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Abstract: Methane can be released from the vast marine teydzaervoirs that surround
continents into oceans and perhaps the atmosmer@éow these pathways work within the
global carbon cycle now and during a warmer wasldnly partially understood. Here we use
3-D seismic data to identify what we interpret ®agas venting system that bypasses the
hydrate stability zone (HSZ) offshore of Mauritarifais venting is manifested by the
presence of the acoustic wipe-out (AWO) acrossaely faulted succession above a salt
diapir and a set of morphological features inclgdasubstantial, ~260 m wide and ~32 m
deep, pockmark at the seabed. The base of the $i1®Zrked by a bottom simulating
reflector (BSR) which deflects upwards above tregpulj rather than mimicking the seabed.
We use a numerical modelling to show that thisesibn is caused by the underlying salt
diapir. It creates a trapping geometry for gasesehl hydrate-clogged sediment. After
entering the HSZ, some methane accumulated asthyidrthe levees of a buried canyon.
Venting in this locality probably reduces the flofkgas to the landward limit of feather edge
of hydrate, reducing the volume of gas that wowddbsceptible for release during a warmer

world.
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1 Introduction

Methane is a potent greenhouse gas and vast dqesutit are stored in marine hydrate,
a crystalline lattice of water and methane-domitates (Sloan and Koh, 2008). Its
susceptibility to ambient conditions (pressure,gemture and salinity) makes it an unstable
large carbon capacitor (Dickens, 2003; Ruppel, 2Qldng-term atmospheric temperatures
could change if a small proportion of releasedagasred the atmosphere (Archer et al.,
2009). Therefore, understanding under what circant&s methane can bypass hydrated
sediment and enter the atmosphere is importargseessing the impact of deep-buried
methane on climatic change. Vigorous gas plumeghich gas bubbles rise within clusters
and reach sea surface before not all of these gasalissolved and oxidised in water body
(McGinnis et al., 2006). This mechanism could tpleee where effective venting systems

operate.

The feeder system for the gas vents can be detbgtegismic imaging and can take
the form of gas chimneys, which are vertically a#d reflections that probably represent
clusters of hydraulic fractures (Hovland and Judi88; Cartwright et al., 2007). Gas-rich
pore fluid can be vented at different flux rateslfRrts, 2001). As a result, the morphological
feature at the seabed can be pockmarks (Moss amar@ht, 2010), pingoes that host
hydrate in the near-seabed sediment (Serié &l2), and mud volcanoes produced by the
outflowing mud and water (Milkov, 2000). Gas vengtiinom these point sources constitutes

an important part of the known output of gas esggfiom marine sediments (Judd, 2003).



Here we use 3-D seismic dataset to image what teepiret to be a gas venting
system in which gas bypasses the feather edgerafiertaydrates. What is unique here is the
spatial relationship between the feather edge laadas vent. It increases gas emission and
hence prevents free gas from migrating landwangs tbeducing the volume of gas located in

the feather edge of hydrate, that is susceptibieeting during short-term ocean warming.

2 Gas hydrate and feather edge

In deep-water settings gas hydrates can be revegladottom simulating reflector
(BSR) in seismic reflection data. It marks the bafsthe hydrate stability zone (HSZ) and is
produced by an acoustic impedance contrast betess#iments containing gas and hydrate
(Shipley et al., 1979; MacKay et al., 1994). Thas® shallows landwards until it intersects
the seabed and this zone is termed the feather adgiical site for understanding the
dynamics of marine hydrate (Ruppel, 2011; Berndil.e2014). Here ~3.5% of the global gas
hydrate inventory is trapped (Ruppel, 2011) andwuag of bottom water can destabilise the
near-seafloor gas hydrate, which is evidenced eythsence of gas plumes (Westbrook et
al., 2009; Skarke et al., 2014) and predicted byenical modelling (Phrampus and
Hornbach, 2012; Marin-Moreno et al., 2013). Theastd methane can lead to ocean
acidification and deoxygenation and perhaps climatarming (Kvenvolden, 1993; Archer et

al., 2009; Biastoch et al., 2011).

