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Abstract 20 

 21 

Methodologies for storage assessment developed for basins with dense data coverage are 22 

typically not optimally applicable to underexplored sedimentary basins. To address this, a 23 

methodology and workflow for storage assessment in underexplored basins is presented 24 

which uses existing datasets to identify structural traps and populate a fluid-in-place equation 25 

which can be used for a variety of gases including CO2 and H2. This is then applied to the Irish 26 

Atlantic margin; Jurassic, Triassic and Carboniferous reservoirs are investigated to 27 

understand their reservoir quality and extent, and related seals. Structural trap types are 28 

described and the theoretical capacities of three candidate sites with varying data coverage 29 

are calculated. The results highlight the potential for underexplored sedimentary basins on the 30 

Irish Atlantic margin to support offshore renewable energy projects and reduce Ireland’s CO2 31 

emissions. This workflow is applicable to a variety of underexplored sedimentary basins and 32 

emphasises the utility of legacy hydrocarbon datasets for early-stage subsurface storage 33 

assessment. Other aspects of energy storage are also discussed, including man-made salt 34 

caverns, other candidate reservoir-seal pairs, and the potential for collaborative infrastructure 35 

development with CO2 emitters and renewable energy projects.  36 



1. Introduction 37 

 38 

There is a growing recognition of the need to reduce the release of carbon dioxide (CO2) to 39 

the atmosphere in order to mitigate the impact of climate change, and to support the 40 

development of renewable energy sources by storing non-polluting energy vectors. Many 41 

sedimentary basins which host prolific hydrocarbon resources are now being reassessed for 42 

their potential role as subsurface storage sites, including the North Sea and the Gulf of Mexico 43 

(Holloway et al., 2006; Godec et al., 2011; Agartan et al., 2018). This is being done using data 44 

originally collected for the exploration and development of hydrocarbon resources, now 45 

repurposed to characterise subsurface storage sites. Subsurface storage is recognised and 46 

acknowledged as a key component in the reduction of atmospheric concentrations of CO2 47 

(Metz et al., 2005; IPCC 2022) and also represents a technologically proven method to capture 48 

excess energy generated by renewable sources as rapidly deployable kinetic energy using 49 

compressed air energy storage (CAES) or as gaseous fuels such as hydrogen (H2) (e.g. 50 

Takahashi et al., 2009; Lech et al., 2016; Ramos et al., 2021).     51 

 52 

The two basins mentioned above host prolific petroleum systems and have been the focus of 53 

intense hydrocarbon exploration and extraction activities for several decades. Methodologies 54 

for subsurface storage assessment have been developed for these basins which typically rely 55 

on dense grids of wells and 3D seismic reflection data (e.g. Lloyd et al. 2021). These workflows 56 

are not optimally applicable to the greater number of underexplored sedimentary basins which 57 

typically have far less well data and limited 3D seismic reflection data coverage. To remedy 58 

this, a methodology and workflow is presented in this study, tailored for subsurface storage 59 

assessment in basins with more limited data coverage. It uses existing subsurface datasets in 60 

the form of well and seismic reflection data to populate an industry-standard Fluid-in-Place 61 

equation for different fluids including CO2 and H2.  62 

 63 

This study outlines a methodology for estimating subsurface storage volumes in structural 64 

traps which can be applied to sedimentary basins with a range of data coverage, from high-65 

density 3D to low density 2D grids of seismic reflection data and accompanying borehole data. 66 

This workflow is applied to three underexplored sedimentary basins offshore north-western 67 

Ireland. The lithological units which make up the most promising storage candidates within 68 

these basins are characterised and assessed for their potential as energy or CO2 storage 69 

reservoirs. Storage structure types observed within the study area are then described, and the 70 

volumetric assessment workflow is then applied to three candidate storage sites with varying 71 

levels of data coverage, from 3D seismic reflection and dense well data coverage to low 72 

density 2D seismic lines and sparse well data. Finally, we discuss additional reservoirs on the 73 

Irish Atlantic margin which may warrant further study, briefly compare the geology of the Irish 74 

Atlantic margin to the basins offshore southern and eastern Ireland and discuss possible 75 

synergies with offshore renewable infrastructure development. In order to be applicable to 76 

multiple fluid types, this study focuses on structural traps. Although CO2 can be stored in saline 77 

aquifers without a defined closing contour, H2 requires structural closure (Ringrose, 2020). 78 

The workflow and methodology do not take aquifer seal capacity and connected aquifer 79 

volume into account due to this focus as an initial screening methodology for multiple fluid 80 

types, but these should be considered should the screening focus narrow to just CO2 storage.  81 

 82 

The results build upon previous assessments of both the hydrocarbon prospectivity (e.g. 83 

Trueblood, 1992; Spencer and MacTiernan, 2001; Scotchman et al., 2018) and carbon dioxide 84 



storage potential (e.g. Lewis et al., 2009) of the principal Irish Atlantic margin basins with a 85 

thorough analysis of the different reservoir formations and the identification of multiple 86 

potential structural storage sites worthy of further investigation. The workflow can also be 87 

applied to other basins offshore Ireland and further afield, particularly in locations with more 88 

limited subsurface data coverage. The method is best used in early-stage screening studies 89 

when a basin is being considered for subsurface storage and it can aid offshore developers to 90 

identify synergies with infrastructure like wind farms. Renewable energy planning and 91 

development is at a nascent stage offshore Ireland (Lange et al., 2018; Roux et al., 2022); the 92 

results of this study will ensure policy makers, renewable energy developers and power 93 

providers have a better understanding of the opportunity potential that lies beneath the 94 

seabed. 95 

 96 

2. Subsurface Storage  97 

 98 

There are many economic and societal reasons for storing fluids in the subsurface. This study 99 

focuses on two uses:   100 

● Reduction of atmospheric concentrations of CO2 through capturing the greenhouse 101 

gas and storing it in subsurface reservoirs over geological timescales.  102 

● Storage of energy, typically during periods when generation exceeds demand, which 103 

can be readily accessed as demand increases.  104 

These are explored in more detail below.  105 

 106 

2.1. CO2 Storage 107 

 108 

CO2 can be captured using a variety of techniques, including directly at high-intensity sources 109 

like thermal power stations and cement plants, or from the atmosphere in lower concentrations 110 

using Direct Air Capture (DAC) methods (Bui et al., 2018; Ringrose, 2020). CO2 storage in the 111 

subsurface has been proposed as an enabler of a smoother energy transition by capturing the 112 

emissions from gas-fired power stations or cement plants without emitting them to the 113 

atmosphere (e.g. Lau et al., 2021). There are several ways to store CO2 underground, 114 

including precipitating it in a solid carbonate mineral such as calcium carbonate (CaCO3) in 115 

basaltic rocks (e.g. Pogge von Strandmann et al., 2019) or storing it as a fluid in saline 116 

aquifers, depleted oil and gas fields or in other structural traps (e.g. Bickle, 2009; Eiken et al., 117 

2011; Ringrose, 2020; Osmond et al., 2022). Enhanced oil recovery (EOR) is currently the 118 

most common form of CO2 storage in the subsurface, where it is injected to repressure 119 

reservoirs and displace hard-to-access oil accumulations (Blunt et al., 1993; IEA, 2018). This 120 

study will focus on the storage of CO2 as a fluid in structural traps (Fig. 1A).  121 

 122 



 123 
Figure 1: A) Schematic overview of CO2 storage in structural traps. B) Schematic overview of H2 storage in 124 
structural traps. C) Density changes of H2, CO2 and CH4 (natural gas) with increasing depth. Calculated 125 
using correlations from Lindstrom and Mallard (2022), the geothermal gradient of the Slyne Basin 126 
(31°C/km), and a hydrostatic pressure gradient (100 Bar/km). 127 

