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DISTRIBUTION OF THE MUD DIAPIRS, MUD VOLCANOES AND 
RELATED SEAFLOOR FEATURES IN THE OFFSHORE AREA 

 OF SOUTHWEST TAIWAN

Song-Chuen CHEN, San-Hsiung CHUNG, Yunshuen WANG, Po-Chun CHEN 
Central Geological Survey, MOEA, No. 2, Ln. 109, Huaxin St., Zhonghe Dist., New Taipei 

City 23568, TAIWAN 

Shu-Kun HSU, Ching-Hui TSAI, Hsiao-Shan LIN 
Department of Earth Sciences, National Central University, No. 300, Jhongda Rd., Jhongli City, Taoyuan 

County 32001, TAIWAN 

Char-Shine LIU 
Institute of Oceanography, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, 

TAIWAN 

Tsanyao Frank YANG 
Department of Geosciences, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, 

TAIWAN

ABSTRACT

Ten mud diapirs and thirteen mud volcanoes are identified in the offshore area of SW Taiwan. Mud 
volcanoes are situated on tops of the diapiric structures, indicating the formation of the mud 
volcanoes is directly associated with the mud diapirism. The active mud volcanoes are indicated by 
the ROV observations and sidescan sonar images show the active eruptions and radial mud flows of 
mud volcanoes, respectively. The chemosynthetic communities and authigenic carbonates are 
widely distributed on the seafloor, indicating a high methane flux in the area. The formation of mud 
diapirs and volcanoes are ascribed to the overpressure in sedimentary layers, compressional tectonic 
forces and gas-bearing fluids. Because a large amount of gas expulsions is observed, the 
gas-bearing fluid in fact plays an important role in enhancing the intrusion of the diapirism. 

Keywords: mud diapir, mud volcano, ROV, sidescan sonar, southwest Taiwan 
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SITE SELECTION FOR GAS HYDRATE DRILLING  
OFFSHORE SW TAIWAN

LIN Andrew T1., LIU Char-Shine2, LI Ke-Shu2, YANG Kenn-Ming3, LIAO Wei-Zhi1, LIN 
Che-Chuan1, HSU Shu-Kun1, CHI Wu-Cheng4, WANG Tan K5., YANG Frank T6.,

LIN Saulwood2, SHYU Chuen-Tien2, WANG Yunshuen7

1 Department of Earth Sciences, National Central University, TAIWAN, andrewl@ncu.edu.tw 
2 Institute of Oceanography, National Taiwan University, TAIWAN 
3 Department of Earth Sciences, National Cheng Kung University, TAIWAN 
4 Institute of Earth Sciences, Academia Sinica, TAIWAN 
5 Institute of Applied Geosciences, National Taiwan Ocean University, TAIWAN 
6 Department of Geosciences, National Taiwan University, TAIWAN 
7 Central Geological Survey, Ministry of Economic Affairs, TAIWAN 

ABSTRACT

The gas-hydrate studies led by Central Geological Survey, Taiwan, since 2004, have shown the 
highly likely existence of a huge amount of gas hydrates, offshore SW Taiwan. The gas in-place is 
estimated to be around 2.7 trillion cubic meters. The National Science Council of Taiwan therefore 
expects to conduct exploratory drilling and logging campaign both in the Kaoping accretionary 
wedge and the northern rifted-margin of the South China Sea, off SW Taiwan, to better understand 
gas hydrate systems and evaluating gas-hydrate resource potential. The site selection team proposes 
12 prospects with 16 proposed sites. Main site selection criteria include: (1) there exists high 
amplitude reflections with the same polarity of seafloor (e.g., fast sands) in the gas hydrate stability 
zone (GHSZ); (2) strong reflections exhibit polarity reversal across the bottom simulating reflectors 
(BSRs) with fast sands above and slow sands below the BSRs; (3) those strong reflections usually 
locate at migration pathways for gas-bearing fluids; (4) strong reflections within the GHSZ cluster 
beneath structural traps (e.g, fold structures) or on the side of mud diapirs (e.g. flank drags); (5) 
vertical gas chimney structures with corresponding venting features on the seafloor. According to 
the above criteria, we categorize the occurrences of gas hydrates into leakage type as well as 
combined structural and stratigraphic type. The leakage type is usually associated with faults that 
cut across the seafloor in the accretionary wedge, vertical venting features cutting across sediment 
waves on the South China Sea margin, and gas seepages on top of active mud diapirs. This type of 
gas hydrate occurrences is believed to be restricted in areal extents. Gas hydrate may distribute 
throughout the GHSZ but concentrate especially in the upper GHSZ. Gas hydrates in the combined 
structural and stratigraphic type are believed to occur in the lower part of GHSZ in widespread, 
porous turbidite sands or foraminifer oozes. As the drilling campaign is designed to assess the 
gas-hydrate resource potential, the selected prospects for deep drilling are mainly combined 
structural and stratigraphic types as this type is of more economic importance. 

