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Highlights 15 

• Genesis of seep sites varies within the same anticlinal structure. 16 

• Seabed extensional faults drive the formation of pockmarks and a carbonate mound. 17 

• Anticlines are the most important regulators in the fluid plumbing system. 18 

• Staggered BSRs allowed fluids to seep into the seafloor. 19 

 20 

Abstract 21 

Using a database consisting of sub-bottom profiles, 2D and 3D seismic data, a series of seep 22 

structures and acoustic anomalies associated with a plumbing system in the subsurface of the 23 

southern part of the Malvinas Basin off the Argentine coast are presented. The seep 24 

morphologies consist of mounds, pockmarks, and a carbonate mound, derived from 25 

hydrocarbons migrating from the Early Cretaceous Springhill and Lower Inoceramus formations 26 

through extensional faults and overthrusts of the Malvinas Fold-Thrust Belt and accumulating in 27 

the gas hydrate stability zone. This configuration is widely observed in the anticlines of the 28 

Malvinas Fold-Thrust Belt, which are characterized by a vertical structure highlighting a Bottom 29 

Simulating Reflector (BSR) overlain by a blanked-out zone at the seabed, interpreted as a gas 30 

hydrate stability zone. The plumbing system is influenced by active transtensional tectonics, as 31 

shown by two sets of extensional faults concentrated over some anticlines. These faults lead to 32 

displacements that, in many cases, reach the seabed. One nuance of the influence of tectonic 33 

activity on fluid escape is most evident in the Malvinas anticline, where all the pockmarks and 34 

the carbonate mound are concentrated. In the western part of the Malvinas anticline, five 35 
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pockmarks are observed in an area characterized by a shallow BSR. In contrast, in the eastern 36 

part of the Malvinas Basin, one pockmark and one carbonate mound are derived from a series 37 

of extensional faults. The presented data, as well as a comparison between the western and 38 

eastern parts of the Malvinas anticline, indicate that the anticlines are the main cause of seepage 39 

in this area, as they allow the accumulation of migrating fluids. Likewise, the seepage 40 

morphologies outside the anticlines are much less pronounced, as can be observed in the 41 

mounds that overlie the bottom vents. 42 

 43 

Keywords: Malvinas Basin, Fluid seepage, Pockmark, Carbonate Mound, Fold-thrust belt  44 

 45 

1. Introduction 46 

Plumbing systems and seepage morphologies form through the migration of fluids and their 47 

discharge into the water column. The intensity and volume of fluid flow, as well as the interaction 48 

of fluids with the water-seabed interface and sub-surface piping systems are among the most 49 

important controlling factors for the geomorphologic expression of hydrocarbon seepage at the 50 

seabed (Böttner et al., 2019; Cole et al., 2000; Gay et al., 2006; Judd and Hovland, 2007; Kunath 51 

et al., 2022; Ma et al., 2021; Talukder, 2012). Pockmarks are one of the simplest seep  52 

morphologies, consisting of a depression formed by the collapse of the sediment upon upward 53 

migration of overpressured fluids (brine, freshwater, and methane gas), which lead to the 54 

erosion of surface sediments that are later redistributed by currents (Böttner et al., 2019; 55 

Ceramicola et al., 2018; Gay et al., 2007; Hovland and Judd., 1988; Wildish et al., 2008). 56 

Besides pockmarks, the seeping of fluids from depth can produce elevated bathymetric features 57 

(Kopf, 2002; Paull et al., 2008). These structures are descriptively referred to as mounds, 58 

including landforms under specific conditions such as mud volcanoes or pingoes (Hovland and 59 

Svensen, 2006; Kim et al., 2020; Serié et al., 2012). For mud volcanoes, their genesis involves a 60 

higher pressure and deeper source than that required for the pockmark formation (Dimitrov, 61 

2002; Kopf, 2002; Savini et al., 2009; Soto and Hudec, 2023), which can result from 62 

compressional tectonics (Ceramicola et al., 2018). Methane is almost always the predominant 63 

gas, and the derived carbonate structures produce consistent erupted material that contributes 64 
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to the conical shape of these structures (Dimitrov, 2002; Kvenvolden and Barnard, 1983; Milkov, 65 

2000; Pape et al., 2014; Reed et al., 1990; Tinivella and Giustiniani, 2012). The subsurface 66 

structure associated with mud volcanoes includes a bicone-shaped volcanic edifice underlain by 67 

a downward-tapering cone of collapsed country rock (Davies and Stewart, 2005). Other types of 68 

mounds include carbonate mounds and hydrate mounds (i.e. pingoes), among various positive 69 

structures that can be associated with gas activity, particularly in areas with gas hydrate 70 

formation (Chen et al., 2020; Hovland and Svensen, 2006; Serié et al., 2012). Other types of 71 

seabed structures associated with gas seepage include Methane-Derived Autigenic Carbonates 72 

(MDACs), which are authigenic carbonate minerals precipitated in situ within marine sediments 73 

or seafloor (Akam et al., 2023; Magalhães et al., 2012). With higher methane flux rates, MDACs 74 

can accumulate at the sediment-seawater interface as pavements or crusts of carbonates, while 75 

with lower flux the accumulation can occur below the seafloor through cementation along pipes 76 

(Ceramicola et al., 2018). 77 

Due to the genetic connotation of mud volcanoes, carbonate mounds, hydrate mounds, and 78 

pockmarks, their classification should be approached with caution. These features are 79 

widespread globally, but in many areas, they have only recently been discovered (e.g., Idczak et 80 

al., 2020; Mordukhovich et al., 2023). The continental margins of the southwestern Atlantic 81 

Ocean have the potential to host hydrocarbon seeps but still remain an underexplored area of 82 

the global ocean (Kennedy and Rotjan, 2023). In the Argentine continental margin, despite the 83 

recognized hydrocarbon reservoirs, reported pockmarks and mounds are so far sparse and 84 

unclear (Anka et al., 2014; Gómez et al., 2016; DeVito and Kearns, 2022). However, recent studies 85 

have identified a large area of the continental slope of the Argentine Exclusive Economic Zone 86 

covered by kilometer-sized pockmarks (Isola et al., 2021, 2020). On the other hand, a mud 87 

volcano-like structure and mounds have also been described in the same region (Isola et al., 88 

2020; Muñoz et al., 2012). Further exploration is required to map the extent of surface 89 

manifestations of possible hydrocarbon reservoirs. 90 
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The Malvinas Basin is an offshore basin in the southernmost part of South America, where a 91 

proven petroleum system has been documented (Fig. 1A; Galeazzi, 1998; Raggio et al., 2011; 92 

