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1. Abstract 11 

The Slyne Basin, located offshore NW Ireland, is a narrow and elongate basin composed of a 12 

series of interconnected grabens and half-grabens, separated by transfer zones coincident 13 

with deep crustal structures formed during the Silurian to Devonian aged Caledonian Orogeny. 14 

The basin is the product of a complex, polyphase structural evolution stretching from the 15 

Permian to the Miocene. Initially, relatively low-strain rifting occurred in the Late Permian and 16 

again in the latest Triassic to Middle Jurassic, followed by a third phase of high-strain rifting 17 

during the Late Jurassic. These extensional events were punctuated by periods of tectonic 18 

quiescence during the Early Triassic and Middle Jurassic. Late Jurassic strain was primarily 19 

accommodated by several kilometres of slip on the basin-bounding faults, which formed 20 

through the breaching of relay ramps between left-stepping fault segments developed during 21 

earlier Permian and Early-Mid Jurassic rift phases. Following the cessation of rifting at the end 22 

of the Jurassic, the area experienced kilometre-scale uplift and erosion during the Early 23 

Cretaceous and second, less-severe phase of denudation during the Palaeocene. These post-24 

rift events formed distinct regional post-rift unconformities and resulted in a reduced post-rift 25 

sedimentary section. The structural evolution of the Slyne Basin was influenced by pre-existing 26 

Caledonian structures at a high angle to the basinal trend. The basin illustrates a rarely 27 

documented style of fault reactivation in which basin-bounding faults are oblique to the earlier 28 

structural trend, but the initial fault segments are parallel to this trend. The result is a reversal 29 

of the sense of stepping of the initial fault segments generally associated with basement 30 

control on basin-bounding faults. 31 

 32 
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2. Introduction 33 

The north-western European Atlantic margin is made up of a framework of basins which are 34 

the product of a polyphase geological evolution stretching from Variscan orogenic collapse at 35 

the end of the Carboniferous to the formation of oceanic crust in the Eocene during the opening 36 

of the North Atlantic Ocean (Fig. 1A). The evolution of these basins is influenced by a variety 37 

of factors, including pre-existing faults and lineaments, typically inherited from the Caledonian 38 

or Variscan orogenies, and the presence of salt within the sedimentary basin-fill, acting as 39 

layers of mechanical detachment. Caledonian and Variscan structures have been observed 40 

both reactivating and influencing the formation of younger structures during Late Paleozoic 41 

and Mesozoic rift events if oriented optimally (e.g. Stein, 1988; Schumacher, 2002; Wilson et 42 

al., 2010; Bird et al., 2014; Fazlikhani et al., 2017; Osagiede et al., 2020) or acting as barriers 43 

to fault growth and segmenting rift systems if they are oblique to the extension direction (e.g. 44 

Morley et al., 2004; Pereira et al., 2011; Pereira & Alves, 2013; Philips et al., 2018). 45 
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Figure 1: A) Simplified structural map of the NW European Atlantic margin showing the study 47 
area in relation to other Permian & Mesozoic sedimentary basins, adapted from Doré et al., 48 
1999 and Naylor et al., 1999. Caledonian structural lineaments which segment the basins are 49 
lighted in red. Abbreviations: GGFZ, Great Glen Fault Zone; HBFC, Highland Boundary- Fair 50 
HeadïClew Bay Lineament; KBB, Kish Bank Basin; SUAG, Southern Uplands- Antrim- 51 
Galway Lineament; UB, Ulster Basin; WOB, West Orkney Basin; WSB, West Shetland Basin.. 52 
B) Time structure map of the Base Permian or Variscan Unconformity in the Slyne Basin. 53 
Local sub-basins and structural elements are labelled. Approximate location of Caledonian 54 
structures are highlighted outside the Slyne Basin with dashed black lines. Primary basement 55 
composition adapted from Ġtolfov§ & Shannon, 2009. Abbreviations:  CSTZ ï Central Slyne 56 
Transfer Zone. 57 

The Slyne Basin (250 km long and between 30 and 70 km wide) is a chain of grabens and 58 

half-grabens that occupy the eastern margin of the Rockall Basin (Fig. 1). The Slyne Basin 59 

shows significant along-strike structural variability, with changes in dip direction of the 60 

kilometre-scale basin-bounding faults occurring at transfer zones. The transfer zones are 61 

commonly observed where crustal-scale lineaments and terrane boundaries of Caledonian 62 

age transect the younger Late Palaeozoic and Mesozoic rifts. Similar phenomena have been 63 

observed in rift basins across the world, where pre-existing zones of weakness can influence 64 

the development of younger structures and where strain is transferred between them i.e. the 65 

formation of transfer zones between large fault systems. The north-western European Atlantic 66 

margin is underlain by a series of pre-existing structures and structural inheritance has been 67 

well documented in the Norwegian and UK Atlantic margins (Doré et al., 1999; Doré et al., 68 