Keywords: Offshore southwestern Taiwan; accretionary wedge; Continental margin of the South 
China Sea; Gas hydrates; Deep drilling 

METHANE SOURCE AND FLUX IN GAS HYDRATE POTENTIAL AREA 
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OFFSHORE SOUTHWESTERN TAIWAN

Tsanyao Frank YANG1, Nai-Chen CHEN1, Chin-Yi HU1, Pei-Chuan CHUANG1,
Hsuan-Wen CHEN1, Saulwood LIN2, San-Hsiung CHUNG3, Yunshuen WANG3, Po-Chun CHEN3

1Department of Geosciences, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, 
Taiwan, tyyang@ntu.edu.tw  

2Institute of Oceanography, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, 
Taiwan, swlin@ntu.edu.tw 

3Central Geological Survey, MOEA, No. 2, Ln. 109, Huaxin St., Zhonghe Dist., New Taipei City 23568, 
Taiwan,  chung@moeacgs.gov.tw  

ABSTRACT

The widely distributed BSRs imply the existence of potential gas hydrates in offshore southwestern 
Taiwan. To better constrain the gas sources in this area, in total 22 cores have been collected from 
different tectonic environments in offshore SW Taiwan during the r/v Marion Dufresne 178 cruise, 
including 17 giant piston cores, 4 CASQ box cores, and 1 gravity core. The results show that the 
major gas is methane with very few ethane and carbon dioxide. It indicates they are mostly biogenic 
source in origin. However, some gas samples from active margin do also exhibit heavier carbon 
isotopic compositions, which range from -40 to -60 permil and are similar with the gas composition 
of inland mud volcanoes of SW Taiwan. It implies that there is also thermogenic gas source in this 
region. Total changes of the dissolved inorganic carbon (DIC) fluxes can be used to estimate the 
methane flux quantitatively, and we confirm that the sulfate depletion is mainly controlled by the 
anaerobic oxidation of methane (AOM) reaction and/or the sedimentary organic matter in this area. 
Although BSRs are widely distributed both in the active margin and in the passive margin, the 
methane fluxes in active margin are higher than in passive margin of the coring sites. Therefore, we 
consider that different tectonic settings in offshore SW Taiwan might strongly control the stability 
of gas hydrates, and then affect the methane concentrations and fluxes of the cored sediments. 



Proceedings of the 8th International Conference on Gas Hydrates 
(ICGH8-2014), Beijing, China, 28 July - 1 August, 2014 

21 

ENTHALPY, ENTROPY, AND FREE ENERGY OF METHANE HYDRATE 
FROM MOLECULAR DYNAMICS SIMULATIONS 

YEH Kuan-Yu1 LIN Shang-Tai1, CHEN Li-Jen1

1Department of Chemical Engineering, National Taiwan University, Taipei 10617, Taiwan, 
ljchen@ntu.edu.tw 

ABSTRACT

We applied two-phase thermodynamic (2PT) method to investigate the stability and phase boundary 
of structure I methane hydrate from molecular dynamics (MD) simulations. Two-phase 
thermodynamic method allows us to accurately calculate the entropy, heat capacity, and free energy 
of solid, liquid, and gas phases from a short MD trajectory. This model is well suitable for 
determining thermodynamic properties of complex hydrate systems, consisting of crystallized water 
and encaged gas molecules, over a wide range of temperature and pressure. The entropies as well as 
free energies of water and methane molecules in the hydrate and their corresponding equilibrium 
phases are calculated and compared. We find that the higher methane occupancy in the large hydrate 
cage is driven by the entropic effect. Methane molecules lose more than 70% translational entropy 
when trapped in the small cage, compared to 50% in the large cage, along hydrate-ice-vapor 
equilibrium while the rotational entropy is barely affected from the vapor to the hydrate phases. The 
equilibrium occupancy at relevant temperature and pressure and the phase diagram are also 
established.
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CARBON CYCLING WITHIN THE METHANOGENIC ZONE  
OFFSHORE SW TAIWAN: AN APPLICATION OF ISOTOPIC  