DeVito and Kearns, 2022). The units in the southern part of the Malvinas Basin were 93 

incorporated into the Malvinas Fold-Thrust Belt (MFTB, Tassone et al., 2008; Ghiglione et al., 94 

2010; Ormazabal et al., 2019). Baristeas et al. (2012) indicated the existence of an active gas 95 

plumbing system with a thermogenic source in the MFTB. Appropriate physical conditions and 96 

acoustic evidence led different authors to demonstrate the existence of a Bottom Simulating 97 

Reflector (BSR) and a Gas Hydrate Stability Zone (GHSZ) with a thermogenic origin in the 98 

southern part of the basin (Baristeas et al., 2012; Gómez et al., 2016). A similar configuration of 99 

the gas plumbing system and fold-thrust belt observed in the Malvinas Basin can be found in the 100 

adjacent South Malvinas/Falkland Basin to the east (Bry et al., 2004; Foschi et al., 2019; Foschi 101 

and Cartwright, 2016). 102 

In this work, we use 2D and 3D seismic data, along with recently acquired sub-bottom profiles, 103 

to identify and map a series of pockmarks and a carbonate mound that have not been previously 104 

documented in the literature. The plumbing system is analyzed in the context of the Malvinas 105 

hydrocarbon system, considering the role of the MFTB and extensional faults formed by 106 

transtensional tectonics.  107 

2. Geodynamic Background 108 

2.1 Geodynamic setting 109 

This study is conducted in the southern part of the Malvinas Basin, which lies north of the North 110 

Scotia Ridge (NSR, Fig. 1A). The Malvinas Basin is a Cenozoic foreland basin overlying a Mesozoic 111 

back-arc basin (Yrigoyen, 1989; Galeazzi, 1998; Tassone et al., 2008). In the southern part of the 112 

Malvinas Basin, the deposits were deformed and integrated into the MFTB due to the 113 

convergence of the Burdwood Bank and the Fuegian backstop against the Tierra del Fuego and 114 

Malvinas shelves (Esteban, 2014; Torres Carbonell et al., 2014). The position of the MFTB is 115 
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consistent with underlying structures, particularly extensional faults within Mesozoic sequences 116 

that primarily affect units below the MFTB, some of which show tectonic inversion (Ormazabal 117 

et al., 2020, 2019). Ormazabal et al. (2024) described the MFTB in the study area as a buried 118 

configuration that flattens out to the south until it reaches the seabed (Fig. 2A and Fig. 3A). The 119 

anticlines of the MFTB present an ENE-WSW to ESE-WNW orientation and have been described 120 

as NNW-verging thrust hanging wall anticlines. This vergence is less conspicuous in the Malvinas 121 

anticline, a complex E-W oriented structure with symmetrical limbs interpreted as a combination 122 

of a thrust-related fold and a detachment fold, converging with the inner ENE-WSW oriented 123 

anticlines east of 62°30’ W (Fig. 2C; Ormazabal et al. 2024). 124 

The NSR is a morphostructural system that marks the transcurrent plate boundary between the 125 

Scotia Plate and the South American Plate (SASPB), with the Magallanes-Fagnano fault system 126 

(MFFS, Fig. 1A) representing its western segment (Cunningham et al., 1998; Dalziel et al., 2013; 127 

Lodolo et al., 2003, 2002; Ludwig and Rabinowitz, 1982). The NSR extends over a length of about 128 

2000 km from Tierra del Fuego to South Georgia and includes various islands, submarine blocks, 129 

and ridges such as the Burdwood Bank (Beniest and Schellart, 2020; Dalziel et al., 2021; Davey, 130 

1972; Nicholson et al., 2020; Riley et al., 2019). 131 

The NSR within the study area is characterized as a Paleozoic-Early Mesozoic basement block 132 

with a fold-thrust belt in its northern section (Bry et al., 2004; Ghiglione et al., 2010; Esteban 133 

2014; Esteban et al., 2020). From Lago Fagnano in Tierra del Fuego eastward to 62°W-60°W, the 134 

NSR has been interpreted as a releasing bend of the plate boundary (Lodolo et al., 2003; 135 

Ghiglione et al., 2010; Esteban, 2014; Ormazabal, 2022). The structures within this release bend 136 

are associated with a series of basins aligned along the Magallanes-Fagnano fault system and 137 

the NSR that develop above the fold overthrust belt (Esteban et al., 2018; Lodolo et al., 2003). 138 
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 139 

Fig. 1: A: Location of the study region. The blue barbed line indicates the Deformation Front. The dark red line indicates 140 
the MFFS-SASPB (Magallanes-Fagnano Fault System-South American-Scotia Plate Boundary). The white lines indicate 141 
the sediment thickness (in km) deposited in the basins. BB: Burdwood Bank. SG: South Georgia. Sw. Pl.: Sandwich Plate. 142 
IE: Isla de los Estados. MFFS: Magallanes-Fagnano Fault System. SASPB: South American-Scotia Plate Boundary. B: The 143 
white rectangle indicates the study area.  144 

The seabed in the southern part of the Malvinas Basin consists of a bathymetric depression with 145 

an average depth of 600 m and gentle dips of 1° to 2°, increasing to a depth of 972 m in a 146 
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contouritic moat (Ormazabal et al., 2024). Seabed depth decreases to the west and north 147 

towards the shelves of Tierra del Fuego and the Malvinas Islands, and to the south towards the 148 

NSR (Fig. 1B). The transition from the Malvinas Basin to the NSR is accompanied by a flattening 149 

of the seabed and the appearance of more chaotic reflections in the seismic lines (Fig. 2C). 150 

2.2 The Malvinas Hydrocarbon Plumbing System 151 

The southern part of the Malvinas Basin and its associated petroleum system have undergone 152 

various tectonic phases (Fig. 2; Biddle et al., 1986; Yrigoyen, 1989; Galeazzi, 1998; Tassone et al., 153 

2008; Baristeas et al., 2013; Ormazabal et al., 2019). The first phase of subsidence in the Malvinas 154 

Basin began during the Late Triassic (Lovecchio et al., 2019; Uliana et al., 1989) with the rifting 155 

of Paleozoic metamorphic units (Tassone et al., 2008; Baristeas et al., 2013) as part of an 156 

extensional phase. This phase resulted in the formation of a series of extensional faults (Galeazzi, 157 

1998; Baristeas et al., 2013). After rifting, the region underwent a phase of thermal subsidence 158 

during the Cretaceous, which led to the flooding of the basin and the deposition of shales and 159 

claystones in the context of an open-neritic regime (Galeazzi, 1998; Tassone et al., 2008; Fig. 2B). 160 