 128 

CO2 is typically stored at depths greater than 800-1000m underground. At these depths the 129 

ambient temperature and pressure is above the critical point of CO2 (31°C and 73-74 bar) 130 

which makes CO2 a supercritical fluid (Ringrose, 2020). In this supercritical state CO2 behaves 131 

in a unique way, with properties of both a liquid and a gas. Crucially, it has a much higher 132 

density than at atmospheric conditions (Fig. 1C), meaning a greater amount of CO2 can be 133 

stored in the same volume at depth than on the surface. Supercritical CO2 also has the 134 

viscosity of a gas, meaning it can flow into and through a porous storage medium more easily 135 

(Bui et al., 2018; Ringrose, 2020). To have a meaningful impact on the effects of climate 136 

change, CO2 must be stored in this manner for long periods of time (typically 10,000+ years) 137 

with reasonable guarantees of storage integrity (Metz et al., 2005; Bui et al., 2018; IPCC 2022). 138 

 139 

There are several CO2 storage projects which are either active or being developed at the time 140 

of writing. CO2 associated with the original hydrocarbon accumulations has been reinjected 141 

into the subsurface at both the Sleipner and Snøhvit fields in the North Sea to avoid CO2 142 

release into the atmosphere (Eiken et al., 2011). There are also several projects being actively 143 

developed across Europe focusing solely on CO2 storage. These include the Northern Lights 144 

project in Norway, the Greensands project in Denmark, the Porthos project in the Netherlands, 145 

and the Acorn and Viking projects in the UK. These are located in the sedimentary basins of 146 

the North Sea; some aim to utilise decommissioned oil and gas fields such as the West Siri 147 

field for the Greensands project, while others are targeting undrilled structures or those 148 

previously found to contain no hydrocarbons, such as the Northern Lights project (Lothe et al., 149 

2019). Recent reports evaluating several active CO2 capture projects have indicated that 150 

several flagship projects, mostly designed to sell captured CO2 for EOR in North America, 151 



have failed to meet their annual storage targets due to either continued engineering challenges 152 

or a decrease in demand for CO2 for use in EOR due to a fall in oil prices (e.g. Robertson and 153 

Mousavian, 2022). These authors also highlight the importance of robust regulatory systems 154 

such the CO2 tax and emissions quotas employed in Norway alongside reasonable storage 155 

project economics to ensure long-term success.     156 

 157 

2.2. Energy Storage 158 

 159 

Energy storage involves capturing and storing energy so that it can be used at a later time. 160 

Capturing energy generated during periods of low demand to be used later during periods of 161 

higher demand is an effective way to meet energy demand, balance input to national grids 162 

and ensure security of supply. With the increasing adoption of cleaner renewable energy, such 163 

as wind and solar which are inherently variable in their supply, comes a requirement for reliable 164 

and rapidly deployable back-up sources of energy. At present this is met primarily by natural 165 

gas supplies. However, the excess energy generated by renewable sources at times when 166 

demand is lower currently goes unused. With appropriate energy storage technologies and 167 

reservoirs, this excess energy could be stored for later use when demand exceeds wind, wave, 168 

or solar energy production. 169 

 170 

The grid-scale energy storage technologies with the greatest capacity currently in operation 171 

are pumped-storage hydroelectric dams. Hydroelectric energy storage requires suitable 172 

topography and a source of water (Edwards, 2003). Other grid-scale storage solutions include 173 

large chemical batteries, but these require a significant supply of raw-materials, often sourced 174 

through environmentally damaging and exploitative processes (Wall et al., 2017), and are 175 

currently capable of providing power for only a few hours at most. Alternatively, energy can be 176 

stored in the form of fluids in subsurface reservoirs. Currently, natural gas is the most 177 

commonly stored fluid in subsurface reservoirs. In Ireland, the Southwest Kinsale gas field in 178 

the North Celtic Sea Basin was used as a storage facility for natural gas between 2001 and 179 

2017 but has since been decommissioned (PSE Kinsale Energy, 2022). 180 

 181 

In a similar manner to natural gas storage, other gaseous fuels can be generated using excess 182 

renewable energy and stored underground for later combustion, in a method known as Power-183 

to-Gas (P2G). Several fluids have been proposed for this purpose, including hydrogen (H2) 184 

and ammonia (NH3). This study will focus on hydrogen. Hydrogen is commonly categorised 185 

into a series of colours based on how it is produced (Dincer, 2012; Dawood et al., 2020; 186 

Newborough and Cooley, 2020). The most common colours are listed below:  187 

• Grey hydrogen: produced using steam methane reforming, where water vapour (H2O) 188 

is combined with natural gas (CH4) at high pressures in the presence of a catalyst to 189 

produce hydrogen and carbon monoxide (CO). Further reaction occurring between the 190 

carbon monoxide and water vapour in a water-gas shift reaction produces additional 191 

hydrogen and carbon dioxide (CO2). This is currently the most common production 192 

method (IEA, 2022).  193 

• Blue hydrogen: produced using the same methods as grey hydrogen but the CO2 is 194 

captured and stored rather than being emitted.  195 

• Green hydrogen: produced using renewable energy to power the electrolysis of water 196 

(H2O) to produce hydrogen and oxygen (O2). 197 

 198 



In the case of green hydrogen both the production and combustion of this gas produces no 199 

CO2, highlighting its potential to decarbonise power generation (Dincer, 2012). However, while 200 

hydrogen has a higher energy content than natural gas, it is significantly less dense 201 

(Heinemann et al., 2018). Therefore, significant subsurface storage volume would be required 202 

to meet grid-scale energy demand currently provided by fuels like natural gas (Heinemann et 203 

al., 2018; Crotogino, 2022; Duffy et al., 2023). Its lower density also makes hydrogen more 204 

buoyant than formation water in subsurface sandstone reservoirs, leading to it migrating 205 

towards the surface unless stored in a structural trap (Fig. 1B). Other properties of hydrogen, 206 

including its diffusivity, smaller molecular size and wettability properties indicate the 207 

importance of detailed seal characterisation when planning to store this fluid in structural traps 208 

(Iglauer, 2022; Miocic et al., 2023).  209 

 210 

3. Dataset and Methodology 211 

 212 

3.1 Dataset 213 

 214 

The significant amount of subsurface data that was collected by a variety of companies in the 215 

search for hydrocarbon accumulations (Naylor, 1983; Shannon, 2018) can be used to 216 

understand the storage potential of different reservoir formations in the Slyne, Erris and 217 

Donegal basins. These basins are chosen as the focus for the present study as they lie 218 

relatively close to the Irish mainland and are in somewhat shallower water by comparison to 219 

other basins off the west coast of Ireland, such as the larger, more oceanward Porcupine and 220 

Rockall basins (Fig. 2). The database comprises seismic reflection data, variably tied to 221 

exploration, appraisal and development wells and shallow boreholes. The 2D seismic 222 

database consists of 25 surveys acquired between 1975 and 2014 which total over 49,000 km 223 

in line-length (Fig. 2). The 3D seismic database consists of 12 surveys, acquired between 224 

1997 and 2013, covering a total area in excess of 6000 km2, although there is some survey 225 

overlap in the Northern Slyne sub-basin (Fig. 2). Some of these surveys were reprocessed in 226 

2006, 2012 and 2018. Seismic data is presented in European polarity, where a downward 227 

decrease in acoustic impedance corresponds to a negative (blue) reflection event and an 228 

increase in corresponds to a positive (red) reflection event. Seismic and geoseismic sections 229 

are vertically exaggerated by a factor of three. In the geoseismic sections, ball-ends are used 230 

to highlight where a fault terminates within a certain stratigraphic package, while faults without 231 

ball-ends are truncated by a younger surface.   232 

 233 



 234 
Figure 2: Overview map of the study area. A) Map showing the distribution of basins offshore north-western 235 
Ireland. Abbreviations: NPB – North Porcupine Basin. B) Bathymetry around the island of Ireland. 236 
Abbreviations: MASL – Metres Above Sea Level. C) Map showing the distribution of borehole and seismic 237 
reflection data used in this study.     238 