3 Geological setting

The sedimentary features along the Mauritanianicental slope include canyon
channel systems, submarine slides and contouritgsfkrastel et al., 2006). The
sedimentation rates in different locations varysiderably (Krastel et al., 2006). Core

samples of up to 10 m long were recovered from G&a®-2, GeoB 8520, GeoB 9624-1,



GeoB 9623-2 and GeoB 9626-1 and show that thesesdred deposit is predominately
turbidite and hemi-palegic sediments (Zuhlsdortlet2007; Henrich et al., 2008; Henrich et
al., 2010). Halokinesis is evidenced by the digmtructures in a narrow elongate zone
between 16 °N and 19 °N offshore the West Africat@®®nt and the age of the salt is
probably Early Jurassic (Rad et al., 1982). Adalpir (located in 18°30’N, 16°50'W) has
been revealed by the negative Bouguer Anomaly.stingy area is to the south of the Tioulit
Canyon (Fig. 1). To the north seismic featuresashplete feather edge have been recorded

before (marked by blue box of solid line in Fig, Davies et al., 2015).

Two wells, Chinguetti-6-1 and V-1, have been ddleithin the 3-D seismic survey
and ~30 km north of the study area, confirming thatcoastal basin of Mauritania is a
potential petroleum province and the Cenomaniamffian mudstones are able to generate
hydrocarbons (Vear, 2005). Seismic features lirtkegertical gas migration include seismic
chimneys (Davies and Clarke, 2010) and large-spaety-driven faults (Yang and Davies,
2013). The BSRs, either relict or modern ones,bmobserved, which makes this site ideal
to research methane recycling in marine hydrateesy¢Davies and Clarke, 2010; Davies et

al., 2012).

4 Seismic dataset and methodology

The 3-D seismic data cover an area of ~4008, Riney have been processed by
multiple suppression and post-stack time migrafidre final bin spacing is 25 m x 25 m.
These data are displayed in two-way-travel time TV The velocity of succession
investigated here is likely to be ~1800 m/s anddix@inant frequency of seismic data is ~50
Hz, which together yield a vertical resolution & m. The positive acoustic impedance is

recorded as a seismic trough, which is a red-di@aaf in the seismic profile. A good



example of the reflection having such loop is thabed one. The BSR is a black-red loop,
consistent with a negative acoustic impedance asntrhe seismic attributes used here are
root mean square (RMS) amplitude and dip magnitBdé help identify bright spots (e.g.
potential hydrocarbons) and structural features (@ckmarks and faults), respectively
(Brown, 2010). The time window of calculating th®MR amplitudes for each map is +40 ms

along the surface of the peaks or the troughsticcked reflection.

5 Observations
5.1 Fault systems and seabed features

13 planar faults (hamed F1 to F13) with a NNW-S&Ed are identified on the basis of
clear offsets in stratal reflections (Fig. 1c). yla#l have a curved, concave-up geometry in
cross section (Fig. 1c, d). There are additionalt$athat are not so clearly imaged due to
acoustic wipe-out (AWO), particularly in the areaubded by F1, F2 and F4 (Fig. 2a, b). All
the faults are normal, though the throw of somtheffaults is indiscernible at the seismic
scale. The faults have a similar angle of dip d*&nd together form a crestal collapse
graben system (Fig. 1c, d). The lower tip pointgheffaults are located at the top of a salt
diapir (Fig. 1d). F1, F2 and F4, which are the mé&alts, have a throw of <10 ms €9 m)
near the seabed and break surface whereas otlisrtipwut below the seabed (Fig. 1d). The
spatial correlation between the intruding diapid &me resultant faulting pattern has been
seen in other settings, for example offshore ofthN@arolina (Schmuck and Paull, 1993) and

Angola (Serié et al., 2012).

