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ABSTRACT

In this study, analysis results reveal two main deposition zones are located
at the flank of upper Gaoping Submarine Canyon and Lower Fangliao Basin off-
shore SW Taiwan. The non-event related sediments deposited in past 150 years (i.e.,
632 Mt km?) was delivered and transported from Gaoping River by suspension pro-
cess with tides and coastal currents and gradually spread out offshore. Meanwhile, the
total mass of accumulation sediments is 1922 Mt km™, accounting for 40% Gaoping
River’s sediment load and suggesting that the deposition process is mainly controlled
by natural hazards. Sedimentation rates in much of the study area, except in the main
deposition zones, are less than 0.5 cm yr!' (5 m kyr'). Compared with the studies at
the instability seafloor caused by high sedimentation rates (~30 m kyr), the offshore
southwestern Taiwan is relatively stable. In this study, we also discovered a series of
sediment waves located on the upper continental slope between Gaoping and Fan-
gliao Submarine Canyons, which is related to the creeping process on seafloor. In
summary, our results reveal the fluid activities, existence of weak layers and earth-
quake triggering are potential factors which might induced seafloor failures offshore
southwestern Taiwan.

1. INTRODUCTION

Submarine mass movements or slope failures are con-
trolled by long-term geological preconditioning factors and
short-term triggering mechanisms (Leroueil 2001; Locat
and Lee 2002; Sultan et al. 2004). For long-term geological
preconditioning factors, it includes mass movement history,
rapid sediment accumulation and under consolidation, the
slope angle, and the existence of a weak layer over long-term
climate change (Masson et al. 2006). The short-term trig-
gering mechanisms include slope oversteepening, seismic
loading, stormy-wave loading, gas charging, gas hydrate dis-
sociation, low tides, seepage, glacial loading, and volcanic
island processes (Locat and Lee 2002). Among these factors
and mechanisms, the high sedimentation rates, gas charging,
gas hydrate dissociation and seepage are highly related to the
overpressure of sediments, which might further decrease the
shear resistance of sediments and induce seafloor failures. On
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the other hand, the characteristics of sediments (i.e., permea-
bility, grain size, and texture) are related to the dissipation of
excess pore pressure (Laberg and Camerlenghi 2008). Hence,
understanding the sedimentation processes and characteris-
tics of sediments are crucial for seafloor failure studies.

In previous studies (Laberg et al. 2003; Hjelstuen et
al. 2004), the noted Storegga and Trenadjupet slides were
potentially caused by high sedimentation rates during the
glacial period (65 and 36 m kyr', respectively). Moreover,
the high deposition rates also led to mass slope failure at
the Gulf of Mexico (Solheim et al. 2007; Dugan and Shea-
han 2012). Based on the slope stability calculation from
the Ursa region in Gulf of Mexico, the overpressures were
generated when deposition rates reach 1.5 cm yr'. Once the
sedimentation rates reach values higher than 3 cm yr', the
high overpressure and flow focusing initiated slope failure
in the upper 10 mbsf (Stigall and Dugan 2010; Long et al.
2011; Dugan and Sheahan 2012).

In addition to high sedimentation rate, submarine
landslides are often observed rooted in the parallel-bedded
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sequences and frequently developed submarine landslides
along this weak layer. Weak layers may fail due to high
overpressure, sensitive clay, and water content (Solheim
et al. 2007). Liquefaction of these layers may further trig-
ger slope instability and served as a detachment plane for
seafloor sliding (Kvalstad et al. 2005). The Afen slide which
located north-west Shetland Islands was suggested as trig-
gered by seismic induced liquefaction of contouritic sandy
sediments (Wilson et al. 2004).

Among the possible triggering mechanisms, earth-
quake has been regarded as the most important one for sub-
marine landslides up to 40% (Hance 2003). Earthquakes not
only increase the driven stress by seismic accelerations, it
also can trigger the liquefaction of cohesionless sediments
(Sultan et al. 2004). Three scenarios of earthquake trig-
gered slope failure has been proposed: (1) The excess pore
pressure generated by the cyclic stresses degrade the shear
strength of sediments and the slope is unable to carry the
static shear stress; (2) The increase of excess pore pressure
at critical regions caused by seepage from deeper layers;
and (3) The post-earthquake failure due to creep, it usually
occurred on slopes composed by clay (Nadim 2012).

