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1. Introduction

1.1 Study aims and general introduction

The aim of this report is to present an up-to-date overview of all relevant data concerning
methane-derived authigenic carbonate and features associated with shallow gas and
seabed fluid flow in the Irish sector of the western Irish Sea (Fig. 1.1). It presents a
detailed assessment of potential gas sources and migration pathways, shallow gas, gas-
related seabed structures and evidence of present day gas seepage in the study area. In
doing so, this report mainly analyses datasets held by the Petroleum Affairs Division
(PAD) of the Irish Department of Communications, Marine and Natural Resources. It

also makes use of some previously published data.

Using a GIS-based data integration approach this study produces a number of thematic

and interpretative maps, including maps showing the:

e distribution of potential methane source rocks;

e distribution of sediment types;

e distribution of potential gas migration pathways;
e distribution of sub-surface gas accumulations;

e distribution of evidence for gas seepage

In addition, this report presents a comprehensive overview of all relevant data held by the
PAD for the western Irish Sea collected from 1965 to present, illustrated in a number of

maps and summarised in tables.

A number of data examples are also presented to visually illustrate gas-related seabed
structures, sub-seabed gas accumulations and migration pathways. The latter includes

images collected by seismic, acoustic and video surveying techniques.

The study area dealt with in this report is referred to below as the IRL-SEA6 area and
includes all of the Irish Sea that falls within Irish Jurisdiction. The report is intended to

complement a similar study of UK waters in the Irish Sea being undertaken as part of the
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UK Government’s Strategic Environmental Assessment (SEA6) (Judd, 2005). The
primary purpose of these studies is to evaluate the distribution and extent of methane-
derived authigenic carbonate (‘submarine structures formed by leaking gas’) which has
been identified by the European Commission’s ‘Habitats Directive’ (Directive

92/43/EEC; see European Commission, 1997) as a habitat worthy of protection.

7" L3 5" & 3 2

IRL-SEAB

T L 5 & r 2

Figure 1.1: Location map of SEA6 and IRL-SEAG6 areas.
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1.2 Seabed and sub-seabed evidence for shallow gas

This section presents a concise overview of state-of-the-art knowledge related to the
subject of shallow gas in marine sediments. This is performed in order to introduce the
reader to the main subject of this report, and therefore provide a foundation for a

comprehensive understanding of the following chapters.

1.2.1 Definition and types of shallow gas

Existing literature predominantly defines shallow gas as gas that is present within shallow
marine sedimentary sequences down to 1000m below seabed (e.g. Davis, 1992). Using
various surveying techniques it is possible to identify sub-seabed gas accumulations, gas

escape structures and active seeps.

Shallow gas in offshore settings is dominated by methane (CH4) that is mainly of
microbial or thermogenic origin (Floodgate & Judd, 1992). The gas is produced via
recycling of organic material by microbial degradation in the case of microbial methane
(sometimes referred to as biogenic gas), or under the influence of temperature and
pressure at depth (thermal degradation) in the case of thermogenic methane. Thus, in the
case of microbial gas, gas is produced within the shallow sedimentary sequence, whilst in
the case of thermogenic gas, the gas is delivered to the shallow sediments from deeper
sources via migration pathways (usually following faults or unconformities) or diffusion.
Microbial production of methane can take place down to a few hundred meters below
seafloor, although more commonly it occurs within a few meters of the seabed.
Thermogenic methane-generating processes normally occur at depths greater than 1000m
below the seafloor. The distinction between microbial and thermogenic methane can be
performed on the basis of the following parameters (Schoell, 1980; Faber & Stahl, 1984;
Floodgate & Judd, 1992; Whiticar, 1999):

a) Methane to higher hydrocarbons ratio expressed by the formula:

Cor =[1-(C1/2C125)] x 1005

=50
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where C,; is the ratio of methane (C;) to higher hydrocarbon gases (C;.s ethane,

propane, butane, pentane);

for microbial gas C,:+ < 0.05%, for dry gas (thermogenic) C,: < 5%, and for wet gas
(thermogenic) Cyy > 5%.

b) Carbon stable isotope ratio:

for thermogenic methane 8'°C (PDB') is between —60 and —20%o;
for microbial methane 5'°C (PDB) is between —60 and —80%o.

