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Flare-Shaped Acoustic Anomalies in the Water Column Along the Ecuadorian Margin:
Relationship with Active Tectonics and Gas Hydrates
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Abstract—With hull-mounted multibeam echosounder data, we
report for the first time along the active Ecuadorian margin,
acoustic signatures of water column fluid emissions and seep-re-
lated structures on the seafloor. In total 17 flare-shaped acoustic
anomalies were detected from the upper slope (1250 m) to the shelf
break (140 m). Nearly half of the flare-shaped acoustic anomalies
rise 200-500 m above the seafloor. The base of the flares is gen-
erally associated with high-reflectivity backscatter patches
contrasting with the neighboring seafloor. We interpret these flares
as caused by fluid escape in the water column, most likely gases.
High-resolution seismic profiles show that most flares occur close
to the surface expression of active faults, deformed areas, slope
instabilities or diapiric structures. In two areas tectonic deformation
disrupts a Bottom Simulating Reflector (BSR), suggesting that
buried frozen gas hydrates are destabilized, thus supplying free gas
emissions and related flares. This discovery is important as it opens
the way to determine the nature and origin of the emitted fluids and
their potential link with the hydrocarbon system of the forearc
basins along the Ecuadorian margin.
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1. Introduction

In the past decade, the increase in multibeam
seabed and water column mapping shows that seep-
age activity at continental margins is a relatively
widespread phenomena (LoNCKE et al. 2004; DUPRE
et al. 2010; 2014; MascLE et al. 2014). In seafloor
seepage activity areas, vents are detected by images
of plumes in the water column (MEREWETHER ef al.
1985; HorNAFIUS et al. 1999; GERMAN et al. 1996;
GREINERT et al. 2006; Duprt et al. 2010). The basic
principle for detecting plumes with echo sounders is
the high backscattering of the pressure wave at the
impedance contrasts between water and gas bubbles
(ScuNEIDER VON DEIMLING et al. 2007). This creates
flare-shaped backscatter features in echograms. Most
acoustic anomalies recorded in the water column with
multibeam echo sounders are caused by fluid escape
at the seabed, most likely gases (Jupp and HovLAND
2007).

Along continental margins, submarine cold seeps
are sites where fluids, either pore water or free gas,
migrate upward from buried sedimentary horizons.
They are also often inferred to be associated with gas
hydrates in the underlying sediment, which can act as
sources for methane, the dominant gas component at
most seeps (KRABBENHOFT et al. 2010; ROMER et al.
2014). Hydrates are evidenced and mapped based on
the distribution of Bottom Simulating Reflector
(BSR), a characteristic seismic reflection caused by

X Birkhauser


http://crossmark.crossref.org/dialog/?doi=10.1007/s00024-015-1230-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00024-015-1230-7&amp;domain=pdf

F. Michaud et al.

Pure Appl. Geophys.

Figure 1
Geodynamic framework of the study area. The Nazca plate subducts beneath the South American continent at velocity of 5.6 cm/year
(NocQUET et al. 2009) and the North Andean block move to the North at a velocity of 0.9 cm/year (NOCQUET et al. 2014). The forearc area is
characterized by the arrival in the trench of the Carnegie Ridge and the escape to the North of the North Andean block. Location of the Fig. 2
(box). Thick black dashed line = eastern boundary of the North Andean block from BourGois (2013). Thin black lines = ATACAMES
shiptracks

the strong impedance contrast between hydrate-con-
taining sediment above and gas-filled pore space
below.

Seafloor fluid flow occurs in a wide range of
oceanographic environments and geological contexts
(Jupp and Hovranp 2007). Seepage may be associ-
ated with undercompaction sediments (Jupp and
Hovianp 2007), slope instabilities (PauLL er al
1998; PRAEG et al. 2014) and seafloor deformation
(Deynoux et al. 1990; Dano et al. 2014). Some seeps
are associated with active faulting (Gay er al. 2007;
GeLI et al. 2008; DuprE et al. 2015) with release of
fluids along the faults. Such tectonically driven
mechanism could feed hydrate-related vents and
associated seepage (SUESS et al. 1999). Consequently,
in many cases the detection of flare in the water
column indicates active tectonic structure, or slope
instabilities.

