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Abstract

A multi beam sonar survey is carried out in the continental slope of the Taixinan Basin to obtain submarine
topographic and water column data. The data are processed to obtain water column images. Anomalous water
column images, displaying plume characteristics, are found in gas hydrate enriched areas in the Taixinan Basin.
This indicates the presence of natural gas resources in the Taixinan Basin. The multibeam sonar system is shown

to provide an accurate and effective approach for detecting sub-sea gas hydrate.
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1 Introduction

In recent decades, the multibeam sonar system has been
widely used in underwater topographic surveys because of its full
coverage, high resolution, high precision, and high efficiency.
The multibeam survey has become a main investigation method
for the underwater topography surveys. In addition to the devel-
opment of underwater multibeam sonar systems, and the devel-
opment of computer processing and storage, a large amount of
marine acoustic information has been collected. This informa-
tion is not only used in hydrographic surveying, but also in the
fields of marine biology, physical oceanography, marine geology,
and geophysics. Many researchers have done studies based on
multibeam sonar data. The sonar data can be used to detect fish
schools, plankton, internal waves, and hydrothermal vents, and
to identify ocean habitats (Yang et al., 2013; Colbo et al., 2014;
Melvin and Cochrane, 2015; Bayrakci et al., 2014). In recent
years, multibeam water column data have been used to detect
natural gas vents. For example, Elhegazy (2011) used water
column images to detect and analyze undersea black smokers
and natural gas vents. Nakamura et al. (2015) detected many un-
dersea hydrothermal vents in the central area of the Okinawa
Trough using multibeam water column images. These examples
show that multibeam water column image investigations are an
effective method for detecting the hydrothermal vents. Multi-
beam sonar images can be used to rapidly detect areas where hy-
drothermal fluids and cold seepages have developed, and pro-
vide new approaches for the detection of undersea resources.
Geophysical methods have often been used to detect oil and gas
resources (Luan et al., 2008; Xu et al., 2012), but the efficiency of
these methods was low. Because the multibeam systems can ac-
quire and process data more quickly and efficiently, the applica-
tion of the multibeam water column data to hydrocarbon explor-
ation will greatly improve the efficiency of oil and gas explora-

tion. In the multibeam sonar approach, possible target areas for
oil and gas resources are quickly delineated. Then, the geological,
geophysical and geochemical surveys of the target area are car-
ried out. This approach can save on costs and improve the suc-
cess rate of oil and gas detection. The present study the analyses
water column data from the multibeam sonar for natural gas de-
tection in the Taixinan Basin.

2 Brief introduction to the research area

The Taixinan Basin is also known as the Tainan Basin. It is
located on the continental slope from the southern part of the
Taiwan Strait to the northeastern South China Sea, and forms
part of China’s offshore basins. Its geographic range is
20°50'-23°30'N, 117°00'-120°40'E (Fig. 1). The basin is centered
on 22°N and 119°E, and is orientated in a NE-SW orientation. The
length of the basin is about 480 km, and the width is about 240 km
(Du et al., 1991). The total area is 72 000 km?. The Taixinan Basin
belongs to the rift-type (opening mode), Meso-Cenozoic super-
imposed or residual basin. The basin has the Penghu-Kaohsiung
uplift as its northern boundary, and connects to the South China
Sea Basin in the south. The Tainan-Kaohsiung epicontinental
area forms its eastern boundary and the basin connects to the
Chaoshan sag and Zhujiang River Mouth Basin in the west. The
Taixinan Basin is one of the Meso-Cenozoic superimposed
basins in the northern epicontinental sedimentary basin chain of
the South China Sea. It is located in a favorable tectonic area for
natural-gas enrichment. The characteristics of hydrocarbon mi-
gration and accumulation in the Taixinan Basin are similar to
those of the continental fault basins in eastern China (He et al.,
2006). Many studies have shown that the Taixinan Basin has
abundant conventional oil and gas resources, and a large explor-
ation potential for gas hydrates. Du et al. (1994) identified the
Taixinan Basin as being a favorable area for oil and gas explora-
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Fig. 1. Location of the research area (
Ma (2016)).