Over the past decade, under the support of “FATES In-
tegrated Project” (funded by Ministry of Science and Tech-
nology; MOST), “Investigation of Gas Hydrate Resource
Potential” (funded by Central Geological Survey; CGS), and
“Marine Geology and Seabed Stability Study for the Poten-
tial Gashydrate Area Off SW Taiwan” (funded by National
Energy Program; NEP), we found that the potential subma-
rine geohazards offshore southwestern Taiwan is related to
the aforementioned geological preconditioning factors and
triggering mechanisms, including sedimentation rate, under
consolidation, slope angle, existence of weak layer, climate
change history, earthquake, seafloor gas charging, gas hydrate
dissociation, and seepage, etc. In this study, the core analysis
(including X-ray radiographs, grain size and '°Pb geochronol-
ogy) results and chirp sonar images are used to evaluate the
seafloor instability offshore southwestern Taiwan.

2.STUDY AREA AND BACKGROUND

Taiwan is located in the junction of Eurasia and Phil-
ippine Sea Plates developed Ryukyu Arc and Luzon Arc
systems along the rim of Western Pacific. The oblique
collision between the Luzon Arc and Eurasian continental
margin since the Late Miocene has led to the formation of
Taiwan Island (Suppe 1981; Ho 1986) and the process is
still actively propagating to the south (Suppe 1987). The
Manila Trench subduction zone which developed between
the South China Sea and the northern Philippines is com-
posed by well-developed accretionary wedge, forearc basin,
and the Luzon volcanic arc (Molli and Malavieille 2011).
The arc-continent collision in the Taiwan orogen resulted in
the western Taiwan foreland basin and including the West-

ern Foothill, the Coastal Plain, and the offshore areas which
filled more than 5 km sediments in thickness (Covey 1984;
Yu and Chiang 1997).

The offshore area of the southwestern Taiwan is main-
ly composed of a narrow Gaoping Shelf and broad Gaoping
Slope, with water depths ranging from 80 - 3400 m (Yu et
al. 2009). A series of submarine canyons are incised into
Gaoping Shelf and Slope including Gaoping Submarine
Canyon (GSC), Fangliao Submarine Canyon (FSC), Kaoh-
siung Submarine Canyon (KSC), and Shoushan Submarine
Canyon (SSC) (Fig. 1). Among them, the GSC and FSC are
two major submarine canyon systems which play an im-
portant role on delivering sediments from shallow waters
to deep sea (Liu et al. 2002; Liu and Lin 2004; Huh et al.
2009; Su et al. 2012).

The GSC extends from the Gaoping River and can
be divided into three segments along the canyon. The up-
per reach segment is located on the Gaoping Shelf and the
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Fig. 1. Map showing the location of geomorphic units and the subma-
rine canyons off SW Taiwan. Six major submarine canyons, O Gaop-
ing Submarine Canyon, (@) Fangliao Submarine Canyon, (3) Kaohsi-
ung Submarine Canyon, @ Shousan Submarine Canyon, &) Formosa
Submarine Canyon, ® Penghu Submarine Canyon, developed on the
Gaoping Shelf and Slope and deep-sea offshore southwestern Taiwan
and merged into the north termination of the Manila Trench. The de-
formation front separates the passive South China Sea (SCS) continen-
tal margin in the west and active accretionary wedge in the east. The
out-of-sequence thrust (OOST) separates the Lower Gaoping Slope
and Upper Gaoping Slope of the accretionary wedge. Mud diapirs are
indicated by gray polygons.
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Upper Gaoping Slope, flows southwestward and suddenly
turns left when entering the middle reach segment. The mid-
dle reach runs straight southeastward, makes a sharp turn
into its southwest course, connects to the lower reach which
flows sinuously on the Gaoping Deep-sea Fan and finally
into the northern Manila Trench (Yu et al. 2009). The mor-
phology of the GSC is strongly controlled by mud diapiric
intrusions and the thrust faulting system (Chiang and Yu
2006; Yu et al. 2009).

The FSC is a relatively small (around 10 km wide and
60 km long) and young (< 3 Ma) submarine canyon which
starts on the Upper Gaoping Slope and extends southward
to the base of the upper slope (Yu and Lu 1995). The can-
yon can be divided into two morphologically contrasting
parts. The upper canyon begins at the shelf edge and has
no connection to the river onland. The length of the upper
canyon is approximately 40 km between water depths from
100 - 600 m. In the upper canyon, truncation of parallel flat-
lying strata and sliding/slumping features on the canyon
walls are indicative of downcutting and lateral widening of
the canyon (Yu and Lu 1995). In the lower canyon, a rising
linear ridge formed by shale diapir separates the canyon into
two segments and it extends downslope to about the 1000 m
isobath and connects to the lower reach of GSC (Fig. 1)

