
 

Supplementary Figure 1: Methane hydrate recovered at the seabed. The interpretation of a VHR 

seismic section (acquired with the deep-towed Sysif multi-channel system) shows a gas shadow which 

matches positively with occurrence of GH into the first 6 meters below seafloor (mbsf) of sediment and free 

gas in the water column. The processed water column echogram along the Sysif line shows the location of 

the gas flares inside the current GHSZ right above a fault system. The location of the CS14 core is indicated 

in the Supplementary Figure 2.  



 



Supplementary Figure 2: Gas hydrate province beyond 660 m water depth on the Romanian margin 

of the Black Sea. (a) The GHDZ (the black zone) close to the seafloor denotes the area where we suspect 

the reduction of the gas hydrate stability zone due to salinity diffusion through the sediment. By considering 

only areas where free gas/gas hydrates have been recovered or inferred1-15 (areas in blue and green), we 

isolated the GHDZ (red zone) corresponding to the area where the GH zones are expected to decompose in 

the future (5000 yrs). As shown by Naudts et al. (2006) and Riboulot et al. (2017), the presence of free gas, 

detected in seismic data and/or in the water column close to the pinch out of the GHSZ, is an evidence of 

the presence of gas hydrates in deeper areas that play the role of buffer hampering the gas to reach the 

seafloor. We take into account this result to make the cartography of the occurrence of gas hydrates in the 

Black Sea; (b) The dark grey zone between the current and future landward terminations of the GHSZ 

denotes the area where the GH are expected to decompose in the future due to salinity diffusion through the 

sediment. The map shows the location of the seismic profiles, the cores and the CTD-rosette profile used in 

the present study. The gas flares (blue points) are detected during the GHASS cruise. They are observed 

within the shipborne RESON 7150 multibeam swath along the vessel track indicated by fine grey lines. 

  



 

Supplementary Figure 3. In situ measurement profiles acquired during GHASS cruise and DSDP 

cruise. (a) Salinity profile within sedimentary column measured on a 25 m core CS16 (location of the core 

in Supplementary Fig. 1), (b) In situ geothermal gradient measured at the location of the CSF 04 is in 

agreement with the geothermal gradient calculated using the depth of the BSR in the Black Sea8, (c) Water 

column salinity and temperature profiles at the location of the Hy03-Bat06-07 (location of the profile in 

Supplementary Fig. 1), (d) Chlorinity of the pore water at the DSDP hole 379A in the central plain of the 

Black Sea (modified from Merey and Sinayuc, 201613 and Calvert and Batchelor, 197816) 

  



 

Supplementary Figure 4. Simulation of the evolution of the GHSZ over time. The results of the 

simulation using the two-dimensional numerical model developed by Sultan et al.26 are presented through 



10 steps of the calculation (t = 0, 0.2, 0.5, 1, 5, 10, 20, 50, 100 and >200 kyr). The landward termination of 

the GHSZ evolve over time. Hydrate deposit, the grey area, named “Gas Hydrate Destabilization Zone” 

(GHDZ) is currently undergoing dissociation caused by salt diffusion through sediments. This simulation is 

performed using the shallow part of the seismic profile presented in Fig. 2. 

  



 

Supplementary Figure 5. Gas flares within the GHSZ. (a) Bathymetric map, acquired during the 2015 

GHASS cruise, showing the study area with the location of seismic profiles presented in the supplementary 

figure 5b. The dark grey zone between the current and future landward terminations of the GHSZ denotes 

the area where the GH are expected to decompose in the future due to salinity diffusion through the 

sediment. The gas flares (blue points) are detected during the GHASS cruise. (b) HR seismic section show 

the presence of the BSR identified in the study area. The high attenuation of seismic wave under the BSR 

reveals the presence of free gas. Two normal faults are identified right under the gas flares acoustically 

detected in the water column. 

  



 

Supplementary Figure 6. Simulation of the evolution of the GHSZ over time by changing the 

geothermal gradient. We conducted two other numerical calculations, in addition to that presented in this 

study, to examine the impact of the geothermal gradient in GHSZ location and evolution over time. An 

increase of the geothermal gradient will induce a reduction of the GHSZ and the GHDZ while a decrease 

will increase the thickness of the GHSZ and the volume of hydrate deposit that currently dissociate. 

  



 

Supplementary Figure 7. Simulation of the evolution of the GHSZ over time by changing the chloride 

diffusion coefficient. We conducted three other numerical calculations, in addition to that presented in this 

study, to examine the impact of the chloride diffusion coefficient in GHSZ evolution over time. We have 

represented the results of the calculations in the same profile. Each colour line is the GHSZ in 5 kyr for 

different chloride diffusion coefficients. The impact of the chloride diffusion coefficient is significant but 

the gas hydrates within the shallow GHDZ will dissociate in all the cases in the next 5000 kyr. 

  



Supplementary Note 1. Location of the gas flares. Most of gas flares recorded during the GHASS cruise 

are outside the GHSZ. Some gas flares are observed within the GHSZ. (1) Those inside the GHDZ could be 

explained by the salinization of sediment generating GH dissociation and thus free gas expulsion in the 

water column. (2) Those outside the GHDZ are recorded at around 800 mbsl right above a fault system 

(Supplementary Fig. 5). The fault system with a normal fault reaching the seafloor within the GHSZ provide 

a vertical gas migration pathway (Supplementary Fig. 5). It provide a permeable discontinuity where the 

free gas can migrate throughout the GHSZ. The fault location, in agreement with the gas flares could explain 

the presence of these gas seeps inside the GHSZ and outside the GHDZ. The indirect evidence of the 

presence of free gas under the BSR, the large amounts of gas flares outside the GHSZ and the lack of gas 

flares inside the GHSZ suggest GH play the role of impermeable caprock and trap free gas under the base 

of their stability zone. 

Supplementary Note 2. Parametric study of the GHSZ evolution. We conducted 4 other numerical 

calculations (Supplementary Figs. 6 and 7), in addition to that presented in the article, to examine the impact 

of the geothermal gradient and the salt diffusion coefficient on GHSZ evolution over time. Despite a 

significant impact of these two parameters in simulation of evolution of the GHSZ, the gas hydrates within 

the shallow GHDZ currently dissociate and will dissociate in all the cases in the next 5000 kyr. 
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