These sediments include transgressive deposits of the Springhill Fm. and aggradational layers of 161 

the shales of the Lower Inoceramus Fm., which constitute the main source rock of this system 162 

(Biddle et al., 1986; DeVito and Kearns, 2022; Galeazzi, 1998). 163 

During the Upper Cretaceous, a significant change in the geodynamic regime of the region 164 

resulted in a transition to a compressive/transpressive tectonic mechanism. This phase, known 165 

as the Andean orogeny, restructured the Malvinas Basin into a foreland basin system (Fig. 2B; 166 

Galeazzi, 1998; Tassone et al., 2008). Consequently, deepening occurred in the southern part of 167 

the basin, leading to the entry into the oil window (Galeazzi, 1998; Ghiglione et al., 2010; 168 

Baristeas et al., 2013). The sedimentary sequence influenced by this shift spans the period from 169 

the latest Cretaceous to the middle Eocene (Tassone et al., 2008; Baristeas et al., 2013). 170 
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 171 

Fig. 2: A: General structure of the Malvinas Fold-Thrust Belt. The hinge of the anticlines are indicated with purple lines. 172 
The Malvinas anticline is indicated with a dark blue line. The seabed extensional faults are indicated with white lines. 173 
See location in Fig. 1B. B: Seismic units and scheme showing the main unconformities of the southern part of the 174 
Malvinas basin, taken from Tassone et al. (2008) and Raggio et al. (2011). C: General configuration of the Malvinas 175 
Basin in the study area imaged by a representative multichannel seismic profile. MFTB: Malvinas Fold-Thrust Belt. NSR: 176 
North Scotia Ridge. 177 
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From the middle Eocene to the early Miocene, another phase of structural deformation occurred 178 

in connection with the separation of South America and Antarctica and the opening of the Drake 179 

Passage, which led to the formation of the Scotia Plate and the NSR (Barker and Thomas, 2004; 180 

Dalziel et al., 2013; Dalziel and Elliot, 1971; Geletti et al., 2005; Ghiglione et al., 2022; Livermore 181 

et al., 2005; Lodolo et al., 2006; Maldonado et al., 2014; Tassone et al., 2008). During this phase, 182 

the southern deposits in the Malvinas Basin were deformed by the N-NNE-oriented collision 183 

between the Tierra del Fuego backstop and the Burdwood Bank with South America (Dalziel 184 

et al., 2013; Ghiglione and Cristallini, 2007; Ormazabal et al., 2019; Torres Carbonell et al., 2014). 185 

This collision event led to the formation of the MFTB, with hydrocarbon expulsion occurring since 186 

at least the Oligocene  (Barker, 2001; Cunningham, 1993; Esteban, 2014; Galeazzi, 1998). The 187 

deposits associated with this phase in the Malvinas Basin represent wedge-shaped synorogenic 188 

units comprising strata up to the Lower Miocene (Tassone et al., 2008). 189 

After the deactivation of the compressional/transpressional pulse, strike-slip tectonics have 190 

predominated from the middle Miocene to the present. The onset of strike-slip tectonics in the 191 

region is controversial, although there is a general consensus that it became predominant from 192 

the late Miocene onwards (Lodolo et al., 2003; Tassone et al., 2008; Ghiglione et al., 2010; Torres 193 

Carbonell et al., 2014). 194 

3. Methodology 195 

The dataset used in this work includes 2D and 3D multichannel seismic surveys and sub-bottom 196 

acoustic profiles (Fig. 1B, Table 1). Additional information from boreholes was used to correlate 197 

the ages determined by these methods with the unconformities recognized in the seismic 198 

imaging and acoustic data. 199 

The multichannel seismic reflection data were kindly provided by the Argentine Ministry of 200 

Energy and Mining. The 2D seismic data comprise the SPAN, YCM and SWAT97 surveys. The 201 

"Malvinas 3-D" dataset consists of 3D seismic data with post-stack time migrated amplitudes, 202 
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located in the southern part of the Malvinas Basin and the northwesternmost part of the NSR 203 

(Fig. 1B). It has a vertical resolution of 14 m (to a maximum depth of 1.5 s two-way travel time; 204 

TWT), with an inline spacing of 25 m and a crossline spacing of 12.5 m. The sub-bottom profiles 205 

presented in this study were collected using a hull-mounted Parasound P70 echo sounder during 206 

the geological-geophysical cruise YTEC-GTGM 1 on board the R/V Austral in 2018, conducted in 207 

the southern part of the Malvinas Basin and Burdwood Bank (Fig. 1B). 208 

Method Survey Areal extension 

/Length 

Max. 

depth TWT 

(s) 

Acquisition Entity Year 

3D Seismic Malvinas 3D 2300 km2 9 Western Geco 2005 

2D Seismic SWAT97 2450 km 8 Spectrum Energy 1997 

YCM 6800 km 8 Spectrum Energy 1998 

SPAN 3800 km 16 ION 2009 

Sub-bottom 

Profiler 

YTEC-GTGM 1 2613 km - IGeBA (UBA-

CONICET)/MINDEF 

2018 

Table 1: Acoustic data used in this study. 209 

The IHS Kingdom Suite software, Version 2017 (https://kingdom.ihs.com/), was utilized to 210 

interpret the seismic data, including the calculation of the pseudo-relief volume to support 211 

seismic interpretation. The pseudo-relief attribute (Bulhões and de Amorim, 2005) is calculated 212 

by applying an inverse Hilbert transform to a user-defined root-mean-square (RMS) amplitude 213 

window. The 3D hunt autopicking method within the IHS Kingdom Suite was used to generate 214 

high-resolution individual amplitude and time-depth maps for different surfaces, such as the 215 

seabed and the top of the MFTB (Fig. 2A). 216 

The stratigraphic framework in this study follows the classification proposed by Tassone et al. 217 

(2008). The ages assigned to the Neogene unconformities (Early Miocene, Late Miocene; Fig. 2B) 218 
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were provided by Raggio et al. (2011) and recognized in the Malvinas x-1 borehole (see Fig. 1B). 219 

Correlation between borehole data and seismic data was calibrated with vertical seismic profiles 220 

from the well. 221 

 222 

Fig. 3: A: Bathymetry derived from seismic profiles showing the main features recognized in the seabed superposed 223 
onto the GEBCO bathymetry. The dark red lines indicate seabed faults. The black dots indicate the fluid seepage 224 
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morphologies. MFTB: Malvinas Fold-Thrust Belt B: Slope map and C: Root-mean-square (RMS) Amplitude map of the 225 
seabed. SLAAs: Seabed Low Amplitude Anomalies. 226 