3. MATERIALS AND METHODS

The box and gravity cores were collected using R/V
Ocean Researcher 1 from 2005 - 2015 and the sampling sites
are plotted in Fig. 2. The cores were split into working and
archive halves, and surface photographs were immediately
taken using a high-resolution digital camera at the Core
Laboratory of the Taiwan Ocean Research Institute (TORI).
Transparent acrylic trays (25 x 10 x 1 cm) were used to take
sediment slabs for X-ray radiographic photography. The re-
maining sediments in the split barrels were sectioned at 1
cm intervals and sealed in centrifuge tubes for freeze-dried.
The X-radiographic images of sediment slabs were taken by
AXR Model M160NH Cabinet X-ray machine with digital
scanner. The operating condition of the X-ray was set as
4 mA and 60 kV. The integration time for the digital scan-
ner was 100 - 140 ms and the X-radiographic images were
processed using the iX-Pect EZ software that came with the
digital X-ray scanner.

The grain size analysis was conducted by using laser
diffraction particle size analyzer (Beckman Coulter LS13
320) equipped with auto-sampler. All sediment samples
were pre-treated following the USGS procedures (Poppe
et al. 2000). The cement and carbonates were removed
by using 10% hydrochloride and carbonate-free samples
were treated with 15% hydrogen peroxide for 1 - 2 days
to remove organic matter. Ultrasonic devices and sodium
hexametaphosphate were used to deflocculate and disperse
sediment grains prior to the grain-size analysis.

Lead-210 activity was determined by a-spectrometer
via its granddaughter nuclide ?'°Po. Polonium-209 spike
was added as a yield determinant prior to the total digestion
of the samples. Polonium isotopes were plated onto a silver
disc from the sample solution (in 1.5 N HCI, in the presence
of ascorbic acid) at 80 - 90°C for approximately 1 - 2 h. The
counting results were corrected for the decay of 2'°Po (from
the time of plating to counting) and *'°Pb (from sample col-
lection to Po plating).

Two different types of sub-bottom echo profiler were
used in this study. On Ocean Research 1 cruises, a hull-
mounted chirp sonar survey by using the ODEC Bathy
2000p system (the system was upgraded to Bathy 2010p in
2012), which was set at the frequency range 3 - 11 kHz. For
some cruises (OR1-942, 951; and OR3-1253, 1262, 1434,
1468), a high resolution EdgeTech 0512i sub-bottom pro-
filing system (set at the frequency range 0.5 - 12 kHz and
towed 5 - 10 m below the sea surface) was used.

4. RESULTS AND DISCUSSION

The tectonic, climatic and geographic location makes
Taiwan all the time under threaten of high frequency earth-
quake and typhoon induced natural hazards on land or
offshore. After the 2006 Pingtung Earthquake and 2009

11?.6 11|9.8 12?.0 12|0.2 120.4 120.6 120.8 121.0

7]

i J = 21.0
120.8 121.0

3 i —
196 1198 1200 1202 1204 1206

Fig. 2. Locations of the sampling sites collected during 2005 - 2015.
Some of the locations have been sampled repeatedly in order to evalu-
ate the evolution of the turbidite layers in the sediments.
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Morakot Typhoon, people realized that the sediment grav-
ity flows triggered by earthquakes, storms and river floods
have tremendous destructive power on seafloor infrastruc-
tures (Hsu et al. 2008). In addition, since 2004, the Cen-
tral Geological Survey of Republic of China promoted the
first phase of Gas Hydrate Investigation Program. It dem-
onstrated the gas hydrates are widely distributed offshore
southwestern Taiwan. The preliminary in-place estimates
pointed out the gas hydrate reserves offshore southwestern
Taiwan are about 1.5 trillion cubic meters. Although there
are no proved reserves for gas hydrates at this time, if 10%
of this is exploitable, it will produces 150 billion cubic me-
ters of natural gas (Chen et al. 2016). Its economic benefits
should not be overlooked. Leaving aside its advantages on
economic and energy developments, gas hydrates are also
a potential risk. Not only because of its main composition,
methane, is one of the most potent greenhouse gas, but also
the potential of triggering submarine slope failures. Its vol-
ume can expends by 150 - 170 times under the Earth surface
condition. Therefore, regardless of gas hydrate exploitation
or submarine geohazards prevention, seabed stability inves-
tigation has to be done without delay.