 239 

The geology of the seismic database was constrained using exploration, appraisal, and 240 

production wells from the Slyne, Erris and Donegal basins. This includes two wells in the 241 

Donegal Basin, two wells in the Erris Basin, and 15 wells in the Slyne Basin. Data from these 242 

wells includes wireline logs, formation tops, lithological descriptions, temperature, and 243 

pressure data from well reports and composite logs, and core data where available. The most 244 

recent stratigraphic nomenclature and biostratigraphy were used for this study, derived from 245 

the updated stratigraphic database for offshore Ireland (Merlin Energy Resources Consortium, 246 

2020).  247 

 248 

3.2. Methodology 249 

 250 

3.2.1 Regional mapping and structure identification 251 

 252 

Geological formations with a significant porous and permeable sandstone content represent 253 

ideal energy and CO2 storage candidates. Three sandstone reservoir formations are analysed 254 

in the study area, based on their previous identification as hydrocarbon exploration targets 255 

(e.g. Dancer et al., 2005): Carboniferous, Lower Triassic, and Upper Jurassic reservoirs. 256 

These reservoir horizons were mapped throughout the study area, to create regional structure 257 

maps and to understand their distribution. To identify structural closures and measure gross 258 

rock volumes, they were then converted from the time domain to the depth domain using 259 

velocity models. The depth conversion model used interval layers defined by two-way-time 260 

mapping of the seabed, Base Cenozoic, Base Cretaceous, Base Upper Jurassic, Top Triassic, 261 

Top Lower Triassic, Top Permian and Base Permian horizons. An initial velocity (V0) and k-262 

factor (the change in velocity with increasing depth) were calculated for each interval using 263 



well-derived time-depth relationships (Table 1). Due to the variable structural development 264 

across the study area, certain intervals were absent in some of the sub-basins.  265 

Table 1: Values used to depth convert 3D reservoir surfaces. Values derived from well-266 
based velocity data.  267 

Stratigraphic interval V0 (ms-1) k 

Water column (surface to seabed) 1468-1500 N/A 

Cenozoic 1510-1579 N/A 

Cretaceous 2756-2970 N/A 

Upper Jurassic 2440-2483 0.50 

Lower and Middle Jurassic 2750-3200 0.25-0.40 

Upper Triassic 4400-4822 0.15-0.20 

Lower Triassic 4800-5000 0.15 

Permian 5000 N/A 

Carboniferous 5100-5422 0.10 

 268 

The regional top reservoir maps were then used in a spill-point analysis to identify structural 269 

traps throughout the study area (Møll Nilsen et al., 2015). This method uses nodal analysis on 270 

all the points which make up a reservoir surface to locate local maxima which represent 271 

structural closures and identifies the spill point on each closure. Depth converted reservoir 272 

surfaces were resampled to 250 m by 250 m grids to improve computation time in the spill 273 

point analysis. The spill point analysis generated polygons on these re-gridded surfaces 274 

representing the map-view outlines of structural closures. These polygons were then 275 

overlayed on the higher resolution depth converted surfaces (i.e. prior to resampling) to ensure 276 

the closure was valid on the more detailed surfaces. These higher resolution surfaces were 277 

then used for calculating gross rock volumes inside these polygons.   278 

 279 

3.2.2. Calculating storage potential 280 

 281 

The potential storage capacity of a structural trap can be calculated as Fluid In Place (FIP) 282 

using the equation below:  283 

 284 

𝐹𝐼𝑃 = G𝑅𝑉 × 𝑁𝑡𝐺 × 𝛷 × 𝑆𝑔 × 𝜌𝑔 285 

 286 

Where GRV (m3) is the gross-rock volume, NtG (net-to-gross) is the ratio of reservoir to non-287 

reservoir rock, ϕ is the depth-dependant porosity (i.e. fraction of the rock made up of void 288 

space), and Sg is the maximum fluid saturation. This represents the total pore space within a 289 

structural closure which can be occupied. This can then be multiplied by the density (ρg) of the 290 

fluids at reservoir conditions to understand how much of each fluid (i.e. CO2 and H2) can be 291 

stored in these structures. Values for CO2 capacity are presented in million tonnes while H2 292 

values are multiplied by the higher heat capacity of hydrogen (39.4 KWh/kg or TWh/million 293 

tonnes) to better understand its grid contribution as an energy storage medium. 294 

 295 

A final consideration for an injected fluid that is to be returned to the surface for use (i.e. H2) 296 

is the requirement for a certain volume of fluid to be left in the reservoir to maintain a suitable 297 

pressure to support efficient production (termed ‘cushion gas’). Therefore, only a portion of 298 

the calculated volume in any prospective storage site will constitute fluid that can be stored 299 

and withdrawn economically (Fig. 1B). The percentage of the storage volume which will be 300 



required to act as cushion gas will vary depending on the initial pressure of individual 301 

structures but will likely be between 40-60% of the total volume of a structure (McVay and 302 

Spivey, 2001; Klempa et al., 2019). Therefore, the effective storage capacity of a candidate 303 

storage site (commonly termed the ‘working gas volume’) will be the remaining percentage of 304 

the total volume: 305 

 306 

𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐺𝑎𝑠 % = 100% − 𝐶𝑢𝑠ℎ𝑖𝑜𝑛 𝐺𝑎𝑠 % 307 

 308 

The data and techniques used to populate each of the inputs to the FIP equation are expanded 309 

upon in the following sections. This includes both the data available for this case study of the 310 

Irish Atlantic margin alongside more general inputs, when applying this methodology to other 311 

sedimentary basins.  312 

 313 

3.2.3. Gross rock volume (GRV) 314 

 315 

Gross rock volume was determined by calculating the volume between the top and base of 316 

the reservoir section above the spill point on that structure. Volumes were calculated between 317 

the top and base depth-converted regional reservoir surfaces down to the spill point for that 318 

structural closure. If the base reservoir surface was above the spill point contour, the volume 319 

of non-reservoir rock below the base of the reservoir, but above the structural spill point, was 320 

subtracted from the GRV. In the case of the Corrib gas field, which was not fill-to-spill upon 321 

discovery, two volumes were calculated, one representing the initial Free Water Level and the 322 

other representing the spill point of the structural closure. If less data are available, it may be 323 

possible to use the volumes of regular shapes (e.g. cylinders, ellipsoids and prisms) as 324 

simplified proxies for structural traps.   325 

 326 

3.2.4. Net-to-gross (NtG) 327 

 328 

The ratio of the gross storage formation to reservoir-grade rock is termed the net-to-gross 329 

(NtG). The NtG of each of the three storage formations evaluated in this study was calculated 330 

in each well by measuring the thickness of reservoir-grade rock and calculating the ratio of 331 

this thickness to the total thickness of the reservoir section in that well. Net reservoir was 332 

defined using a Vshale curve derived from the gamma logs (Asquith et al., 2004). The Vshale 333 

curves were then compared with cuttings and core descriptions included in well completion 334 

reports and composite logs to ensure that suitable sand and shale cut-offs were accurately 335 

representing the geology in the wells.  336 

 337 

Given the variable diffusivity of the gases being studied (i.e. CO2 and H2) it is best to define 338 

different Vshale cut-offs given the expected permeability for each of the facies being defined. 339 

However, one cut-off was used for this study to simplify calculations. The NtG values from 340 

each well were then extrapolated across the study area to produce predictive NtG maps for 341 

each of the storage plays. Due to the sparse point data (typically 10s of kilometres between 342 

wells), ordinary kriging was used to interpolate between data points. If no NtG data is available, 343 

it may be possible to estimate variations in NtG based on expected reservoir facies using 344 

outcrop analogues. In the case of the Slyne and Erris basins offshore northwest Ireland, the 345 

data-rich East Irish Sea Basin would be a suitable analogue.  346 

 347 

3.2.5. Porosity (ϕ) 348 



 349 

Porosity data for each of the key storage formations is relatively limited given the few wells 350 

drilled in the study area. This data is primarily derived from wireline porosity logs, core, and 351 

core plug analysis included with well completion reports. In data poor areas, like 352 

underexplored sedimentary basins, predictive tools can be used to supplement what data does 353 

exist. Porosity decreases with increasing burial depth primarily due to mechanical compaction. 354 