2007; Ady & Whittaker, 2019; Schiffer et al., 2019) as well as in the Iberian Atlantic margin 69 

(Alves et al., 2006; Pereira et al., 2017). 70 

The structural geology of the Slyne Basin was the subject of significant study during the late 71 

1990s and early 2000s following the discovery of the Corrib gas field in 1996 (Dancer et al., 72 

2005). Previous publications documented aspects of the structural evolution (Chapman et al., 73 

1999; Dancer et al., 1999) and the role of exhumation in the petroleum system of the basin 74 

(Corocoran & Doré, 2002; Corocoran & Mecklenburgh, 2005), as well placing the basin in the 75 

regional context of the Irish Atlantic margin (e.g. Corfield et al., 1999; Walsh et al., 1999). In 76 

recent years, significantly more and higher quality seismic data, together with additional well 77 

data have been acquired throughout the Slyne Basin and neighbouring areas (Shannon, 78 

2018). Additionally, a comprehensive biostratigraphic study of all the Irish offshore basins has 79 

reclassified the ages of key syn-rift sequences (Merlin Energy Resources Consortium, 2020), 80 

warranting fresh investigation into the structural evolution of the Slyne Basin and its context 81 

within the greater Irish Atlantic margin.  82 

This study utilizes an extensive database of borehole-constrained 2D and 3D seismic 83 

reflection data, coupled with the results from the new biostratigraphic database, to investigate 84 

the structural evolution of the Slyne Basin. Key aspects of this structural history, including the 85 
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development of the major basin-bounding faults, the role of salt in basin evolution, and 86 

influence of pre-existing crustal-structures in the segmentation of the Slyne basin are 87 

examined and characterised. These findings are then placed in a regional context to better 88 

understand the role of the Slyne Basin in the evolution of the greater Irish Atlantic margin.  89 

3. Geological Setting 90 

The Slyne Basin has a relatively flat present-day bathymetry, with water depths ranging from 91 

100 to 600m across most of the study area, with water depths increasing up to 2500m in the 92 

north (Dancer et al., 1999). It is divided into three distinct sub-basins: the Northern, Central 93 

and Southern Slyne sub-basins (Fig. 1B, sensu Trueblood & Morton, 1991). These are 94 

separated by transfer zones (sensu Morley et al., 1990; Gawthorpe & Hurst, 1993) which 95 

coincide with the location of major structural lineaments, in the form of Caledonian terrane 96 

boundaries. Three Caledonian structures are mapped in Figure 1B.   97 

The Slyne Basin is bounded along its eastern margin by the Irish Mainland Shelf, while the 98 

Porcupine and Slyne highs make up the western boundary (Fig. 1B). The Colm Basin, 99 

previously identified as a distinct Mesozoic basin (Dancer et al., 1999), appears to be an 100 

extension of the Northern Slyne Sub-basin, verging south-westwards between the Rockall 101 

Basin and the Porcupine High. A narrow, discontinuous basement horst which represents a 102 

southern extension of the Erris Ridge (Cunningham & Shannon, 1997) separates the Northern 103 

Slyne Sub-basin and the neighbouring Erris Basin from the Rockall Basin to the northwest. 104 

Similarly, a narrow basement high separates the Southern Slyne Sub-basin from the 105 

Porcupine Basin to the southwest.  106 

3.1. Basement configuration 107 

Previous authors have noted the role of pre-existing Caledonian structures in the 108 

segmentation of younger Mesozoic basins on the Irish Atlantic margin, correlating the offshore 109 

extension of these crustal-scale structures with complex transfer zones separating distinct 110 

sub-basins (Trueblood & Morton, 1991; Dancer et al., 1999). Several authors have mapped 111 

the offshore extent of Caledonian structural lineaments on the Irish Atlantic margin (Lefort & 112 

Max, 1984; Tate, 1992; Naylor & Shannon, 2005; Ġtolfov§ & Shannon, 2009; Kimbell et al., 113 

2010). There are three Caledonian structures relevant to the evolution of the Slyne Basin; the 114 

Great Glen Fault Zone (GGFZ), the Highland Boundary-Fair Head Clew Bay Fault Zone 115 

