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Abstract: Geographical Information Systems is a useful tool for marine geohazard mapping. This paper describes an in-
tegrated and systematic map-based approach for identification and characterization of submarine landslide with multidis-
ciplinary data such as multibeam bathymetric data, multichannel seismic data, sidescan sonar and so on. Taking Liwan 3-
1 gas field in northern continental slope of Southern China Sea as a case study, a regional database is established to pro-
vide convenient services to manage search and extract the target data for geohazard mapping and identification.
Bathymetric map and seismo-geomorphologic map are calculated and produced with GIS to establish an elementary un-
derstanding of geomorphologic features. With this integrated approach, dozens of landslides are identified in the study
area and they are featured as small and multiple superimposed failure scars. Fundamental information of landslides can
also be provided for further detail interpretation, quantification and assessment of their mechanism and potential risks.
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1. INTRODUCTION

Over the last decade, exploration and development of
offshore hydrocarbon resources has advanced into remote
deepwater regions and poses significant technical challenges
for the design and installation of wells and facilities at ex-
treme water depths. In the deepwater hydrocarbon resources
regions, sediment is usually featured as thick, high deposi-
tion rate, excess pore fluid pressure and low soil strength.
So, the exploration and exploitation of deep-water oil&gas
are apt to be suffered from high-risk geohazards such as
submarine landslide, soft clay creep, shallow gas, excess
pore-water pressure, mud volcano or mud diaper, salt dome
and so on. More and more concerns about deep-water geo-
hazards have been raised by the increasing amount of off-
shore hydrocarbon resources exploration and production and
careful evaluation and mitigation are required during the
front-end planning and engineering design stages of projects.

The primary challenge in studying deepwater geohazard
is the relative inaccessibility and invisibility of the subma-
rine environment. The only way to know where and when a
submarine slide has occurred is to have multi-disciplinary
data before and after a slide [1]. The data include multi-beam
bathymetry data, sidescan sonar images, seismic data, shal-
low-bottom profiling images, boring data, etc., which nowa-
days increase rapidly to large amounts with heterogeneous
formats and have different resolutions. It is difficult to make
good management and utilization of such submarine data
with traditional means.
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Geographical Information Systems (GIS) technology can
provide efficient and powerful tools or services in such as-
pects as spatial data management, processing, analysis and
visualization. The integrated approach to the systematic
mapping of seafloor geomorphology with GIS technology is
becoming fundamental to underpinning qualitative and/or
quantitative geohazard risk assessment for development and
engineering proposals [2-9].

The multi-disciplinary and heterogeneous marine geo-
hazard data, in digital format, are ideally suited for storage,
compilation, spatial analysis and visualization in a GIS-
based framework (Fig. 1). and can be further interpreted to
provide critical information on the location, distribution,
susceptibility, vulnerability and probability associated with
marine geohazards.

As a case study to apply the presented integrated ap-
proach to map and assess the marine geohazard, we typically
focus on Liwan 3-1Gas Field, which is located in the Zhu II
Depression in the Zhujiang Basin and the front of continental
slope of the northern South China Sea. As part of team work,
this study, with GIS technology, attempts to map and iden-
tify the elementary morphology of geohazard features, espe-
cially landslides, before detail interpretation, quantification
and assessment of the mechanism and potential risks in Li-
wan 3-1 gas field region.

2. STUDY AREA

The South China Sea is the largest marginal basin in the
western Pacific Ocean and lies at the junction of the Eurasian
plate, the Indian-Australian plate and the Pacific plate [10].
Many researches have reported that the potential geo-
hazards, such as active sand wave/sand hill, pockmark, land-
slide, scarp, abrupt slope, submarine canyon, paleo-channel,
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Fig. (1). Flow diagram of GIS-based marine geohazard assessment.

shallow gas and diaper, are present on the shelf and the slope
of the northern South China Sea [11-13]. As for the Pearl
River Mouth Basin, there are also several kinds of unfavor-
able geological bodies, such as large seafloor landslides in
the Baiyun Depression [14], and mud volcano, seafloor land-
slide and shallow gas in the outer shelf [15].