MASS BALANCE SIMULATION

Nai-Chen Chen1, Tsanyao Frank Yang1, Wei-Li Hong2, Pei-Chuan Chuang1 Hsuan-Wen Chen1,
Saulwood Lin3, Yunshuen Wang4

1Department of Geosciences, National Taiwan University, Taipei 10617, Taiwan 
2College of Earth Oceanic and Atmospheric Sciences, Oregon State 3University, Corvallis OR 97331, U.S.A. 
3Department of Geosciences, National Taiwan University, Taipei 10617, Taiwan 
4Central Geological Survey, MOEA, New Taipei City 23567, Taiwan 

ABSTRACT

Data from giant piston cores collected from offshore SW Taiwan in r/v Marion Dufresne 178 cruise 
indicate significant 13C-depletion of methane and dissolved inorganic carbon (DIC) at sulfate 
methane transition zone (SMTZ). This may infer DIC produced by the process  of anaerobic 
oxidation of methane (AOM) is recycled back to methane through CO2 reduction (CR). Besides, 
the D of methane and pore water of cored samples may also imply this recycling and indicate 
some biogeochemistry processes. In order to find out the influence of CO2 reduction on the carbon 
cycling, simple box model from Hong (2013) was applied to the obtained geochemical data of pore 
water samples. Five major processes were considered in the box model, i.e., AOM, CR, carbonate 
precipitation (CP), methanogenesis (ME) and particulate organic carbon sulfate reduction (POCSR). 
Simulating results show that the fluxes of solutes among different carbon pools can be successfully 
balanced and it fit well with the observed carbon isotopic signature in previous study. In this study, 
we can identify that CR process is essential because the difference of carbon budget between the 
observed data and modeled result is larger if the CR process is not involved in the model. 
Meanwhile, the influence of CR process on the carbon budget is much larger than particulate 
organic carbon degradation. Since the uncertainty of 13C-CH4 and 13C- DIC at the core 
bottom may affect the results of mass balance simulation, the outcome of the box model can 
roughly fit our data. It is better to quantify some parameters, for instance, rate of AOM, to better 
constrain this system in the future. We can summarize the concluding remarks as follows: 
(1) more than 30 % of DIC produced by AOM was consumed by the CR process; (2) the 
consumption of sulfate due to POCSR can not be ignored even if the profile of decraesing sulfate 
concentration are linear. 

Keywords: carbon cycling, AOM, DIC, methanogenesis 
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ESTIMATION OF HYDRTAE SATURATION AT THE PROPOSED 
DRILLING SITES OFF SW TAIWAN FROM FOUR-COMPONENT 

OCEAN-BOTTOM SEISMOMETERS

Tan K. WANG , Ting-Ren CHEN, Jia-Ming DENG, Chao-Shing LEE Institute of Applied 
Geosciences, National Taiwan Ocean University, Keelung, 20224, 

TAIWAN 

Wen-Bin CHENG 
Department of Environment and Property Management, Jinwen University of Science of Technology,  

Taipei, TAIWAN 

Char-Shine LIU 
Institute of Oceanography, National Taiwan University, Taipei, 10617, TAIWAN 

Song-Chuen CHEN 
Central Geological Survey, Ministry of Economic Affairs, Taipei, TAIWAN 