Currently, the seafloor stability research in Taiwan is
still infancy. The in-situ geotechnical explorations only have
been done in the shallow waters where the water depth not
exceed 100 m. Furthermore, only a few studies mentioned
the interaction between various geological processes (Hale
etal.2012; Su et al. 2012). Benefits from the support of the
projects funded by MOST, CGS, and NEP, the acquisition
of dense and accurate submarine information using differ-
ent geophysical, geochemical, engineering approaches has
opened up new possibilities for improving our understand-
ing of submarine geohazards and potential seafloor instabil-
ity (Chen et al. 2018; Hsu et al. 2018a, b; Lin et al. 2018).
In this study, we combined and demonstrated the most up-
date survey data which were collected during the period
from 2005 - 2015, including core analysis results, chirp so-
nar profiles, and high resolution bathymetry data offshore
southwestern Taiwan.

4.1 Sedimentological Implications

From 2005 - 2015, over 170 cores were collected by
31 cruises using OR1 and OR3 research vessels (Fig. 2).
Grain size, water content, bulk density, 2'°Pb activities and
inventories were analyzed and integrated. The full dataset
are too massive to be fully presented in this paper, and thus
the spatial distribution map of median grain size (Ds), sort-
ing, bulk density, inventories of 2'°Pb,, are used to illustrate
salient features and highlight the major points.

4.1.1 Grain Size

The spatial distribution of sediment median grain size

(Dso) showed the sediments are mainly composed by 6 - 7 ¢,
belonging to the fine silt (Fig. 3). The phi unit (¢, Krumbein
phi scale) is a logarithmic scale computed by the equation
¢ = -log,D, where D is the grain diameter in millimeters.
The coarse sediments (3 - 5 ¢) are distributed on the shelf,
Lower Fangliao Basin, and western Hengchun Ridge. The
distribution of coarse sediments in the shelf is presumed to
be due to the coarse sediment delivered by Tsengwen and
Erjen Rivers and the extension of the offshore barrier off
Tainan. In the Lower Fangliao Basin, since the FSC has no
connection to the river on land, it is speculated that coarse
sediments were delivered by earthquake- or flooding-in-
duced gravitational flows (Hale et al. 2012; Su et al. 2012).
On the western slope of the Hengchun Ridge, the sediments
are mainly composed by slates. Owing to the isolated basins
block the transportation of sediments from rivers in southern
Taiwan, the provenance of the sediments might be collapsed
from the Hengchun Ridge or transported from the southern
tip of the Central Mountain Range in Hengchun Peninsula.

Besides the median grain size, the term of sorting de-
scribes the degree of uniformity of grain size and provides
us a better understanding of the hydrodynamic status during
the transportation of sediments. The most striking feature of
the spatial distribution of sorting revealed a pair of deposi-
tional lobes with good sorting that flank the GSC (Fig. 4). It
indicates the flank of GSC and deep-sea basin were mainly
composed by suspended deposits.

4.1.2 Bulk Density

The spatial distribution of bulk density is closely related
to the grain size and water content distributions. Sediments
with high bulk densities are observed on the shelf and upper
Gaoping Slope (Fig. 5). Compared with the median grain
size distribution (Fig. 3), we suggest the coarse-grained
sediments were mainly delivered by Tsengwen and Erjen
Rivers. On the contrary, sediments with high bulk density at
the toe of the upper slope were resulted by seafloor failure
induced dewatering.

