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Hydrocarbon gases formed from biotic and abiotic processes are released through the seafloor at different locations around the world. They have been widely observed directly in video and photo data, and indirectly on echosounder data. Even though biotic gas generation is a very common process, abiotic gas generation is limited to regions where serpentinization of ultramafic rocks occur. Indications of abiotic gas occurrences are therefore sparse and much speculated upon. Here, we investigated the Spitsbergen Transform Fault, the Molloy Ridge, the Molloy Deep, and the Molloy Transform Fault/Fracture Zone, (a transform fault-bounded pull-a-part region offshore western Svalbard) where both processes may be active. Multiple acoustic gas flares, ∼1,770 and ∼3355 m high above the seafloor (tallest ever recorded), were observed indicating active migration and seepage of hydrocarbons. The proximity to the mid oceanic ridge and the documented high heat flow suggests the influence of high temperatures on organic-rich sedimentary deposits. Deep seismic data and other geological information available indicate that the main source of gas could be from thermal cracking of either pre- or syn-rift source rock organic material, potentially mixed with methane from serpentinization of mantle rocks (peridotites). Correlation with seismic stratigraphy from Ocean Drilling Program (ODP) Sites 910 and 912 on the adjacent Yermak Plateau suggests that the sedimentary source rocks may be present at the northern flank of the Molloy Ridge and within the deep graben along the Spitsbergen Transform Fault. The ∼3 km thick sedimentary succession in high heat flow zones within the transform fault and the active bounding faults allow generation and migration of hydrocarbons to the seafloor and sustains present day seepage.
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INTRODUCTION
Biotic and abiotic processes in sediments lead to the generation and release of hydrocarbons through the seafloor. Biotic gas generation occurs through degradation of organic carbon in sediments through microbial and thermogenic processes (e.g., Milkov and Etiope, 2018) whereas abiotic gas generation occurs through serpentinization of ultramafic rocks in the presence of water by Fischer-Tropsch-type reactions (Proskurowski et al., 2008). Abiotic methane generation requires circulation of seawater to mantle level and is therefore limited to locations where mantle rocks are shallow or even exposed at the seafloor (Kandilarov et al., 2008). The serpentinization rates are maximal at temperatures between 200°C and 350°C (Martin and Fyfe, 1970) and the process continues for long time periods generating enough methane to have a sustained gas supply. Slow spreading ridges are therefore suggested to be the best locations for elevated methane generation since the mantle remains at shallower depth within the relevant temperature window for a longer time (Charlou et al., 2010). In magma-limited slow and ultra-slow spreading ridges and transform faults, serpentinization occurs along detachment faults which form at young oceanic crust near the active ridge axis and over a period of 1–4 million years (Tucholke et al., 1998; Cannat et al., 2010). Biotic methane generation can also occur with the presence of organic material either through microbial and/or by thermogenic processes since one of these settings could be present due to normal microbial degradation or thermal cracking due to high heat flow.
Our study area is located in the central Fram Strait between Svalbard and Greenland (Figure 1, inset). The Fram Strait is known as the Arctic-Atlantic Gateway between the Norwegian-Greenland Sea and the Arctic Ocean and plays a key role in the deep-water exchange between the Atlantic and Arctic oceans (Hunkins, 1990; Tesi et al., 2021; von Appen et al., 2015). The Molloy Ridge and the Molloy Transform Fault and Fracture Zone System was formed well after the opening of the Norwegian-Greenland Sea ∼56 Ma ago (Talwani and Eldholm, 1977). Engen et al. (2008) suggest an early age of ∼19.6 Ma for the start of seafloor spreading at the present Molloy Ridge, which coincides with the recent modelling results suggesting 20 Ma for the opening of the Arctic-Atlantic Gateway (Dumais et al., 2021). In this region, the oceanic crust is thin, and the Moho is shallow (<5 km below seafloor) (Czuba et al., 2005). The Molloy Deep is the nodal basin at the intersection of the Molloy Ridge and the Molloy Transform Fault (MTF) (Klenke and Schenke, 2002). The Spitsbergen Transform Fault (STF) in the north and the MTF in the south acts as the boundaries separating the Molloy Ridge spreading zone from the rest of the spreading system further north and south, respectively (Figure 1 inset). The STF also acts as the boundary separating the pre-rift continental sedimentary rocks in the north beneath the SW flank of the Yermak Plateau from the Molloy Ridge spreading oceanic crust and sedimentary deposits further in the south. The Molloy Ridge has three segments with two blocks of highly fractured material filling the space in between and a further deformed zone west of it (Figure 1).