ABSTRACT

Travel-time inversion and synthetic seismograms from four-component data of 14 ocean-bottom 
seismometers (OBS) recorded in 2004-2009 were implemented for imaging P-wave (Vp) and S- 
wave (Vs) velocities of the hydrate-bearing sediment near 6 proposed drilling sites off SW Taiwan. 
P-wave and S-wave velocities above the bottom-simulating reflector (BSR) imaged from the 
four-component OBS data, physical parameters, obtained from the ODP Leg 184 in the northern 
South China Sea (SCS) for the passive margin and ODP Leg 190 in the Nankai Trough off south 
Japan for the active margin, and physical modeling of the three-phase effective medium were then 
used to estimate the hydrate saturation at the proposed drilling sites. In the continental slope of the 
northernmost SCS, relatively high P-wave velocity of 1.95-2 km/s but relatively low Vp/Vs ratio of 
3.27-3.36 above the BSR at proposed drilling site of the Pointer Ridge (PR1) lead to high saturation 
of the hydrate of 20-24%. High saturation of the hydrate at the PR1 site is similar to those drilled in 
the Gulf of Mexico and the KG Basin off SE India. However, 25 km east of the Pointer Ridge in the 
continental slope, hydrate saturation at proposed drilling site of the Formosa Ridge (FMR1) can 
decrease to 13-15% because low P-wave velocity of 1.9-1.96 km/s but high Vp/Vs ratio of 
3.36-3.39 were found above the BSR. Low saturation of the hydrate at the FMR1 site is consistent 
to those drilled in the Norwegian Margin and the Blake Ridge. On the other hand, in the overriding 
wedge off SW Taiwan, low P-wave velocity of 1.7-1.98 km/s, low Vp/Vs ratio of 3.09-3.25 and 
high saturation of the hydrate of 16-20% were estimated above the BSR at the proposed drilling 
sites in the Yung-An Ridge (YAR1, YAR3). High saturation of the hydrate at the YAR1 and YAR3 
sites is consistent to the saturation (15-25%) of the hydrate drilled in the Cascadia Margin. However, 
at the proposed drilling sites in the Yung-An Ridge (YAR2) and west of the Kao-Ping Canyon 
(KP6-2), P-wave velocity of 1.85-2.1 km/s and Vp/Vs ratio of 3.28-3.37 are relatively high that low 
saturation of the hydrate of 10-15%, similar to the Hydrate Ridge, is evaluated. We conclude that 
the hydrate saturation should be better estimated 

Keywords: continental slope, overriding wedge, ridge, seismic velocity, travel-time inversion 
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IMAGING SEISMIC VELOCITIES for HYDRATE-BEARING SEDIMENTS 
USING CONVERTED WAVES NEAR YUAN-AN RIDGE,  

OFF SOUTHWEST TAIWAN 

Cheng, W.B., Shih, T.Y., Lin, W.Y., Wang, T.K., Liu, C.S. and Wang, Y. 

ABSTRACT

Data from P-waves and from S-waves generated by P-S conversion on reflection from airgun shots 
recorded along four lines of ocean bottom seismometers were used to construct 2-D velocity 
sections near the Yuan-An Ridge, off southwest Taiwan. The locations of the Ocean bottom 
seismometers were determined to high accuracy by an inversion based on the shot traveltimes. 
Traveltime inversion and forward modeling of multicomponent wide-angle seismic data result in 
detailed P-wave (Vp) and S-wave (Vs) velocities of hydrate-bearing sediment layers. The inversion 
indicates a relatively high P-wave velocity beneath topographic ridges which represent a series of 
thrust-cored anticlines develop in the accretionary wedge. S-wave velocities of the sediments over 
the entire section, down to >400 m below seafloor, range from 320 to 570 ms-1. We suggested the 
lateral variation in Vp/Vs profiles in the hydrate-affected zones may be related to the migration 
conduit of gas-rich fluid and a characteristic of hydrate content. We model Vp using equations 
based on a modification of Wood’s equation to estimate the gas hydrate saturation. The hydrate 
saturation varies from 5% at the top ~200 m below the seafloor to 10-15% of pore space close to the 
BSR in the survey area. 
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CHAIN LENGTH EFFECT OF IONIC LIQUIDS ON THE INHIBITION OF 
METHANE HYDRATE FORMATION

Che-Kang CHU1, Po-Chun CHEN2, Yan-Ping CHEN1, Shiang-Tai LIN1 and Li-Jen CHEN1

1Department of Chemical Engineering, National Taiwan University, Taipei 10617, Taiwan 2Central 
Geological Survey, New Taipei City 235, Taiwan 