basin boundary from

tion. Oung et al. (2006) analyzed seafloor sediment samples col-
lected southwest of Taiwan and detected thermogenic gas. Using
a deeply-towed, side-scan sonar, subbottom profiler, Chen et al.
(2010) discovered gas seepages in the nearshore area of the Taix-
inan Basin. Zhang et al. (2014) studied the accumulation charac-
teristics of gas hydrates of the Taixinan Basin using samples from
drillings. A bottom simulating reflector (BSR) obtained from geo-
physical surveys also showed the existence of gas hydrates in the
area, and indicated that there were large accumulations of gas
hydrates (Zhang et al., 2014). However, there are no studies that
document using the multibeam sonar and the water column im-
ages to search for oil and gas on the eastern continental slope of
the Taixinan Basin (Fig. 1). The present study helps address this
knowledge gap.

3 Data and methods

3.1 Data acquisition

In 2016, we carried out sonar data acquisition in the Taixinan
Basin using a Kongsberg EM302 deep-water, multibeam system.
Three lines were used and were surveyed in both directions to
give a total of six survey lines (Fig. 2). Repeat surveys were done
to ensure data validity (Fig. 2). The performance parameters of
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Fig. 2. Survey line setting.
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the Kongsberg EM302 system are as follows: frequency 30 kHz,
depth range 10-7 000 m, beam angle 1°x1°, maximum ping rate
greater than 10 Hz, and beams in each ping 288. The multibeam
system also acquires depth data and water column data, which
are saved in the same data file to facilitate data processing.

3.2 Data processing and display

3.2.1 Data processing

Data processing included depth data processing and water
column data processing. The depth data processing focused on
signal filtering to remove erroneous data and display the authen-
tic bottom topography. The filtering was performed by combin-
ing automatic filtering and manual filtering, and by setting the
threshold values of, for example, beam and water depth. On the
basis of the known water depth of the survey area the depth
threshold was set at 800-1 600 m. Twenty edge beams were
filtered out because edge beams are of poor quality. However, the
automatic filtering cannot eliminate all outliers. The remaining
outliers were manually removed. The water column data pro-
cessing also focused on filtering to remove noise and retain the
geographical features of the target. The water column data are
time series observation values of the echo intensity for each
beam footprint. The volume of water column data is ten to one
hundred times that of the depth data (Liu, 2013). The echo in-
tensity information is mainly used for the filtering of the
sampling points of the water column data. The back scattering
characteristics of acoustic signals for different materials are dif-
ferent. Normally, the echo intensity of noise and side lobe effects
in water are low, and thus the echo intensity information can be
used for the filtering of sampling points whose echo intensity sig-
nal is beyond the threshold. The echo intensity parameter was set
between -60 and 0 dB.

3.2.2 Displaying water column data

The water column data can be displayed as a water column
image to intuitively depict the water data and identify special tar-
gets in water. The water column data can be displayed in two
ways: (1) as a cross-section perpendicular to the track direction,
with the variation in a water intensity in each ping perpendicular
to the track direction. The abscissa axis is a distance, and the or-
dinate axis is a water depth (Fig. 3); and (2) along the track sec-
tion, with the variation in the central part of the water intensity
along the track direction clearly visible (Liu, 2013; Zheng et al.,
2016). The abscissa axis is time, and the ordinate axis is the water
depth (Fig. 4). The colors of the images represent a back-scatter-
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Fig. 3. Water image cross-section perpendicular to the track dir-
ection, where the abscissa axis is the distance to the center beam
and the ordinate axis is the depth.
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Fig. 4. Water image cross-section along the track direction,
where the abscissa axis is time and the ordinate axis is the depth.

