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INTRODUCTION

Major marine research fields in the environment, palaeoclimatology, geological hazard or mineral resources need High Resolution (HR) data to observe short timeperiod phenomena (e.g. [START_REF] Mahieux | Comparison between highresolution seismic and sequence stratigraphic approaches applied to the upper Jurassic deposits of the Dover Strait area (Northern France)[END_REF][START_REF] Berné | The Impact of Quaternary Global Changes on Strata Formation: Exploration of the Shelf Edge in the Northwest Mediterranean Sea[END_REF] or small objects [START_REF] Vardy | Decimetreresolution 3D seismic volume in shallow water: A case study in small-object detection[END_REF] and to understand and quantify sedimentary processes at the metric scale. Conventional seismic surveys carried out for oil exploration purposes may reach 25 m lateral resolution and 6 m vertical resolution. Using a tailored seismic acquisition configuration and appropriate processing, lateral resolution from HR seismic surveys ranges from 4 to 20 m and vertical resolution from 1 to 5 m, whereas Very High Resolution (VHR) surveys aim at decimetre resolution (table 1).

The optimal lateral resolution for a given seismic layout may only be reached using a 3D seismic survey [START_REF] Cartwright | 3D seismic technology: the geological 'Hubble[END_REF]. Reflections from out-of-the-plane, which are considered to be noise in 2D processing, become signal in 3D processing [START_REF] French | Two-dimensional and three-dimensional migration of modelexperiment reflection profiles[END_REF]. 3D migration processing will then ensure optimal resolution by collapsing the radius of the first Fresnel zone [START_REF] Sheriff | Nomogram for Fresnel-zone calculation[END_REF]. The limit of the resulting horizontal resolution is a function of the dominant wavelength, the depth of the reflection point and the survey aperture width [START_REF] Chen | Resolution limits of migrated images[END_REF].

3D imaging has brought unmatched definition of geological structures, thus increasing the quantitative characterisation of sediment properties with the combination of seismic data and in situ measurements. Initiated several decades ago by the oil industry, marine 3D seismic acquisition has today become an acquisition standard.

Following the current trend to achieve higher resolution, the oil industry still makes substantial investments in 3D marine seismic research and development [START_REF] Long | Seismic frequency bandwidth constraints in deepwater survey locations[END_REF][START_REF] Carlson | Increased resolution and penetration from a towed dual-sensor streamer[END_REF][START_REF] Soubaras | Variable-depth streamer -a broadband marine solution[END_REF]. 3D HR acquisition follows the same rules as 3D exploration seismic; however improving the final resolution requires higher resolution sources and more closely spaced receivers. The price for higher resolution is therefore lower penetration and smaller surveyed areas limited to several tens km².

The objective of this contribution is to highlight the recent effort made by the scientific community to develop 3D HR and VHR facilities tailored to their research fields. The first part recalls the fundamentals of the 3D technique as applied to a HR seismic survey and recently developed academic 3D seismic acquisition systems for high-resolution imaging are examined. The second part illustrates the benefits of 3D versus 2D through a HR seismic data set acquired on the Western High in the Marmara Sea as part of an international research effort to assess the seismic hazard in the area. This illustration focuses on structures and stratigraphic features related to the activity of the North Anatolian Fault.

3D HIGH AND VERY HIGH RESOLUTION SEISMIC ACQUISITION

The aim of a 3D acquisition system is to obtain a volume of amplitude response, free from artefacts, with the optimal lateral resolution allowed by the frequency content of the seismic source and by the seismic layout. Valid considerations for any 3D survey should therefore include:

1) adequate spatial sampling to prevent spatial aliasing [START_REF] Sheriff | Encyclopedic dictionary of applied geophysics: Society of Exploration Geophysicists[END_REF], 2) adequate accuracy of the source and receiver positioning consistent with the expected lateral resolution [START_REF] Archer | Spatially and temporally correlated navigation errors: how do they manifest themselves in seismic data?[END_REF], 3) ability to obtain a uniform fold to avoid artefacts generated by an uneven survey footprint [START_REF] Gesbert | From acquisition footprints to true amplitude[END_REF], 4) adequate length of the streamers which should be long enough to enable the determination of seismic velocities (Dix, 1955), 5) homogeneity of the seismic data throughout the survey in terms of signal to noise ratio and frequency content.