This paper provides a first, non-exhaustive,
account of water-column acoustic flares along the
active Ecuadorian margin and a discussion on the
potential first-order relationships with tectonics and
sedimentary features. This fluid system was

discovered by multibeam bathymetric data acquired
in 2012 during the ATACAMES campaign (MicHAUD
et al. 2013) conducted on the R/V L’Atalante
(IFREMER).

2. Geological Setting

Along the Ecuadorian margin, the Nazca plate
(Fig. 1) subducts eastwards at a 5.6 cm year ' rate
beneath the South America plate (NOCQUET et al.
2014). The evolution of the Ecuador margin is
strongly influenced by the subduction of the Carnegie
Ridge (MicHAUD et al. 2009; CoLLoT et al. 2009) and
the northward tectonic escape of the North Andean
block at a 0.95 cm year_1 rate (NOCQUET et al. 2014)
(Fig. 1). In the forearc, sediment supply from the
Andes is deflected northwards and southwards by the
uplift of the coastal cordillera (CoLLot et al. 2009).
The uplift of the coastline and coastal range appears
to have related to the subduction of the Carnegie
Ridge (Peposa et al. 2006; GUTSCHER et al. 1999;
Proust et al. 2016) for, at least, the last 1.3 Ma
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(GRAINDORGE et al. 2004) or 4-5 Ma (CoLLoT et al.
2009). The subduction of the Carnegie Ride is syn-
chronous with the acceleration of the North Andean
block escape (WITT ef al. 2006) and an increase of the
subsidence rate in the Gulf of Guayaquil (DENIAUD
et al. 1999) since the Early Pleistocene.

The usually smooth and linear continental margin
slope becomes irregular south of 1°35’S (CoLLoT
et al. 2009), where the margin faces the incoming
Carnegie Ridge. Several 1-2 km high, 10-15 km
large subducting seamounts indent locally the lower
margin slope (Fig. 2), (SAGE et al. 2006; MARCAILLOU
et al. 2016). As shown along other convergent mar-
gins, morphologic embayment-related subducted-
seamounts result from slope material removal by
tunneling of underthusting seamounts (DOMINGUEZ
et al. 1998; RANERO and VoN HUENE 2000; MARCAIL-
Lou et al. 2016).

Several main regional faults deform the margin
seafloor. In the North of Ecuador, the trench sub-
parallel Ancon fault that is locally associated with a
crustal splay fault deforms sediments along the trench
slope break (CoLrot et al. 2004, 2005, 2008); the
onshore Galera fault system (EGUEZ et al. 2003) may
extend seaward oblique to the shelf break and upper
margin slope (MicHAUD et al. 2015), and, in Central
Ecuador, the oblique to the margin Jama fault system
extends offshore along a small upper slope sedi-
mentary basin and is interpreted as a negative flower
structure (Fig. 2), (CoLLor et al. 2004; MICHAUD et al.
2015).

Bottom Simulating Reflectors (BSR) are widely
extended along the southern Colombian margin
(MarcaiLLou et al. 2006). Along the Ecuadorian
margin, multichannel seismic lines shot in the Ancon
fault area (MARcAILLOU ef al. 2006) (Fig. 2) show a
BSR; and southward, until 0°00’N of latitude, BSR is
also reported along the slope (MARcCAILLOU ef al.
2016).

3. Methods

Multibeam data were acquired using a hull-
mounted Simrad EM710 and EMI122 multibeam
echosounder, yielding a Digital Terrain Models with
a resolution of 25 m for bathymetry and 10 m for

backscatter imagery. The data were processed using
the seafloor mapping software CARAIBES (devel-
oped by IFREMER). Water column data were
acquired along selected swaths, processed and visu-
alized using Sonarscope software (developed by
IFREMER). Sub-bottom profiles were acquired with
a hull-mounted Chirp system (1.8-5.3 kHz). Seismic
reflection data were recorded using a 72-channel
digital streamer towed at 2 m of water depth (channel
length 6.25 m). The source array towed at 2.1 m of
water depth consisted of two ramps mounted with
three 13/13 cubic-inch plus three 24/24 cubic-inch
mini GIgun. Shots were fired at 140 bars every 25 m.
Given the shot rate and the streamer configuration,
this seismic reflection system ensures a ninefold
stack. The seismic lines were processed onboard with
the Seismic Unix (SU) software (Center of Wave
Phenomena, Colorado School of Mines) for Band
Pass Filtering, spherical divergence correction (water
velocity)—NMO velocity analysis and correction,
ninefold stack and constant velocity time migration
(1490 m/s).