However, during migration thermogenic gas may be subjected to microbial activity,
affecting the isotopic signature, which progressively becomes closer to that of a
microbial methane; the signature of the true origin thus might be unclear. Also, in
some cases, methane in marine sediments might be of a mixed microbial-thermogenic

origin.
¢) Hydrogen stable isotope ratio:

hydrogen isotope abundances (8D?) are indicative of maturity and origin. Carbon and
hydrogen isotope ratios together show distinctions between methane origins

(thermogenic and microbial).

Moreover, deep seabed structures underlying the gas escape features (observed on
seismic data) might aid the interpretation of the origin of the shallow gas. For instance, if
seepage occurs in an area of seabed underlain by potential source rocks and contains
pathways suitable for gas migration (e.g. faults), then at a given location gas with
microbial gas signatures may more likely to be of thermogenic origin. However, the
unambiguous definition of the origin of shallow gas in reality is normally complicated

due to the mixture of gases of different origins.

! PDB: relative to the Pee Dee Belemnite, a recognised international standard.
% Quoted as %o relative to the SMOW (Standard Mean Ocean Water) standard.

-6
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1.2.2 Shallow gas accumulation and its evidence

The subsurface accumulation of shallow gas may only occur if the seabed or one of the
sub-seabed sedimentary layers is relatively impermeable. Otherwise, gas will constantly
flow through the seabed into the water column and probably never reach concentrations

sufficient to form noticeable gas accumulations.

Over the years, geophysical exploration has established that sub-surface accumulations of
shallow gas may be identified via distinctive signatures observed on seismic data. This is
due to the fact that even a small quantity of gas bubbles within marine sediments (~0.1%
of sediment volume) can influence the speed of sound, reducing it by as much as one
third in comparison to the speed of sound in gas-free sediments (Schubel, 1974). Typical
evidence for shallow gas accumulations, reviewed by Judd & Hovland (1992), is

summarised below:

1) Acoustic turbidity. This signature appears on seismic profiles as areas of chaotic
reflection and sound absorption. Areas of acoustic turbidity might be of regional or
localised extent, and appear correspondingly as extensive areas or localised plumes (e.g.
Taylor, 1992; Yuan et al., 1992). The required minimum gas content within marine
sediments for acoustic turbidity to occur can be as little as 1% (Fannin, 1980; Jones et
al., 1986). The boundary between the area affected by acoustic turbidity and the
surrounding or overlying unaffected area is known as the ‘gas front’. It was suggested by
Judd & Hovland (1992) that this signature is most likely to occur when shallow gas is
finely dispersed within impermeable clay-rich sediments. This supposition is supported

in this study (see Ch. 5).

2) Acoustic blanking. This signature appears on seismic profiles as areas of weak or
absent sub-surface reflection. It is thought to be caused by the disruption of sedimentary
layers by migrating pore fluids, or by absorption of acoustic energy by overlying gas-

charged sediments.

3) Enhanced reflections. This signature occurs in the form of strong reflections, and in

places is documented extending laterally from zones of acoustic turbidity. It has been
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suggested by Judd & Hovland (1992) that this signature might reflect the situation when

shallow gas occurs in the form of accumulations within porous silt-sand sediment.

4) Bright spots. Often seen on industry seismic profiles, bright spots are strong (high
amplitude) reflections, which indicate the marked change in acoustic impedance that
occurs at the top of shallow gas accumulations; they are comparable to enhanced
reflections. Current interpretation practice involves specialised processing of digital data
in order to identify additional attributes (phase reversal, flat spots, signal starvation etc.),

which are commonly associated with shallow gas.

5) Columnar disturbances or gas chimneys. This signature occurs in the form of
vertically extended disturbances of sub-bottom reflectors that are thought to occur due to
vertical migration of gas or other fluids, usually referred to herein as gas plumes. This
seismic feature is frequently coincident with seabed doming or mounded relief caused by

sub-surface gas pressure or may underlie pockmarks.

1.2.3 Gas-related seabed structures

This section presents a brief overview of seabed structures that can be formed due to the
presence and migration of shallow gas in marine sediments. A proper understanding of
such structures and the mechanisms of their formation is of particular relevance to this
study. The type and size of gas escape structures is normally a function of sub-seabed
pressure created by gas accumulation and the lithological properties of the sediments that
comprise both seabed and sub-bottom layers. Moreover, the seabed expression of the
majority of gas escape structures is highly influenced by regional and local hydrodynamic
conditions and by the rate of sediment supply. For example, erosion by benthic currents
or active sediment transport, for instance in the form of migratory waves, might remove
or overwhelm the original surface morphology of the gas escape structures. The most
typical gas escape structures that can be identified on remotely sensed datasets such as
seismic profiles and side-scan sonar imagery include the following: seabed doming, mud
diapirs, seep mounds, pockmarks and trenches, and abnormal sand waves. Underwater
video surveying techniques may also identify features associated with gas seepage such
as methane-derived authigenic carbonates (MDAC) and bacterial mats (see Ch. 1.2.4).