The morphological features at the seabed includk $aarps and a set of mounds and
depressions (Fig. 1b, Fig. 2). Four of them arecetl for description here. Their expression

at the seabed varies from sub-circular to well-dmeh(Fig. 2g-j). The long axis ranges from



170 m to 410 m and the positive and negative dibles are ~27 — 53 m and ~32 m,
respectively (Fig. 2). Their morphologies on thisisec profile are a symmetrical mound (ll,
IV) or a depression (lll), or the asymmetrical cdexpwith a combination of both (1) (Fig. 2).
The positive relief have a comparable morphologywhe Arctic ice-cored hills in Canada
which are driven by growth of segregated ice ausibn and progressive freezing of a sub-

pingo water lens (Mackay, 1987).

5.2 BSR and diapir

The BSR is identified based on the characteris@tures of high seismic amplitude
and negative polarity over the area covered bettige seismic dataset. In this case the BSR
has a geometry of an elongate, upward deflectiahishanalogous to an anticline (Fig. 3a),
rather than mimicking the seafloor in most casésftshore Oregon, Bangs et al., 2005).
Along the intersection between the faults and tB&Bve identify some examples of positive
relief of ~20 — 30 m in height (Fig. 2d and f, F8g). A salt diapir is ~1050 me. (945 m)
below seabed and characterised by a chaotic inteersmic facies. Its top reflection is a red-
black loop representing the same polarity with sdalfig. 2). The diapir is elongated along
the NNW-SSE direction that is similar to the traridhe faults. Its hinge line is spatially

coincident as the region of maximum deflectionhef BSR.

The RMS amplitude map of the BSR displays some-higblitude anomalies, most
of which are within the convex upward part of th@mB(Fig. 3b). These anomalies, which we
refer to as high-amplitude bands, have a cresadimtear geometry (Fig. 3b). Their strike
does not coincide with the depth contour of the BBfeir width ranges from 150 m to 500
m. For each band, the amplitude variation is symuoadt with the highest amplitude in the

middle of the band and decreasing to both of des(Fig. 3b).



5.3 Positive high amplitude anomaly (PHAA) in levees

There are a set of ENE-WSW oriented buried canydmsh have a low sinuosity (Fig.
3 and 4) above the BSR. These canyons have a taojtiaggradational and laterally offset
stacking pattern (Fig. 4a), which is similar tottbathe channel-levee system in offshore
Nile delta (Catterall et al., 2010). The paleo-aamg/are buried 50 — 65 ms 45 — 58.5 m)
below the seabed and have a V-shaped cross-sdgnonghology. The steepness of the
canyon walls decreases with decreasing burial d§atiments filling in the canyons have
sub-horizontal reflections (Fig. 4a). Three palaoyons are recognised and of our interest is
the oldest one that has a width of ~450 m in seismass section (marked in blue in Fig. 4a).
The depth of the channel ranges from 25 to 45 MR T (c. 22.5 — 40.5 m) and increases
with water depth. The thalweg trend is sub-paratiehe dip of the modern seabed (Fig. 3b).
It bifurcates near F1 (Fig. 4d), but the accuratation of divergence is unclear due to the

overprinting effect of the BSR.

The reflections, which downlap upon the paleo-sddbémarked in dashed orange lines
of Fig. 4a), are interpreted to represent sedimgeposited in levee. Some positive high
amplitude anomalies (PHAAS) are found within thesfeections. These PHAAs originate
from the place where the BSR intersects with Fd.(&c, d). They are juxtaposed along F2
and fade out in an up-dip direction (Fig. 4d). Hmeplitude map of reflection A shows that
the PHAAs occur at both flanks of the canyon, eaith a wedge-like geometry (Fig. 4d). In
plan view they are bounded by the canyon wall aadlhe maximum value of the PHAA is
largest near F2 and the amplitude values decrgaip and also away from the canyon (Fig.

4d).



