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1 Introduction

Natural gas hydrate is considered a potential source of
energy, which formed by methane and water in high
pressure and low temperature (Beaudoin et al., 2014; Jia
et al., 2016; Zhu et al.,, 2017a). Global estimates of
methane carbon in gas hydrate varies greatly. The
median estimate of 5 000 Gigatonnes of carbon in gas
hydrate represents a significant fraction of the world’s
organic carbon, and is of similar magnitude to the
combined estimates of carbon in traditional global fossil
fuel resources (Beaudoin et al., 2014). In 2007, China’s
first gas hydrate drilling expedition was carried out in the
South China Sea and eight sites were visited in the
Zhujiang submarine canyons of Shenhu area, showing a
new gas hydrate province (Zhang et al., 2007). Report
from China Geological Survey notes the prospect natural
gas hydrate resources of more than 1000 million tons of
oil equivalent in China. In 2017, the China’s first
offshore gas hydrate production test in Zhujiang
submarine canyons was conducted with total gas
production of 3.09x10° m3, making a world record of the
longest continuous duration of gas hydrate production
and maximal gas yield (Li et al., 2018).

Previous multibeam survey of the gas hydratereservoir
in the Zhujiang submarine canyons are common before
the gas hydrate production test (Chen et al., 2016; He et
al., 2014; Li et al, 2014). However, our survey was
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conducted in August 2017, just after the production test.
In the event of significant change during the production
test, it would indicate to some extent.

117°
Fig.1 Map showing northern South China Sea and study area

2 Study Area and Methods
2.1 Study area

The study area (115°-115.5°E, 19.7°-20.2°N) covers
the major gas hydrate reservoir in the Zhujiang
Submarine Canyons, blanketing the China’s first gas
hydrate drilling sites in 2007 and the first offshore gas
hydrate production test site in 2017. The Fig.1 shows the
northern South China Sea and the study area.Submarine
canyons are located in the Baiyun Sag of the Pearl River
Mouth Basin along the northern margin of the South
China Sea. Two reversed currents are found here. One is
the South China Sea Warm Current (NW-NE), and the
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other is South China Sea Branch of Kuroshio (Zhu et al.,
2010).

2.2 Instruments and methods

Data acquisition was supported by NSFC Open
Research Cruise in August 2017, funded by Shiptime
Sharing Project of NSFC. This cruise was conducted
onboard R/V “Dongfanghong 2” by Ocean University of
China. Multibeam echosounder EM 122 was used to
obtain the seafloor geomorphology and seawater
information. The beam angle was set 120°. CARIS
HIPS/SIPS was used for post processing in seafloor
geomorphology and FMMidwater was used for post
processing in seawater information.

3 Results and Discussions
3.1 Canyon geomorphology and inclination

Seven canyons are identified in the bathymetric chart
with water depth from 500 m to 1700 m (Fig.2). Cross
section of canyons change from V-shape to U-shape.
These canyons are more than 25 km long and measures
about 6 km in width. Cutting depth of these canyons
increases firstly and then decreases, with average of
about 180 m and maximum value of 350 m. Accordingly,
inclination of valley bottom along the canyons increases
firstly and then decreases, with gradient of 2.0-3.5° in the
upper part and 1.0-1.5° in the lower part. However,
inclination of ridges along the canyons changes little and
the gradient is about 1.6-1.8°.

The maximum inclination of side wall is about 20°
and the average is about 7.5°. It is worth noting that the
gradient of west side is smaller than that of east side for
most canyons. The average gradient of west side wall is
about 6.6° and the gradient of east side is 8.5°. Canyon
wall morphology and sediment draping respond to the
currentward or leeward position of each wall (Lastras et
al., 2011) and gradient of currentward slope is generally
smaller than that of leeward slope. In this way, it is
inferred that there is a stronger E-W current. The internal
wave and South China Sea Branch of Kuroshio from
Luzon Strait are nearly in this direction. If these currents
lead to smaller gradient of currentward side, there will be
a tendency for canyons to migrate westwards. However,
the seismic profiles and borehole information in this area
show the northeastward migrating submarine canyons
and this migration is attributed to the South China Sea
Warm Current (Zhou et al., 2015; Zhu et al., 2010). This
contradiction indicates complex mechanism of canyon
migration in the Zhujiang Submarine Canyons. The

Fig. 2. Bathymetric chart of submarine canyons

Fig. 3. Suspected gas plumes identified from multibeam survey

Fig. 4. 2D (a) and 3D (b) bathymetric chart showing the
submarine landslid
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migration of submarine canyons and evolution of
gradients is the comprehensive results from bottom
currents (eg. Nanhai warm current and internal wave)
and gravity currents (eg. turbidity current), as well as
geological conditions.

3.2 Gas plume and submarine landslide

Gas plumes and submarine landslides are also
identified from this multibeam survey results. We found
two suspected gas plumes (Fig.3). Beams are shown in
R-stack mode in the Fig.3 and the yellow part in the
seawater may indicate the gas plumes. However, there
are more evidences needed to confirm these gas plumes.

Little gas plumes were found before in the gas hydrate
reservoirs of the north South China Sea. However,
widespread gas plumes were found on the northern US
Atlantic margin (Skarke et al., 2014) and Svalbard
(Berndt et al.,, 2014; Wallmann et al.,, 2018). The
difference on gas plumes in different places may due to
the geological conditions (e.g. fluid and fault activities)
and marine environments (e.g. sea water temperature and
pressure).

Submarine landslide is one of most important marine
geohazards (Jia et al., 2016; Zhu et al., 2017b). We found
submarine landslides on the tails of the canyons (Fig.4),
which were already exist before the hydrate production
test. Three selected sections cross the scarp (red lines in
Fig.4a) show the average wall height of 50-60 m. The
slope of the undeformed seafloor here is less than 2° and
thus we inferred the landslide slope is about 2° which is
much smaller than terrestrial landslides. Three
dimensional seismic studies of hazard-related features in
this area (Chen et al., 2016) show that buried channel
complexes and gas chimneys underlie these slumps.
Moreover, abundant fractures (or faults) were found here
(Chen et al., 2016). These aforementioned structures and
deposits are likely to be linked to the submarine
landslides and are considered possible risk factors for
seafloor installations.

4 Conclusions

Results from multibeam survey of the gas hydrate
reservoir in the Zhujiang Submarine canyons show (1)
cross section of canyons change from V-shape to
U-shape, with the length of 25-30 km, width of 6 km,
and the maximum downcutting depth of about 350 m, (2)
Gradient of valley line is 2.0-3.5° in the upper slope and
1.0-1.5° in the lower slope, and gradient of the ridge line
is 1.6-1.8°. (3) Maximum gradient, perpendicular to
valley line, is 20° and the gradient of the western side

wall is smaller than that of eastern side wall. (4)
Migration of submarine canyons and evolution of
gradients may be the comprehensive results from bottom
currents (eg. Nanhai warm current and internal wave)
and gravity currents (eg. turbidity current), (5) submarine
landslides in the toe of the canyons within gradient 2°
and suspected gas plumes are identified.
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