ing intensity.
4 Results and discussion

4.1 Water image data results

The multibeam water column images were obtained by pro-
cessing and displaying the multibeam data. Lines 3 and 4 repres-
ent different measuring directions along the same line. Acoustic
water column anomalies were found in the same region (Figs 5
and 6). Lines 5 and 6 are back and forth measurements along the
same line. The acoustic water column anomalies were also found
in the same region (Fig. 7). No obvious water column anomalies
were found in Lines 1 and 2. The water columns in Fig. 7 are loc-
ated at Position A in Fig. 2. The water columns in Figs 5 and 6 are
located at Position B in Fig. 2. The image on the left of Fig. 5
shows the water column image at a specific time, while the im-

age on the right shows a stacked view of all the water column im-
ages at Position B. The two images in Fig. 6 represent the water
column images at different times at Position A.

No beams were lost on Line 3, but many beams were lost on
Line 4, and thus the quality of Line 3 is much higher than that of
Line 4, even though the section tracks are the same. Similarly, al-
though a significant beam loss occurred because of difficult sea
conditions during the survey of Lines 5 and 6, the water column
anomalies were still captured. Figure 5 shows that the water
column anomalies take the form of one or more acoustic scatter-
ing plumes that rise from the seafloor (the max height is about
500 m). Some ascending plumes are continuous, while some are
not continuous. Most plumes are changeable. The ascending
height of the water column anomalies shown in Fig. 6 is nearly
identical to that in Fig. 5, but most plumes are suspended. The
ascending height of the water column anomalies (Fig. 7) is about
200 m, and is not continuous. The width of the plumes is 20-50 m.
The plumes are slightly curved. The lower parts all display vertic-
al movement, and there is only a slight inclination in the upper
area.

4.2 Discussion

4.2.1 Causes of the scattering anomalies

The water column images show that there are many plume-
like anomalies in the study region. A seafloor plume is a typical
expression of gas seepage. A large volume of gas is generated,
probably from the lower part of the natural gas hydrates, oil and
gas reservoir, or organic matter-rich anaerobic sediments, and
then mixes with the surrounding water and finally forms buoy-
ant plumes (Yin et al., 2008). A large amount of gas entering the
sea water from the seafloor will inevitably result in a plume. The
bubble-rich plumes have a strong scattering effect because of the
large density and acoustic speed contrasts between the plumes
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Fig. 5. Track cross-sections for Line 3.
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Fig. 6. Track cross-sections for Line 4.



132 Chen Yilan et al. Acta Oceanol. Sin., 2019, Vol. 38, No. 5, P. 129-133

700

900

Depth/m

1100

1300

-1000 0

Distance/m

700

900

1100

-1000 0

Distance/m

Fig. 7. Track cross-sections for Lines 5 (a) and 6 (b).

and ambient water (Kentaro et al., 2015). This allows gas seep-
ages to be detected by an acoustic equipment.