(HBFC) and the Southern Uplands-Antrim Galway Fault Zone (SUAG, Fig. 1B). The exact 116 

locations of these structures in the vicinity of the Slyne Basin are variably constrained; the NE-117 

SW trending GGFZ has been mapped across the Irish Mainland Shelf to the west of the Erris 118 

Basin using deep seismic profiles and potential field datasets as a vertical strike-slip fault 119 
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(Klemperer et al., 1991; Kimbell et al., 2010). The GGFZ intersects the Slyne Basin between 120 

the Northern and Central Slyne sub-basins at a location termed the Central Slyne Transfer 121 

Zone (CSTZ, sensu Dancer et al., 1999). The HBFC and SUAG structures are more poorly 122 

constrained; the HBFC is an E-W oriented structure bounding the southern shore of Clew Bay 123 

on the west coast of Ireland and is mapped passing through Clare Island due west of Clew 124 

Bay (Fig. 1, Badley, 2001; Worthington & Walsh, 2011). The HBFC may correlate with the 125 

fault zone separating the Central and Southern Slyne sub-basins, but there is also evidence 126 

that splays of the HBFC may also be observed in the Central Slyne Sub-basin (Fig. 1B). The 127 

SUAG structure has been mapped trending E-W along the northern shore of Galway Bay 128 

(REF) and south of the Slyne Basin, through the Brendan Igneous Centre (Fig. 1). Unlike the 129 

GGFZ, both the HBFC and SUAG structures are more shallowly dipping normal and reverse 130 

fault zones, although evidence of strike-slip movement is recorded along-strike onshore 131 

Ireland (Badley, 2001; Worthington & Walsh, 2011; Anderson et al., 2018).  132 

The Caledonian lineaments separate different basement terranes which were assembled 133 

during the Caledonian Orogeny and have been extended from their known extents onshore 134 

Ireland and Scotland by several authors (e.g. Roberts et al., 1999; Tyrrell et al., 2007; Ġtolfov§ 135 

& Shannon, 2009). Limited pre-Carboniferous well penetrations in the Slyne Basin preclude 136 

the accurate mapping of these basement terranes and the interpretations of previous authors 137 

are adopted here.  138 

3.2. Stratigraphic framework of the Slyne Basin 139 

Previous stratigraphic nomenclature for the Slyne Basin was largely based on comparisons 140 

with the geology of the Hebridean basins exposed on the Isle of Skye (e.g. Trueblood & 141 

Morton; 1991). An updated stratigraphic nomenclature with revised biostratigraphy has 142 

recently been published, standardising nomenclature at group, formation and member levels 143 

across the sedimentary basins of the Irish Continental Shelf (Merlin Energy Resources 144 

Consortium, 2020). This stratigraphic nomenclature is used in this study (Fig. 2). The high-145 

strain Middle Jurassic syn-rift section of previous authors (e.g. Chapman et al., 1999; Dancer 146 

et al., 1999; Corcoran & Mecklenburgh, 2005; Dancer et al., 2005) has recently been 147 

reclassified as Late Jurassic in age. This has important implications for regional geodynamics 148 

which are discussed below. For full details on the biostratigraphic reclassification please refer 149 

to Merlin Energy Resources Consortium (2020).  150 
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 151 

Figure 2: Lithostratigraphic chart showing the simplified stratigraphy of the Slyne Basin, age 152 
of key horizons, and typical seismic stratigraphy from the Central Slyne Sub-Basin. 153 
Stratigraphic column adapted from Merlin Energy Resources Consortium, 2020. 154 

The pre-rift section of the Slyne Basin consists of Carboniferous mudstones and sandstones 155 

with interbedded layers of coal, underlain by Silurian and older metasediments (Merlin Energy 156 

Resources Consortium, 2020). The Carboniferous sediments are overlain by an evaporite-rich 157 

Permian sequence which is a lateral equivalent of the Zechstein Group encountered 158 

throughout NW Europe (OôSullivan et al., 2021). The overlying Triassic section is sub-divided 159 

into Lower Triassic fluvial sandstones and Upper Triassic playa, sabkha and lacustrine 160 

mudstones and claystones interbedded with thin limestone, sandstone, and anhydrite beds 161 