Empirical compaction curves have been developed for several different regions and lithologies 355 

which describe the change in porosity with depth and can be applied to the reservoir 356 

formations on the Irish Atlantic margin. Sclater and Christie (1980) demonstrated that porosity 357 

at depth (ϕz) can be estimated using the equation below:  358 

 359 

𝜙𝑧 = 𝜙0(𝑒−𝑐𝑧) 360 

 361 

Where ϕ0 is the porosity at the surface, c is the porosity-depth coefficient and z is depth.  362 

 363 

Due to the geology of the sedimentary basins analysed in this study, this standard equation 364 

was modified to account for severe uplift and erosion that have impacted the reservoir 365 

formations (Chapman et al., 1999; Dancer et al., 1999). Failure to consider the impact of this 366 

erosion could lead to overestimation of the porosity and therefore the capacity of potential 367 

storage sites. The magnitude of erosion varies throughout the basin from a few 100s of metres 368 

to multiple kilometres (Corcoran and Clayton, 2001; Biancotto et al., 2007; O’Sullivan et al., 369 

2022). Porosity values recorded from core, core plugs and wireline data for the three storage 370 

plays do not follow the typical mechanical compaction curve of Sclater and Christie (1980) as 371 

these sandstones have undergone greater compaction due to burial during rifting prior to being 372 

exhumed during the Cretaceous and Cenozoic (Fig. 3). Shifting the empirical compaction 373 

curves vertically by the magnitude of erosion, so that it aligns with borehole data corrects for 374 

this phenomenon. This has been done previously by Corcoran and Mecklenburgh (2005) using 375 

data from the Lower Triassic reservoir to study the magnitude of exhumation of the Corrib gas 376 

field and is expanded here to include additional data and reservoirs.  377 

 378 



 379 
Figure 3: Porosity-depth plots for the three storage plays investigated in this study. A) Lower Triassic, B) 380 
Upper Jurassic and C) Carboniferous. Triassic reservoir details from the Kish Bank Basin and Central Irish 381 
Sea Basin are taken from Dunford et al. (2001) and Maddox et al. (1995) respectively. 382 

 383 

3.2.6. Fluid saturation (Sg) 384 

 385 

Not all existing formation water can be displaced when either H2 or CO2 is injected into a water-386 

saturated porous subsurface reservoir. This is caused by the relative permeabilities of different 387 

fluid components (e.g. water and CO2 or water and H2). Therefore, only a fraction of the total 388 

pore space will be occupied by the injected fluid. Several laboratory studies have been carried 389 

out in recent years to investigate the relative permeability and theoretical range of fluid-390 

saturations for CO2 and H2 stored in subsurface sandstone reservoirs (e.g. Krevor et al., 2012; 391 

Yekta et al., 2018; Hashemi et al., 2021; Rezaei et al., 2022; Thiyagarajan et al., 2022) which 392 

indicate a fluid saturation range of 0.2 to 0.65. These values provide upper and lower limits for 393 

fluid saturation values during volume estimation.  394 



It should be noted that H2 has only been stored in artificial salt caverns in the subsurface to 395 

date. The understanding of the multiphase fluid dynamics of H2 in porous mediums like 396 

sandstone reservoirs in the subsurface is at an early-stage relative to that of CO2 and oil and 397 

gas. Therefore, the saturation values here represent current lab-based results (e.g. Yekta et 398 

al., 2018) and will likely be refined with further research.  399 

 400 

3.2.7. Fluid density (ρg) 401 

 402 

The density of a fluid changes with temperature and pressure, both of which increase with 403 

increasing depth beneath the Earth’s surface. These densities were calculated using 404 

correlation tables based on equations of state for individual fluids (e.g. Span and Wagner, 405 

1996). Correlations from Lindstrom and Mallard (2022) were used in this study.  406 

 407 

Predictive pressure and temperature values for calculating fluid densities at reservoir depths 408 

were generated using data from exploration wells in the study area. Plotting corrected 409 

temperature readings for wells throughout the study area indicate a regional geothermal 410 

gradient of 31 °C/km (Fig. 4A). Pressure data are only available for wells in the Slyne Basin, 411 

where most wells have encountered a near-hydrostatic pressure gradient of 0.1 Bar/m or 412 

10,000 Pa/m throughout the drilled section (Fig. 4B), including those with breached oil 413 

accumulations (e.g. the Upper Jurassic reservoirs in the 18/20-1, 27/5-1 and 27/13-1A wells). 414 

While no pressure information is available from wells in the Erris or Donegal basins, no 415 

indicators of overpressure were encountered in any of the wells drilled in those basins. 416 

Therefore, a hydrostatic pressure gradient can be used to reasonably predict pressure 417 

changes with depth in these basins.  418 

 419 

The main exception to the absence of overpressure indication is the Lower Triassic reservoir 420 

section of the Corrib gas field in the Northern Slyne Sub-basin which is modestly 421 

overpressured by 45 Bar (c. 650 psi) relative to the regional hydrostatic gradient (Fig. 4C). 422 

This may be caused by the overlying Upper Triassic salt preserving higher pressure during 423 

exhumation (Corcoran and Doré, 2002). No direct pressure information is available for the two 424 

other structures which encountered the same Lower Triassic reservoir overlain by Upper 425 

Triassic salt (wells 18/20-7 and 19/11-1A), although log-derived pressure estimations from the 426 

19/11-1A well suggests it encountered a similarly overpressured reservoir to the Corrib aquifer 427 

in the Lower Triassic reservoir (Statoil, 2004). In wells where the Upper Triassic seal is 428 

composed of mudstone rather than salt (e.g. wells 19/8-1 and 27/5-1), the Lower Triassic 429 

reservoir is normally pressured (Enterprise, 1996a; StatoilHydro, 2009). Due to the general 430 

lack of pressure data, our workflow does not consider pressure limitations or address the 431 

mapping or estimation of pressure cells surrounding the structural closures. Nevertheless, it 432 

should be noted that structural and depositional barriers and baffles to pressure will have a 433 

significant impact on injectivity and, in the case of H2, also in production flow rates, water-cut 434 

and ultimate recovery factor.  435 

 436 



 437 
Figure 4: A) Temperature-depth plot for corrected down-hole temperature measurements from the Slyne 438 
Basin. B) Pressure-depth plot for all wells in the Slyne Basin. C) Pressure-depth plot for all data from the 439 
Lower Triassic section in the Corrib gas field.  440 

 441 

3.2.8 Additional factors for CO2 storage (storage efficiency and aquifer volume) 442 

 443 

While this methodology and workflow has been presented to be suitable for different fluid types 444 

(i.e. both CO2 and H2), should focus narrow to just subsurface CO2 storage then there are 445 

additional factors to consider. This includes both the storage efficiency factor, and the total 446 

aquifer volume and aquifer seal capacity which captures the continuity of the aquifer and how 447 

pressure changes might impact regional seal integrity.  448 

 449 



The storage efficiency factor is introduced into volumetric calculations to account for a variety 450 

of factors including the fluid dynamics of CO2, reservoir and seal properties, and variations in 451 

well design and injection rates (Bachu, 2015). This factor is typically added as an additional 452 

variable in the FIP equation to calculate ‘effective capacity’ rather than the ‘theoretical 453 

capacity’ represented by the standard FIP equation. This factor has been found to be very site 454 

specific with values ranging from 0.005 to >0.1 (Bachu, 2015; Ringrose, 2020). The Sleipner 455 