4. Results

We detected 17 plume sites along the Ecuadorian
margin (Table 1, black dots in Fig. 2). The seeps
concentrate in four main areas (Fig. 2). Two sites are
located near the shelf break (site 3 and 15) whilst all
others are seated on the upper slope, ranging from
140 to 1250 m in water depth.

To the north (Esmeraldas canyon area, Fig. 3)
three plume sites were discovered on the western side
of the Esmeraldas canyon. Sites 1 and 2 are very
close together (3 km apart) and located around
1100-1200 m of water depth. The most spectacular is
the 500 m high plume at site 1 (Fig. 3b). The seafloor
backscatter image shows that plume sites 1 and 2
correspond to ~ 100 m large high-reflectivity sub-
circular patches (Fig. 3c). Site 3 is located near the
shelf break, just on the edge of a 5-km wide semi-
circular slope re-entrant with irregular rim; this re-
entrant does not breach the shelf break. The NS
seismic profile shot across site 1 (Fig. 3d) shows
deformed strata and lateral seismic facies changes.
Plume site 1 locates above a transparent seismic
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Figure 2
Bathymetric map (black circles with number = location of plume sfi;tes detected in this work). Thick black lines = principal faults on land
from REYEs and MicHaup (2012); Offshore faults in the Gulf of Guayaquil are from WitT et al. (2006). Thick doted black line = prolongation
offshore of the Jama fault system inferred by CoLLoT et al. (2004). Fine white line = 150 m isobath. Fine black lines = location of seismic
profiles recorded during the ATACAMES cruise (MICHAUD et al. 2013).

facies, which underlines a diapir structure more and parallel reflector facies dipping to the south (a on
less rooted in a BSR. Southward of the diapir, the Fig. D) and to the north (c on Fig. D). This sediment
most recent sediments show important change of fill is bounded to the South by a faulted monocline

seismic facies from chaotic (b on Fig. 3d), to sub (Fig. 3d).
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Table 1

Location and main characteristics of acoustic anomalies

Acoustic anomaly Latitude (°)

Longitude (°) Depth in meter Plumes high in meter Areas

1 1.4367 —79.8915 1225
2 1.4501 —79.8589 1100
3 1.2153 —79.986 140
4 0.5425 —80.3932 630 >
5 —0.1733 —80.8577 600 >
6 —0.001 —80.6443 675
7 —0.5567 —80.928 475
8 —0.4885 —80.9118 575 >
9 —0.5522 —80.988 612
10 —0.9006 —81.0826 600 >
11 —1.8406 —81.1973 790
12 —1.8449 —81.2923 700
13 —1.8769 —81.2817 660
14 —1.8994 —81.2131 650
15 —2.6609 —80.931 160
16 —3.0264 —81.0317 550
17 —3.1092 —81.0287 560

500
300

50
100
100
150
100
100
220
100
300
250
300
300
100
150
350

Esmeraldas canyon area

Isolated anomaly on the upper slope

Offshore prolongation of the Jama fault system area

Isolated anomaly
Subducting seamount area

Gulf of Guayaquil area

Plume sites 4, 5, and 6 (Fig. 2) are isolated along
ship tracks. They are located on the upper slope
between 600 and 675 m of water depth (Table 1).
They are more and less 100 m high. On the seismic
profiles crossing these plume areas, sub-vertical
acoustic anomalies are present and could be indica-
tive of fluids flows from bottom levels. But the
seismic profiles do not show any related specific
tectonic or slope failure structures.

The offshore prolongation of the Jama fault sys-
tem area (Fig. 4) shows three plume sites 7, 8, and 9,
located at a water depth of about 500 m (Table I;
Figs. 2 and 4a). Plume 9 is about 200 m high
(Fig. 4b) when plumes 7 and 8 are 100 m high
(Fig. 4b). Plume sites 7 and 8 are located in a
deformed sedimentary basin (unit ¢ on Fig. 4c).
Plume site 7 is detected in an area of the basin
affected by sub vertical faults. Plume 8 is associated
with a diapir expressed on the seafloor by a sub-cir-
cular, 15 m high and 500 m wide feature (Fig. 4d).
Plume site 9 is located at the southern edge of this
basin (Fig. 4e, d). At the site 9, unconformities are
observed on the seismic profile (Fig. 4e); a chaotic
unit (a on Fig. 4e) is topped by a unit with NE-in-
clined parallel reflectors (b on Fig. 4e). At this place
the slope is affected by a semi-circular 2 km wide re-
entrant oriented in a seaward direction that breaches a
100 m high linear scarp (Fig. 4d).