(Dancer et al., 2005; Ġtolfov§ & Shannon, 2009). A massive halite unit is present at the base 162 

of the Upper Triassic section in the Northern Slyne Sub-basin but is absent in the central and 163 

southern parts of the basin (OôSullivan et al., 2021).  164 
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The Lower Jurassic section is composed of marine sandstone, mudstones and carbonates, 165 

overlain by Middle Jurassic calcareous marine mudstones (Trueblood & Morton, 1991; Dancer 166 

et al., 1999). The Kingfisher Limestone Member is a unit of thick limestones that occurs at the 167 

base of Kestrel Formation (sensu Merlin Energy Resources Consortium, 2020) and which 168 

forms a distinct, semi-regional seismic marker termed the óBajocian Limestone Markerô in 169 

previous literature (e.g. Trueblood & Morton, 1991; Scotchman & Thomas, 1995; Dancer et 170 

al., 1999). A regional unconformity separates the underlying Lower and Middle Jurassic 171 

sections from the overlying Upper Jurassic sediments. The Upper Jurassic section consists of 172 

terrestrial and fluvio-estuarine mudstones and sandstones with numerous palaeosols and coal 173 

layers, which are overlain by the marine mudstones, indicating a regional marine transgression 174 

occurred during the late Oxfordian to Tithonian (Merlin Energy Resources Consortium, 2020). 175 

The Base-Cretaceous Unconformity separates the Cretaceous section of the Slyne Basin from 176 

the underlying Jurassic strata. The Lower Cretaceous stratigraphy consists of Albian-aged 177 

glauconitic mudstones and sandstones, while the overlying Upper Cretaceous section is 178 

composed of limestones and calcareous mudstones.  The Base-Cenozoic Unconformity forms 179 

the lower boundary to the Cenozoic succession in the Slyne Basin. The Cenozoic section can 180 

be subdivided into three sequences: a layer of Eocene lava locally developed in the northern 181 

and southern areas of the Slyne Basin, overlain by an Eocene-Miocene section and a Miocene 182 

to Quaternary section, both consisting of poorly consolidated marine mudstones and 183 

sandstones, separated by a mid-Miocene unconformity.   184 



9 
 

4. Dataset and Methodology 185 

This study focused on the interpretation of an extensive suite of multi-vintage 2D and 3D 186 

seismic reflection data collected during hydrocarbon exploration in the Slyne Basin (Fig. 3). 187 

The 2D seismic dataset consists of 17 surveys acquired between 1980 and 2007, comprising 188 

over 22,000 line-kilometres of data, while the 3D seismic dataset consists of eight surveys 189 

acquired between 1997 and 2013 and covers almost 4,000 square-kilometres. Seismic data 190 

quality varies from very poor to good, with the more modern vintages typically providing clearer 191 

imaging. Data quality in the Slyne Basin is heavily influenced by the near-seabed geology, 192 

with the distribution of Cenozoic lava flows and intrusive sills, coupled with Cretaceous chalk 193 

causing imaging problems including multiples, energy scattering and signal attenuation 194 

(Dancer & Pillar, 2001). These problems are most severe in the Northern Slyne Sub-basin, 195 

and the western margin of the Southern Slyne Sub-basin. The application of modern 196 

processing techniques and use of 3D seismic data has improved data quality in the region 197 

somewhat (Dancer & Pillar, 2001; Droujinine et al., 2005; Rohrman, 2007; Hardy et al., 2010), 198 

most recently with the acquisition of an ocean-bottom cable survey over the Corrib gas field 199 

in 2012 and 2013 (Shannon, 2018). Seismic sections are presented in European polarity 200 

(Brown, 2001), where a positive downwards increase in acoustic impedance corresponds to 201 

a positive (red) reflection event and a decrease corresponds to a negative (blue) reflection 202 

event. All sections are vertically exaggerated by a factor of three and ball-ends are used to 203 

highlight where a fault terminates within a certain stratigraphic package, while faults without 204 

ball-ends are truncated by a younger unconformity.   205 
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 206 

Figure 3: Map showing study area and data sets used.  207 

Thirteen key horizons were mapped across the Slyne Basin in the time domain (Fig. 2). The 208 

ages of these horizons were constrained using exploration and appraisal wells in addition to 209 

shallow boreholes. The Northern Slyne Sub-basin has the highest well density, including eight 210 

appraisal and production wells associated with the Corrib gas field, and four near-field 211 

exploration wells (19/8-1, 19/11-1A, 18/20-7 and 18/25-2), with a further three exploration 212 

wells in the Central Slyne Sub-basin (27/4-1, 27/5-1 and 27/13-1). The stratigraphy of the 213 

Southern Slyne Sub-basin is unconstrained except for a single shallow borehole (27/24-214 