[image: Figure 1]FIGURE 1 | Detailed bathymetry of the study area showing faults (red lines), gas flares (red stars; GFA & GFB) and the location of ridge axis (black line) overlayed on regional (IBCAO) and detailed bathymetry. SBP and 2D seismic data are indicated by light grey and light green lines respectively. Seismic line (A-A′) is given Figure 8 and (B-B′) shows the location of seismic line from Czuba et al. (2005). Location of Figure 2 is shown as yellow box. Inset figure shows the locations of the samples in Figure 9 (red dots) from Vestnesa Ridge (VR) and Prins-Karls Forland (PKF). Also shown are the Molloy Ridge/Fracture Zone (MR), Molloy Transform Fault (MTF), Spitsbergen Transform Fault (STF), Molloy Deep (MD), Greenland (G), Norwegian-Greenland Sea (NS), Arctic Ocean (AO), Svalbard (S), Lena Trough (LT) and Knipovich Ridge (KR). Detailed bathymetry supplied by MAREANO/Norwegian Mapping Authority.
In this study we analysed water column acoustic and seismic reflection data to understand the source and origin of the detected gas flares in the water column, the processes behind the formation of the gases, and the resulting seepage into the water column. The possibility of different mechanisms acting together are critically analysed based on the stratigraphic information available from the nearby Ocean Drilling Program (ODP) Leg 151 boreholes and deep seismic data.
MATERIALS AND METHODS
Seafloor mapping using a multibeam echosounder system (MBES) across the deepest zone of the Norwegian-Greenland Sea, the Molloy Deep (up to 5,569 m deep) and surrounding areas was carried out as part of the MAREANO (mareano.no) program in 2019. The multibeam data were collected by DOF Subsea ship SV Geograph using a hull mounted Kongsberg EM304 MBES which also allowed to image the water column (Figure 1). The MBES transducer system for each ping sends out a fan of 512 beams to the water column and the backscattered energy is received by the transducer array. Since the survey is mainly planned for seafloor bathymetry mapping, the overlap with the nearby line is less than 10%. This results in a fan shaped data coverage with 100% coverage below the ship (nadir zone) and decreasing towards the outermost beam. This results in partial mapping of any anomalies occurring away from the nadir zone (refer Figure 1 in Thorsnes et al., 2023). The MBES operates at frequencies of 26–34 kHz and has a depth range of 10–8,000 m. The MBES data were processed for bathymetry by DOF Subsea as part of the delivery for MAREANO and for backscatter and water column anomalies by Geological Survey of Norway (NGU) to investigate the seafloor and water column. QPS maritime solutions FMGeocoder Toolbox and FM Midwater softwares were used to process, analyse and interpret the backscatter and water column data, respectively. The water column data were inspected visually using FM Midwater where the water column backscattering intensity is filtered to remove background noise. This process will single out higher intensity anomalies from gas flares which are then visible on the inline fan of beams and across line stack (all beams) of data.