As showed in Fig. (2)., the study area, 300 km away from
the modern Pearl River estuary, locates in the Baiyun De-
pression of the Southern Depression Zone. The northern con-
tinental slope extends from the slope break belt at 200m

Site investigation

Historical data collection

depth to the area of 3200~3500m depth. It stretches in a NE-
SW direction, paralleling roughly to the coastline. According
to the geomorphologic characteristics, the northern continen-
tal slope is divided into eastern, middle and western sections.

3. DATA SOURCES

To avoid huge economic loss and ecological environ-
mental damage, it is necessary to evaluate the geohazards for
the establishment and safe operation of the pipeline. Al-
though, previous researches provided useful regional
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Fig. (2). Geographic and tectonic map of the study area.

background data such as bathymetric data, sub-bottom pro-
files, side scan sonar data and other high-resolution acoustic
data, the resolution and accuracy cannot meet the engineer-
ing requirement of offshore hydrocarbon resources explora-
tion and development. Multidisciplinary survey is under im-
plementation around the Liwan 3-1 gas field including multi-
beam bathymetric survey, shallow-stratum profiling, high-
resolution multi-channel seismic exploration and AUV in-
vestigation.

This study uses shipboard multibeam bathymetrics
(MBB), shallow-stratum profiles (SSP), multi-channel seis-
mic (MCS) data, AUV multibeam bathymetrics and side-
scan sonar images acquired through a geographic survey on
the vessel Nanhan-503 in 2011. MBB data were collected
using the EM302 Multi-Beam Bathymetric System and grid-
ded in 20m resolution. SSP data for 1500 km were collected
using a hull-mounted TOPAS Shallow-Stratum Profile with
a source pulse centre on 3.3 kHz. MCS data were collected
using a detection system consisting of a 10000J plasma
sparker, a 120 channel digital cable mounted on the vessel
“Shiyan 1” in September, 2010.

SRTM 30 Plus [16] bathymetry data (30 arc seconds
resolution) and GEBCO [17] bathymetry data (30 arc sec-
onds resolution) are also used for background supplemen-

tary. The final bathymetry grid was complied for regional
mapping and further study Fig. (3).

4. METHOD
4.1. Database

In order to make good use of these precious data, GIS
technology is used in our research. Data model is designed to
depict the structure, organization and relationship between
multidisciplinary submarine data. With these data models,
marine geohazard database is established to manage and
share the attribute and spatial data effectively.

As showed in Fig. (4), regional marine geohazard data-
base of Liwan 3-1 gas field is designed and constructed.
Taking advantage of this database, spatial data of study area
such as bathymetric data, sidescan sonar images, shallow-
stratum profiles and multi-channel seismic data can be
searched and extracted conveniently to support the following
geohazard mapping and identification.

4.2. Bathymetric Mapping

When mapping any geomorphic feature, be it incised
steam beds, drumlins, or landslides, it is useful to view the
data in a format that accentuates rapid changes in surface
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Fig. (4). Marine geohazard database. (a) Data models to depict the data structure; (b) Data management system to provide convenient opera-
tion of data edition, import & export; (¢) Data query based on survey line; (d) Bathymetric grid extraction based on spatial selection.
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elevation. Multibeam bathymetric data are very useful for a
first pass geomorphic mapping and assessment of a marine
geohazard. They can provide information on the water
depths where failures occur, such as slide thickness, heights
from top of the headscarp to base of the scar, runout maxi-
mum, height of the headscarp and slide thickness.

Using Arc/INFO 9.3, bathymetry, shaded relief, seabed
aspect and seabed slope angle are calculated and mapped for
landslide scars identification Fig. (5).

Fig. (5a) shows a section of seabed of Liwan 3-1 Gas
Field viewed using shipboard multibeam bathymetric DEM
in 20m resolution over the hillshaded relief with 100m inter-
val contours. From this view, several small submarine can-
yons arrange closely in the slope where water depth varies
from 500m to 1700m depth. Length of the canyons ranges
from 20 to 30 km and the thalweg spacing is about 6~7 km.

Fig. (5b) shows a shaded relief with artificial hillshading
algorithms. It can cast “shadows” and illuminate regions of
steep local slope or bathymetric roughness, such as steep
headscarps, sidewalls, and sometimes rubble at the base of
the landslide scar, which is helpful for identifying slope fail-
ures. From Fig. (5b), about 126 small landslide scars can be
recognized, which are marked with red curves.

