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Active mud volcanoes and potential gas hydrate in the near shore of SW
Taiwan

S.-C. Chen (1), S.-K. Hsu (2), C.-H. Tsai (3), Y. Wang (4), S.-H. Chung (5), P.-C. Chen (6), and T.F. Yang (7)

(1) Central Geological Survey, MOEA, Taiwan (R.0.C)(songlin@moeacgs.gov.tw), Institute of Geophysics, National Central
University. Chung-Li, 32001, Taiwan(R.O.C). (2) Institute of Geophysics, National Central University, Chung-Li. 32001,
Taiwan(R.0.C)(hsu@ncu.edu.tw), (3) Institute of Geophysics. National Central University, Chung-Li, 32001,
Taiwan(R.0.C)(s0642002 @gmail.com), (4) Central Geological Survey, MOEA, Taiwan (R.0.C)(wangys @moeacgs. gov.tw),
(5) Central Geological Survey, MOEA, Taiwan (R.0.C)(chung @moeacgs.gov.tw), (6) Central Geological Survey, MOEA,
Taiwan (R.O.C)(burt@moeacgs.gov.tw), (7) Department of Geosciences, National Taiwan University, Taipei, 10617,
Taiwan(R.0.C)(tyyang @ntu.edu.tw)

Multibeam echo sounder, deep-towed sidescan sonar and sub-bottom profiler surveys are carried out in the near
shore area off SW Taiwan. Thirteen mud volcanoes are recognized by using multibeam bathymetry. The high-
resolution sub-bottom profiler data show the existence of more than one hundred gas seeps and one pockmark
distributed in the study area. These mud volcanoes are situated at the summit of mud diapiric structures identified
by multichannel seismic reflection (MCS) profiles. It indicates that the growth of mud volcano is closely related
to mud diapiric structure. The fluid source of mud volcanoes come from the diapiric structure and fluid migrates
upward along fractures to the seafloor. For the first time, ROV survey for mud volcano observation is applied in
the near shore area off SW Taiwan in 2011. The results of ROV observation reveal three active mud volcanoes
with eruption from seafloor. The eruption cycle of mud volcanoes MV1 and MV5 are about every 3~-5 minutes,
and MV 12 is about every 3~10 seconds. The high methane concentrations (100~550 nL/L) of seawater have been
found in the water column above the mud volcanoes, are much higher than the average seawater value ( < 50 nL/
L), indicating the high methane fluxes beneath the mud volcanoes area. In addition, obvious BSR distribution has
been observed based on MCS profiles in the study area. It infers a wide distribution of gas hydrate within sediments
off SW Taiwan region.
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Development of an Intra-Slope Basin Offshore Southwestern Taiwan

C.-S. Liu (1), Y.-T. Chang (1), H.-H. Hsu (1), S.-C. Chen (2), and S.-H. Chung ()

(1) National Taiwan University, Institute of Oceanography, Taipei, Taiwan (csliu@ntu.edu.tw), (2) Central Geological Survey,
MOEA, Taipei, Taiwan

Distribution and architecture of intra-slope basins across continental slope vary as a consequence of accommoda-
tion forming, sediment dispersal rates, canyon cutting, sediment filling and different sediment transporting mecha-
nisms. The area offshore Southwestern Taiwan is generally recognized as having active tectonics and high sediment
deposition rate. In the Gaoping Slope, intra-slope basins are formed by the development of faults, diapiric intru-
sions and folds. Parts of sediments discharged from the Taiwan mountain belt have been trapped in these basins in
the Gaoping Shelf and Gaoping Slope. The rest of those sediments have been transported to deep sea area through
submarine canyons which also passed some of basins in the slope area. This complex system of faults, diapirs,
folds, basins, canyons, and sediment deposits also readjust morphology of the Gaoping Slope region. This study
examines the development of an intra-slope basin in the upper-slope domain of the Gaoping Slope through seismic
facies analysis. 2D seismic reflection profiles as well as a 3D seismic volume are used to reveal the complex devel-
opment of this slope basin. 6 stratigraphic units have been identified in the basin, and 8 diapiric ridges and diapirs
are observed either bounded this basin or developed within the basin. The growth relationships between different
stratigraphic units and diapirs provide us relative time constraints on the sedimentation and structural developments
of this basin. Mass transport deposits (MTDs) are frequently observed within the basin strata, suggesting unstable
deposition environment. The source of the orogenic sediments deposited in the basin mostly came from north, but
the most recent sediments are brought in from the Fangliao Canyon which lies to the east of the basin. From the
detail 3D seismic images, we propose a development model of this slope basin.
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Sedimentary Processes of a Slope Ridge on the Northern South China Sea
Continental Slope