CCS project offshore Norway has achieved a storage efficiency of about 5% (i.e. a storage 456 

efficiency factor of 0.05) after two decades of operation (Ringrose, 2018). As the method used 457 

in this study is designed to be applicable for various fluid types (i.e. both CO2 and H2) this was 458 

not included in volumetric calculations but can be easily introduced into the FIP equation for 459 

studies focused solely on CO2 storage. It is likely that a single storage efficiency factor would 460 

be used when building an inventory of storage sites across a sedimentary basin prior to 461 

ranking, with the storage efficiency factor being refined with reservoir modelling for the 462 

shortlisted storage sites. It is likely that a similar efficiency factor will be derived for H2 storage 463 

in porous sandstone reservoirs, but as research into the fluid dynamics of H2 in the subsurface 464 

is relatively nascent when compared with hydrocarbons and CO2, a theoretical storage 465 

estimate is suitable for now. 466 

 467 

Taking the total volume of the aquifer connected to a storage site is important when 468 

considering the feasibility of regional injection of fluids into the subsurface. As CO2 is injected 469 

into a porous medium it will displace the existing fluids and increase pressure in front of the 470 

growing plume of injected CO2. This could lead to overpressure and breakdown of the regional 471 

seal for the reservoir leading to escape of CO2 to the atmosphere. Modelling, tracking and 472 

management of pressure changes due to CO2 injection is therefore critical to project success 473 

and this is becoming apparent in basins where multiple independently operated CO2 storage 474 

projects are planned, such as the basins of the Southern North Sea (Agada et al., 2017). 475 

Therefore, reservoir simulations should be created to model planned injection volumes and 476 

rates to understand both local and basin-scale pressure changes, identify potential areas of 477 

excess pressure build-up, and modify these injection strategies accordingly. These 478 

considerations will have to be considered for subsurface H2 injection as well, as this fluid 479 

displaces the existing brine within the porous sandstone formation.    480 

 481 

3.2.9 Storage structure ranking 482 

 483 

While not carried out in this study, a final step in selecting suitable sites for further investigation 484 

would be a quantitative ranking scheme. Studies have looked at the application of a variety of 485 

multi-criteria ranking schemes to geospatial site ranking (including for CO2 storage siting) 486 

using techniques such as Quantitative Strength, Weakness, Opportunities, and Threats 487 

(SWOT) and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) 488 

analyses (e.g. Alcalde et al., 2021; Chock et al., 2022). Criteria should include geological 489 

factors such as porosity, seal lithology, and depth and could also consider non-geological 490 

factors like distance from shore, proximity to major CO2 emitters or energy customers, and 491 

presence of existing infrastructure. For projects focused purely on CO2 storage, aquifer seal 492 

capacity and total connected aquifer volume should also be considered.  493 

 494 

4. Geological Setting 495 

 496 



The Slyne, Erris and Donegal basins, located offshore north-western Ireland, have been the 497 

subject of intermittent hydrocarbon exploration and development for over 50 years (Trueblood, 498 

1992; Scotchman and Thomas, 1995; Shannon and Naylor, 1998; Scotchman et al., 2018). 499 

They are a group of broadly contiguous basins located 30-60 kilometres off the north-western 500 

coast of Ireland in water depths of 150-3000m (Fig. 2). The basins are elongate and fault-501 

bound, bordered by the crystalline rocks of the Irish Mainland Shelf to the east and the Erris 502 

Ridge and Porcupine High to the west, and belong to a framework of basins of various ages 503 

and structural styles which stretch across the Irish Atlantic margin (Fig. 2).  504 

 505 

4.1. Tectonostratigraphic evolution 506 

 507 

The geology of the study area is a product of a complex geological evolution extending from 508 

the Early Paleozoic to the present day (Chapman et al., 1999; Dancer et al., 1999; O’Sullivan 509 

et al., 2022). The oldest rocks investigated in this study are Carboniferous strata deposited in 510 

several fault-bound basins which formed during back-arc extension as the Rheic Ocean was 511 

subducted beneath the Laurentian continent (Woodcock and Strachan, 2012). These include 512 

a predominantly marine Mississippian sequence of limestones, sandstones and mudstones 513 

overlain by a terrestrial Pennsylvanian sequence of mudstones, sandstones and layers of coal 514 

(Fig. 5; Tate and Dobson, 1989). These Carboniferous basins were locally inverted by 515 

compressional forces associated with the Variscan Orogeny (Worthington and Walsh, 2011). 516 

Alongside local inversion, regional uplift and erosion created the Variscan Unconformity. 517 

 518 

 519 



Figure 5: Stratigraphic column for the Slyne, Erris and Donegal basins. The key storage plays are 520 
highlighted. The stratigraphic nomenclature is adapted from Merlin Energy Resources Consortium, (2020).  521 

 522 

Post-orogenic extension began in the Late Permian, accompanied by the formation of several 523 

hundred metres of salt in the hanging walls of active faults alongside thin carbonate and clastic 524 

deposits on intrabasinal highs (Doré et al., 1999; O’Sullivan et al., 2021). This was followed 525 

by a period of tectonic quiescence during the Early and Middle Triassic, with the development 526 

of braided river systems in an arid environment throughout the study area (Dancer et al., 527 

2005). This was overlain by red mudstones deposited in sabkha and playa lake environments, 528 

and locally a second layer of salt, representing an ephemeral marine incursion, during the Late 529 

Triassic (Merlin Energy Resources Consortium, 2020). There is also evidence of regional 530 

extension and halokinesis initiating during the Late Triassic period (O’Sullivan and Childs, 531 

2021).  532 

 533 

A second period of regional extension occurred during the Early and Middle Jurassic in tandem 534 

with a marine transgression. A sequence of marine limestones, mudstones and sandstones 535 

was deposited throughout the region, thickening into the hanging walls of active faults (Dancer 536 

et al., 1999). Several salt structures formed during the Early to Middle Jurassic, including salt 537 

anticlines, rollers and walls (O’Sullivan et al., 2021; O’Sullivan and Childs, 2021). Early and 538 

Middle Jurassic extension ceased during the late Middle Jurassic when the region experienced 539 

uplift and erosion (Dancer et al., 1999). The exact cause of this uplift and erosion is poorly 540 

constrained but may be related to a mantle plume in a similar but less severe manner to the 541 

North Sea doming event (Ziegler, 1992).  542 

 543 

A third extensional phase began during the Late Jurassic, accompanied by kilometre-scale 544 

movement on the basin-bounding faults and the deposition of a thick sequence of fluvio-545 

estuarine mudstones and sandstones throughout the study area (Dancer et al., 1999; 546 

O’Sullivan et al., 2022). A second phase of halokinesis occurred in tandem, with new 547 

structures being formed and pre-existing structures created in the Early and Middle Jurassic 548 

being reactivated and modified (O’Sullivan et al., 2021). A marine transgression occurred 549 

towards the end of the Jurassic, with the uppermost Jurassic sediments consisting of marine 550 

limestones and mudstones (Merlin Energy Resources Consortium, 2020).  551 

 552 

Most of the study area experienced kilometre-scale uplift and erosion during the Early 553 

Cretaceous, creating a distinct regional unconformity. This was driven by rifting and 554 

hyperextension in the neighbouring Rockall Basin to the northeast (Fig. 2). The Erris Basin is 555 

a notable exception and was involved in the extension of the Rockall Basin, with over a 556 

kilometre of predominantly marine sediments accumulating in this basin during the Cretaceous 557 

(Chapman et al., 1999; O’Sullivan et al., 2022). Several structures underwent subtle 558 

modification and reactivation during this period of exhumation, with small reverse and normal 559 

movements on faults observed throughout the study area (Corcoran and Mecklenburgh, 2005; 560 

