace,
2001).

In this case, the sediment trapped within the Huaguang
Canyon is mainly sourced from the Xisha carbonate platform
(Fig. 9). The high amplitude reflections within the canyon fills in-
dicate the presence of carbonate clastic fillings, and the muddy
fillings are considered as regional caps (Figs 5-8). Comparing
with other submarine canyons in the Qiongdongnan Basin like
the Central canyon, large amounts of turbidite channel sedi-
ments were buried in this canyon during the period from 5.5 Ma
to 3.8 Ma (Wang, 2012). These coarse-grained debris flow depos-
its have been identified as good reservoir for hydrocarbon explor-
ation in deep water environment (Wang, 2012). The Huaguang
Canyon was initiated and formed at the early stage of late Mio-
cene, corresponding to a sea-level drop. And this will increase
the delivery of coarse-grained deposits from the Xisha carbonate
platform to the head area of Huaguang Canyon. Therefore, the
Huaguang Canyon would have received significant amount car-
bonate sediment from the Xisha carbonate platform during sea-
level lowstands at the late Miocene, which may be considered as
potential area for hydrocarbon explorations on the northwestern
South China Sea margin.

6 Conclusions

High-resolution multichannel seismic data is used to invest-
igate a previous, undocumented submarine canyon (Huaguang
Canyon) in the northwestern South China Sea. Results of seismic
interpretation provides new information for the better under-
standing of the formation time and development of Huaguang
Canyon. The main conclusions of this work are as follows:

(1) The Huaguang Canyon is located in the Qiongdongnan
Basin, northwestern South China Sea, and it is close to the Xisha
carbonate platform. The Huaguang Canyon with a NW orienta-
tion is 140 km in length, where 2.5 km to 5 km in width in its up-
per reach and 4.6 km to 9.5 km in width in its lower reach.

(2) The Huaguang Canyon was initiated and formed at the
early stage of the late Miocene (10.5 Ma). The origin of Hua-
guang Canyon is corresponding to a significant drop of the sea-
level at the late Miocene. The lowering of sea-level resulted in
significant erosion and frequent gravity flows close to the Xisha
carbonate platform.

(3) The Huaguang Canyon shows later formation time, smal-
ler width and length, and single source of sediment supply (from
the Xisha carbonate platform) comparing to other adjacent large-
scale submarine canyons (Central Canyon and Zhongjian
Canyon).

(4) The Huaguang Canyon was buried by coarse-grained car-
bonate sediment sourced from the Xisha carbonate platform.
These coarse-grained sediments are regarded as reservoir rocks
and the muddy fillings are considered as the regional caps. And
this canyon may be considered as a potential area for future hy-
drocarbon exploration on the northwestern South China Sea
margin.
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