There has been much integrated subsea floor geological ex-
ploration of the northern South China Sea, and this exploration
has discovered many BSR and blanking zones as well as geo-
chemical anomalies related to gas hydrates (Bi, 2010; He et al.,
2006; Oung et al., 2006). All these discoveries illustrate the poten-
tial existence of natural gas hydrates in the research area. Yin et
al. (2008) detected obvious methane density anomalies in the
bottom water of the northern South China Sea. The anomalies
resulted from methane seepage in the seafloor. The seepage may
have originated from the decomposition of gas hydrates under
the sediments. Bi (2010) analyzes the anomalous methane dens-
ity in the bottom water of the southwest of Taiwan Island, and
concludes that the anomalies are related to the seepage of meth-
ane generated from gas hydrate decomposition. The formation
conditions for hydrates and the generation mechanism of the
plumes indicate that there is not a one-to-one correspondence
between hydrate and plume phenomena. However, seafloor sed-
imentary layers were often found in the development areas of
plume, and plumes have been found in many sea areas where
hydrates are found (Li et al., 2013, 2016). The results of our study
indicate that there is a large amount of evidence for hydrate exist-
ence in the study area, and thus it can be inferred that the reason
for the occurrence of the abnormal acoustic water column is
most likely plume formation by gas leakage from natural gas hy-
drate. However, because of the lack of seismic data in the study
area, it is difficult to further investigate the gas source of the
plume. The abnormal acoustic water columns in the research
area ascend for 200-500 m and then disappear. The authors be-
lieve the plume to be gas hydrate-coated methane bubbles.
When the plume reaches a certain height from the seafloor, gas
hydrate crusts become unstable and gradually dissolve as the
surrounding pressure varies (Kentaro et al., 2015; Sauter et al.,
2006). The anomalies then abruptly disappear. The ascending
height of the plume may be related to the seepage volume of nat-
ural gas and the stability of hydrates. Some plumes in Line 4 ap-
pear to have no root, probably because the poor quality data
from the line prevents the bottom of the plume from being detec-
ted. Another possible reason for some plumes having no appar-
ent root is that the plumes were curved because of currents and
only the top of the plumes was detected (Liu and Liu, 2017).

4.2.2 Topographic analysis of the research area

The seafloor topography of the research area is shown in Fig. 8.
The depth is 1 000-1 420 m. The research area is located between
two gorges on the continental slope of the South China Sea. The
topography is complex. The terrain tilts from the central part to

Fig. 8. Seafloor topography of the research area.

the east and to the west. The central part is shallow, but the east-
ern and western parts are deep. The depth of the eastern part is
1300 m, and the seafloor is flat. The terrain in the central part is
complex. Two sea ridges extend from north to south. One ridge
has a height difference of 220 m and extends from northwest to
south, with steep sides on both sides of the ridge. The other ridge
extends from northeast to south. Its height difference is 50 m, and
both sides of the ridge slope gently. The two ridges join the south
to form one sea ridge. An elliptical-shaped knoll is located
between the two sea ridges. The long axis of the seamount is
3000 m, and the short axis is 2 000 m, and the height difference is
200 m. The western part of the knoll is closely connected to the
sea ridge.

Obvious plumes are found in two positions in the research
area (Fig. 8). Position A (Fig. 7) is located between two sea ridges.
The water depth is 1 270-1 280 m. Position B (Figs 5 and 6) is loc-
ated on a sea ridge, and the water depth is 1 210-1 230 m. The
plume at Position B is the more obvious in the two of the water
column images. This indicates a relatively high gas seepage
speed at Position B.

Seafloor natural gas seepages can alter the seafloor terrain,
and create unique micro-topography on the seafloor that in-
cludes such features as seabed pits, seabed mounds, and mud
volcanoes (Liu, 2017; Shang et al., 2014; Sha et al., 2002; Chen et
al., 2009). However, no obvious micro-topographic features were
found in the plume areas in the present research. A possible reas-
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on for this is that the speed and volume of gas seepage are low,
and only result in small topographic alterations. These altera-
tions are too small to be detected because of the resolution and
accuracy of the shipborne multibeam system.

5 Conclusions

(1) Multibeam water column image anomalies were obtained
for a new research area in the Taixinan Basin. The anomalies oc-
cur as single or multiple plumes, and ascend almost vertically
from the seafloor to a height of 200-500 m.

(2) The plumes in the research area are possibly caused by
methane seepage from the gas hydrate dissociation on the sea-
floor into the bottom water. The multibeam water column data
reveal the possible existence of gas hydrates and provide a target
for the future study of gas hydrate in this area.

(3) The successful detection of plumes in the Taixinan Basin
using the multibeam sonar system has shown that the system can
precisely locate in the position of plumes. Compared with the
seismic detection technology, the multibeam sonar system has a
fuller coverage, higher resolution, and higher efficiency. The
multibeam sonar provides a systematic and reliable technology
for the detection of subsea gas hydrate.
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