Most of these considerations bring critical constraints to HR and VHR 3D surveys. Spatial sampling to prevent aliasing requires close streamer spacing, which in turn makes it difficult to deploy long streamers (Fig. 1). Positioning accuracy becomes paramount in the dynamic marine environment to attain the desired high resolution.

Tidal variations have to be corrected for in HR surveys, while centimetre motion of source and receivers have to be compensated for in VHR applications [START_REF] Wardell | 3D Pre-processing techniques for marine VHR seismic data[END_REF][START_REF] Vardy | Decimetreresolution 3D seismic volume in shallow water: A case study in small-object detection[END_REF]. Changes over time of the water column velocity have also to be monitored [START_REF] Mackay | Water-column changes pose seismic challenges[END_REF]. Source and receivers have to be towed at a shallow water depth to preserve the high frequency content of seismic signal, making HR and VHR 3D surveys highly sensitive to the sea conditions. 3D academic seismic layouts (table 2) range from almost industrial multi-streamer configuration [START_REF] Mutter | Seismic Imaging in Three Dimensions on the East Pacific Rise[END_REF] down to VHR systems of decimetre resolution [START_REF] Gutowski | Three-dimensional high-resolution acoustic imaging of the subseabed[END_REF][START_REF] Vardy | Decimetreresolution 3D seismic volume in shallow water: A case study in small-object detection[END_REF]. The scope of scientific applications is broad: imaging of the crustal mid-ocean ridge [START_REF] Mutter | Seismic Imaging in Three Dimensions on the East Pacific Rise[END_REF], fluid flow through subseabed sediments and gas hydrates [START_REF] Plaza-Faverola | Repeated fluid expulsion through subseabed chimneys offshore Norway in response to glacial cycles[END_REF][START_REF] Perez-Garcia | Linked halokinesis and mud volcanism at the Mercator mud volcano, Gulf of Cadiz[END_REF], active deformation zones [START_REF] Scheidhauer | Development of a system for 3D highresolution seismic reflection profiling on lakes[END_REF][START_REF] Crutchley | Insights into active deformation in the Gulf of Cadiz from new 3D seismic and high-resolution bathymetry data[END_REF], shallow-water engineering [START_REF] Vardy | Decimetreresolution 3D seismic volume in shallow water: A case study in small-object detection[END_REF][START_REF] Vardy | The geological 'Hubble': A reappraisal for shallow water[END_REF], and archaeological studies [START_REF] Plets | The use of a high-resolution 3D Chirp sub-bottom profiler for the reconstruction of the shallow water archaeological site of the Grace Dieu (1439), River Hamble, UK[END_REF][START_REF] Müller | Ultra-high-resolution marine 2D-3D seismic investigation of the Liman Near Surface Geophysics -Marine special issue 20 Tepe/Karantina Island archaeological site (Urla/Turkey)[END_REF]. Whereas most of these systems were developed in the framework of research programs, the P-cable project (University of Tromsø, National Oceanography Centre and IFM GEOMAR; [START_REF] Planke | Ny metode for innsamling av høyoppløselig 3D seismikk[END_REF] has reached an almost industrial level, with numerous significant HR applications [START_REF] Petersen | High-resolution P-Cable 3D seismic imaging of gas chimney structures in gas hydrated sediments of an Artic sediment drift[END_REF][START_REF] Bangs | The mechanics of intermittent methane venting at South Hydrate Ridge inferred from 4D seismic surveying[END_REF][START_REF] Crutchley | Insights into active deformation in the Gulf of Cadiz from new 3D seismic and high-resolution bathymetry data[END_REF][START_REF] Perez-Garcia | Linked halokinesis and mud volcanism at the Mercator mud volcano, Gulf of Cadiz[END_REF][START_REF] Plaza-Faverola | Repeated fluid expulsion through subseabed chimneys offshore Norway in response to glacial cycles[END_REF].

Since 1997, the French Marine Research Institute (Ifremer) has been involved in marine 3D VHR seismic imaging to study the fine-scale geometry of recent deposits [START_REF] Marsset | Very High Resolution marine 3D seismic method for detailed site investigation[END_REF][START_REF] Marsset | Very High Resolution 3D seismic: a new imaging tool for sub-bottom profiling[END_REF][START_REF] Marsset | Analysis of Holocene sedimentary features on the Adriatic shelf from 3D very high-resolution seismic data (Triad survey)[END_REF]. A 3D HR system was later developed to carry out larger scale surveys [START_REF] Thomas | High Resolution marine 3D seismic: A new surveying tool for the Scientific Community[END_REF][START_REF] Meunier | New tools for Ocean Survey: The Challenge of High Resolution[END_REF].