Aspect maps are helpful in identifying regions of anoma-
lous direction, and highlight regions such as canyons and
slides’ sidewalls where the erosive walls are directed ~90°to
the headscarp and local downslope trend. This method is
useful especially in the area where the slope failures is large
and got less corrosion. In Fig. (S¢), it is not obvious to iden-
tify the anomalous direction features. It reveals that the slope
failures in this area are small and eroded by multi-stage
small landslides.

Slope gradient map can help identify the diagnostic short
wavelength changes (i.e., rapid changes) in bathymetry asso-
ciated with arcuate headscarps and connected sidewalls [2].
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As showed in Fig. (5d), diagnostic arcuate headscarps with
extending sub-parallel sidewalls are illuminated by the slope
gradient maps. In the study area, seafloor gradient are typi-
cally ~5°, but in the steepest parts it can be up to ~25°. The
seafloor gradient of headscarps are about 7°~15° and the
arcuate features can be verified with those identified from
shaded relief Fig. (5b). The main canyons and other erosive
features (including regions that possibly have multiple super-
imposed failure scars) can be excluded for lack of the diag-
nostic arcutate headscarps.

Additionally, cross-sections or profiles through a slide
from bathymetric DEM can help to verify potential landslide
surface. Fig. (6) shows two cross-sections of a landslide scar
recognized from high resolution (Imx1m) AUV bathymetry
shaded relief. The area of the landslide scar is about 840,000
m’. Headscarps are easily identified from down-slope pro-
file, and profile taken across slides is helpful in identifying
the lateral extent of erosion or deposition, and helping con-
strain the geometry of the slide deposit. The characteristics
within the slide scar, like headscarps height, runout distance,
headscarps, point of the maximum slope, et al., can also be
identified and calculated from cross-sections or profiles.

4.3. Seismogeomorphological Mapping

As discussed by McAdoo [1], bathymetric mapping has
several known shortfalls in determining some landslides, like
smaller, overlapping, older or shallow seated failures. Sub-
surface data from seismic survey is a good supplementary to
reveal landslide features. With uniform coordinate system in
GIS, the survey line of seismic profile can be located on the
bathymetry map and help establish spatial relationship with
seabed geomorphology. This provides a mean of integrating
data on seabed geomorphology interpreted from bathymetry,
with sub-seabed geological data interpreted from seismic
data, to give a three dimensional understanding of geohazard
processes.

40

Fig. (5). Bathymetic map of the study area. (a) Bathymetry; (b) Shaded relief illuminated with an azimuth of 315°and a 45°inclination; (c)
Aspect. N, NE, E, etc. represent compass directions north, northeast, east, etc.; (d) Slope gradient with lighter shading for higher gradients

and darker for lower.
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Fig. (6). Cross-sections parallel to a slide’s headscarp and down slope.
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Fig. (7). Part of multichannel seismic profiles with survey lines located in inset map.

In this study, two multi-channel seismic profiles Fig. (7)
in study area are illustrated with survey line located on
bathymetric map and seabed geomorphologic features, in
order that typical landslides and canyon system can be iden-
tified. As showed in Fig. (7), the seismic reflection reveals
small and overlapping deposits from landslides which are
difficult to be identified from bathymetric map.

CONCLUSION

More and more concerns about deep-water geohazards
have been raised by the increasing amount of offshore hy-
drocarbon resources exploration and production. This paper
illustrates an approach of submarine landslide management
and mapping, which can help to identify landslides’ features
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and processes in a time- and cost-efficient manner. And as a
case study, we established a regional database to manage the
geohazard data and gave an elementary mapping and inter-
pretation of the geomorphologic features of landslides in
Liwan3-1 gas field. With the integrated approach, more than
one hundred landslides and overlapping failures are recog-
nized. The landslides in the study area are featured as small
and multiple superimposed failure scars. Most of slides are
occurred in canyon walls, which were mainly triggered by
brittle deformation. There are also some slide failures trig-
gered by plastic deformation on the bottom of the canyons.
The integrated manner is also helpful to provide fundamental
information for further run-out analysis and geohazard risk
assessment.

FUTURE WORK

This study is mainly focused on the seafloor geomorpho-
logic features mapping and primary depiction for marine
geohazard assessment based on bathymetric data and seismic
profiles. Some detail and statistical analysis, including land-
slide runout analysis, area and volume computation, suscep-
tibility and so on, should be implemented with GIS technol-
ogy in the following work.
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