The coexistence of the latter with gas escape structures (e.g. pockmarks, mounds)

-8
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provides strong evidence that gas seepage might have occurred in the past or is ongoing
at present. Most of the above-named gas escape structures have been documented
worldwide (e.g. Hovland & Judd, 1988; Hovland, 1992; Premchitt et al., 1992; Soderberg
& Floden, 1992; Judd, 2001; Garcia-Gil et al., 2002) and, as is shown by the present

study, also occur extensively in the western Irish Sea region.

Interpretation of the above-named seabed structures as evidence of gas escape based
solely on their presence in the remotely sensed data can be ambiguous. Therefore, in the
existing literature they are referred to as “indirect evidence” of gas escape (Judd &
Hovland, 1992). However, when interpreted in conjunction with sub-bottom evidence of
gas accumulations (see Ch. 1.2.2) and supported by the knowledge of the underlying
solid geology as well as by direct observations (e.g. with an ROV) they become a
powerful tool in mapping past and present processes related to the migration and escape

of shallow gas.

The seabed structures that can be potentially formed by gas escape are described in more

detail below.

Pockmarks. Pockmarks are circular or sub-circular seabed depressions that are formed
due to the removal of seabed sediments by escaping fluid. Hovland and Judd (1988)
proposed a conceptual model for pockmark formation, identifying three main stages:
1) the formation of a seabed dome due to excessive fluid pressure underneath the
seabed;
2) discharge of fluid in a single event, lifting the sediment into the water column,
winnowing fines and leaving lag deposits;
3) continuation of pockmark formation due to continuously or periodically occurring

fluid seepage.

The imperative requirement for pockmark formation is a suitable lithological composition
of the seabed sediments. Pockmarks can only be formed if the seabed is composed of
fine-grained (clay/silt) sediments. They may vary in diameter from a few meters to
hundreds of meters, and in depth from tens of centimetres to 20m or even more. In most

cases the escaping fluid responsible for the pockmark formation is gas (e.g. in the North
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Sea: Judd, 2001), but pore water may also be responsible (e.g. Eckernforde Bay,
Germany: Whiticar, 2002; the northern Rockall Trough: Masson et al., 2003). Pockmarks
occur in various settings from shallow continental shelves to the deep oceans. The seabed
expression of pockmarks may vary depending on hydrodynamic activity and sediment
supply. Normally, pockmarks will not be preserved if seabed erosion occurs. In the event
of high sedimentation rates, pockmarks could become covered with sediment, thus buried

pockmarks are not uncommon.

Pockmarks have been the subject of numerous scientific reports and publications (e.g.
Dando et al., 1991; Hovland, 1992; Dando, 2001; Judd, 2001; Hovland, 2002; Whiticar,
2002; Hovland et al., 2003; Masson et al., 2003 etc.). The most comprehensive overview

of pockmarks to date was presented by Hovland and Judd (1988).

Trenches. Trenches are seabed depressions that are relatively narrow in relation to their
length and in most cases possess a rough seabed morphology of an erosional nature. It is
believed that some of these trenches might be formed due to large-scale linear gas
venting through the seabed (e.g. Croker, 1994; Boe et al., 1998), with the formation
mechanism being rather similar to pockmark formation. A possible example of the early
stages of this process is shown in Fig. 1.2. However, submarine trenches may be formed
by various mechanisms e.g. erosional hydrodynamic activity without the assistance of

shallow gas-related sediment destabilisation. Supporting evidence for the role of gas is

therefore required.