Recent applications have included environmental studies, geological hazards [START_REF] Nouzé | First results of a geophysical survey on the northern flank of the Storegga slides (Norway)[END_REF], sedimentary processes and fluid flows [START_REF] Hustoft | High-resolution 3D-seismic data indicate focused fluid migration pathways above polygonal fault systems of the mid-Norwegian margin[END_REF]. Target sizes are several tens of km² with theoretical resolution limits of 12 m horizontally and 3.5 m vertically (table 2). The following 3DHR seismic example, acquired in the Sea of Marmara, is presented to illustrate and to evaluate the advantages of 3D HR versus 2D HR seismic to study tectonic features and fluid flow in the vicinity of the active North Anatolian Fault.

3D HR MARMARA SURVEY

Geological Context

The North Anatolian Fault (NAF) is the major plate boundary between Anatolia and Eurasia [START_REF] Şengör | Strike-slip faulting and related basin formation in zones of tectonic escape: Turkey as a case study[END_REF][START_REF] Armijo | Westward propagation of the North Anatolian fault into the northern Aegean: Timing and kinematics[END_REF][START_REF] Pichon | The active Main Marmara Fault[END_REF]. The northernmost branch of the NAF runs through the Sea of Marmara [START_REF] Parke | Active faults in the Sea of Marmara, western Turkey, imaged by seismic reflection profiles[END_REF][START_REF] Grall | Heat flow in the sea of Marmara Central Basin: Possible implications for the tectonic evolution of the North Anatolian fault[END_REF] where basins and highs are associated with the present-day fault network (Fig. 2). The Mw 7.4 İzmit earthquake devastated part of north-western Turkey in 1999 [START_REF] Barka | The 17 August 1999 İzmit earthquake[END_REF], and raised great concern about the probability of another earthquake in the Istanbul region populated by more than 12 million inhabitants. As a result, extensive research efforts have been made to improve the understanding of the seismo-tectonics in this region, including several scientific cruises since 2000 [START_REF] Henry | the Marnaut Scientific Party[END_REF][START_REF] Laigle | A First deep seismic survey in the Sea of Marmara: Deep basins and whole crust architecture and evolution[END_REF][START_REF] Shillington | Gas, slumps and faulting in the Marmara Sea: new results from TAMAM highresolution seismic reflection data[END_REF].

The occurrence of gas hydrates and the composition of the fluids actively being emitted on the Western High, (Fig. 2) opened new perspectives on the processes that are active close to the NAF [START_REF] Géli | Gas emissions and active tectonics within the submerged section of the North Anatolian Fault zone in the Sea of Marmara[END_REF][START_REF] Bourry | Free gas and gas hydrates from the Sea of Marmara, Turkey: Chemical and structural characterization[END_REF][START_REF] Zitter | Cold seeps along the main Marmara Fault in the Sea of Marmara (Turkey)[END_REF][START_REF] Tryon | Pore fluid chemistry of the North Anatolian Fault Zone in the Sea of Marmara: A diversity of sources and processes[END_REF]. This feature was therefore selected for the deployment of a 3D high-resolution seismic survey to investigate the sub-seabed distribution of fluid conduits and the stratigraphic / structural framework. The location of the 3D survey was defined according to the results of the previous 2D HR survey carried out in this area as part of the Turkish-American Marmara Multichannel research project [START_REF] Shillington | Gas, slumps and faulting in the Marmara Sea: new results from TAMAM highresolution seismic reflection data[END_REF].

Methodology

The 3DHR seismic source consists of small volume air guns (mini-GI gun, 110 Hz dominant frequency) able to produce a repetitive signal but with the reduction of the bubble oscillations common in traditional air guns. Two source arrays, 12.5 m apart, are fired alternately in order to halve the cross-line sampling interval for a given number of streamers (Fig. 3; table 2, HR3D system). Two streamers are deployed 25 m apart using two eight-meter long rigid bars fixed to the vessel's frame. Each streamer hosts 48 channels, with a 6.25 m group interval. This seismic layout prevents spatial aliasing of dipping events up to 40° in the in-line direction and 20° in the cross-line direction (Fig. 1).