4.2 Pb-210 Chronology and Distribution of Inventory
4.2.1 Apparent Sedimentation Rates from >’Pb Profiles

Fifty four cores were analyzed for 2°Pb to evaluate the
sedimentation rates offshore Southwestern Taiwan. In these
cores, non-steady state profiles are common and obstructing
the use of excess 2!°Pb as a geo-chronometer in this study.
Considering Taiwan all the time under threaten of high fre-
quency earthquake and typhoon induced natural hazards, it
is not unexpected. We illustrated representative *'°Pb pro-
files for comparing the differences of sedimentation rates in
the study area (Fig. 6). The *'°Pb-based sedimentation rates
were derived by semi-log plots. The apparent sedimentation
rates (Spy210) can be calculated by Sp,,,0 = Mm, where A and
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Fig. 3. The spatial distribution of median grain size offshore southwestern Taiwan. The red square is the location of ridges in the study area: PHR
- Penghu Ridge; PaR - Palm Ridge; TR - Tainan Ridge; YAR - Yuan-An Ridge; GWR - Good Weather Ridge; FLR - Fangliao Ridge; FWCR -
Four-Way-Closure Ridge; FR - Frontal Ridge.
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Fig. 4. The spatial distribution of sorting offshore southwestern Fig. 5. The spatial distribution of sediment bulk density offshore
Taiwan. southwestern Taiwan.
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Fig. 6. Examples of 2!°Pb profiles in cores collected at the northern and southern Upper Gaoping Slope. (a) The location of cores collected in OR1-
1073 (red dot) and OR1-1032 (blue dot). (b) The *°Pb activity profiles.
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m are the decay constant of 2°Pb (0.0311 yr') and the slope
of 21%Pb,, decrease down core. In the northern Upper Gaop-
ing Slope, the ?'°Pb,, profiles are commonly show good fit
to a steady-state sedimentation-decay model. The sedimen-
tation rates are lower than 0.1 cm yr'. On the contrary, the
cores collected from the southern Upper Gaoping Slope
(between GSC and FSC) the 2!°Pb profiles reveal the influ-
ence of gravity flows induced by typhoon activities (Huh
et al. 2009; Su et al. 2012). After excluding the turbidite
layers, the sedimentation rates were recalculated by recom-
bining the non-events layers. The recalculated results show
that the sedimentation rates are higher in the southern Upper
Gaoping Slope and point out the importance of the GSC on
transport sediments from land to sea. Overall, from modern
sedimentation records, the northern Gaoping Slope is more
stable in the last 150 years.

4.2.2 Spatial Distribution of Excess 2°’Pb Inventory

Compared with the spatial distribution of 2'°Pb-based
sedimentation rates (Huh et al. 2009), it clearly shows the
same distribution pattern between excess 2'°Pb inventory and
sedimentation rates (Fig. 7). Considering the study area is
deeply influenced by turbidity currents, hyperpycnal flows,
and debris flows (Huh et al. 2009; Hale et al. 2012; Su et al.
2012), non-steady state profiles are frequently obstructing
the use of excess 2°Pb as a geo-chronometer. We proposed
that the spatial distribution of excess *'°Pb inventory can be

119.6 119.8 121.0

120.0

120.2 120.4 120.6

120.8
v /,ﬁ =

--21.0
119.6 119.8 120.0 120.2 120.4 1206 120.8 121.0

(b)

22°30"

20'00'f| |

used as a substitute proxy of sedimentation rates and it re-
veals that the sediments discharged from the Gaoping River
were mainly deposited on the flank of the GSC, the Lower
Fangliao Basin, and along the levee system of the Lower
Reach of GSC and its extension to the north terminus of the
Manila Trench.

4.2.3 A Sediment Budget Evaluation Offshore
Southwestern Taiwan

In previous study, Huh et al. (2009) evaluated the
sediment budget off the Gaoping River. They estimated in
their study area that 6.6 mega tons sediments were annu-
ally deposited, accounting for less than 20% of Gaoping
River’s sediment load. Considering the difficulties of using
excess 2!%Pb as a chronometer in non-steady state profiles,
we combined with the grain size, cumulative mass and *'°Pb
profiles for further evaluation of sediment budget offshore
southwestern Taiwan. The sediment budget of non-event
related deposits are estimated by 2!°Pb-based sedimentation
rate with steady state profiles as shown in Fig. 8. The total
accumulation mass in the past 150 years was derived by in-
tegrating the salt-free mass above the total >'°Pb equilibrium
with the supported >'°Pb which can be described as
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Fig. 7. (a) Spatial distribution of '’Pb inventory offshore southwestern Taiwan (this study), the red box indicates the study area of Huh et al. (2009).
(b) Spatial distribution of >'’Pb-based sedimentation rates (Huh et al. 2009).
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where p,., is the bulk density, AZ is the thickness of sedi-
ment sample (i.e., | cm in this study), S is the salinity of the
pore water, and water% is the water content.

The spatial distribution of accumulation mass during
the non-event period reveals that the sediments were main-
ly deposited at the middle section of the Upper Reach of
GSC (Fig. 9) and the budget of non-event related deposits
in Gaoping Shelf and Upper Gaoping Slope in the past 150
years is 632 Mt km™. According to the '°Pb profiles, the to-
tal budget of sediments (event periods + non-event periods)
cumulated in the past 150 years is 1922 Mt km?, accounting
for 40% of Gaoping River’s load and mainly deposited on
the Upper Gaoping Slope (Fig. 10). It reveals the sediments
offshore southwestern Taiwan are mainly deposited by
natural hazards, e.g., earthquakes, heavy rain, and typhoon.
Furthermore, the estimated differences between Huh et al.
(2009) and this study implies that the event-related sedi-
ments are not only distributed along the GSC, it also broadly
delivered to the Upper Gaoping Slope. However, the hazard
triggered transport process which delivered large amount of
sediments into the deep-sea might be underestimated.