Figure 1.2: Azimuth map of the
seafloor reflector from 3D
seismic data showing the
presence of pockmarks on the
seabed, often aligned along fault
lines (Nigerian continental
slope). The pockmarks are
probably caused by gas escape
through the faults. Courtesy of
Statoil (reproduced in TNOT]
NITG-INFORMATION,
December 2004, p.3).
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Seabed domes. Seabed doming can be associated with accumulations of shallow gas.
These features are mainly documented on seismic profiles where seabed sediments are
underlain by gas plumes. Seabed domes are generally characterised by a low profile (11
2m high) and relatively large lateral extent (from tens to hundreds of meters). One of the
theories suggests that doming could occur due to the replacement of water in the pore
spaces within the upper sediment layer with gas thus causing an increase in the sediment
volume (Judd & Hovland, 1992). It is also plausible to assume that seabed doming might
be the initial stage of pockmark formation (Hovland & Judd, 1988). The formation of
seabed domes mainly occurs where the seabed is capped with fine-grained relatively

impermeable sediments.

Mud volcanoes and mud diapirs. Mud diapirs occur when the gas charged layer of clay
or mud rises through other sedimentary layers due to buoyancy effects. These structures
are found worldwide within areas with defined hydrocarbon potential (e.g. Hovland &
Curzi, 1989; Hovland, 1990) and may vary in size from a few meters to hundreds of
meters across. Depending on the depth of the gas accumulation that triggers diapir
formation and the depth of the clay horizon in relation to the seabed, diapirs can have a
morphological expression on the seabed or may only exist as a sub-surface (buried)

feature.

Seep Mounds. Seep mounds are mound-shaped bedforms generated by fluid seepage and
sand ejection. In cases where the seeping fluid is pore water, the seep mound will possess
the form of a sand volcano and will be composed of loose sand (e.g. Masson et al., 2003).
If the seeping fluid is methane then cementation of sand grains may occur due to the
formation of MDAC (methane-derived authigenic carbonates) (e.g. Dando et al., 1994b;
Croker, 1997a), typically leading to slab formation within the mound.

Giant (Abnormal) Sand waves. Believed to be associated with gas seepage, Hovland
(1993) suggested that the abnormal size of these bedforms could be explained by the
assumption that gas seepage influenced the deposition of mobile sand grains in preferred
locations which thus led to the development of their characteristic abnormal dimensions
and being less mobile than the surrounding sand waves. However, the interpretation of

such bedforms in terms of shallow gas seepage can be ambiguous if it is not supported
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with other evidence that documents sub-seabed shallow gas accumulations or gas seepage

in the water column.

1.2.4 Identification of gas seepage

The identification of gas seepage may be conducted via direct or indirect methods. The
direct methods include visual observations of potential seep localities with underwater
video or still cameras deployed on ROVs, manned submersibles, deep-towed video
systems or moorings (that may document gas bubbles escaping through the seabed) and
near seabed measurements with methane-sensing equipment. Only such methods can
confirm contemporary seep activity. Additionally, remotely sensed mapping techniques
using echosounder or side-scan sonar equipment might indicate active seepage by
documenting seepage plumes in the water column rising from apparent gas escape
structures (e.g. pockmarks, mounds), and therefore may also be referred to as direct
evidence. These plumes may rise vertically or be inclined depending on the local
hydrodynamic conditions. However, as seepage may not be continuous but sporadic,

direct evidence may not be obtained during once-off surveys as is often the case.

However, even if the seepage is not directly confirmed, indirect evidence indicating
sporadic or recent seep activity might be present, for example methane-derived
authigenic carbonates (MDAC), bacterial mats and typical seep-related biological

assemblages.

The possibility of identifying gas seepage using direct methods depends on whether the
seepage occurs in macro (large enough to be visible) or micro (micro-bubbles or
dissolved gas) form (Judd & Hovland, 1992). A clear distinction between active seeps
and those that were active in the past is only possible based on the combined

interpretation of evidence derived from direct and indirect methods.

The presence of gas-related seabed structures (Ch. 1.2.3 above) may indicate that gas
seepage has taken place at a given location, but does not necessarily imply that the
seepage is ongoing at present. The same caveat relates to the presence of seep-associated
bio-communities. This is due to the fact that gas escape might have occurred in the past

but its consequences are still apparent.
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The following are important indicators of gas seepage:

Methane-derived Authigenic Carbonate (MDAC). MDAC is a carbonate precipitate
generally composed of high-magnesium calcite or aragonite (CaCO; to CaMg(COs),)
(e.g. Jorgensen, 1992; Judd, 2001). This precipitation is linked to the anaerobic oxidation
of methane as shown by Boetius et al. (2000):

CH4 + SO4 — HCO; + HS + H,O

The precipitation of carbonate causes cementation of seabed sediments so that MDAC
normally results in the formation of carbonate blocks, chimneys, crusts or slabs, and is in
some instances draped with a thin sediment layer. It can be detected by characteristic
high backscatter on the side-scan sonar records. However, reliable identification is only

possible in combination with video ground-truthing or seabed sampling.