Positioning of sources and receivers is determined using the DGPS position and gyrocompass of the vessel, and magnetic compasses from 3 depth controllers along each streamer. Given the accuracy of these sensors and the short length of the streamers (400 meters), receiver positions are calculated within an accuracy of 2 m at the head of the streamers, to 4 m at the tail. Source positions are measured to an accuracy of 1 metre. This precision in positioning is consistent with the expected resolution; positioning accuracy falls between /4 and /3 (where  is the dominant wavelength) which is acceptable to preserve the main frequency content of the seismic data. A major drawback is that this approach does not allow operating longer streamers, as accuracy will become poorer.

To obtain a uniform fold (around 20) using a bin size of 6.25 x 6.25 m, acquisition lines are sailed 25 m apart (Fig. 3). Data editing and updating of the fold map are performed at the end of each line to assess the homogeneity of the data and to adjust the acquisition program to acquire additional in-fill lines to cover gaps in the fold map.

Data set and processing

The 3D HR survey of the MARMESONET cruise covered an area of 3 x 11 km² and was centred on and parallel to the main North Anatolian Fault where it cuts the Western High (Fig. 2). The water depth ranges from 500 m near the top of the Western High to 800 m in the NAF axial valley (Fig. 2). The east-west orientation of seismic lines was dictated by the presence of the maritime corridor linking the Dardanelle to the Bosphorus straits. The 3D HR survey was completed in 9 days of acquisition. It is worth noting that a surface current led to a slight drift of the streamers relative to the track (< 5°) and thus to an overlap of the CMP lines for track lines 25 m apart. As a result of this streamer drift, very few in-fill lines were required to fill fold gaps. A total of 135 lines were recorded (20 million traces), including 5 re-shoot lines, and 7 in-fill lines.

Prior to processing, the seismic data were edited for frequency content and signal-to-noise ratio. The immersion of the streamers was monitored using the data from the depth controllers but also from the position of the notch frequency in the seismic signal. This screening identified faulty seismic traces, and 1.6 % of the total number of traces were thus rejected for various reasons, such as: out-of-range streamer immersion, electronic failure, high noise from nearby ships, bad sea conditions, or source breakdown.

The shot gathers were then processed, including corrections for source delay variations and band-pass filtering (20-250 Hz). After positioning processing and binning using the real positions of sources and receivers, constant water velocity Normal Move Out was applied followed by 3D stacking and a two-pass constant velocity Stolt migration (Fig. 4).

The imaging processing requires the knowledge of the velocity distribution within the sediments to better focus the seismic data. As source-receiver offsets of the 3D seismic layout are too short with respect to the water depth, attempts to constrain the velocity field using 2D long offset HR seismic data were carried out. This was achieved by acquiring 2D HR seismic data during the PirMarmara cruise of the Turkish R/V K. Piri Reis (DEU, Izmir, 2010) using a 1500 m long streamer and a 6.25 metres receiver group interval. This 2D data set allowed the velocity of the upper sedimentary cover to be assessed with a relatively low mean interval velocity of 1650 m/s. A threelayer velocity model, 1515 m/s for the water column, 1650 m/s for the upper sedimentary cover, and a constant gradient of 500 m/s increasing for the underlying sediments was then employed to perform 3D stacking prior to constant velocity twopass Stolt migration (Fig. 4).

Results and discussion

Resolution

The sea-bottom 3D seismic amplitude map demonstrates the ability of 3D data to properly focus the seismic signals both in shape and in amplitude. The chaotic stack amplitude data (Fig. 5A), related to diffractions, are not properly focused in 2D (2D inline migration, Fig. 5B). Two-pass 2D migration collapses properly the diffractions on the sea-bottom, as emphasised by the seismic amplitude map (Fig. 5C) and the seismic bathymetry (Fig. 5D).

Comparisons between micro-bathymetry acquired with an AUV and the seismic bathymetry provided the opportunity to evaluate the resolution of the seismic data. The AUV was operated at an altitude over the seafloor of 70 meters; its 200 kHz multibeam provides a lateral resolution of 2 meters and a depth resolution of one centimeter:

-

The first area of comparison presents small circular depressions from the AUV map (Fig. 6A; see Fig. 5D for location) that are not visible on the seismic bathymetry (Fig. 6B). These structures have a diameter of around 25 meters; their maximal depressions range between 25 to 50 centimeters. The depth sampling of the seismic survey around 0.4 m (for time sampling of 0.5 ms and velocity of 1515 m/s) does not allow these depressions to be imaged.
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The second area of comparison was selected on the mounds closed to the NAF (see Fig. 5D for location). Most of the structures shown by the AUV bathymetry (Fig. 6C) are well imaged by the 3D seismic HR data (Fig. 6D). Structures on the crest of the mounds, as close as 25 meters and with only 1 meter of local variation in depth, are distinguished well in both data sets. Consequently, the lateral resolution of the 3D HR seismic is shown to be between the 12 m theoretical resolution limit and the 25 m resolution obtained for these features.