O’Sullivan et al., 2022).  561 

 562 

The area experienced additional periods of uplift during the Cenozoic, which are variously 563 

attributed to the Alpine Orogeny, the development of the Icelandic plume and the onset of 564 

oceanic crust formation and associated ridge-push in the North Atlantic Ocean (Dancer et al., 565 

1999). The magnitude of uplift was less severe than that experienced in the Early Cretaceous, 566 

with a few hundred metres of sediment removed (Corcoran and Mecklenburgh, 2005). Several 567 



structures underwent further modification and reactivation during the Cenozoic as a result of 568 

these post-rift tectonic processes (O’Sullivan et al., 2022). Regional magmatism occurred 569 

during the Cenozoic, with the intrusion of igneous sills and dykes throughout the Carboniferous 570 

and Mesozoic rocks, and the extrusion of lavas over certain parts of the study area (Dancer 571 

et al., 2005; O’Sullivan and Childs, 2021). Following the extrusion of these Cenozoic lavas, 572 

marine and glaciogenic mudstones and sandstones were deposited throughout the study area 573 

during the Cenozoic. Finally, glaciation during the Pleistocene impacted the basins offshore 574 

western Ireland, with the British and Irish Ice Sheets (BIIS) extending from the present-day 575 

coastline across the Malin Shelf, Irish Mainland Shelf, and the eastern margins of the Slyne 576 

and Erris basins (Clark et al., 2022). Glaciogenic sediments were deposited across most of 577 

the study area (Merlin Energy Resources Consortium, 2020) while glacioisostasy may have 578 

further reactivated faults or modified structures as noted in other glacially influenced basins 579 

such as the North Sea (Goffey et al., 2018) although no direct evidence of this has been 580 

reported to date.  581 

 582 

5. Storage play characterisation 583 

 584 

Each of the reservoir units is described in terms of a ‘storage play’ in a similar manner to a 585 

‘petroleum play’ used in hydrocarbon exploration. The methodologies used are similar to the 586 

description of petroleum plays offshore Ireland (e.g. Trueblood, 1992; Spencer and 587 

MacTiernan, 2001). In a petroleum play, these components include source, reservoir and seal 588 

rocks, hydrocarbon generation, migration pathways and a trap that formed prior to 589 

hydrocarbon migration. Certain components which are required in the petroleum play (e.g. the 590 

source rock, migration route from source to reservoir, and the timing of trap formation) are 591 

irrelevant for subsurface fluid storage and so are not considered here. Similar concepts have 592 

been applied to pure hydrogen storage and termed ‘hydrogen plays’ (sensu Heinemann et al., 593 

2018). Here we expand on this to describe subsurface ‘storage plays’ which can be used to 594 

store a variety of fluids including CO2 and H2. To achieve this, the stratigraphic nomenclature, 595 

depositional environment, regional distribution and reservoir properties including net-to-gross 596 

and porosity are described for each of the three main storage plays considered in this study. 597 

Some additional storage plays which are more poorly constrained are also discussed.  598 

 599 

Given varying capillary entry pressure for different gasses (e.g. CO2, H2 and CH4) some 600 

nuance is required when characterising the seals of these storage plays. Given the smaller 601 

size of H2 molecules relative to other relevant gases, a very low permeability seal is required 602 

to effectively contain H2 in the subsurface. Salt is best suited to this due to its very low 603 

permeability and is the only proven subsurface hydrogen storage medium at time of writing 604 

(albeit in artificial caverns within the salt). Conversely, mudstones are likely to be less effective 605 

at sealing H2 storage sites. Therefore, some storage plays may be suitable for both H2 and 606 

CO2 storage, while others may only be suitable for CO2 storage.  607 

 608 

5.1. Carboniferous storage play (CR) 609 

 610 

The Carboniferous is one of the most poorly understood sedimentary sections within the study 611 

area. Being one of the deepest proven sedimentary sections in the area, it was often 612 

considered the ‘economic basement’ in the region, with only the upper few 10s of metres being 613 

penetrated and described in boreholes. It is also typically characterised by low-amplitude 614 



reflectors on seismic data, making regional mapping of distinct markers within the 615 

Carboniferous section rather difficult.  616 

 617 

The most extensive Carboniferous section was encountered in the 19/5-1 well in the Erris 618 

Basin. This well encountered 1679 metres of Carboniferous strata, which can be broadly 619 

subdivided into three sections (Fig. 6A). The youngest of these are the Pennsylvanian Sorrel 620 

and Blackthorn groups, which were deposited in a predominantly coastal, deltaic and swampy 621 

environment. This section is underlain by the Muirín Group, which is subdivided into the 622 

Ruacan and Mussel formations. The Ruacan Formation was deposited in shallow marine and 623 

continental settings, while the Mussel Formation was deposited primarily in a continental 624 

environment (Merlin Energy Resources Consortium, 2020). The Ruacan and Mussel 625 

formations have only been encountered in the 19/5-1 well, while other wells which penetrate 626 

the Carboniferous terminate within the Blackthorn Group (Fig. 5). Seismic data, particularly in 627 

the Donegal Basin, indicate a thick undrilled sedimentary sequence beneath the Blackthorn 628 

Group, which may represent Muirín Group sediments. The Carboniferous section is notably 629 

absent in the 18/25-2 well in the Slyne Basin (Fig. 5A), where metasediments tentatively dated 630 

as Silurian were encountered beneath the Zechstein Group (Enterprise, 2000). This indicates 631 

that there may be other local highs within the study area where Carboniferous sediments are 632 

similarly absent.  633 

 634 



 635 
Figure 6: Maps showing the net-to-gross calculated from gamma ray log-based Vshale calculations and 636 
lithological descriptions for the A) Carboniferous, B) Lower Triassic and C) Upper Jurassic storage plays 637 
in the study area. Reservoir rock is shown in yellow while non-reservoir rock is shown in grey.  638 

 639 

The proven reservoir-seal pairs which make up the Carboniferous storage play are the 640 

interbedded sandstones and mudstones throughout the Sorrel, Blackthorn and Muirín groups. 641 

Within the Sorrel and Blackthorn groups these reservoirs are likely to be the fluvial sandstone 642 

channels surrounded by overbank and floodplain mudstone deposits present in a deltaic 643 



depositional environment (Tate and Dobson, 1989; Merlin Energy Resources Consortium, 644 

2020) These channelised sandstones are likely to have limited lateral extent. Conversely, the 645 

sandstones in the Ruacan and Mussel formations represent more extensive shallow marine 646 

sheet sands and continental aeolian and alluvial fan deposits respectively (Merlin Energy 647 

Resources Consortium, 2020). A broad northward increase in the net-to-gross is observed in 648 

the relatively sparse Carboniferous well data which primarily samples the Sorrel and 649 

Blackthorn groups (Fig. 6A). This may suggest a northern source for the predominantly fluvial 650 

Carboniferous reservoir sandstones and a greater sandstone content in this region.  651 

 652 

The shallowest Blackthorn Group sandstones in the 13/3-1 well have porosities of 18-34% but 653 

this decreases to 3-5% below 500mTVD sub-seabed (Fig. 3, Texaco, 1978). Reasonable 654 

reservoir properties were observed in the Blackthorn Group in the 19/5-1 well, with porosities 655 

between 9-17% (Fig. 3, Amoco, 1978). The Ruacan Formation in the 19/5-1 well had very 656 

limited porosities no higher than 8% (Fig. 3), while the underlying Mussel Formation was 657 

described as having no porosity (Amoco, 1978). Both the 12/13-1A and 27/5-1 wells recorded 658 

similarly mediocre porosity values around 10% (Fig. 3).  659 

 660 

The seal to these Carboniferous sandstones is provided by the mudstones interbedded with 661 

the fluvial and deltaic sandstones. These were deposited in the floodplains and swamps 662 

surrounding the fluvial and deltaic channels and are likely to be laterally extensive (Merlin 663 