6 I nter pretations
6.1 Gas venting

AWO is a seismic response to gas filling in poresealiment, which causes decrease
of P-wave velocity, severe ray bending, signalteciaig and high transmission loss
(Anderson and Hampton, 1980). The result of si¢pstlor scattered is presented as acoustic
fade-out or wipe-out in the seismic cross secfldme cores sampled as the shallow sediment
in the Bering Sea confirmed that AWO is causeddy @brams, 1992). Therefore, we
interpret that the AWO zones, either ~200 m widewehe features of I-IV or km-scale
wide ~300 m below the BSR (Fig. 2), indicate thesgince of free gases and escaping of gas

along faults towards the seabed.

The sub-circular depression (lll, Fig. 2), whiclaipockmark, suggests the
occurrence of venting of gas-rich pore fluid (Carght and Santamarina, 2015; Hovland and
Judd, 1988). The positive relief of I, Il and IVutd be the mud cone, the sediment of which
is unloaded onto the seabed after being transpueedally in a liquefied way (Dimitrov,
2002). Their morphology is comparable to the muldarwos found in the Gulf of Cadiz but
of smaller dimension (Somoza et al., 2003). The chthe migration related to formation of
mud cones is documented to be fast (Roberts, 28G#&)natively, the local up-bending of
the seabed could solely result from hydrate acametiuring which pore volume will expand
due to the less density of methane hydrate tharotteeawater (Soloviev and Ginsburg;
1994). Such features, named as pingos, were sesfsimore of Angola (Serié et al., 2012)
and Norwegian Sea (Hovland and Svensen, 2006) hwingce interpreted to suggest seepage
of hydrocarbon gas. Actually when focused fluid @gpn has a varying flux, its expression
at the seabed has a spectrum of features, rathreathexclusive one (Roberts, 2001; Roberts

et al., 2006). In the venting system, the flux ratey vary with time and space, thus it is



likely that some features mentioned above may oiccarocale simultaneously and their
seismic features could overprint on each otherrélyeéhe presence of these features coupled

with AWO is compelling evidence of gas bypassing fibather edge of marine hydrate.

6.2 Gases trapped below the BSR

In seismic reflection data high-amplitude bandg.(Bd) are a common seismic
response to the interface between hydrated sedsnabolve the BSR and gas-bearing
sediments below it (Davies et al., 2015). Simitattires have been described before by Li et
al. (2016) in the same seismic survey. Most ofiitueds here are within the upwarping region
of the BSR (Fig. 3b). The relief in the BSR creadspping geometry for free gas
(Kvenvolden, 1993). Furthermore, under the eadtank of the upwarping BSR we found a
set of flat spots (Fig. 3a), an evidence for thagghboundary between gas and water, or gas

and oil (Brown, 2010). Therefore, we interpret tliae gases are trapped below the BSR.

6.3 Hydrates hosted in levees

Silty sand can be found in the cores sampled iedesuccessions near the seabed
(Henrich et al., 2010) and it potentially traps gasl hydrate stratigraphically. Hydrate filling
in pores of sediment can increase its acoustic dapee to the level such that it can be
displayed as enhanced reflections in seismic dataluse of a higher P-wave velocity of
methane hydrate (3750 — 3800 m/s, Helgerud e2@09). We interpret the PHAAs (marked
in Fig. 4d) as an isolated methane hydrate trap.fabt that the PHAAs have lower
amplitude than the BSR coincides with the synth&tiemic result which reveals that in
marine sediment gas/hydrate phase boundary norimadlya higher acoustic impedance

contrast than the hydrate/brine interface (Zhargy.e2012).