The seabed surface was derived from the seismic volume, with depth expressed in s TWT, and 227 

converted to meters using an average p-wave velocity of 1500 m/s for the water column. The 228 

grid spacing of the seabed surface has the same resolution as the inline and crossline spacing of 229 

the seismic volume. Similarly, an RMS amplitude map of the seabed was created. The generation 230 

of these amplitude and bathymetric maps from 3D seismic data represents an integrated product 231 

of the first few meters of the seabed subsurface (Li et al., 2017; Mosher et al., 2006). 232 

4. Shallow fluid plumbing system characteristics 233 

4.1 Seabed Low Amplitude Anomalies (SLAAs) and enhanced reflectors 234 

The RMS seabed map displays several amplitude features characterized by distinct acoustic 235 

responses, with amplitude values anomalously higher or lower than those of the adjacent 236 

seabed (Fig. 3C, Fig. 4B). These anomalies vary in size, ranging from several kilometers to less 237 

than 100 m, depending on each feature. Most of these anomalies show lower amplitudes 238 

compared to the surrounding seabed, hence they are referred to as seabed low-amplitude 239 

anomalies (SLAA, Fig. 4B). 240 

 241 

Fig. 4: A: Seismic line showing the acoustic configuration between a SLAA (seabed low-amplitude anomaly) and an 242 
anticline of the Malvinas Fold-Thrust Belt. The trace of extensional faults is indicated with dashed dark red lines B: 243 
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Root-mean-square amplitude map of the seabed located over an anticline (hinge indicated with a purple line) of the 244 
MFTB, indicated with a grey polygon. See location in Fig. 3C. 245 

The SLAAs overlay a distinctive vertical acoustic configuration characterized by a blanked zone 246 

between the seabed and a strong reflection with reversed polarity, followed by a second blanked 247 

zone below this reflector, overlying a zone with complex imaging (Fig. 4, Fig. 5). In some 248 

instances, this configuration is accompanied by acoustic distortion or a wipe-out zone (Fig. 6C). 249 

This acoustic configuration consistently appears beneath SLAAs located above the anticlines of 250 

the MFTB (Fig. 4). The larger SLAAs, spanning kilometers, are positioned above the hinge of the 251 

MFTB anticlines (Fig. 4B). In many of these configurations, the subseabed between the SLAAs 252 

and the MFTB shows bicones or downward-tapering cones associated with extensional faults 253 

(Fig. 4 and Fig. 6). The enhanced reflections with reversed polarity relative to the seabed are 254 

found below the SLAAs at depths between 37 and 168 m below the seabed (assuming a seismic 255 

velocity of 1600 m/s; Fig. 5). These reflections mirror the shape of the seabed, particularly being 256 

evident when the reflectors have a dipping pattern and intersect the layer reflections (Fig. 7). 257 

 258 

Fig. 5: Seismic profile showing high amplitude reversed polarity, corresponding to a Bottom Simulating Reflector (BSR); 259 
superposed to a Root-mean-square amplitude map of the seabed. SLAA: Seabed low amplitude anomaly. See location 260 
in Fig. 3C. The location of the green trace is indicated as a red square in the Fig. 3C. 261 

4.1.1 Interpretation 262 

The enhanced reflections with phase reversal are the most striking features in the subseabed 263 

below the SLAAs and are here interpreted as the Bottom Simulating Reflector (BSR, Fig. 4), which 264 
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was observed and calculated in this area by Baristeas et al. (2013) and Gómez et al. (2016). The 265 

presence of a BSR usually indicates the base of the gas hydrate stability zone, with sediments 266 

below this zone probably saturated with methane (Cox et al., 2021; Reed et al., 1990; Sha et al., 267 

2015; Shedd et al., 2012; Shipley et al., 1979). Baristeas et al. (2013) and Gómez et al. (2016) 268 

found that the southern part of the Malvinas Basin has suitable thermodynamic conditions for 269 

gas hydrates stability at seabed depths greater than 500 m and demonstrated the existence of a 270 

BSR and the gas hydrate stability zone (GHSZ), observed as the blanked zone between the seabed 271 

and the BSR (Fig. 4). They rejected a BSR caused by mineralogical transitions or diagenetic effects 272 

(Berndt et al., 2004; Hein et al., 1978). 273 

 274 

Fig. 6: A: Root-mean-square amplitude map of the seabed showing the trace of the extensional faults indicated with 275 
dark red lines. See location in Fig. 3C. B: seismic line showing the displacement produced by these faults (dashed dark 276 
red lines) in the subseabed and pull-up and sag acoustic effects, limited by the trace of the faults. Enhanced reflectors 277 
with reversed polarity are observed as well, interpreted as Bottom Simulating Reflectors (BSRs). C: seismic line showing 278 
a structure of BSRs and enhanced reflectors separating two blanking zones, over an anticline acoustic distortion and 279 
wipe-out. 280 

4.2 Pockmarks associated with SLAAs 281 

The largest SLAA feature has an oval shape on the seabed and is located above the Malvinas 282 

anticline (Fig. 3C and Fig. 8A). It measures 15 km in an E-W direction and 3.6 km in a N-S direction 283 

(Fig. 8A). The hinge of the Malvinas anticline has an intense acoustic distortion, the most 284 

significant of the anticlines, which completely masks its inner structure and creates a wipe-out 285 

zone below. In this area, the BSR is at its shallowest depth, observable at a depth of only ~37 m 286 

below the seabed in the sub-bottom profiles and seismic lines as well (assuming a seismic 287 
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velocity of 1600 m/s, Fig. 8B-C). The BSR can be observed in the acoustic profiles (SBP) as a 288 

stepped pattern of high-amplitude reflections. These reflections overlay an acoustically blanked 289 

zone, presumably due to the absorption of the total reflection energy of the SBP acoustic data. 290 

 291 

Fig. 7: Seismic line depicting the relationship between the chimneys and the anticlinal structures. See location in Fig. 292 
3B. BSR: Bottom Simulating Reflector. 293 

Five pockmarks are located within the SLAA above the Malvinas anticline, labeled as P1 to P5 in 294 

Fig. 8A. These pockmarks can be recognized on the seabed as circular features with high 295 

amplitude values, ranging from 300 to 500 m in diameter. Except for pockmark P5, all pockmarks 296 

have a low amplitude center. A depression of 1 m is observed in the sub-bottom profile crossing 297 

pockmark P4 (assuming a seismic velocity of 1500 m/s, Fig. 8B). Below the depression, a series 298 

of U-shaped reflectors can be observed between the seabed and the BSR. These U-shaped 299 

reflectors show a progressive increase in diameter with depth, reaching 500 m and a maximum 300 

depth of 4 m at 24 m below the seabed. 301 
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 302 