The occurrence of MDAC can be used as evidence of gas seepage, but again does not

necessarily imply that the seepage is ongoing.

Bacterial mats. Bacterial mats of the sulphide-oxidising bacterium Beggiatoa, Thiothrix
and Thioploca sp. may occur as white patches on the seabed at active seep sites (e.g.
Brooks et al., 1979; Spies & Davis, 1979; Grant et al., 1986; Hovland & Thomsen, 1989;
Dando & Hovland, 1992; Judd, 2001). Bacterial mats can only be detected using video

surveying techniques or via seabed sampling with grabs or box cores.

Seep-specialist fauna. The physical and chemical changes in the benthic environment
arising from gas seepage have an impact on fauna and flora in the vicinity of the seeps
(e.g. Dando & Hovland, 1992). Seep-specialist fauna may be represented by bivalves
with endosymbiotic sulphide-oxidising bacteria (e.g. Thyasira sarsi — see Southward,
1987; Dando et al., 1991; Dando et al., 1994a; Dando, 2001), and particular species of
tube worms (e.g. pogonophore species: Flugel & Langhof, 1983; Schmaljohann & Flugel,
1987; Dando & Hovland, 1992; Dando et al., 1994a). This fauna is largely absent from
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areas unaffected by gas seepage and may therefore be tentatively used as evidence of

hydrocarbon seepage.

1.3 Setting of IRL-SEAG6

This section describes IRL-SEA6 from a geographical, geological and hydrodynamic

perspective.

1.3.1 Geographical setting

IRL-SEAG®6 is bounded by the coast of Ireland to the west and by the Ireland/UK median
line to the east and north (Fig. 1.1). The southern boundary of IRL-SEA6 was drawn
from the south-western corner of the UK SEAG6 area to Carnsore Point on the southl’
eastern coast of Ireland, thus roughly dividing the Irish and Celtic Seas. Although IRL[]
SEAG6 is generally limited to Irish waters, the report also includes some data collected by

PAD in what was at the time an undesignated area but is now included in the UK sector.

The water depth in the vicinity of the median line is ¢.100m; however, localised
depressions down to 130-180m can also be observed. The BGS detailed bathymetry (10m
contours) shows a number of linear seabed depressions or trenches (Fig. 1.3). This study
will also test the probable association of these well-defined geomorphological structures

with gas escape processes.

1.3.2 Geological setting

The geology of the Irish Sea has been previously reviewed by Dobson & Whittington
(1979), Naylor & Shannon (1982), Jackson & Mulholland (1993) and Jackson et al.,
(1995) and graphically presented by Croker et al. (1982), Martindale et al. (1982) and
Ransome (1982) on the BGS 1:250,000 solid geology map series. The geology of the
Kish Bank Basin was studied in more detail by Jenner (1981) and Naylor et al. (1993).
Moreover, the solid geology of the western Irish Sea has been more recently revised by
Croker & Power (1996b), and a new updated edition of the solid geology map is currently
being prepared (Tappin & Croker, 1999).
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Figure 1.3: Location map of the western Irish Sea with the main areas containing gas-
related seabed features labelled. The red line represents the boundary of the IRL-SEA6
study area. Bathymetric contours are at 10m intervals (courtesy of BGS).

The part of the Irish Sea that is relevant to IRL-SEA6 incorporates two Mesozoic
sedimentary basins — the Kish Bank Basin and the south-western part of the Central Irish
Sea Basin (see Fig. 3.3). The aspects of the solid geology of the western Irish Sea

relevant to this report are discussed in Chapters 3 and 4.
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1.3.3 Hydrodynamic conditions and sediment transport

Hydrodynamic conditions and seabed sediment types may have a direct impact on the
type and appearance of gas seepage structures through seabed erosion and sediment
transport. Particularly, structures formed by seeping gas and associated MDAC can be

eroded by vigorous benthic currents or buried by active sediment transport.