Energy Resources Consortium, 2020). No hydrocarbon accumulations have been found in 664 

Carboniferous rocks within the study area to indicate if these mudstones provide an adequate 665 

seal. The lateral equivalent to this Carboniferous section in the Lough Allen Basin onshore 666 

Ireland hosts sub-commercial gas accumulations (Philcox et al., 1992), which suggests the 667 

similar mudstones present in the study area could provide an effective seal. Conversely, the 668 

presence of gas-charged Cenozoic sediments and seabed pockmarks in the Donegal Basin 669 

(Garcia et al., 2014), where the Carboniferous section lies directly beneath the Base-Cenozoic 670 

Unconformity, may indicate that cross-fault mudstone-sandstone juxtaposition does not 671 

provide an effective seal. Therefore, detailed fault seal analysis will be needed for structural 672 

traps which rely on fault offset for closure.  673 

 674 

5.2. Lower Triassic storage play (TR) 675 

 676 

The Triassic storage play in the Slyne and Erris basins consists of the Lower Triassic Corrib 677 

Sandstone Formation, sealed by the overlying Upper Triassic Currach Formation (Fig. 5). This 678 

is the only storage play analysed at this stratigraphic level which also hosts a developed 679 

hydrocarbon reservoir (the Corrib gas field). All wells which reached the Lower Triassic section 680 

encountered the Corrib Sandstone Formation (Merlin Energy Resources Consortium, 2020).  681 

 682 

The Corrib Sandstone Formation was deposited in a broad northeast flowing braided river 683 

system with indications of marginal areas of aeolian dune systems and playa lake deposits 684 

(Dancer et al., 2005; Merlin Energy Resources Consortium, 2020). This results in very high 685 

net-to-gross values greater than 50% observed in the Corrib Sandstone Formation throughout 686 

the Slyne and Erris basins (Fig. 6B). Local variations have been noted in the 12/13-1A well in 687 

the Erris Basin where thin carbonate layers were interpreted as calcrete deposition (Merlin 688 

Energy Resources Consortium, 2020). A shallow borehole on the eastern margin of the Slyne 689 

Basin encountered a coarse-grained conglomerate, suggesting more immature and local 690 

sediment sourcing towards the basin-margins (Fugro, 1994).  691 



 692 

Plotting porosity against depth from various wells in the Slyne and Erris basin supports the 693 

kilometre-scale exhumation interpreted by previous authors (e.g. Scotchman and Thomas, 694 

1995; Corcoran and Mecklenburgh, 2005; Biancotto et al., 2007). This trend indicates that the 695 

expected porosity at a certain depth should be 5-10% lower than that predicted by compaction 696 

curves from typically shaly-sandstones (e.g. Sclater and Christie, 1980). This estimate does 697 

not account for the variation in both burial histories and the magnitude of exhumation observed 698 

across the study area (e.g. O’Sullivan et al., 2022); some exploration wells have encountered 699 

Triassic sandstones with better (e.g. 19/8-1) and poorer (e.g. 18/20-7) porosity values than 700 

those predicated by the modified compaction curve (Fig. 3A).    701 

 702 

The Corrib Sandstone Formation is sealed by the overlying Upper Triassic Currach Formation. 703 

This is primarily composed of red mudstones interbedded with lenses of anhydrite which 704 

formed as regional sabkhas and playa lakes during the Late Triassic and is found throughout 705 

the Slyne and Erris basins (Merlin Energy Resources Consortium, 2020). A layer of halite (the 706 

Uilleann Halite Member, Fig. 4) is present at the base of the Currach Formation in the Northern 707 

Slyne and Southern Erris sub-basins. This has been interpreted to extend into the Central and 708 

Southern Slyne sub-basins by Merlin Energy Resources Consortium (2020), but detailed 709 

seismic mapping and well interpretation indicate it likely does not extend into these sub-basins 710 

(O’Sullivan et al., 2021). This halite layer likely represents a more competent seal than the 711 

interbedded mudstones and is the seal for the Corrib gas field and the sub-commercial Corrib 712 

North gas discovery (well 18/20-7). In other basins with similar geology, such as the East Irish 713 

Sea Basin, the presence of halite in the Upper Triassic seal overlying the Lower Triassic 714 

reservoir is considered essential for low-risk fluid containment (e.g. Seedhouse and Racey, 715 

1997) 716 

 717 

5.3. Upper Jurassic storage play (JR) 718 

 719 

Several kilometres of Jurassic sediments are present throughout the Slyne and Erris basins, 720 

representing the main syn-rift package in the study area. No Jurassic sediments have been 721 

encountered in the Donegal Basin to date (Fig. 5C). The Jurassic can be broadly subdivided 722 

into two sections: predominantly marine Lower and Middle Jurassic sections belonging to the 723 

Lias and Kite groups respectively, and an Upper Jurassic section consisting of terrestrial, 724 

fluvial and estuarine sediments which belong to the Beara and Muckross groups (Fig. 4). A 725 

minor regional unconformity separates these two syn-rift packages (Fig. 4).  726 

 727 

Several reservoir-seal pairs are present throughout the Jurassic section which consist of 728 

interbedded sandstones and mudstones. Typically, the most sand-rich interval is the Upper 729 

Jurassic Minard Formation which represents the most prospective Jurassic-aged reservoir 730 

section in the study area. The Minard Formation was deposited in a predominantly terrestrial 731 

environment, with the reservoirs made up of fluvial channel-fill sandstones and overbank 732 

deposits (Merlin Energy Resources Consortium, 2020). The relative distribution of these 733 

sandstones can be observed on a root mean square (RMS) amplitude map of a 25 ms Two 734 

Way Travel Time (TWTT) window within the Minard Formation in the Central Slyne sub-basin 735 

(Fig. 7). This map shows a network of fluvial channels flowing broadly southwards towards the 736 

Porcupine Basin, as suggested by sediment provenance studies of Tyrrell et al. (2007). Within 737 

the Central Slyne sub-basin, channels along the margin of the basin (i.e. in the vicinity of the 738 

27/5-1 well) are oriented transverse to the axis of the basin, while the channels in the centre 739 



of the basin are parallel to the basin axis, oriented broadly NNE-SSW. This map indicates that 740 

while these channelised sandstone bodies represent very high-quality reservoirs, with 20-30% 741 

porosity recorded in the core data in the 27/5-1 well (Fig. 3B; Enterprise 1996a), they are not 742 

laterally extensive, reducing the total sandstone content (i.e. net-to-gross) within any structural 743 

trap. This is reflected in the relatively low net-to-gross values of less than 50% observed in all 744 

wells which encounter the Minard Formation (Fig. 6C).  745 

 746 



747 
Figure 7: A) Uninterpreted and B) Interpreted RMS amplitude horizon slice in the Upper Jurassic Minard 748 
Formation from the Central Slyne sub-basin illustrating the distribution of fluvial reservoir sandstones in 749 
this storage play. Dashed arrows are used to indicate broad paleoflow directions. Fault heave at this 750 
horizon is illustrated with black polygons. See Figure 2 for map location.  751 

 752 



The interbedded mudstones within the Minard Formation represent continental and lacustrine 753 

sediments deposited on the floodplains around the Late Jurassic river systems. These are the 754 

principal seals to the interbedded Upper Jurassic sandstones and are likely to be laterally 755 

extensive, as suggested by the RMS amplitude map in Figure 7. The integrity of these 756 

mudstones as suitable seals does warrant further investigation, as several breached 757 

hydrocarbon accumulations have been encountered in previous exploration wells (e.g. 18/20-758 

1, 19/11-1A, 27/5-1 and 27/13-1A). The breaching of these paleo-accumulations is attributed 759 

to post-charge movement on faults bounding these structural traps (Spencer and MacTiernan, 760 