Fig. 8: A: Root-mean-square amplitude map of the seabed showing the largest SLAA (seabed low amplitude anomaly) 303 
of the study area, encircled with a dashed black line, located over the Malvinas anticline, indicating the location of 304 
pockmarks (P1-P5). See location in Fig. 3C. B: Sub-bottom profile with Pseudo-relief and gaining processing to enhance 305 
deeper reflections, located in the same trace than the seismic line of the profile C: Strike seismic line at the same 306 
position as the SBP in Fig. 8B. D: Dip seismic section showing the structure of the Malvinas anticline. 307 

4.3 Extensional faults 308 

The seabed amplitude map reveals a series of NE-NNE oriented lineaments with an average 309 

length of 1200 m, which can be observed at depth as extensional faults (Fig. 6). The traces of all 310 

faults observed on the seabed are associated with high-amplitude anomalies. However, in some 311 

cases, they appear as amplitude changes on either side of the faults or as pairs of low and high 312 

amplitudes following their position. The position of many of the amplitude anomalies associated 313 

with these faults coincide with the larger SLAAs along the anticlinal hinges, particularly in the 314 

western half of the study area. 315 

 The extensional faults develop above the anticlinal hinges, accompanied by significant acoustic 316 

distortions that often obscure the fault structure (Fig. 6C). Most of these faults are distributed in 317 

the western half of the 3D seismically surveyed area. A second, smaller group of faults is located 318 

in an ENE-WSW band across the hinge of the Malvinas anticline towards the eastern edge of the 319 
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3D surveyed area (Fig. 9A). The displacement caused by the faults mainly affects units from 320 

anticlinal hinges to units younger than the Late Miocene unconformity (Fig. 9). In many cases, 321 

particularly in the eastern part of the study area, the displacement affects younger units, 322 

reaching the seabed. Both in the western half of the studied area, as well as over the Malvinas 323 

anticline, there are several bicone structures associated with the location of the extensional 324 

faults (Fig. 6 and Fig. 10D). In the western part of the studied area, the faults are producing 325 

extensional displacement that defines different subsiding areas, associated with downward 326 

tapering cones (Fig. 4). 327 

4.3.1 Interpretation 328 

The trace and displacement of the faults are easier to observe in the BSR. Regardless of whether 329 

displacement is observed, the trace of the faults to the seabed is associated with several acoustic 330 

anomalies, including the BSR as well as a superposition of concave and convex reflections, with 331 

the transition from one geometry to the other bounded by the faults. The concave and convex 332 

reflections are interpreted as pull-up and sag effects (Fig. 6B). 333 

4.4 Horseshoe mound and pockmarks associated with faults 334 

In the eastern part of the Malvinas anticline, a horseshoe-shaped mound is observed at a water 335 

depth of 590 m (Fig. 9B and Fig. 10A). This structure features a central depression, slightly 336 

elongated in the N-S direction, surrounded by a horseshoe-shaped ring with a diameter of about 337 

600 m and an opening in the southern part. The ring has a positive relief of about 5 m above the 338 

seabed, and the central depression has a depth of 12 m relative to the apex of the ring. The 339 

feature shows a higher amplitude than the surrounding seabed, with the amplitude being 340 

greatest in the central depression. A pockmark is observed approximately 400 m southeast of 341 

the horseshoe mound, consisting of a depression 5 m deep and a diameter of about 600 m, with 342 

a higher amplitude than the surrounding seabed (Fig. 9B and Fig. 10A). 343 
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 344 

Fig. 9:A: Detail of the Root-mean-square (RMS) amplitude map of the seabed in the eastern part of the study area. See 345 
location in Fig. 3C. B: 3D bathymetric map of the seabed with RMS amplitude draped over it.  346 

In the sub-bottom profiles, the subsurface beneath the horseshoe mound appears as a chimney 347 

with complete acoustic masking (Fig. 10B-C). The reflections show a distinct change in slope on 348 

each side of the chimney, together with some enhanced reflections. The BSR beneath the 349 

horseshoe mound and the pockmark is significantly shallower than in the surrounding areas (Fig. 350 

10D). The multichannel seismic shows a certain bicone edifice (Fig. 10D) formed by an upper and 351 
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a lower bicone. The lower bicone is located in the wipe-out zone. The upper bicone is crossed by 352 

a BSR and connected by extensional faults with the lower bicone and the wipe-out zone. 353 

 354 

Fig. 10: A: 3D scheme featuring an RMS amplitude map of the seabed and seismic sections in the eastern part of the 355 
study area, depicting the horseshoe mound and the neighboring pockmark. These structures are underlain by 356 
extensional faults (indicated with purple dashed lines), along with the BSR, shallower just beneath the pockmarks and 357 
the horseshoe mound. See location in Fig. 9A. B: Detail of C: Sub-bottom profile showing a chimney located just beneath 358 
the horseshoe mound, and the acoustic characteristics of the shallower reflectors associated with the chimney situated 359 
below it. D: Seismic line illustrating the acoustic structure underlying the horseshoe mound, depicting two bicones and 360 
the faults rooting from the zone with acoustic distortion, causing displacement in the blanked zone 2 and the BSR. See 361 
location in Fig. 9A. E: Detail of the seismic section B displaying the reflectors possibly onlapping the Horizon H1, below 362 
the horseshoe mound (HM). F: Depth map of the Horizon H1, depicting the domed structure below the horseshoe 363 
mound, and a positive structure coinciding with the trace of an extensional fault. 364 

The locations of the horseshoe mound and the adjacent pockmark are related to faults above 365 

the Malvinas anticline, that can be observed in the seabed as traces with high-amplitude 366 
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anomalies (Fig. 9B, Fig. 10A). The displacement of the faults in the seabed is particularly evident 367 

in the BSR and the underlying acoustically blanked zone, which is separated from the zone with 368 

acoustic distortion by a zone of chaotic multiple reflections of the seabed and the BSR (Fig. 10D-369 