Seismic sections

The results of 2D migration of a stacked section shows that 2D seismic data do not allow proper imaging in comparison with the results of 3D migration (Stolt two-pass 2D migration) of the same section (Fig. 7). Out-of-plane reflections that cannot be focused are obvious after 2D processing, whereas the 3D migration shows faults, amplitude anomalies, and stratigraphy in great detail.

The depth penetration of the HR seismic data from the Western High is limited by strong impedance contrasts, strong deformation and steeply dipping horizons. The resulting penetration is strongly variable: from no penetration on the NW outcrop down to 600 ms TWT in the SW corner of the survey, and primarily depends on the thickness of the gently deformed upper sedimentary cover and on the degree of deformation of the deeper sediments (Fig. 8).

The imaging of the deeper structures with relatively high dips could be improved by using more advanced imaging methods such as 3D DMO correction, 3D finite difference migration or 3D Kirchhoff pre-stack migration. However, this requires a wellconstrained 3D velocity model, and despite the good quality of the 2D long offset data set, reliable seismic velocities in the deeper structures could not be obtained, due to strong out-of-plane reflected and diffracted acoustic energy. This limitation in imaging complex 3D structures with velocity variation is common to any 3D seismic layout operating with too short an offset with respect to the target depth.

The illustrations from the Marmara data set are, therefore, limited to the upper sedimentary sequence where 3D HR imaging is of excellent quality.

Geological insights

The sea-bottom amplitude is relatively uniform except on the northern side of the NAF where two localised areas of high amplitude are associated with the outcrops of consolidated material, which are also well expressed as positive features in the seismic bathymetry (Fig. 5C-5D). The structure on the NW border of the survey is related to folds that bring to the surface consolidated sedimentary sequences older than those covering most of surveyed area. The second high amplitude area is located close to the NAF (Fig. 5C, in the middle of the survey). It is related to the presence of authigenic carbonate deposits and gas hydrates reported at this site by [START_REF] Tryon | Pore fluid chemistry of the North Anatolian Fault Zone in the Sea of Marmara: A diversity of sources and processes[END_REF]. The seismic bathymetry also highlights the different networks of faults on the Western High along the NAF (Fig. 5D).

Most of the upper coherent sedimentary sequence north of the NAF, which reaches up to 400 ms TWT thickness shows thinning, on-lapping and, locally, erosive unconformities (Figs. 7B and8). South of the NAF, the coherent sequence of sedimentary layers is less than 150 ms TWT thick, where it lies above the crest of an anticline that runs parallel to the NAF (Fig. 5D), but thickens southwards (Fig. 8). This, together with the onlapping nature of many of the layers, indicates syntectonic deposition on the flanks of this growing anticline.

Evidence of submarine slides is widespread, with numerous episodes of slide occurrence. The broken strata at the top of a submarine slide are depicted clearly in the 3D processed image of Figure 7B. The anticline south of the NAF, also exhibits abundant evidence of sliding from both its flanks, some recent and some buried under a thin cover of sediment.

The strong shallow reflector H1, which is prominent across nearly all of the 3D survey, has a high amplitude and negative polarity (opposite to that of the seabed), which varies little in relation to the reflector's position or dip (Figs. 7B and8). This is likely due to a layer of a different lithology and high porosity resulting in lower acoustic impedance than the overlying sedimentary strata. Although this negative polarity may also be locally enhanced by the presence of gas, the uniformity of the phase and of the amplitude of the reflector, and its correlation with the detachment surfaces of the slides (Fig. 7B) support an interpretation of a layer of high porosity supported by overpressure as the cause of the negative polarity reflector.

Normal faults with a NW-SE strike pervade the eastern part of the 3D box (Fig. 5D). Examples of these normal faults are presented in Figures 8 and9. Many of the faults outcrop at the seabed, where they can be followed in the bathymetry (Fig. 5D).

