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Supplementary methods 

Detection of gas hydrate using Penfeld celerimeter and piezocone. 

The  detection  of  gas  hydrate  shown  in  Supplementary  Figure  1  and  Supplementary  Figure  2  relied  on  in  situ 

measurements using the Penfeld penetrometer and analyses of MeBo drill cores. The Penfeld penetrometer allows to 

acquire continuous profiles of acoustic and geotechnical properties using alternatively a celerimeter or a piezocone 

mounted at the tip of a up to 30 m long rod. The celerimeter allows to measure compressional wave velocity (Vp) of 

up to 2000 m/s and attenuation with an input signal frequency of 1 MHz. On in situ acoustic profiles, the presence of 

hydrate is generally characterized by alternating high and low Vp and increased attenuation which both correlate with 

marked increases in the load required by the Penfeld penetrometer to push the rod into the ground (Supplementary 

Figure 1). On  in situ geotechnical profiles, the presence of hydrate  is marked by simultaneous and high amplitude 

increases in cone resistance qt, sleeve friction fs, and pore pressure Δu21 (Supplementary Figure 2). 

When  tying  in situ profiles with  the seismic profile SY03‐THR‐PR01, hydrates appear as high amplitude  reflections 

(SP1090 for the acoustic profile and SP 830 for the geotechnical profile‐ Supplementary Figure 3). 

Signature of isolated free gas compartments from seismic data and drilling 

Infrared (IR) thermal scanning of the cores immediately after recovery was used as a simple and valuable tool to 

detect the presence of gas hydrates2,3. Indeed, gas hydrate dissociation is an endothermic reaction that cools the 

sediment. Additionally, the decrease in chlorinity due to the release of fresh water during gas hydrate dissociation 

was used as a simple and straight-forward method to complement and validate the gas hydrate detection4. IR 

imaging and chlorinity analyses were applied to detect gas hydrates along seismic profile SY03-THR-pr01 where 

drilling through hydrate and free gas took place3. A correlation between seismic data and gas hydrate/free gas 

occurrences is shown in Supplementary Figure 3. The presence of in situ dissolved and free gas as well as gas 

hydrates led to gas hydrates dissociation and gas bubble growth and exsolution during cores recovery 

(Supplementary Figure 4). The presence of gaps close to the gas hydrate bearing sediments was observed to fit 

with in situ gas hydrates (dark gray in Supplementary Figure 3) while core intervals with voids to fit with in situ 

dissolved gas (light gray in Supplementary Figure 3)3. 

During MeBo drillings GMMB11 and GMMB12 gas hydrate chips followed by free gas emissions were clearly 

observed at depth of 14.7 mbsf and 16.7 mbsf, respectively (Supplementary Figure 3 for GMMB11). The two levels 

of gas emissions correspond to a diffraction hyperbola’s high-amplitude reflectors of Supplementary Figure 3. For 

GMMB12, sediment-free gas hydrate was encountered below the crossed high amplitude level (brown level in 

Supplementary Figure 3). In situ piezocone and celerimeter measurements confirmed the presence of sediment-
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free gas hydrate below the seismic high amplitude (Figure 1 and Supplementary Figure 3). Based on the above 

observations, the base of the gas hydrate shown in Figure 3 was considered to fit the seismic high amplitude of 

SY01-HR-PR01 (Figure 2). 

Sensitivity analysis for variation of diffusion coefficients 

To determine the impact of the uncertainties in diffusion coefficients for SO4 and CH4 through the sediment on the 

calculation results, an additional run was carried out by taking into account the tortuosity of pores5. Supplementary 

Figure 5 shows the porosity as a function of depth obtained from drill sites GMMB01 and GMMB02 and its effect in 

terms of tortuosity on the sulfate and methane molecular diffusions. Comparison between model results (lines) and 

the measured sulfate concentrations (red diamonds) illustrates the role of the tortuosity on the diffusion process 

and confirms that a lateral advection process of only few decades ago (between 80 and 130 years without tortuosity 

and between 110 and 175 years with tortuosity) may reproduce the observed results. 
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Supplementary  Figure  1.  Penfeld  celerimeter  GMPFV03‐06  showing  the  presence  of  hydrate  layer  characterized  by  the 
alternation of high and  low P wave velocities, high attenuation and high applied  load to push the Penfeld celerimeter rod. 
GMPFV03‐06 site is at less than 5 m distance from the seismic profile SY03‐THR‐pr01 (SP 1090). The hydrate layer fit well with 
the seismic high amplitude shown in Supplementary Figure 3. This figure shows an example of the determination of the top 
and base of the gas hydrate occurrence zone shown in Figure 1 and Figure 2 based on celerimeter data. 
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Supplementary Figure 2. Penfeld piezocone CPT02‐S08 showing the presence of two hydrate layers characterized by high cone 
resistance qt, friction fs and excess pore pressure Δu2. CPT02‐S08 site is at less than 40 m to the SW of seismic profile SY03‐THR‐
pr01 (SP 830). The two hydrate layers fit well with the seismic high amplitude shown in Supplementary Figure 3. This figure 
shows an example of the determination of the top and base of the gas hydrate occurrence zone shown in Figure 1 and Figure 2 
based on piezocone data. 
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Supplementary  Figure  3.  Seismic profile  SY03‐THR‐pr01 with MeBo  core  information of  gas  hydrates  and  gas distribution 
projected. Gas hydrate distribution was interpreted based on the infrared thermal imaging (IR) as well as pore water chloride 
concentration profile3. Colors boxes correspond to: sediment without gas hydrate (brown), sediment with gas hydrate (blue), 
sediment with high free gas concentration (light grey) and voids (dark grey). Black arrows indicate two levels where gas escape 
occurred during drilling . 
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Supplementary Figure 5. Porosity as a function of depth obtained from drill sites GMMB01 and GMMB02 (a) and calculated 
sulfate and methane molecular diffusions by considering tortuosity5 (b). Comparison between model results (lines) and the 
measured sulfate concentrations (red diamonds) illustrates the role of the tortuosity on the diffusion process.  
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