Sub bottom profiler (SBP) shallow seismic data was collected using Kongsberg SBP 29 system which operates in the 2–9 kHz frequency range. The MBES receiver array was used to record the data. SBP data were collected across the Molloy Ridge and surrounding seafloor showing the shallow subsurface covering the entire bathymetric range and tectonic regions of the seafloor. Airgun 2D seismic reflection data were acquired by the Alfred Wegener Institute (AWI) and partners during cruise MSM31 onboard R/V Maria S. Merian in 2013. A source array of 6 G guns (each 8 L) and a 3,000 m long digital streamer were deployed (Geissler et al., 2014a). The seismic data are used to define the geological structure across the STF including the northern flank of the Molloy Ridge. The shallow sedimentary cover is seismo-stratigraphically interpreted using the tie towards the nearby ODP sites 910 and 912 (Figure 1) (Spiegler, 1996; Mattingsdal et al., 2014) to provide stratigraphic constraints on sedimentary deposition and development before and after the opening of the Arctic-Atlantic Gateway.
RESULTS
The Molloy Ridge is located between STF and MTF (Figure 1). The Molloy Ridge is a well-developed core complex (Chamov et al., 2010; Thorsnes et al., 2023), with the shallowest part in the centre at ∼1,500 m below sea level (Figure 2). The Molloy Ridge core complex includes an oceanic detachment fault forming a hanging wall cut off, a corrugated surface with fault striations and steep brittle fault scarps (Figure 2). Analysis of multibeam data indicates a very complex seafloor with many fractures running parallel to the ridge axis (Figure 1). The presence of numerous slide structures visible along both sides of the Molloy Ridge and Molloy Deep indicates a tectonically very active region with high seismicity (Keiding et al., 2018) (Figure 2). The Molloy Deep, with the deepest part of the area at 5,569 m, ∼3,300 m deeper than the surrounding seabed, extends about 15 km x 15 km in dimension (Figure 1).
[image: Figure 2]FIGURE 2 | Shaded relief bathymetry image showing close-up of the Molloy core complex. The ridge is about 1,000 m high with a hanging wall cut-off, fault striations, fault scarps and mass wasting. Notice is the change in seafloor morphology with the rugged seafloor at core complex changing to smooth seafloor north of it. Detailed bathymetry supplied by MAREANO/Norwegian Mapping Authority. Location shown in Figure 1.
Two water column acoustic anomalies, GFA and GFB (Figure 1), ∼1770 and ∼3,355 m high above the seafloor were identified (Thorsnes et al., 2023). They are located at the northern flank of the Molloy Ridge and on the conjugate side of the STF (Figure 3). Stack and fan views of the GFA (Figures 3A,B) and GFB anomalies (Figures 3C,D) show that the GFA anomaly is visible stopping within half-way through in the water column due to lack of MBES coverage in the upper water column and similarly, the top part of the GFB anomaly is also missing. The southern GFA anomaly is close to a fault mapped from the bathymetry data (Figure 1). The water column acoustic anomalies are classic indicators of gas bubble rise through the water column data (e.g., Chand et al., 2016) and verified by AUV and ROV observations (e.g., Chand et al., 2016). The deepest part of the area, the Molloy Deep, does not show any acoustic indications of fluid escape.
[image: Figure 3]FIGURE 3 | Across-track (stack of all beams) and along-track fan (stack of 25 along track pings) views respectively of acoustic gas flares GFA (A,B) and GFB (C,D). Notice that the flare GFA is visible only up to half-way through the water column due to the lack of data in the upper part of the water column (B). Similarly, the top part of the GFB is also missing (C). The seafloor is indicated by black dashed line.