E). The displacement of the faults is observed directly beneath the pockmark and the horseshoe 370 

mound as well, with the latter being clearly visible at the depth of the BSR, approximately 46 m 371 

below the seabed (assuming a seismic velocity of 1600 m/s, Fig. 10D-E). The first reflections 372 

observed beneath the horseshoe mound, including horizon H1, show a domed configuration that 373 

mirrors the positive structure along the trace of an extensional fault (Fig. 10A and F). Horizon H1 374 

is partially onlapped by the shallowest subseabed reflectors (Fig. 10E). 375 

A second depression is located 5 km southwest of the horseshoe mound within the Malvinas 376 

anticline (Fig. 11). Based on the 3D seismic data, the only information available here, it appears 377 

as a pockmark with a 200 m diameter depression filled by the uppermost reflections near the 378 

seabed. Below the pockmark, a pipe structure is evidenced, characterized by V- and U-shaped 379 

reflections and enhanced reflectors on the sides of the pipe. The pockmark is located near 380 

extensional faults on the seabed, although their relationship remains unclear. 381 

4.4.1 Interpretation of the horseshoe mound 382 

The genesis of the horseshoe mound in the eastern part of the Malvinas anticline is inherently 383 

associated with extensional faults and acoustic anomalies in the subsurface, specifically the 384 

shallow BSR right below it. While the formation of a structure driven by the fluid seepage seems 385 

undisputable, the origin of its horseshoe shape could be due to different mechanisms. One 386 

possibility for the origin of the structure could be the growth of hydrates in the shallow 387 

subsurface, deforming the overlying sediments by forming a hydrate deposit. The hydrate in this 388 

deposit can later dissociate and collapse (Hovland and Svensen, 2006; Paull et al., 2008; Serié 389 

et al., 2012). Another possibility is  the extrusion of fluids or fluidized sediments, constituting a 390 

mud volcano (Dimitrov, 2002; Kopf, 2002). In this case, the horseshoe shape would correspond 391 
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to a center from which the material is extruded, originating the positive structure from the 392 

deposition of this material, making it necessary an extrusion of mud or not in order to be 393 

classified as a mud volcano. 394 

 395 

Fig. 11: A: Seismic line showing a pockmark (Pc) associated with a pipe in the southern part of the Malvinas anticline. 396 
The Bottom Simulating Reflector (BSR), indicated with purple dashed line, is observed cutting the stratigraphy in the 397 
area associated with the extensional faults, indicated with dashed dark red lines. B: Time slice showing the shape of 398 
the pockmark in the shallow subseabed. See location in Fig. 9A.  399 

The bulged shape of the reflections beneath the horseshoe mound (e.g., Horizon H1, Fig. 10E-F) 400 

indicates either a positive structure or a pull-up effect. The fact that the reflectors adjacent to 401 

this bulge from the west appear to onlap the bulge between the BSR and the seabed suggests 402 

that the subsurface reflects actual sediment deformation (Fig. 10C). This positive structure in the 403 

subseabed, along with its continuation coinciding with the trace of the fault associated with the 404 
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horseshoe mound, is consistent with material injection through the fault plane. This assertion, 405 

along with the absence of structures indicating collapse, suggests that this feature could be 406 

classified as a mud volcano. Furthermore, the bicone-shaped volcanic edifice found in the 407 

subseabed beneath the horseshoe mound is characteristic of a structure of past mud volcanoes 408 

(Sánchez Guillamón et al., 2023; Somoza et al., 2014), implying potential cyclicity in the 409 

formation of mud volcanoes in the area. The lower bicone structure within the wipe-out zone 410 

appears to have been “disaggregated” by faults and correlates with the Early Miocene reflector 411 

that dates the top of the MFTB, similar to what is observed in other compressional belts, such as 412 

the giant mud volcanoes in the South Caspian Sea (Davies and Stewart, 2005; Hedayat et al., 413 

2024). However, high-resolution profiles do not reveal any evidence of mud flows on the seabed 414 

surrounding the horseshoe mound (Fig. 10B-C). Thus, while the horseshoe mound would be 415 

associated with a mud volcanic edifice, it may not represent a mud volcano itself. 416 

Possibly one of the strongest hints on the interpretation of the horseshoe mound, besides its 417 

shape, lies in its high reflectivity seafloor, consistent with Methane Derived Authigenic 418 

Carbonates (MDACs). The MDACs interpretation is consistent with the underlying mud volcanic 419 

structure. MDACs are typically formed by the oxidation of diffuse hydrocarbon flows, similar to 420 

those documented in the Gulf of Cadiz, where such positive structures are referred to as 421 

carbonate mounds (Akam et al., 2023; Díaz del Río et al., 2003; Magalhães et al., 2012). This 422 

carbonate mound likely overlies a buried mud volcano, which may have fed another subsurface 423 

mud volcano beneath Horizon H1, contributing to the observed onlap (Fig. 10E, Somoza et al., 424 

2012). Since at present no evidence of mud expulsion is observed on the seafloor, the mound is 425 

likely the result of the diffuse migration of hydrocarbons above the younger bicone structure. 426 

This migration allows hydrocarbon fluids to be recycled, percolating and oxidizing near the 427 

seafloor, forming MDAC pavements. These carbonate mounds are more resistant to erosion, 428 

particularly in this region, where strong undercurrents interact with the seafloor (Frey et al., 429 

2021; Nicholson et al., 2020). 430 
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4.5 Minimal mounds 431 

Outside the Malvinas anticline, the only seeps observed are minimal mounds on the seabed, so 432 

termed because they are about 1 m high. These mounds appear on the seabed amplitude map 433 

as sub-circular low amplitude anomalies, without any clear orientation in their distribution (Fig. 434 

3A and Fig. 12A). Many of these features are visible on the seabed as roughly circular mounds 435 

less than 1 m high, between 100 and 200 m in diameter, and with a slope of less than 2° (Fig. 436 

12A). Examination of the subsurface reveals that the features between the seabed and the BSR 437 

are characterized by minimal bulging of the reflectors (Fig. 12C). 438 

Below the BSR, the reflections show a pattern of stacked U- to V-shaped depressions, 439 

accompanied by a reduction in the amplitude of the reflections. This stacked pattern forms 440 

continuous chimneys that extend downward to their base. The base of the chimneys is 441 

characterized by a zone of acoustic distortion. In some chimneys, this base corresponds to the 442 

location of anticlines that lie below the acoustic distortion zone (Fig. 7 and Fig. 12). 443 

4.5.1 Interpretation 444 

The bulging between the seabed and the BSR could represent a positive structure with the same 445 

shape of the mounds observed on the seabed. These mounds may represent positive relief on 446 

the seabed created by the bulging of shallower units due to gas seeps, similar to the mounds 447 

observed over chimneys at various locations (Berndt et al., 2003; Judd and Hovland, 2007; Løseth 448 

et al., 2011; Rensbergen et al., 2007; Savini et al., 2009). In the shallow subsurface beneath the 449 

mounds, the bulge structure can be observed down to the BSR (Fig. 12). Alternatively, these 450 

bulge structures could result from a pull-up effect (Fig. 12C), so they might be interpreted either 451 

as a true deformation of the sediment at greater depth due to fluid seepage (Naudts et al., 2006) 452 

or as a pull-up effect due to the higher concentration of gas hydrates in the units (Hustoft et al., 453 