Plume site 10 (Table 1; Fig. 2) is isolated on the
upper slope. The plume is less than 150 m high and is
poorly developed in the water column.

Plume sites 11, 12, 13, and 14 (Table 1; Fig. 2)
are grouped in an area that is approximately 20 km
long ranging between 800 and 600 m of water depth.
Each site shows a ~300 m high flare. Plume sites 11
and 12 are located on the NS-trending crest of a
100-m bathymetric high (Fig.5) on the slope
between 600 and 1000 m of water depth. The seismic
profile shows that this high is highly deformed
(Fig. 5d) flanked by a continuous BSR partially dis-
rupted at the top of the ridge. The seafloor backscatter
image shows that plume sites 11 and 12 correspond to
~100 m sub-circular high-reflectivity  patches
(Fig. 5¢). Plume sites 13 and 14 are located higher on
the slope bathed in 650 m of water depth but the
seismic profiles do not show clear related structure.

Plume site 15 is located at the shelf break of the
gulf of Guayaquil (Table 1; Figs. 2 and 6a). This site is
it exhibits several plumes
(Fig. 6b). This site is in the center of a rough seafloor
morphology (Fig. 6a and e) that defines an irregular
2 km large and 20 m high dome above the surrounding
seafloor. The seafloor backscatter image (Fig. 6¢)
shows that this dome is associated with a set of high-
reflectivity backscatter patches; the plume is at the
center of an ellipsoid-shaped low-reflectivity patch. In

remarkable because
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Figure 3
a Bathymetric map with curves every 20 m (location on Fig. 2) %Jf the Canyon Esmeraldas area (grid cell 50 m). More intense color
corresponds to multibeam data recorded during the campaign ATACAMES (MicHAUD et al. 2013). Less intense color = older multibeam data
from MicHAUD et al. (2006); less intense color = area without multibeam; thin black lines = ship track during the ATACAMES cruise; black
circles with number = location of plume sites; b Flare-shaped backscatter feature in echogram at site 1. ¢ Seabed backscatter along the
Atacames track (location on a = fine black line ending with arrows) d Seismic profile (location on a = white line)

detail (Fig. 6e), the dome exhibits NW-SE elongated
20 m high bathymetric ridges. On the seismic profile
(Fig. 6d) the dome appears located above a large diapir
outcropping at the seafloor. To the Northeast, below
the platform, the NE-SW trending seismic profile
exhibits well-stratified sedimentary unit (a on Fig. 6d)
that overlay a deeper unit (b on Fig. 6d), which is
highly deformed. These two units are affected by sub-

vertical faults. Next to the fault located furthest to the
East (CDP 12500, Fig. 6d), the folded geometry of the
reflectors of the upper unit indicates some contraction;
meanwhile the vertical offset of the top of deeper unit
indicates a normal component. The two plume sites 16
and 17 are located southward on the upper slope (site
16 and 17, Table 1; Fig. 2) of the Gulf of Guayaquil.
These plumes are located south of the Guayaquil
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Figure 4
a Bathymetric map with curves every 20 m (location on Fig. 2) of the Jama area (grid cell 50 m). More intense color corresponds to
multibeam data recorded during the campaign ATACAMES (MicHAUD et al. 2013). Less intense color = older multibeam data from MicHAUD
et al. (2006); less intense color = area without multibeam. Thin black lines = ship track during the ATACAMES cruise. Thin dotted white
line = location of bathymetric zoom of d. b Flare-shaped backscatter feature in echogram at site 7 and site 9. ¢ Seismic profile in the basin
(location a = white line). d Bathymetric zoom (curves every 5 m) of the site 8 and 9 area (grid cell 10 m). e Seismic profile crossing the basin
southern boundary (location on a = white line)

canyon (Fig. 2), which is characterized by an irregular seabed, it remains in a vertical position for about
morphology and many landslides (Loayza et al. 2014). 250 m, and then the top of the plume is slightly
Plume 17 has a height of about 350 m. From the deflected.
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Figure 5
a Bathymetric map with curves every 20 m (location on Fig. 2) (%f the subducting seamount area (grid cell 50 m). More intense color
corresponds to multibeam data recorded during the campaign ATACAMES (MicHAUD et al. 2013). Less intense color = older multibeam data
from MICHAUD et al. (2006); less intense color = area without multibeam. Thin black lines = ship track during the ATACAMES cruise.
b Flare-shaped backscatter feature in echogram at site 12. ¢ Backscatter along the ATACAMES track (location on a = fine black line ending
with arrows). d Seismic profile (location on a = white line)