SBP data from the region indicate continuous sedimentation during recent times including the basinal part and the depression slopes (Figures 4–7). The sediments occur as stratified layers along the basin flanks (Figure 4) and the deepest parts of the basin (Figure 5). Fault-bounded sub-basins along the Molloy Ridge also contain stratified sediments (Figures 6, 7). The western sub-basin of the Molloy Ridge is tectonically active as indicated by the folding and faulting of stratified sediments up to the seafloor (Figure 6) compared to the eastern sub basin (Figure 7). 2D deep seismic data image stratified sediments on the northern flank of the STF (Figure 8). The seismic stratigraphy is traced back towards the northeast along the seismic line and two horizons are correlated with ages ∼2.6 and ∼5.8 Ma following Mattingsdal et al. (2014) chronostratigraphic framework for the region. The sedimentary succession at the southwestern Yermak Plateau towards STF exhibit similar character to the undisturbed sediments further northeast where they are tied to ODP sites 910 and 912 (Figure 8). A thick succession of sediments extending all the way to the STF can be observed below the 5.8 Ma horizon indicating a high sedimentation rate since the early opening of the Arctic-Atlantic Gateway (Figure 8). The deeper sediments overlying the down faulted segments towards the STF indicate the presence of pre and syn rift sediments on either side of the STF (Figure 8B). Along the seismic profile, the STF itself is covered by more than 3 km of sediments (estimated based on the velocity model in Czuba et al., 2005) with crustal level faults extending all the way up to the seafloor (Figure 8B). The sediments south of the STF flank the Molloy Ridge core complex and thins actually out on to the core complex (Figure 8B). This boundary demarcating the core complex and sediments is clearly visible on bathymetry (Figures 1, 2) where the morphological characteristics changes from very smooth surface in the north to rugged surface in the south. The projected locations of both flares GFA and GFB occurs along the region of deep-seated faults/near vertical sedimentary stratigraphic boundaries interpreted on seismic data (Figure 8).
[image: Figure 4]FIGURE 4 | SBP line along the southern flank of the Molloy Deep showing the unfaulted stratified units (see Figure 1 for location). SBP data: MAREANO/NGU.
[image: Figure 5]FIGURE 5 | SBP line from the Molloy Deep showing the presence of stratified units covering the deepest part of the seafloor (see Figure 1 for location). SBP data: MAREANO/NGU.
[image: Figure 6]FIGURE 6 | SBP line along the western depression of N-S segment of the Molloy Ridge/Fracture Zone showing the presence of heavily faulted and folded stratified units covering the fracture zone (see Figure 1 for location). Green dashed lines indicate faults. SBP data: MAREANO/NGU.
[image: Figure 7]FIGURE 7 | SBP line along the eastern depression of N-S segment of Molloy Ridge/Fracture Zone showing the presence of stratified units covering the seafloor. (see Figure 1 for location). SBP data: MAREANO/NGU.
[image: Figure 8]FIGURE 8 | 2D Seismic section (location in Figure 1) (A) from the northern flank of Molloy Ridge showing the pre- and syn-rift sediments along the stretched segments towards the Yermak Plateau. Stratigraphic framework derived from Mattingsdal et al. (2014) based on ODP holes 910 and 912 representing 2.6 Ma (yellow dashed line) and 5.8 Ma (purple dashed line) horizons are also shown. The horizon given in red is the acoustic basement and the sediments above extending to the STF belong to the syn-rift blocks and those deposited later. The projected location of the flare GFA (∼8 km) occur along the boundary of oceanic basement towards the STF and GFB (∼27 km) occurs along a bounding fault related to the STF. (B) Blow up of the location of gas flares and STF showing the faults and thick pack of sediments deposited in the STF. Faults are shown in purple sub-vertical lines and other horizons given in blue in both figures. Acoustic amplitude anomalies due to fluid accumulation can be seen close to boundaries of faults and connected horizons.