The amplitude variation of the PHAAs at reflectddmay be the result of gas
migration. We interpret that gas breached the rsgai the level of BSR near the intersection
between faults and reflection A. The juxtapositidrthe high-amplitude reflections along F2
(Fig. 4c) suggests that the sediments representdtebe PHAAS could be inter-connected
and permeable before faulting. If this gas couldrate along the levees, Darcy’s law would
allow us to predict that the concentration of hyeleonverted from gas decreases with
distance towards up dip. This result is consistatit amplitude variation at reflection A. An
alternative explanation for the amplitude variationhe PHAASs is the distribution of pores
of sediment, the prediction of which can be guidggedimentology. In a channel-levee
system the coarser-grained sediment was unloagedhechannel, while the finer-grain one
in distance. Given that the primary pores narrowmaitbrmly after compaction, the sediment
near the channel can host more hydrate than thatvay from channel. However, which

factor controls the amplitude variation is uncertai this case.

7 Discussion
7.1 BSR deflection

The upward deflection of the BSR has been seerrdo@ftornbach et al., 2005) and is
attributed to the underlying salt diapir which faasigher thermal conductivity and hence
changes thermal regime. Here to testify whethes#itediapir affects the BSR depth, we
assume the thermal conductivity of the salt (6 WK, Hornbach et al., 2005) then use the
2-D heat conduction modelling. Its steady statelmaexpressed as:

0%T 0%T

k =0
x6x2+ Z 9z2

where T[0] is the sediment temperature[L] and z[L] are the sediment length and depth
below the seafloor, respectively, [MLT 20 and k,[MLT %07 is the sediment thermal

conductivity in the horizontal and vertical direxti respectively. The subsurface sediment



other than that within the salt diapir is assuneeld isotropic and homogeneous. An
enhanced red reflection is interpreted as the tabeosalt diapir (Fig. 5) and the nodes below
it are assumed to have a higher thermal condugtivitn the surrounding sediments (1 W m
K™1). Any middle point of two known neighbouring nodesind B has a thermal
conductivityk -

kap = 2(1/ky + 1/kp)™"
where k4[MLT 207 and kz[MLT ®0™] is the thermal conductivity at node A and B,
respectively. We obtain the pressure profile byiassg the hydrostatic pressure gradient of
10.09 MPa/km. The BSR depth is determined by ttexsecting point of geotherm and
methane hydrate stability curve (we assume gases08% methane). The latter has been
digitalised by Lu and Sultan (2008) and a correcbbseawater salinity of 35 ppt on this
stability curve is made. The 2-D steady state egunas then discretised in space using finite
differences and solved using MATLAB’s MLDIVIDE fution. The model has a 350 x 800

cell temperature grid and is subjected to the banndonditions:

T=Teg +J(z — zs5), x = 0km, Zsp < z<5km
T=Tsg +J(z — zsp), x = 8km, Zsp <z<5km
0T/0z =, 0km < x <8 km, z =5km
T=Tsg(2), 0 km < x < 8km, z = Zgg(x)

where Ts[0] is the temperature of the seabed and at eachr deypeh, zgz (x)[L], the

seabed temperatur&;(2)[ @], is obtained from World Ocean Data (WOD)[OL™] is the
geothermal gradient. This model is first used mplaces where the BSR mimics the seabed
to get the geothermal gradient fitting best wita seismic observation (32 km%), then in

the study area.

The result shows that the modelled BSR has a gaidmwith the observed one,

particularly across the crest of the diapir (Fig.Bhis implies that the salt diapir changed the



thermal regime and hence controls the geometrlg@BISR. This increases the vertical relief
of the BSR and therefore the relief of the traps likely that some of the local mismatches,
in particular the ones characterised by the looaltwe relief that is ~100 — 300 m wide
adjacent to some of the faults (marked by the tigiotblack arrows in Fig. 5), may be
caused by warm focused flow that leads to localdtgdre-equilibrium (Crutchley et al.,
2014). Therefore, the BSR relocation is the resttteat transfer in the form of diffusion
coupled with local advection. However, there anmsancertainties that lead to the
inaccuracy of the modelling result. lonised sait bander hydration, leading to the thinning
of the HSZ (Sloan and Koh, 2008). But it is hardjt@antitatively evaluate the inhibiting
effect of salt on the BSR depth due to the diffig@ssociated with predicting the salinity
increased by upward movement of dissolved saltifiasion and advection. Uncertainties in
the modelled BSR depths may also stem from ertomates of geothermal gradient, thermal
conductivity of sediments, velocity model in thdsurface and temperatures at the seabed. It
cannot be entirely ruled out that the match betwbemmodelled and observed BSR is a

coincidence resulting from these uncertainties.