Hydrographical surveys in conjunction with seabed mapping and video truthing (e.g.
Wingfield et al., 1987; James, 1988; Orford, 1988; James, 1990; Wheeler et al., 2001;
Croker et al., 2002) indicate active hydrodynamic conditions in IRL-SEAG6 that facilitate
both erosion and active sediment transport. Tidal currents heavily influence the
hydrodynamics within IRL-SEAG6, the strength of which changes from south to north
(from approximately 120cm/sec to 20cm/sec respectively) (Fig. 1.4).

55°N
54" |-
63 -
Comfoured at inlenals
of 0.2 metres/second
Aberystwyth
5N i
B'W 2

Figure 1.4: Tidal current speeds contoured at intervals of 0.2m/sec (courtesy of Institute
of Oceanographic Science; source: James, 1990).

The change in hydrodynamic conditions throughout the area is reflected in the observed

changes of sediment particle size and bedform distribution (Fig. 1.5).
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Figure 1.5: Generalised bedforms distribution map of the western Irish Sea (courtesy of
BGS: James, 1988; 1990) overlain with comments regarding potential types of gas escape
structures. The red line represents the limit of the IRL-SEA6 study area.
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South of 53°10’N the IRL-SEA6 area is dominated by coarse deposits ranging from
gravelly sands to cobble pavements. This part of IRL-SEAG6 is typified by high-energy
bedforms represented by sand streaks, sand ribbons, gravel furrows and high amplitude
sand waves. In contrast, the area north of 53°10°N 1is characterised by weaker currents
and shows generally finer particle size changing from sand to mud with consequent
changes in the seabed morphology from sandy seabed typified by sand waves to a smooth
muddy seabed. The generalised bedforms distribution map is shown on Figure 1.5. The
original BGS map is overlain with comments relating to the potential distribution of gas
escape structures. This distribution has been largely confirmed with data presented in the
following chapters. This might suggest therefore that the distribution of gas-related
seabed structures and MDAC (see Ch. 6) presented in this study could be potentially

underestimated in the southern area.
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2. Materials and Methodology

2.1 Data overview

Over the last 40 years the IRL-SEA6 area has been surveyed with a range of remote
sensing and ground-truthing techniques providing information at various scales of
resolution. The main driving factors for these investigations were exploration for
hydrocarbons in the Kish Bank and the Central Irish Sea basins, as well as cable and
pipeline route surveys. The existing data includes the following: seismic data including
conventional seismic and high-resolution seismic (e.g. Sparker, Boomer, GeoChirp, etc.);
echosounder; side-scan sonar and multibeam coverage over certain areas; video and
photographic imagery of selected parts of the seabed, located based on remotely sensed
data; and seabed samples collected with various techniques (e.g. gravity cores, dredge

samples etc.).

This report is mainly based on the data that was made available for this study by the
Petroleum Affairs Division (PAD) of the Department of Communications, Marine and

Natural Resources, Ireland.

This data can broadly be subdivided into four groups:

(1) Conventional seismic data (2D & 3D) collected during the period 1965-2004 (see
Ch. 2.2);

(2) Exploration wells drilled over the period 1977-2004 (see Ch. 2.3);

(3) Route survey data obtained during 1986-2004 (see Ch. 2.4);

(4) Multidisciplinary data collected during short annual research cruises by Peter

Croker of the PAD during the period 1995-2002 (see Ch. 2.5).

2.2 Seismic data 1965-2004

The IRL-SEA6 area has been surveyed with oil industry 2D conventional seismic
surveys, particularly over the Mesozoic basins, during the period 1965 to 2004 (Fig. 2.1).
A number of 3D seismic surveys have also been carried out, although these have

generally been in the UK sector.
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Figure 2.1: Location map of all oil industry 2D and 3D (solid colour) seismic surveys
acquired in the western Irish Sea study area from 1965-2004. The position and reference
numbers of all exploration wells within the IRL-SEA6 sector is also indicated. The red
line represents the boundary of the IRL-SEA6 sector.
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Industry seismic data, due to its low frequency, does not allow the identification of
seismic artefacts characteristic of shallow gas accumulations (e.g. acoustic turbidity &
gas blanking). The main purpose of including seismic data in this study was to identify
the probable source rocks and document potential migration pathways for light
hydrocarbons. Particularly, conventional seismic data was appraised to verify the
existence of migration pathways or bedrock highs in relation to evidence for shallow gas
observed on the high-resolution route survey (see Ch. 2.4) or site survey (see Ch. 2.5)

data.