DISCUSSION
Morphology and gas seepage
The study area consists of a combination of ridge spreading and transform faulting along multiple segments creating a complicated seafloor morphology as well as subsurface structure. The shallow subsurface at the eastern corner of the STF is characterized by stratified sequences within a contourite drift that extends all the way into the Molloy Ridge associated basins (e.g., Osti et al., 2019). Along the peripheries of Molloy Ridge, more transparent and chaotic facies are observed indicating various episodes of sediment sliding and deformation. This is suggested to be controlled by neotectonics, changes in oceanographic conditions and fluid dynamics among the most likely processes (e.g., Elger et al., 2018; Osti et al., 2019). Submarine sliding is reported along the eastern flank of Molloy Ridge indicating triggering mechanisms mostly from gravitational instability. The latter results from the occurrence of intercalated sedimentary units with differing sedimentary architecture, which is evident in seismic data also (Czuba et al., 2005). At the steepest parts of the northern flank, the shallow sub-surface sediments are pierced by faults that seemingly extend all the way to the basement (Figure 8). The subsurface sedimentary structure could also consist of pre- and syn-rift sediments at the location of the northernmost flare (GFB) (Figure 8). The 2D deep seismic line (Figure 8) across the northern flank of STF shows pull apart rotated fault segments (pull-apart basin from syn-rift tectonics) containing these sediments and therefore it is likely that similar sediments exist in the relatively undisturbed northern part of the Molloy Ridge (south of STF) (Figure 1). This is suggested by the morphology of the ridge, whereas the southern part of Molloy Ridge consists of rugged seafloor due to a core complex exposed on the seafloor, whereas the northern segment of the ridge is smooth, comparable to normal sediment covered seafloor (Figure 1).
A gas hydrate stability zone (GHSZ) of up to 250 m thickness had been predicted for the flanks of the Molloy Ridge and the region north of STF with varying thickness related to heat flow in different parts of the region (Geissler et al., 2014b). However, a gas hydrate related bottom simulating reflection (BSR) is not visible at the flanks of the STF pull-apart basin (Figure 8). This is consistent with models that predict a non-existent or close to zero gas hydrate stability zone thickness (GHSZ) at the Molloy Ridge and STF boundary region due to high heat flow values (Geissler et al., 2014b). Nevertheless, BSR mapping in the region (Geissler et al., 2014b; Dumke et al., 2016; Osti., et al., 2017; Elger et al., 2018) suggests the existence of a gas hydrate system. Due to high heat flow being near to the mid-ocean ridge (as high as 120 mW/m2, Klitzke et al., 2016), the thermal gradient could be high thereby proofing high temperatures as we go deep into the sediments assisting the thermal cracking of the organic matter to both gaseous and even liquid hydrocarbons. The flares are located along the peripheries of the Molloy Ridge and along the boundary faults of the STF indicating some influence of fluid flow channelling towards the margin of the ∼3 km (based on velocity model from Czuba et al., 2005) thick sediment filled transform fault depression both through boundary faults and stratigraphic boundaries flanking the STF margins. The gas flares GFA and GFB could reach sea surface owing to the high acoustic strength observed at the heights they are cut off in the present data (Figure 3). However, we do not have yet proof by hydro-acoustic or satellite data.
The origin of the seeping gas in Molloy Ridge
Pull-a-part basin structures consisting potentially of pre-rift sedimentary rocks overlayed by syn-rift deposits are observed at the northern flank of STF along the 2D seismic line (Figure 8) suggesting also the presence of syn-rift sediments within the Molloy Ridge and STF area. The deeper sediments here can be seismically correlated to be clearly older than 5.8 Ma based on nearby ODP Sites 910 and 912 (Mattingsdal et al., 2014; Osti et al., 2019). The extension of thick syn-rift sediments, as continuous reflectors on pull-a-part blocks (Figure 8), indicate that the deposition of these sediments continued while the rifting was active. The deep-seated faults could be the reactivated elements from the rifting stage like those observed in analog models and other comparable pull-a-part margins (e.g., Athos and Dungun fault zones [Dooley and McClay, 1997]). The 3D structure of these faults could be even more complicated and therefore the fluid flow along these routes difficult to envisage with just a 2D imaging.