More than half of the faults have their upper termination at or beneath reflector H1. The faults sole out in horizons between 150 and 200 ms beneath the seabed (Fig. 8).

It has been established from previous observations and measurements at the seabed that water and gas are being expelled into the Sea along the main Marmara fault zone [START_REF] Zitter | Cold seeps along the main Marmara Fault in the Sea of Marmara (Turkey)[END_REF]. The 3D HR seismic volume provides evidence of past fluid movement and present occurrence of gas beneath the seabed. Gas is widespread in the area and can be recognised from its effect on reflectors, locally increasing amplitude of negative polarity where the gas occupies traps, typically in small anticlines (Fig. 8). Although the observation is not obvious on seismic sections, local reflection brightening caused by gas can be seen on seismic amplitude maps along horizons extracted from the 3D volume. Horizon H2 (75 to 100 ms bsf, Fig. 8), which otherwise has a relatively weak amplitude, displays strong brightening caused by gas distributed along the NW-SE trends of the faults, as well as by gas occupying the crests of anticlines (Figs. 8 and 10).

CONCLUSIONS

Technological advances over recent years have allowed the development of efficient 3D marine seismic systems dedicated to High and Very High Resolution seismic surveys. The quality of the achieved 3D seismic imaging allows fine-scale stratigraphic and tectonic features to be recognised and analysed. This is crucial to assess complex interplaying of geological processes at high temporal resolution.

The seismic survey carried out in the Marmara Sea in 2009 illustrates the benefit of 3DHR seismic imaging of a complex geological structures, such as the Western High, cut by the North Anatolian Fault. One of the topics arising from more than ten years of intensive surveys in the area has been the temporal and spatial connection between fluid and seismic activity, especially in terms of earthquake monitoring. The preliminary analysis of the 3DHR data set has showed that understanding of the area derived from 2D seismic sections was badly constrained and often misleading, because of the poor imaging of three dimensional structures. The 3DHR survey, however, allowed the following features to be identified in the upper sedimentary sequence:

-the interplay between tectonic processes and stratigraphy, such as syntectonic deposition of sedimentary units and widespread submarine sliding caused by differential tectonic uplift of the seabed;

-the widespread occurrence of gas, trapped in the crests of anticlines and adjacent to faults through which gas is migrating and following pathways to the seabed through permeable strata and faults.

Further interpretation of this data set, in progress, will provide keys to unravel the sequence of tectonic events that brought about the existence of the NAF in its present situation and to understand the processes involved in the deformation associated with the activity of the NAF. Understanding observations of fluid expulsion from the seabed in relation to the deformational processes will be used to evaluate the potential of monitoring fluid movement in the assessment of seismic hazard in the Sea of Marmara. Definition of the seismic resolution ranges as stated in the article; theoretical lateral resolution limit is given as the main wavelength of the seismic signal () and theoretical vertical resolution limit as the quarter of . et al., 1999;[START_REF] Grall | Heat flow in the sea of Marmara Central Basin: Possible implications for the tectonic evolution of the North Anatolian fault[END_REF]. TB: Tekirdağ Basin, WH:

TABLES

Western High, CeB: Central Basin, CH: Central High, CiB: Çınarcık Basin. Bathymetry on the Western High: location of the 3D survey (blue box 3x11 km²); white dashed line:

the main dextral Marmara Fault track on the seabed; red star: site location where gas hydrates were found [START_REF] Bourry | Free gas and gas hydrates from the Sea of Marmara, Turkey: Chemical and structural characterization[END_REF]. The high amplitude black horizon is the H1 horizon (negative polarity).

FIGURE 10. Seismic amplitude along the horizon H2 south of the NAF (for location see Fig. 5D). The amplitude varies greatly in response to the presence or absence of gas,

showing brightening of 15 dB or more where gas is present: in the crests of anticlines and where H2 is cut by faults (Fig. 8); black dashed line: the main Marmara Fault track on the seabed.
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Table 1 . Seismic resolution

 1 

	Resolution	Dominant frequency range	Lateral resolution	Vertical resolution
	"Exploration"	3075 Hz	> 20 m	> 5 m
	High Resolution	80375 Hz	19 -4 m	4.5 -1 m
	Very High Resolution	> 375 Hz	< 4 m	< 1 m

Table 2 . 3D academic marine acquisition devices and their main characteristics

 2 

	Device	Source	Receiver	Resolution	Target
	3D CHIRP				
	(NOC)				
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