2.3 Exploration wells 1977-2004
Table 2.1 lists all exploration wells that were drilled within IRL-SEA6. The location of

these wells is shown on Figure 2.1. Exploration wells that are of particular relevance to
the present study include the following: 33/22-1, 42/12-1, 42/12-2, 42/16-1 and 42/17(]
1A.

Table 2.1: Exploration wells drilled within IRL-SEAG6.

Well . . TD Rig Water Well
Number Latitude Longitude Area (MD) | Datum | Depth Operator | Year Result
33/22-1 [53° 12'51.081" N [05° 37' 57.094" W [KBB [3203 [82 162ft  |Amoco 1977 |Dry Hole
42/17-1A[52° 28' 58.695" N [05° 45' 48.393" W |CISB 4968 (83 247ft  [Marathon  |1978 |Dry Hole
33/21-1 [53° 19' 21.984" N [05° 55'37.372" W [KBB [2338 [35 18.5m  [Shell 1979 |Dry Hole
42/12-1 [52°36'51.151"N [05° 47'36.677"W |CISB 9265 [108 2061t EZ&?;arbons 1986 |Dry Hole
33/17-1 [53°22'8.045"N  [05° 36' 26.736"W [KBB [6660 [110 236ft  |Charterhouse |1986 |Dry Hole
42/21-1 [52° 11' 18.530"N |05° 59' 00.440"W [NCSB 6650 (84 2956t |Gulf 1986 |Dry Hole
42/16-1 [52°25'25.510"N |05° 50' 45.450"W |CISB 4754 (82 259ft  |Conoco 1988  [Dry Hole
42/12-2 [52°39'27.815" N [5°37'01.379"W  |CISB [3800 |98 2381t Ezl‘;f;arb‘ms 1990 |Dry Hole
42/8-1A [52° 46' 28.542" N [05° 32' 00.216" W |CISB 8948 |75 225t [BHP 1994 |Dry Hole
41/30-1 [52°08'34.14" N [06° 07'41.69" W |CISB (7343 (85 248ft  [Marathon  [1995 |Dry Hole
33/17-2A[53° 22' 40.291"N [05° 47'46.79"W [KBB (1310 [35.8  [50.2m |Enterprise Oil 1997 [Dry Hole

KBB = Kish Bank Basin
CISB = Central Irish Sea Basin
NCSB = North Celtic Sea Basin

2.4 Route survey data 1986-2004

High-resolution route survey data was collected by Telecom Eireann, Bord Gais Eireann
and the Electricity Supply Board over the period 1986-2004 (Fig. 2.2). Permission to use
this data for shallow gas investigations was granted by these agencies to the PAD, which

made the results of that study available for this report.
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Figure 2.2: Location map of the route surveys in the Irish Sea, 1986-2004. The red line
represents the boundary of the IRL-SEAG6 sector.

Route survey datasets that provided valuable information with regards to shallow gas in

marine sediments included the following types of seismic data:
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(1) 200J Boomer;

(2) 300J Boomer;

(3) Pinger — Seapro SBP 5.5kHz;
(4) 5SkHz Pinger;

(5) 3.5kHz Pinger;

(6) 1000J Sparker.

This data was analysed for visually identifiable evidence of shallow gas occurrences (see
Ch. 1.2). Selected images from these surveys illustrating typical examples of shallow gas-
related seabed and sub-seabed features are presented with interpretation later in this

report.

2.5 Overview of research cruises 1995-2002

Prompted by the extensive evidence of shallow gas occurrences observed on cable and
pipeline route survey data (Ch. 2.4), the senior author organised eight short research
cruises to the western Irish Sea in order to shed more light on the shallow gas and related
features at particular study sites. These cruises were undertaken between 1995 and 2002
and collected multidisciplinary datasets including echosounder, GeoChirp, multibeam,
side-scan sonar, Remote Operated Vehicle (ROV) video imagery and seabed sample data.
The main sites investigated during these cruises included the following: Lambay Deep,
Liassic outcrop, two sites within the Peel Basin, Jones Trench, Kish Bank Anomaly,

Western Trench, Central Trench, and Codling Fault area (see Fig. 1.3).

These study sites were located based on pre-existing echosounder, side-scan sonar,
pinger, sparker and conventional seismic profiles that were analysed in detail prior to the

cruises.