Thorsnes et al. (2023) reported condensate oil seeping gas from the seabed nearby the southern gas flare (GFA). This observation excludes a primary microbial gas origin from CO2 reduction and methyl-type fermentation, but rather points to secondary microbial gases generated during petroleum biodegradation and thermogenic processes (Whitaker, 1999). Thermogenic gas composition can be delineated in early mature, oil-associated, and late mature thermogenic gas (Milkov and Etiope, 2018). The composition of the so far analysed free seeping gas in the wider study region including the Vestnesa Ridge, a deep-water gas hydrate system (Plaza-Faverola et al., 2015; 2017), and the oil-seeping gas flare area off Prins Karls Forland, western Svalbard (Panieri et al., 2024) unequivocally point towards the area of oil-associated gas origin (Figure 9). The gas composition from the sub-seafloor on Vestnesa Ridge (δ13C-CH4: −51.1‰, δ2H-CH4: −191‰) (Plaza-Faverola et al., 2017) and oil seeps off Prins Karls Forland (δ13C-CH4: −48.4‰, δ2H-CH4: −196‰ (Panieri et al., 2024), are nearly identical (Figure 9) pointing towards the same petroleum system for the origin of the hydrocarbons in the region.
[image: Figure 9]FIGURE 9 | Revised methane genetic diagram based on d13C-CH4 and d2H-CH4 (Whiticar, 1999; Milkov and Etiope, 2018). Yellow circle: Oil-coated free seeping gas offshore Prins Karls Forland (Panieri et al., 2024), Green star: Headspace gas extracted from gravity core GC10, Vestnesa Ridge, 200 cm below seafloor (Plaza-Faverola et al., 2017). Abbreviations are: CR: CO2 reduction, F: Methyl-type Fermentation, SM: Secondary microbial, EMT: Early mature thermogenic gas, OA: Oil-associated thermogenic gas, LMT: Late mature thermogenic gas. Locations of samples are shown in Figure 1 (inset).
A likely source of the ongoing gas and oil seepage in the Molloy Ridge area, on Vestnesa Ridge, and the shelf region off Prins Karls Forland could be organic-rich deposits of Middle Miocene (>16–17 Ma; Knies and Mann, 2002) or Late Miocene (>10-11 Ma; Gruetzner et al., 2022), as recovered in ODP Site 909 in the central Fram Strait, south of the Molloy Ridge. Basin modelling (with >16-17 Ma as depositional age) revealed an ongoing hydrocarbon generation potential since the Late Miocene (∼6 Ma) (Knies et al., 2018) with first seepage at the seafloor occurring during the early Pleistocene (Plaza-Faverola et al., 2015; Daszinnies et al., 2021).
Based on various palaeo-reconstruction models for the region, the Molloy Ridge was established after 20 Ma (Dumais et al., 2021) and therefore the oldest post rift sediments belong to this age. Indeed, the oldest age for the sediments lying right above the syn-rift rotated blocks and extending all the way to the STF can be assigned to be approximately ∼17–18 Ma using similar sedimentation rates and shelf progradation observations as proposed by Hustoft et al. (2009) and Mattingsdal et al. (2014). While immature at the borehole location (ODP Site 909) in central Fram Strait, higher heat flow (>120 mW/m2; Klitzke et al., 2016) nearby the STF could have increased the maturity level of the organic-rich deposits allowing the expulsion of oil-associated gas in the Molloy region and elsewhere in the region over the past 6 million years until now. Indeed, recent data compilation of oil-source rock correlation for the western Svalbard continental margin indicates an unequivocal correspondence between a Miocene source rock of deltaic/terrestrial origin and oil-associated seeping gas (Mattingsdal et al., 2023). Alternatively, the recovery of organic-rich, early to middle Eocene sediments from the Lomonosov Ridge (Backman et al., 2006), has given rise to speculations that widespread, organic-rich, potential source rocks might be present across the entire Arctic Basin and its adjacent seas (Brinkhuis et al., 2006; Bujak, 2008). These strata are characterised by the widespread occurrence of large quantities of the freshwater fern Azolla deposited during the onset of the middle Eocene (∼50 Ma) (Brinkhuis et al., 2006). Basin modelling indicate that this Eocene source rock is potentially prolific close to the Gakkel Ridge with high geothermal gradients (>100°C) (Mann et al., 2009). Moreover, Blumenberg et al. (2016) suggested that the early to middle Eocene source rock is in the early oil window since the Early Miocene along the northern Barents Sea continental margin. However, the kerogen type III/II derived oil seeps from the western Svalbard margin (Mattingsdal et al., 2023; Panieri et al., 2024) rather point to a deltaic/terrestrial source rock of Middle to Late Miocene age (Knies and Mann, 2002; Gruetzner et al., 2022). The potential presence of an Eocene (Azolla) source rock along the northern flank of the STF and towards the ODP sites is unlikely to be the source of the condensate oil seeping gas at Molloy Ridge due to its kerogen type II/I character of the organic matter (Stein, 2007).