7.2 Implications

In general, hydrated sediment is an effective bafar free gas during its ascent in
the subsurface (Nimblett and Ruppel, 2003). Occadlip this gas can reach the seabed by
itself, such as when the pore pressure of its vegen a hydrate province reaches a level that
the fault slip can occur (Hornbach et al., 2004)t e height of gas column in this case is
significantly lower than the critical height recedlin the Blake Ridge (~150 — 290 m,
Hornbach et al., 2004). Given that the trap crebtethe BSR relocation is fully charged, the
height of the gas column of the formed gas accutaulas estimated to be no more than 50

ms €. 45 m). This suggests that the capillary entry sues of overburden sediment along



fault is lower than that of the unfaulted sedimeamd this offers permeable route for gas to

reach the seabed.

Gas-rich pore fluids are interpreted to reach dabed along the faults in this study,
rather than migrating as a three-phase flow-coetlgbrocess to rise the gas-hydrate front
(Liu and Flemings, 2006) or along the fractureggered by overpressured gas (Flemings et
al., 2003). The morphological features along thdt fecarps at the seabed represent multiple
gas vents at the sites, which together constitwtenéing system allowing methane to bypass
the feather edge of marine hydrate. During therasaiemethane in the HSZ, porous and
permeable sediments could capture part of this amethsuch as the case of the PHAAS,
preventing or slowing down the transport of methtmveards the seabed. This can also
achieved by the reformation of hydrates along #utt$ (Ahn et al., 2012), which can clog
the pores of the sediments within faults and héower the permeability. However, methane
could still reach the seabed due to the water-frgeersaline or warmer pore environment
during the ascent of methane via advection (Woal.e2002; Tréhu et al., 2004; Liu and
Flemings, 2006). Given that methane re-capturirdgtaydrate reforming could not prevent
methane from approaching the seabed, we thinknte#itane was intermittently released into
the ocean due to the episodicity of gas migratlongathe pre-existing faults (Tryon et al.,

1999).

A BSR is present over the study area but mostlgm@ttdandward of it (Fig. 6a-c). This
is different from the area (marked in yellow boig.Fa) to the north where sedimentary
context is similar but the BSR can be commonly olesi (Davies et al., 2015). An
explanation for its absence landward is that methemting above the diapir prevents

landward gas migration (Fig. 6d). Absence of frag gear the landward limit of the feather



edge implies less methane locked-up in marine hgsnaill be susceptible to being released
in a warmer ocean in the future. Therefore, digpircan increase methane emission into the
ocean before it gets warmer and melts the maridealy hosted in the sub-seabed sediment.
The bottom water temperature fluctuated seasobglly 1°C offshore of Mauritania after the
year 2000 (data from WOD) and this can destahilisggas hydrates locating at < ~20 mbsf
near the landward limit of the feather edge (wedube 2-D heat diffusion model of Li et al
(2017) to see where gas hydrates was stable héegmetar 2000, not shown here). Due to the
gas vent intercepting lateral gas migration, wealigtehat there are few gas hydrates near the
landward limit of the feather edge in the studyaaaad hence no significant amount of
methane have been released from the seabed dtetlsense the year 2000 (acquisition time

of the seismic dataset is between November 199%mdh 2000, Colman et al., 2005).