These detailed site surveys, in conjunction with the high-resolution cable and pipeline
route surveys, represent the crucial and most relevant datasets for this study. Figure 2.3
shows track lines of the cruises undertaken over the period 1995-2002. Details of each

particular cruise including extent and type of data collected are outlined below (Ch. 2.5.1[

2.5.8).
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Figure 2.3: Location map showing tracklines of research cruises to the western Irish Sea
study area undertaken by PAD during 1995-2002. The red line represents the boundary of

the IRL-SEAG6 sector.
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2.5.1 RV Lough Beltra cruise 1995

The RV Lough Beltra 1995 cruise was undertaken from 23 to 25™ April 1995 (Croker &
Power, 1995) and was devoted to investigation of the Western Trench (Lat 53°23'08"N
Lon 5°2220"W) and Kish Bank Anomaly (Lat 53°23'46"N Lon 5°24'38"W) (Fig. 2.4).
However, out of three days ship time, productive work was possible only on one of these
days. The study sites were located based on previously studied echosounder, side-scan
sonar, pinger, sparker and conventional seismic profiles, which had suggested active gas
seepage at these locations. Therefore, the aim of this cruise was to investigate present day
seep activity from the geochemical and geobiological perspective using the ROV-
mounted video and still cameras. The onboard equipment included the following:

echosounder, Roxann, side-scan sonar, Aqua-Fact's SPI Camera and ROV.

526" 5 a4 5z 520"
RV Lough Beltra 1995 cruise track .
W l
8 Kish Bank Anomaly g
2 5 &
g 8
8 B

526" 5'24° a2 5'20°

Figure 2.4: RV Lough Beltra 1995 cruise track with the key study sites named. The red
line represents the boundary of the IRL-SEA6 sector. Bathymetric contours drawn at 10m
intervals (courtesy of BGS).
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The following data were collected during this cruise:

Data recorded on the ship’s Data Acquisition System (DAS) (including time,
position and depth) was used to create detailed bathymetry of the Western Trench
study area.

Over 1 hour of video footage and a number of still photographs were recorded at
three sites along the south-north transect in the Western Trench area.

10 clear images from 12 sites were recorded in the proximity of the western
margin of the Western Trench with the SPI (sediment profile imagery) camera.
lhr 18m (at approx. 6 knots) of side-scan sonar imagery were recorded from the
Western Trench area. Only the left-hand channel of the display was recorded due
to an operational error. This provided some information on the seabed
morphology.

Part of the Western Trench was mapped with the Roxann system designed to
analyse the numerical values for the reflection and absorption of acoustic signals

at the seabed, thus allowing an automatic evaluation of the seabed sediment type.

2.5.2 RV Lough Beltra cruise 1996
The RV Lough Beltra 1996 cruise was undertaken between 23" and 27™ March 1996,

during which additional data was collected from the following sites (Croker & Power,

1996a):

1) Kish Bank Anomaly (Lat 53°23'46"N Lon 5°24'38"W);
2) Western Trench (Lat 53°23'08"N  Lon 5°22'20"W);
3) Central Trench (Lat 53°13'45"N Lon 5°24'15"W).

The cruise track is shown on Fig. 2.5. The equipment onboard the vessel during this

survey included echosounder, Roxann, side-scan sonar and ROV.

The cruise succeeded in collecting the following datasets:

Extensive ROV video footage over the Kish Bank Anomaly (KBA);
ROV video footage over the Western Trench extending the RV Lough Beltra
1995 survey;
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e Side-scan sonar imagery over a possible bedrock outcrop site in the Central

Trench mapping approximately 4.2km” of seabed.
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Figure 2.5: RV Lough Beltra 1996 cruise track with the key study sites named. Red line
represents the boundary of the IRL-SEA6 sector. Bathymetric contours drawn at 10m
intervals (courtesy of BGS).

2.5.3 RV Lough Beltra cruise 1997
This RV Lough Beltra cruise was undertaken from 14" to 16™ April 1997, and was
devoted to the investigation of the following study sites (Croker, 1997b):

1) The Codling Fault Branch mounds:
e Target 1: Lat 53°19.754'N Lon 5°36.925' W (Line 11, SP 230)
e Target 2: Lat 53°20.296' N Lon 5°37.750' W (Line 10, SP 295)
e Target 3: Lat 53°20.839'N Lon 5°39.208' W (Line 9, SP 427)

2) The Liassic outcrop site (Lat 53°28.000' N Lon 5°45.000' W);

3) The Lambay Deep site (Lat 53°26.391' N Lo