5. Potential Geological Controls

Numerous and various echoes were recorded in
the water column during the ATACAMES cruise.
They show a high variability in size but they usually
form subvertical elongated flares rooted at the sea-
floor. This geometry of the echoes is typical of gas
emissions (OBzHIROV et al. 2004; DUPRE et al. 2014).
We interpret the 17 detected acoustic anomalies as
the presence of gas bubbles in the water column. Few
of them are slightly inclined probably depending on
the strength of the mid-water depth current effects.
The plume site 1, which is more than 500 m high, is

the most spectacular of the detected sites with prob-
ably the highest flow rates. Site 15 that presents
several plumes is probably also associated with a
significant flow but this needs to be confirmed by
in situ measurements,

5.1. Seepage Distribution and Active Tectonics
5.1.1 Faults
Some of the plume sites are clearly related to regional

fault systems. Plume site 1 is located just above a
highly deformed area (Fig. 3d). The Ancon fault,
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Figure 6
a Bathymetric map with curves every 20 m (location on Fig. 2) of the Guayaquil gulf area (grid cell 50 m). More intense color corresponds to
multibeam data recorded during the campaign ATACAMES (MicHAUD et al. 2013). Less intense color = older multibeam data from MicHAUD
et al. (2006) and from PazmiNo et al. 2010); less intense color = area without multibeam. Thin red lines = ship track during the ATACAMES
cruise. b Flare-shaped backscatter feature in echogram at site 15. ¢ Backscatter along the ATACAMES track (location a = fine black line
ending with arrows). d Seismic profile (location on a = white line). Red lines = faults. e Bathymetric zoom (curves every 5 m, grid cell
10 m) of the diapir area (location on a = white dotted line square)

which is a major regional tectonic structure, is remained unclear. We cannot clearly state concerning
described a few kilometers to the north (CoLLor the origin and causes of the seepage at site 1.
et al. 2004, 2008) but, so far, its southern tip has Nevertheless, this site is closely associated with a
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deformed area. And the Ancon fault activity might be
at the origin of these observed deformations.

Plume sites 7, 8, and 9 are detected in the area
where the offshore prolongation of the Jama fault
system is suggested (CoLLOT et al. 2004) at the edge
of an upper slope sedimentary basin (MICHAUD et al.
2015). In contrast to the site 1 area, this area is not
characterized by a significant deformation but by
small faults rooted in diapirs cutting through the
uppermost layers of the sedimentary basin (Fig. 4c).
We infer that these small faults act as fluid migration
pathways, which seeps on the seafloor at site 7. Site 8
lies on a diapir exposure on the sea bottom (Fig. 4c,
d). Site 9 is located at the foot of linear scarp
breached by a spoon-shaped reentrant (Fig. 4d, e)
interpreted here as the scar of a slope failure. These
slope instabilities might have exposed the source
rocks and allowed the fluids to escape. Furthermore,
this assumed source rocks are tilted and this geometry
would perhaps have been able to facilitate the
migration of fluids following the layers to escape
until the seawater. This assumed source rocks at site 9
probably extend beneath the basin, possibly supply-
ing seepages at sites 7 and 8.