2007). 454 
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 455 

Fig. 12: A: Slope map of the seabed with the minimal mounds indicated by black circles. See location in Fig. 3B. B: Time 456 
slice, indicated in C: Seismic line showing the association between chimneys underlying the mounds, as well as D: inset 457 
showing the structure of a chimney near the BSR. 458 

Below the BSR/GHSZ, V-shaped depressions in the reflectors forming chimneys beneath the 459 

mounds may result from push-down effects, indicating the presence of free gas within the units 460 
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(Berndt et al., 2003). The reduction in the amplitude of reflections within the chimneys can also 461 

be attributed to the presence of gas in fine sediments (Løseth et al., 2009). The roots of these 462 

chimneys are observable in some cases, primarily in areas with acoustic turbidity over anticlines 463 

formed from overthrusts of the MFTB and normal faults in the foreland basin (Fig. 7). These 464 

discontinuities may have served as conduits that facilitated the migration of the gas (Talukder, 465 

2012). 466 

5. Malvinas plumbing system 467 

Several anticlines in the MFTB underlie SLAAs, and their hinge is characterized by intense 468 

acoustic distortion zones, possibly caused by the upwelling of fluids from source rocks (Løseth 469 

et al., 2009). Anticlines are known as structures suitable for fluid accumulation (Munn, 1909; 470 

Wrather and Lahee, 1934 and references therein). Baristeas et al. (2012) propose a 471 

thermodynamic model, attributing the local flattening of the BSR depth above the anticlinal 472 

hinges of the MFTB to an increase in the regional geothermal gradient from 23.9 °C/km to a 473 

higher local geothermal gradient of 43.5 °C/km induced by the upwelling of high-temperature 474 

fluids from source rocks in deeper sectors of the basin (Fig. 8C). This increased geothermal 475 

gradient may have led to the emplacement of free gas in the first few meters below the seabed, 476 

as indicated by the shallower BSR and the low amplitude anomalies of the seabed, also indicative 477 

of shallow free gas (Tóth et al., 2014). 478 

Additionally, based on a dense 2D seismic dataset, Baristeas et al. (2012) concluded that gas of 479 

thermogenic origin is present in this area, with hydrocarbons migrating from deep source rocks. 480 

This origin is also confirmed by sediment cores (Raggio et al., 2011). The source could correspond 481 

to the Springhill and Lower Inoceramus formations (Galeazzi, 1998; Baristeas et al., 2012). In the 482 

neighboring South Malvinas/Falkland Basin, Foschi et al. (2019) studied BSR geochemical 483 

samples, providing evidence of mature source rocks. Given the equivalent tectonic and 484 

stratigraphic settings between the southern part of the Malvinas Basin and the South 485 
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Malvinas/Falkland Basin, and the likely shared source rock, this supports the inference of a BSR 486 

with thermogenic origin. 487 

The shallow plumbing system likely represents the shallowest part of the proven oil system in 488 

the southern part of the Malvinas Basin (Galeazzi, 1998; Raggio et al., 2011; Baristeas et al., 489 

2012). Similar configurations have been observed in various areas associated with gas seeps, 490 

including the adjacent South Malvinas/Falkland Basin (Foschi et al., 2019; Foschi and Cartwright, 491 

2016), as well as in other regions worldwide, such as the Niger Delta (Benjamin and Huuse, 492 

2017), the oblique Hikurangi subduction margin off New Zealand (Plaza-Faverola et al., 2014), 493 

and several tectonic contexts in the Mediterranean region (Civile et al., 2023; Ferrante et al., 494 

2022; Volpi et al., 2022). 495 

5.1 Gas plumbing system above the Malvinas anticline 496 

The described configuration and interpretation of fluid seepage morphologies in the seabed 497 

include pockmarks, a carbonate mound, and minimal mounds (Fig. 3A). Except for the minimal 498 

mounds, which do not exceed 200 m in diameter, all the seep morphologies in the seabed are 499 

located above the Malvinas anticline (Fig. 13). Furthermore, the largest SLAA is located over the 500 

same accumulation structure, indicating a larger amount of fluid presence in the Malvinas 501 

anticline compared to other anticlines in the area. Baristeas et al. (2012) identified the largest 502 

zone with acoustic distortion in the western part of the Malvinas anticline and interpreted it as 503 

a possible mud diapir or the initial stage of the development of a mud volcanic channel. 504 

In the western part of the Malvinas anticline, there are five pockmarks associated with the 505 

largest SLAA, whereas the eastern part of the anticline shows a seabed with extensional faults 506 

associated with the carbonate mound and two pockmarks. These differences between the 507 

western and eastern parts of the anticline suggest slightly different processes of fluid release in 508 

the seabed and water column for each sector. 509 
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In the western part, the exact timing of pockmarks formation could be related to a significant 510 

methane input into the seabed due to a temporary flattening of the BSR and GHSZ (Yang et al., 511 

2021), linked to an increased geothermal gradient caused by the ascent of deep-sourced fluids 512 

(Baristeas et al., 2012). The ejection of fluids into the seabed may act as a heat source that 513 

increases the geothermal gradient and locally destabilizes and flattens the GHSZ (Chow et al., 514 

2000; Sahling et al., 2009). This flattening of the GHSZ may lead to significant gas dissociation 515 

from the hydrates, released into the seabed thereby increasing gas seepage permeability 516 

(Bouriak et al., 2000) through pockmarks. 517 

 518 

Fig. 13: RMS amplitude map showing the configuration of the largest gas seepage features in the seabed. The hinges 519 
of the anticlines of the MFTB are indicated with purple lines. The hinge of the Malvinas anticline is indicated with a 520 
dark green line. The seabed extensional faults are indicated with dark red lines. The location of mounds, pockmarks 521 
(Pc) and the carbonate mound (CM) are indicated with red polygons. See location in Fig. 3C. 522 

In the eastern part of the Malvinas anticline, the flattening of the associated GHSZ is limited to 523 

the location of the carbonate mound and the neighboring pockmark. The existence of this 524 

mound may be due to the rise of fluids along extensional faults (Galavazi et al., 2005; Milkov, 525 