4.3 The Feature of Mass Slope Failure on the Upper
Gaoping Slope

In previous studies, the mass slope failure frequently
resulted from the high sedimentation rates (Laberg et al.
2003; Hjelstuen et al. 2004; Solheim et al. 2007; Dugan and
Sheahan 2012). Based on slope stability calculation from
the Gulf of Mexico, when the sedimentation rates exceed

30 m kyr!' (3 cm yr'), the high overpressure disrupts the
seafloor (Dugan and Sheahan 2012). Our study points out
that the sedimentation rates offshore southwestern Taiwan
are less than 0.5 cm yr' (5 m kyr'), which is comparatively
stable. However, a series of sediment waves were observed
between the GSC and FSC. From high resolution bathym-
etry map (Fig. 11), the most striking feature revealed is the
rugged seafloor topography along 200 - 300 and 400 - 600 m
water depths, respectively. The chirp sonar profiles across
the north Upper Gaoping Slope (LineO1) and south Upper
Gaoping Slope (Line02) reveal the retrogressive submarine
slump with liquefaction structures under the seafloor end-
ing at 200 m water depth and landslide deposits occurring
below 300 water depth which might have been generated by
the massive slope failure at 200 - 300 m water depth.

In the past decade, the investigation results from mul-
tichannel seismic reflection, chirp sonar and echo sounder
profiles point out that fluid activities are frequently observed
offshore southwestern Taiwan (Chen et al. 2010; Su et al.
2012; Hsu et al. 2013). The fluid or gas plume located at
shallow waters result mainly from submarine groundwater
discharge (Su et al. 2012) usually forming the weak layers
with wipe-out characteristics in chirp sonar profiles. On the
contrary, for depth larger than 500 m water depth, it may be
related to the submarine mud volcanoes, mud diapirs, or gas
hydrate-related seepage activities. The sedimentary strata
associated with fluid activities are often accompanied with
high overpressures. They are prone to initiate slope failures
or seafloor liquefactions during earthquake or stormy wave
loading. They may induce turbidity or debris flows that
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destruct the infrastructure on the seafloor.

5. CONCLUSION

Based on data collected during 2005 - 2015 cruises,
over 170 cores and long distance chirp sonar profiles were
analyzed offshore southwestern Taiwan. Integrating all the
detailed works lead us to the following conclusions:

(1) The spatial distribution of bulk density shows that it is
lower at the head of Fangliao Submarine Canyon, Up-
per Gaoping Slope, Yuan-An Ridge, and the Four-Way-
Closure Ridge. These locations (especially the head of
the Fangliao Submarine Canyon and the Upper Gaoping
Submarine Canyon) are areas affected by the liquefac-
tion and slumping processes. It indicates that the spatial
distribution of bulk density can be used as an effective
method for preliminary assessment of the seafloor sta-
bility.

(2) Based on the 2°Pb geochronology method, *'°Pb,, pro-
files show a good fit to a steady-state sedimentation-de-
cay model in the northern Upper Gaoping Slope and the
sedimentation rates are lower than 0.1 cm yr'. On the
contrary, the 2°Pb profiles reveal the influence of grav-
ity flows induced by typhoon activities with higher sedi-
mentation rates in the cores collected from the southern
Upper Gaoping Slope.

(3) From modern sedimentation records, the stability of
northern Upper Gaoping Slope is higher than southern
Upper Gaoping Slope.

(4) In the past 150 years, 1922 Mt km? sediments were ac-
cumulated offshore southwestern Taiwan, accounting for
40% of Gaoping River’s load. The difference between
event and non-event related sediment budgets indicate
the sediments are mainly deposited by natural hazards
(earthquakes or typhoon) triggered events. Compare
with previous study, the sediments are not only distrib-
uted along the Gaoping Submarine Canyon, it is also
broadly delivered to the Upper Gaoping Slope.

(5) The high resolution bathymetry and chirp sonar profiles
indicate that massive slope failure occurred along the
200 - 300 and 500 - 600 m water depth. The retrogres-
sive submarine slump with liquefaction structures under
the seafloor ends at 200 m water depth and landslide de-
posits occurred below 300 water depths which may be
generated by the massive slope failure at 200 - 300 m
water depth.
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