8 Conclusions

3-D seismic data provide compelling evidence feralacurrence of a gas venting
system, offshore Mauritania. A salt diapir provides conditions to create migration
pathways for focused fluid of free gas that bypsagske feather edge of marine hydrate. The
gas venting system inhibits gas migration landwaral the shallow feather edge region. This
reduces the volume of methane that would be subtepd the short-term oceanic warming

after the year 2000 and a probably warmer worlghénfuture.
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Figure captions

Fig.1 (a) Extent of the area covered by the 3-Bra@ survey and the location of the study
area. The blue box of solid lines marks where éh&tively complete feather edge was
described by Davies et al. (2015). (b) Dip-magretathp of the seabed in the study area
showing the fault scarp and some reliefs (namddlgdll and IV). FS — fault scarp. There
are some linear features caused by acquisitiorerarid they are parallel to the inline
direction. (c) 3-D imaging of the faults (namedrds-13) from top view. The white arrows

mark the displacement direction of the hanging wRiktase note not all the faults terminate at



the seabed. (d) A representative seismic crosoaestiowing the pattern of the faults and

their spatial relationship between the underlyialg diapir.

Fig.2 (a—b) Representative seismic cross sectimpdaying the spatial relationship between
the reliefs at the seabed, the faults and thedsgdir. The acoustic wipe-out (AWO) shows up
below I-1V and in the zone bounded by F1, F2 and(&4f) Zoom-in figures showing the
cross-sectional geometry of I-1V. (g-j) 3-D imagiafithe bathymetry exhibiting the

morphology of I-IV.

Fig.3 (a) A seismic cross section showing the upwarsection of the BSR. A different
colour scheme is used to highlight its polarityaieyyellow loop) that is opposite to that of
the seabed reflection (yellow-cyan loop). A flabsg found under the upwarping BSR.
Please note that this figure is exaggerated védti¢dA — high amplitude, LA — low

amplitude in this and subsequent figures. (b) RM®laude map of the BSR. The white
dashed and solid lines are the contours of thecaédistance (measured in ms, TWTT)
between the BSR and surface a. Surface a is amadssurface and on each cross line (E-W
oriented) it is a segment defined by the down-dimarked in inset) and the up-dip point (2)
along the BSR. The yellow dashed lines mark thérmubf a buried old canyon and it is

described in section 6.3.

Fig.4 (a) Seismic cross section displaying theiwarstacking pattern of the multistory
channel-levee systems. Reflection A, which is jprteted as the levee sediment hosting
hydrates, downlaps upon a paleo-seabed B. (b) Maywiag the depth of the paleo-seabed B.
The place in where the old channel diverges islearly shown by the seismic dataset. (c) A

seismic cross section showing the spatial relahignisetween the BSR and the reflection A.



(d) RMS amplitude map of the reflection A. Someiges high amplitude anomalies

(PHAAS) show up at both sides of the buried canyon.

Fig.5 Modelling result of 2-D heat conduction. Tlack dashed line marks the top of the
diapir. The blue numbers indicate the temperattismoh isothermal line. The black arrows
mark the places where there are some minor disccggsmbetween the modelled BSR and

the observation result.

Fig.6 (a) The BSR depth measured in two-way tréwet (TWTT). No-data places (black
colour) indicate where the BSR cannot be obseméld seismic cross section. (b, ¢) Two
representative seismic sections showing that B®Rbedaracked above the studied diapir, but
is absent elsewhere except the region to the sasitéit. (d) Schematic diagram showing
gas migration and where the BSR is present. Bladws mark the displacement direction of
the hanging wall. The dimension of the diapir amel levee is not to scale. PM — pockmark,

M — mound, GC — gas concentration, HC — hydrateeotration, GM — gas migration.
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Highlights:

A gas venting system isimaged using 3-D seismic data offshore Mauritania.
Free gas bypassed the HSZ and migrated along the faults to reach the seabed.
Thelocal BSR shoaling is caused by more heat conduction of a salt diapir.

Massive warming-induced methane seafloor releaseis unlikely since the year 2000.