In the gulf of Guayaquil, the zone of fluid
expulsion 15 (Fig. 6a) is coincident with a large
diapir (Fig. 6d), outcropping at the seafloor in NW—
SE 20 m high elongated ridges. Immediately north of
the diapir, the sediments of the shelf are affected by
vertical dominantly extensional faults (Fig. 6d) show-
ing a complex deformation pattern including some
evidence for contraction, which might reflect the
surface expression of a transcurrent faulting structure.
It is this transcurrent faulting structure that probably
shapes the nearby diapir and its topmost-ridged
surface. This suggests that NW-SE trending faults
parallel to the shelf break control the diapir and the
associated plume 15. The root of the diapir is not
identified in the seismic line (Fig. 6d), indicating that
the under-compacted material below, from which it
originates, is located deeper than 1 s TWTT below
seafloor. Southward, mud diapirs
reported along the N-S trending shelf break of the
Guayaquil gulf (Wit et al. 2006). But on the
contrary to the diapir at the site 15, none of them

several were

Pure Appl. Geophys.

pierce through the seafloor. A layer of late Pleis-
tocene sediment uncomfortably overlays these diapir
structures. This suggests that these diapirs are inac-
tive since the late Pleistocene (WITT et al. 20006),
whereas our observations suggest that the diapir
located at site 15 is still active.

5.1.2 Seamount Subduction

The four plume sites 11, 12, 13, and 14 are grouped in
an area where swath-bathymetric data (Figs. 2 and 5a)
show the deformation of the surface of the margin
above a subducting seamount (SAGE et al. 2006; CoLLOT
et al. 2009; SANCLEMENTE 2014). The base of the lower
slope is indented (Fig. 2) with a re-entrant. The middle
slope exhibits a N-S elongated bulge corresponding to a
local uplifted zone (i.e. the supposed position of the
subducted seamount), bounded seaward by sedimen-
tary slides. Across this bulge, the seismic profile
(Fig. 5d) reveals a zone with undulating and discon-
tinuous reflectors. This zone, located above the
supposed position of the subducted seamount, focuses
the upward fluid migration at plume sites 11 and
probably 12 through the uppermost layers.

5.1.3 Isolated Plumes and No-Plume Zones

No obvious tectonic or slope failure structures
underline sites 4, 5, 6, and 10 (Fig. 2). These sites
are located on a smooth regular slope bathed at
600 m of water depth. At the latitudes of sites 4, 5,
and 6, a large thick Neogene sedimentary basin sits
on the upper slope (HERNANDEZ et al. 2014). These
plumes sites are located on the outer edge of the
basin, which could provide the source of fluid
seepage. No site was detected around La Plata Island,
whereas it is considered as one of the more actively
uplifting area of the continental shelf (PEposa et al.
2006; ProusT et al. 2016). Due to the acoustic
sampling strategy during ATACAMES cruise, we
cannot exclude that the seep area are not fully
constrained. However, the reduced sediment thick-
ness around La Plata Island (Proust et al. 2016),
might not provide enough fluids to supply seepage at
the sea floor.
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5.2. Seepage Distribution and BSR

Plume sites 1, 11, and 12 are located above local
BSR segments (Figs. 3d and 5d). These BSR-related
plume sites are the most spectacular of plume sites
recognized along the margin. The first one exhibits
the highest plume (500 m high, plume site 1), which
may correspond to the highest fluid flow rate. The
second one is the area affected by a subducting
seamount, which shows the densest occurrence of
seeps (four plume sites 11, 12, 13, and 14).
Accumulation of gas hydrates corresponding to the
BSR should inhibit any migration and associated
seabed escapes (Jupp and Hovranp 2007). Never-
theless, in these two areas, abundant evidences of
seabed seepage correlate with deformed and discon-
tinuous reflectors providing pathways for active
seeps. We suggest that, active deformation probably
disrupts the BSR, which then supplies the plumes. At
site 1, close to the Ancon fault, the BSR is partly
interrupted as indicated by the seismic profile
(Fig. 3d). At site 11 above the subducting seamount
(Fig. 5a), the BSR is continuous on both sides of the
ridge, while directly below the ridge, it is highly
disrupted (Fig. 5d).

6. Conclusions

This paper documents for the first time 17
acoustic flares, interpreted as originating from gas
expulsions, on the seafloor of the Ecuadorian margin.
Water column acoustic backscatter data acquired
during the ATACAMES campaign in 2012 image
these flares. From this first, non-exhaustive account
of water-column acoustic flares, acoustic anomalies
are mainly observed on the upper slope or at the shelf
break. Whatever the fluid origin, the spatial distri-
bution of the seeps suggests potential first-order
relationship with tectonics and sedimentary features.
At regional scale, most seeps follow the deformation
structures seen in high-resolution seismic surveys.
Further investigation involving full multibeam cov-
erage and dedicated seismic data would help to refine
the fluid migration pathways in the sedimentary col-
umn and their link to the regional hydrocarbon
system.
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