2000; Sahling et al., 2008; Van Rensbergen et al., 2005). The role of faults as conduits for the 526 

release of fluids at the base of the GHSZ is widely reported in similar tectonic regimes (Conrad 527 

et al., 2018; Maloney et al., 2015; Plaza-Faverola and Keiding, 2019). 528 
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The carbonate mound and its neighboring pockmark on the Malvinas anticline show a similar 529 

evolution: they represent the only features in the Malvinas Basin associated with seabed 530 

extensional faults related to transtensional activity (Fig. 9; Ormazabal et al., 2024). In contrast, 531 

the other pockmark in the eastern part of the Malvinas anticline, which is not associated with 532 

faulting, has different characteristics, including significantly less development, an infilled 533 

depression in the seabed, and a dubious relationship with the BSR (Fig. 11). 534 

 535 

Fig. 14: Conceptual model proposed to explain the migration of fluids from their source to the seabed as pockmarks, 536 
chimneys associated with mounds and a mud volcano. The main structure, reflectors and units are derived primarily 537 
from a seismic line derived from the 3D seismic volume. See location in Fig. 3B. The Malvinas anticline (MA) was 538 
duplicated to represent its migration in its eastern and western parts, incorporating the subseabed configuration, as 539 
well as that of the carbonate mound and pockmarks, from Fig. 8D and Fig. 10D. 540 

However, the carbonate mound and pockmark associated with the faults are of the same size as 541 

the pockmarks not associated with the faults in the western part of the Malvinas anticline. The 542 

similarity of the dimensions of all the features suggests that the presence of faults in the shallow 543 

subseabed may have served as conduits for fluid escape, but this is not a necessary condition for 544 

fluid escape. 545 
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5.2 Dynamics of the Malvinas plumbing system 546 

Given the thermogenic origin (Raggio et al., 2011; Baristeas et al., 2012) of the fluids previously 547 

studied in the seabed of the southern part of the Malvinas Basin, their source is identified as the 548 

Springhill and Lower Inoceramus formations. These fluids migrated upward from their deep 549 

source through extensional faults beneath the orogenic wedge and the overthrusts of the MFTB, 550 

accumulating in the anticlines of the MFTB or seeping into the water column (Fig. 14). 551 

One more step in the migration of the fluids seeping to the seafloor could be inferred from the 552 

bicones situated above the anticlines of the MFTB (Fig 6C and Fig. 10D). These bicone structures 553 

would indicate the occurrence of giant buried mud volcanoes formed by the expulsion of 554 

hydrocarbon fluids in response to compression at the front of the MFTB hinges during the 555 

opening of the Scotia Sea, which we associate with the diapiric structure interpreted by Baristeas 556 

et al. (2012) in the Malvinas anticline. The buried mud volcanoes, developed atop the anticlines, 557 

would act afterward as intermediate reservoirs for migrating fluids to the seafloor throughout 558 

chimneys and vertical pipes. This migration would explain blanked zones above the buried mud 559 

volcanoes. All the chimneys would be formed above the buried mud volcanoes, allowing fluid to 560 

migrate to the shallower subsurface as methane hydrates between the seabed and the BSR.  561 

The significant fluid accumulation occurred within the anticlines was sufficient to alter the 562 

regional geothermal gradient of the GHSZ, evidenced by the raising of the BSR and SLAAs. This 563 

migration, accompanied by increased gas emissions into the seabed, led to the formation of 564 

pockmarks in the western part of the Malvinas anticline. In the eastern part of the Malvinas 565 

anticline, the NE-oriented extensional faults formed by the current transtensional regime in the 566 

seabed served as conduits for fluid leakage, facilitating the formation of the carbonate mound 567 

and a pockmark.  568 

The minimal mounds located outside the Malvinas Anticline, indicate the presence of a structure 569 

or concentration of gas hydrates associated with the upwelling of fluids from deeper areas. This 570 
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upwelling is considered necessary to explain these features on the seabed and within the first 571 

few meters below. Migration on the seabed outside the anticlines resulted in these chimneys 572 

and smaller fluid ejections associated with mounds, with a maximum diameter of 200 m. Such 573 

structural hierarchy indicates that the main control on the fluid migration system in this area is 574 

exerted by the presence of the MFTB anticlines, with the highest fluid availability occurring in 575 

the Malvinas anticline. 576 

6. Conclusions 577 

The Malvinas Basin is a proven hydrocarbon deposit that has not yet been commercially 578 

exploited. The large amount of 2D and 3D multichannel seismic profiles acquired over the years 579 

and the results of the existing exploration wells have made it possible to outline the potential of 580 

this area and identify the most promising geological reservoirs. 581 

The near-surface part of the proven petroleum system in the southern part of the Malvinas Basin 582 

has been analyzed here using a series of seismic profiles that reveal a complex plumbing system. 583 

It includes a shallow subsurface GHSZ, a discontinuous BSR, as indicated by an analysis of its 584 

acoustic signature, and a series of identified faults and gas seeps classified here as pockmarks, a 585 

carbonate mound and minimal mounds. The dataset has shown that the main control on the 586 

plumbing system in this area is related to the presence of a significant anticlinal structure of the 587 

MFTB, which concentrates fluids migrating from deep sources through sub-vertical 588 

discontinuities and faults. In areas outside the anticlines, fluid escapes result in scattered and 589 

less extensive features, such as minimal mounds. The western part of the Malvinas anticline has 590 

five pockmarks, probably formed by a major release of fluids due to a temporary flattening of 591 

the GHSZ, suggesting a significant availability of fluids seeping to the seafloor. In the eastern part 592 

of the Malvinas anticline, there is a carbonate mound and a pockmark associated with 593 

extensional faults that act as conduits for gas seepage to the seabed. 594 
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Analysis of the stratigraphy of the area under study suggests that fluids from the Springhill and 595 

Lower Inoceramus Formation have migrated to the near-surface depths via extensional faults, 596 

some of which underlie the orogenic wedge and overthrusts of the MFTB and have accumulated 597 

as methane hydrates in the GHSZ. The anticlines of the MFTB led to greater accumulation, 598 

significantly increasing the local geothermal gradient into the GHSZ, indicated by the raised BSR 599 

that brings the free gas zone closer to the seabed. Outside the anticlines, there was less fluid 600 

release, resulting in chimneys and probably gentle mounds on the seabed. 601 

Due to the non-uniform distribution of available seismic data, it is not yet possible to draw a 602 

complete picture of the presence of fluids reaching the surface throughout the southern 603 

Malvinas Basin area. However, the analysis presented here provides important information 604 

about the dynamics that determine the morphological forms of the seabed. Further studies will 605 

be necessary to complete these aspects and, in particular, to plan the sampling of fluids that can 606 

provide important clues about the formation and origin of the gas seeps in this region of the 607 

south-western Atlantic. 608 
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