Slow spreading ridges, and in our case along a transform fault, are proposed to have elevated methane generation and release because of serpentinization (Charlou et al., 2010; Johnson et al., 2015). The Molloy Ridge is suggested to be a slow to ultra-slow spreading ridge and therefore serpentinization could have occurred along detachment faults over a period 1–4 million years (Tucholke et al., 1998; Johnson et al., 2015). Serpentinization due to circulation of seawater into mantle level can occur due to the relatively thin sedimentary cover (<5 km) and faults extending down to mantle exist (Kandilarov et al., 2008). The crust is thinning and shallowing in the NE direction towards the Molloy Ridge and STF from the deepest part at Molloy Deep (Czuba et al., 2005) where the flares are located. Serpentinization is suggested to occur in the region below the STF and northeast of it (Czuba et al., 2005). The occurrence of the flares along the boundary of STF suggests focussing of the fluids towards the transform boundary. The serpentinized zone proposed by Czuba et al. (2005) is deep but comparing the location of their seismic line (Figure 1) to STF, it is likely that the serpentinized zone could be shallow in the gas flare areas typical of transform fault boundaries where the transition is abrupt (Dooley and McClay, 1997). The gas flares are located where there is a chance for mixing between fluids seeping from different kinds of sources since the flare location is connected to the deep faults, and the transform fault is infilled by ∼3 km of sediments potentially diverting the upward migrating fluids (Figure 8B). However, the contribution of abiotic methane to the seepage system may not be significant, compared to high concentrations of thermogenic methane evicted from shallower than oceanic crustal level sources (Lizzaralde et al., 2011).
Currently, we cannot tell the ultimate origin for the release of gas in Molloy Ridge -STF region. More geochemical analyses and basin modelling studies are needed to clarify the source and migration pathways of the seeping hydrocarbons. Clearly, if abiogenic methane is present in the free gas bubbles, its proportions are minor and difficult to detect.
CONCLUSION
Gas flares rising from the seafloor into the water column from very close to an active mid-ocean ridge with potentially multiple hydrocarbon sources and source rocks offshore Svalbard is reported. The observations from the multibeam echosounder data indicate that methane is generated along the Spitsbergen Transform Fault immediately north of the slow/ultra-slow spreading Molloy Ridge and released through boundary faults of the deep sediment-filled Spitsbergen Transform Fault depression. This region is outside the gas hydrate stability zone due to high heat flow. No other locations in our data set indicated fluid seepage, including the deepest part of the area, the Molloy Deep, at the intersection of the southern part of the Molloy Ridge and the Molloy Transform Fault. The N-S oriented Molloy Ridge in-between the Spitsbergen and Molloy transform faults constitutes a highly fractured region where crustal faults reaching up to the seafloor can be observed. The high heat flow and the likely presence of Middle to Late Miocene source rocks reported from this area makes thermal cracking as the main mechanism producing oil-associated thermogenic gases most plausible, with a possibility of minor contribution from abiotic crustal/mantle sources.
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