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Highlights

• Acoustic data provided evidence for widespread fluid migration in a shallow marine bay in Co. Cork, Ireland including shallow gas deposits near the seabed.

• Fluid migration has led to the formation of a previously undescribed pockmark field within the bay.

• Ground-truthing confirmed that the fluid was methane which is likely both thermogenic and biogenic in origin, possibly derived from an underlying fault and methanogenesis of pre-glacial lacustrine sediments.

• Geochemical evidence suggests that microbial anaerobic oxidation of methane (AOM) plays a key role in controlling the release of methane to the atmosphere from the bay. 76 2002). In addition, pockmarks have been suggested as possible indicators of seismic activity 77 [START_REF] Hovland | The significance of pockmarks to 677 understanding fluid flow processes and geohazards[END_REF], based on observations of gas venting from pockmarks before and during 78 earthquakes at sites in California [START_REF] Field | Seafloor gas seeps triggered by a northern 645 California earthquake[END_REF] and Greece [START_REF] Hasiotis | A pockmark 668 field in the Patras Gulf (Greece) and its activation during the 14/7/93 seismic 669 event[END_REF]79 Soter, 1999). Large-scale multinational monitoring of pockmarks has been advocated (Hovland 80 et al., 2002).

81

Anaerobic oxidation of methane (AOM) and the microbial consortia involved are 82 important factors in the global methane cycle, and yet they are still poorly understood (Gauthier 83 et al., 2015;[START_REF] Ruff | Methane Seep in Shallow-Water Permeable Sediment 751 Harbors High Diversity of Anaerobic Methanotrophic Communities[END_REF]. Although large amounts of CH 4 are transported from deep 84 reservoirs to shallow sediments, it is estimated that <3% reaches the atmosphere due to the 85 AOM performed by microbial communities [START_REF] Niemann | Diagnostic lipid biomarker and stable carbon isotope 713 signatures of microbial communities mediating the anaerobic oxidation of 714 methane with sulphate[END_REF]. The predominant 86 mechanism of AOM is thought to be a syntrophic process whereby anaerobic methanotrophic 87 archaea (ANME) and sulfate reducing bacteria (SRB) oxidise CH 4 to CO 2 whilst reducing 88 SO 4 2-to H 2 S providing energy for both microbial consortia [START_REF] Boetius | A marine 611 microbial consortium apparently mediating anaerobic oxidation of methane[END_REF]Elvert et al., 89 2003;[START_REF] Reeburgh | Oceanic Methane Biogeochemistry[END_REF][START_REF] Valentine | New perspectives on anaerobic methane 785 oxidation[END_REF]:

90 SO 4 2-+ CH 4 → HCO 3 -+ H 2 S + H 2 O 91
These communities are predominantly found in sediments, however they have also been 92 found in anoxic marine and saline lacustrine water bodies, and in terrestrial mud volcanoes 93 [START_REF] Alain | 597 Microbiological investigation of methane-and hydrocarbon-discharging mud 598 volcanoes in the Carpathian Mountains, Romania[END_REF][START_REF] Joye | 685 Oxidation of ammonia and methane in an alkaline, saline lake[END_REF][START_REF] Wakeham | Archaea mediate anaerobic oxidation of methane in deep euxinic waters 800 of the Black Sea[END_REF]. AOM primarily occurs at what is 94 known as the sulfate methane transition zone (SMTZ), where CH 4 diffusion from deeper 95 sediments and SO 4 2-penetration from seawater provide optimal conditions for AOM 96 communities [START_REF] Knittel | Anaerobic Oxidation of Methane: Progress with an 695 Unknown Process[END_REF].

97

Lipid biomarkers can provide evidence for the role played by archaea and SRB in AOM 98 [START_REF] Caldwell | Anaerobic Oxidation of Methane: Mechanisms, Bioenergetics, and 620 the Ecology of Associated Microorganisms[END_REF]. Phospholipid fatty acids (PLFAs) are fatty acids chemically cleaved 99 from ester linkage to polar head groups and are a useful tool to provide quantitative measures 100 of viable biomass and microbial community composition [START_REF] Ringelberg | Biomass, bioactivity and 742 biodiversity: microbial ecology of the deep subsurface: analysis of ester-linked 743 phospholipid fatty acids[END_REF][START_REF] Zelles | Phospholipid fatty acid profiles in selected members of soil 819 microbial communities[END_REF] 151 acoustic turbidity zones (ATZs) that rise to within several metres of seafloor; although not 152 interpreted by [START_REF] Plets | Late Quaternary evolution and sea-level history of a glaciated marine 731 embayment, Bantry Bay, SW Ireland[END_REF], these appear typical of gas chimneys [START_REF] Dondurur | Acoustic evidence of 631 shallow gas accumulations and active pockmarks in the İzmir Gulf, Aegean sea. 632 Mar[END_REF].