J.J.Ni (1), C.S. Liu (1), and S.C. Chen (2)

(1) Institute of Oceanography. National Taiwan University, Taipei. Taiwan, (2) Central Geological Survey, MOEA, Taipe1,
Taiwan

In the context of source to sink, continental slope is generally regarded as a zone where sediments pass through
from shelf to continental rise and deep sea basin. However, in the area offshore of southwestern Taiwan, the passive
South China Sea continental margin receives considerable amount of terrigenous sediments that deposited on the
continental shelf and lower continental slope. Morphological characters of the continental slope here are numerous
short, straight submarine canyons which erode the slope surface to form a series of down-dip trending slope ridges.
Most of the slope ridges are narrow, with width < 5 km, and have steep flanks on either side, but a few ridges are
relatively wide and present sediment waves on top. BSRs, which may indicate the presence of gas hydrates, are
widely observed here. This study analyzed a dense (with 400-m line spacing) seismic reflection data set conducted
in a 13-by-23 km area over a wide slope ridge. The width of this slope ridge is about 12 km at water depth below
1500 m. The erosional truncation and slump features observed on seismic sections indicate that ridge flank is
erosional. Depositional features are prevailing on top of the ridge with sediment wave and cut-and-fill channel
deposits. The shelf-ward dipping strata in the middle of ridge are probably linked to topographic or sediment
wave evolution. Clear and continuous BSRs with high amplitude reflections below BSR are common within the
sediment wave structures. Seismic images also reveal that the wide ridge consists of two basement highs, named
the northeastern hill (NEH) and the southwestern hill (SWH), respectively. We interpret that these two hills could
be formed by erosion and deposition processes. From morphology and seismic stratigraphic analyses, we propose
two models for the formation of this wide ridge, one is that this ridge was formed by filling up a submarine canyon
between two adjacent slope ridges, and the 2nd model is that this wide ridge is part of the continental slope which
has not been incised. Further investigation will be conducted to better understand the relationship between erosion
and deposition processes which shape the slope ridges in the study area.
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Two Dimensional Fluid Flow Models Offshore Southwestern Taiwan
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Fluid migration rates are important parameters for understanding the structural characteristics and evolution of
the crustal tectonics and hydrocarbon exploration. However, they are difficult to measure on the seafloor. Dense
distribution of bottom-simulating reflectors (BSRs) as the index of fluid existence to shed light on our study of
the fluid migration. In this study, We acquired 2D fluid flow patterns in two potential gas hydrate prospect sites
offshore southwestern Taiwan, and respectively modeled across Yung-An and Formosa ridge in N-S and E-W
direction southwestern Taiwan. Temperature field in the shallow crust is used as a tracer to examine the fluid
flow patterns. We use thermal information directly measured by thermal probes and topography data to develop
the theoretical 2D temperature field using a thermal conduction model, which was derived from a finite element
method.

The discrepancy between the observed temperature data and the conductive model is attributed to advection heat
transfer due to fluid migration. For Yung-An Ridge, we found the BSR-based temperatures are about 20C higher
than the conduction model in the following zones: (1) near a fault zone, (2) on the eastern flank where there are
strong seismic reflectors in a pseudo 3D seismic dataset, (3) a seismic chimney zone. We interpret that there is
possible active dewatering inside the accretionary prism to allow fluid to migrate upward here. For Formosa Ridge
in the passive margin, the BSR-based temperatures are about 20C colder than the theoretical model, especially on
the flanks. We interpret that cold seawater is moving into the ridge from the flanks, cooling the ridge, and then
some of the fluid is expelled at the ridge top. The shallow temperature fields are strongly affected by 2D or even
3D bathymetry effects. But we can still gain much information regarding fluid flow patterns through modeling. In
the near future, we will extend such study into 3D.
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