ABSTRACT

A differential scanning calorimeter was used to determine the dissociation temperature of methane 
hydrate in the presence of ionic liquid 1–carbonyl–3–methylimidazolium chloride under a constant 
pressure ranging from 5 to 35 MPa. A homologous series of 1-carbonyl-3- methylimidazolium 
chloride: 1-ethyl-3-methylimidazolium chloride, 1-hexyl-3- methylimidazolium chloride and 
1-decyl-3-methylimidazolium chloride, with different side chain lengths (2, 6 and 10) were used as 
methane hydrate inhibitors. All these ionic liquids have inhibition effect on methane hydrate 
formation. Moreover, the shorter the side chain is, the stronger the inhibition effect is. That is, the 
order of inhibition effect of these ionic liquids is: 1- ethyl-3-methylimidazolium chloride > 
1-hexyl-3-methylimidazolium chloride > 1-decyl-3- methylimidazolium chloride. The three-phase 
vapor-liquid-hydrate equilibrium condition of methane hydrate in the presence of 
1–carbonyl–3–methylimidazolium chloride was successfully described by a predictive model. The 
Peng-Robinson-Stryjek-Vera equation of state incorporated with COSMO-SAC activity coefficient 
model and the first order modified Huron-Vidal mixing rule were applied to evaluate the fugacity of 
vapor and liquid phase. A modified van der Waals and Platteeuw model was applied to determine 
the fugacity of hydrate phase. 

Keywords: gas hydrates, inhibitors, ionic liquids, differential scanning calorimetery, COSMO- SAC 
activity coefficient mode



26 

4
2007 2009 2014

1980

1990

1992

1995

1997

1995

1998

1999

2001

2002

863 973



27 

2002 2006 863

2004

2005

2007 973

2002

2004

Kiel Leibniz

R/V Sonne

2005

2007

2008

2011

2011

2013

55 km2 1,000 1,500

m3 2



28 

1999

4-

1

4- 1
2014

1990

2013 40



29 

45,800 km 36,800 km

7,100 km 222

1,480

4- 2 A 2007 GMGS1
B

C

2007

A

B C



30 

Bavenit Fugro M/V Bavenit

1 4- 2 8

3 1,230 1,245 m

183 225 m

4- 2 18 34 m

20 43 % 99.7 99.8 %

2013

REM Etive Fugro M/V REM Etive

2

13 5 4- 3

4

/

4-

4

600 1,000 m

220 m 15 m 30 m

118 42 118 56 21 56 22 05

100

4- 3 2015

2017 2013



31 

4- 3 A 2013 2
GMGS2 B

Zhang et al., 2014 C GMGS2

JH-1

(coring/sampling)

(coring/sampling)

(coring/sampling, WL)

(coring/sampling)

(coring/sampling)

(WL)

(WL)

A

B

C



32 

4- 4 2013 GMGS2



33 

215 km2 22.4 %

2002

I

- II

4- 5

4- 5



34 

2008-2010

8

3,434.73 m 5 DK-1 DK-2 DK-3

DK-7 DK-8 3 DK-4

DK-5 DK-6 4 6

133 396 m

4 7

C1 55 76 %

C2 C3 CO2

4- 1

4- 6



35 

4- 1

(m) 
C1 C2 C3 i-C4 n-C4 n-C5 O2 N2 CO2

224 54.64 7.78 4.43 0.26 1.64 0.37 0.35 12.99 17.56 
230 55.36 14.62 16.11 1.56 3.70 1.05 1.66 3.24 2.70 
231 66.14 10.77 8.53 0.82 3.25 0.91 0.86 7.01 1.69 
232 66.05 10.16 6.02 0.57 2.45 0.86 1.43 11.48 0.98 
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250 56.67 7.75 10.68 1.14 1.67 0.00 4.20 12.00 5.88 
253 68.13 9.60 18.25 1.69 1.53 0.35 0.00 0.00 0.45 
266 66.54 8.93 20.97 1.93 1.02 0.18 0.21 0.00 0.23 
275 65.45 9.98 6.50 0.58 3.22 1.18 0.00 6.52 6.58 
288 54.51 12.21 16.14 1.43 4.25 1.39 1.64 4.77 3.67 
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