153 Seabed classification maps based on backscatter and particle size analysis (PSA) show 154 that the sediment type is predominantly mud to fine sand with increasing medium to coarse 155 sand towards the mouth of the bay. There are areas of medium to coarse sand, coarse sand to 156 gravel, and rock throughout the bay primarily along the perimeter (INFOMAR, 2011). [START_REF] Plets | Late Quaternary evolution and sea-level history of a glaciated marine 731 embayment, Bantry Bay, SW Ireland[END_REF] that the presence of gas 400 may account for the reflective character of their unit III, penetrated by our cores at ca. 401 2-6 mbsf (Fig. 3), which we instead suggest is due to its laminated lithological 402 character (SI Fig. S1).

403

All gas headspace samples yielded undetectable amounts of C 2 -C 4 404 hydrocarbons, indicating a biogenic source, rather than thermogenic source for gas in 405 Bantry Bay [START_REF] Faber | Geochemical surface exploration for hydrocarbons in 643 North Sea[END_REF][START_REF] Floodgate | The origins of shallow gas[END_REF]. The likely origins of 406 this biogenic gas are microbial decomposition of buried organic matter and 407 methanogenesis [START_REF] Antler | 604 Sulfur and oxygen isotope tracing of sulfate driven anaerobic methane 605 oxidation in estuarine sediments[END_REF]Froelich et al., 1979). River run-off likely delivers 408 a significant amount of OM to the bay. However, the majority of this terrestrially 409 derived OM is likely consumed in the surface sediments as seen from the TOC results 410 obtained from VC24. As such, this OM is probably not a large contributor to CH 4 411 generation within Bantry Bay. Previous work in Bantry Bay encountered black 412 lacustrine sediments at ca. 57 m water depth (ca. 25 mbsf) which were dated to 13-14 413 ka cal. BP within a borehole off Whiddy Island [START_REF] Stillman | The Post Glacial Change in Sea Level in Southwestern Ireland: 765 New Evidence from Fresh-water Deposits on the Floor of Bantry Bay, The 766 scientific proceedings of the Royal Dublin Society[END_REF]. [START_REF] Plets | Late Quaternary evolution and sea-level history of a glaciated marine 731 embayment, Bantry Bay, SW Ireland[END_REF] 414 found that these deposits occurred within Unit 2 of their assigned seismo-stratigraphy 415 profile. They suggested that the material was likely older than the value provided by 416 [START_REF] Stillman | The Post Glacial Change in Sea Level in Southwestern Ireland: 765 New Evidence from Fresh-water Deposits on the Floor of Bantry Bay, The 766 scientific proceedings of the Royal Dublin Society[END_REF] as they were situated below acoustic Unit 4 which was described as a 417 possible glacial till, thereby placing Unit 2 in the position of a pre-Last Glacial 418 Maximum (LGM) deposit. The LGM is defined as 26.5-19 ka BP [START_REF] Clark | The Last Glacial 624 Maximum[END_REF].

419 These sediments likely undergo enhanced anaerobic decomposition and methanogenic 420 activity due to their high organic content which makes them favourable candidates for 421 the source of the gas observed in this area, however this awaits further investigation.

422

The pockmark field north of Whiddy Island is comprised of very shallow 423 depressions of ca. 0.3 m depth. Due to the substantial gas activity observed in these 
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 3 Materials and methods 159 160 The data used in this study were acquired during campaigns undertaken as part of the 161 INFOMAR (Integrated Mapping for the Sustainable Development of Ireland's Marine 162 Resources) programme. Acoustic datasets including multibeam bathymetric and backscatter 163 coverage of all of Bantry Bay were obtained during INFOMAR campaigns from 2004-2007 164 (see Plets et al. 2015), while the sediment cores and sub-bottom profiles used in this study were 165 acquired as part of the GATEWAYS campaign of the Celtic Explorer in February 2014 166 (CE14003
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 1 Figure 1. (A) Map of Bantry Bay and surrounding area, location of Bantry Bay within Ireland

Figure 2 .

 2 Figure 2. (A) Bathymetric map of inner Bantry Bay, vibrocore locations marked with red dots.

Figure 3 .

 3 Figure 3. Sub-bottom profiles taken at the site of VC24 and VC25 vibrocores showing

Figure 4 .

 4 Figure 4. CH 4 (mM) and SO 4 2-(mM) profiles for each core. Green dots represent sub-sampling

  

  

  

Table 2 .

 2 TOC values (%) and Biomarker concentrations (µg gOC -1 ) for each vibrocore taken in Bantry Bay. Total overall concentrations 371 and total concentrations for certain groups of biomarkers are included (indicated by the prefix Σ). Individual concentrations of selected 372 biomarker compounds from within each group are also shown. Depth in mbsf.
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	168 3.1. Acoustic data
	169	Seafloor bathymetric and backscatter data were collected using two Kongsberg Simrad
	170 multibeam systems, an EM1002 (95 kHz) and an EM3002D (200 kHz). The multibeam data
	171 were processed using QTC Multiview software to generate bathymetric terrain models of 2 x
	172 2 m grid size. No multibeam water column data were available for this study.
	173	Sub-bottom profiles were acquired in 2014 using a heave-corrected SES Probe 5000
	174 pinger with a 4x4 transducer array (hull-mounted) and a CODA DA2000 acquisition system.
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