2001) although a stratigraphic leak may also have occurred through connected fluvial 761 

sandbodies. 762 

 763 

6. Storage trap types 764 

 765 

With the storage plays in the study area established, the variety of structural trap types are 766 

now analysed. Different structural traps are observed throughout the study area, often related 767 

to the changing geology between different basins. A key factor in the structural style of 768 

individual basins on the Irish Atlantic margin is the presence of salt layers within the 769 

sedimentary section (O’Sullivan et al., 2021). Where salt is present, it will act as a layer of 770 

mechanical detachment between the sub- and supra-salt sections and lead to more ductile 771 

deformation (Hudec and Jackson, 2007). Salt can also flow and form salt structures such as 772 

salt anticlines and salt rollers (Jackson and Hudec, 2017a; Jackson and Hudec, 2017b). Areas 773 

without salt will deform in a more brittle manner.  774 

 775 

O’Sullivan et al. (2021) described the extents of these salt layers in the Slyne and Erris basins 776 

using regional borehole correlations and by identifying halokinetic structures on seismic 777 

reflection data. A key control on the distribution of salt within the Permian Zechstein Group is 778 

the presence of active faults creating accommodation space during salt accumulation. In 779 

contrast, the Zechstein Group is thinner and predominately composed of carbonate and clastic 780 

rocks in areas of geological quiescence during the Permian (O’Sullivan et al., 2021). There is 781 

also evidence that the distribution of the Upper Triassic Uilleann Halite Member is controlled 782 

by local extension during the Early to Middle Triassic which creates accommodation space for 783 

Late Triassic salt deposition in certain parts of the Slyne and Erris basins (O’Sullivan et al., 784 

2021, O’Sullivan and Childs, 2021). Nevertheless, significant ambiguity remains to the 785 

definitive distribution of salt in the basins offshore northwest Ireland without further drilling.  786 

 787 

6.1. Slyne Basin 788 

 789 

The structural style of the Southern and Central Slyne sub-basins is strongly influenced by the 790 

presence of Permian salt. The most common trap types in this part of the study area are horst 791 

blocks and tilted fault blocks both above and below the Permian salt (Fig. 8). These fault-792 

bound structures were the most common target for hydrocarbon exploration wells in this part 793 

of the study area. Of the three exploration wells drilled in the Central Slyne sub-basin, two 794 

targeted fault-bounded horsts and encountered breached oil accumulations in Upper Jurassic 795 

reservoirs (wells 27/5-1 and 27/13-1A). Both structures show evidence of post-charge 796 

movement on the bounding faults during the Cenozoic (Fig. 8B) which may have resulted in 797 

cross-fault juxtaposition of reservoir sandstones and subsequent loss of hydrocarbon 798 

accumulations. Similar movements may yet occur on these structures, caused either by 799 

pressure changes during fluid injection or by future tectonic or glacial processes, as has been 800 



observed affecting hydrocarbon accumulations in the North Sea (e.g. Goffey et al., 2018). This 801 

places a strong emphasis on detailed fault-seal and fault-stability analysis for any candidate 802 

storage sites which rely on a fault for closure.  803 

 804 

805 
Figure 8: Schematic geoseismic sections from the Slyne Basin highlighting different structural trap types 806 
and the distribution of the key storage play components. A) Geoseismic section showing the location of 807 
the 27/4-1 ‘Bandon’ oil discovery. B) Geoseismic section showing the impact of Cretaceous and Cenozoic 808 
fault movement on the structure hosting the 27/5-1 ‘Avonmore’ breached oil accumulation. C) Schematic 809 
geoseismic section through the Northern Slyne sub-basin highlighting different structural trap types and 810 
the distribution of the key storage play components. Inset: A) geoseismic section showing the location of 811 
the Corrib gas field in the Lower Triassic storage play, and the breached oil accumulation in the Upper 812 
Jurassic storage play. See Figure 2 for location. 813 



 814 

In addition to the tilted fault blocks, there are also several hanging-wall closures adjacent to 815 

the basin-bounding faults along the north-western margin of the basin (Fig. 8A). These are 816 

interpreted to have initially formed as forced folds above the incipient basin-bounding faults, 817 

before continued slip on these faults breached the folds and resulted in the current structural 818 

configuration (Dancer et al., 1999; O’Sullivan et al., 2021). The 27/4-1 well discovered a sub-819 

commercial heavy oil accumulation in Lower Jurassic sandstones in one of these closures 820 

(Serica Energy, 2009), suggesting these structures are less prone to reactivation and leakage 821 

during post-rift tectonic phases than the tilted fault blocks discussed above.   822 

 823 

The presence of two layers of salt in the Northern Slyne sub-basin (Permian and Upper 824 

Triassic, Fig. 5, 8C) results in kinematic interaction between discrete salt structures above and 825 

below the Lower Triassic section and the formation of unique structural shapes. The most 826 

common combination is a Permian salt anticline and an Upper Triassic salt roller or salt wall, 827 

with the Upper Triassic salt wall oriented parallel to the fold-axis of the Permian salt anticline. 828 

The result of these two composite salt structures are different trap types at different 829 

stratigraphic levels: the formation of the Permian salt anticline folds the overlying Lower 830 

Triassic reservoir to form a four-way dip closure sealed by the overlying Upper Triassic salt. 831 

Tilted fault blocks and horsts form in the Jurassic section above the Upper Triassic salt 832 

structures (Fig. 8C). The presence of the Upper Triassic salt in this part of the study area 833 

significantly reduces the risk of top-seal failure for fluids stored in the Lower Triassic storage 834 

play relative to other parts of the study area where the Upper Triassic section is composed 835 

primarily of red mudstone. This is proven by the presence of both the Corrib and Corrib North 836 

(18/20-7) gas accumulations in the Lower Triassic despite significant post-charge basin 837 

modification (e.g. Dancer et al., 2005; O’Sullivan et al., 2022).  838 

 839 

6.2. Erris Basin 840 

 841 

The Southern Erris sub-basin dips steeply towards the northwest due to thermal subsidence 842 

in the neighbouring Rockall Basin (Fig. 9A). The Southern Erris sub-basin is also the deepest 843 

part of the study area, with most of the basin located in water depths in excess of 1000 metres 844 

(Fig. 9A). Tilted fault blocks are the most common trap type in the Upper Jurassic storage 845 

play, with most bounded by westward dipping faults soling out in either the Upper Triassic or 846 

Permian salt layers (Fig. 9A). Structural traps in the Lower Triassic storage play are more 847 

varied, with some salt-cored folds like those found in the Northern Slyne sub-basin being 848 

observed, alongside fault-bound horsts encased in salt (Fig. 9A). 849 

 850 



851 
Figure 9: Schematic geoseismic sections from the Slyne Basin highlighting different structural trap types 852 
and the distribution of the key storage play components. A) Schematic geoseismic section through the 853 
Southern Erris and Northern Slyne sub-basins highlighting different structural trap types and the 854 
distribution of the key storage play components. See Figure 2 for location. B) Geoseismic section and 855 
schematic play cartoon from the Northern Erris sub-basin highlighting structural trap types and the 856 
distribution of the key storage play components. See Figure 2 for location. 857 

 858 

The structural style in the Northern Erris sub-basin is noticeably different from the Southern 859 

Erris sub-basin due to the lack of either Permian or Upper Triassic salt layers. The basin is 860 

characterised by several north-westward-dipping tilted fault blocks covered by a thick 861 

Cretaceous and Cenozoic section (Fig. 9B). The Upper Jurassic storage play is largely absent 862 

in this part of the study area (Fig. 6C, 9B), likely due to kilometre-scale uplift and erosion during 863 



the Early Cretaceous along the flanks of the Rockall Basin (Chapman et al., 1999; Corcoran 864 

and Mecklenburgh, 2005). This leaves the Lower Triassic and Carboniferous storage plays as 865 

viable reservoir units in the Northern Erris sub-basin in mostly fault-bounded structural traps 866 

(Fig. 9B).  867 

 868 

6.3. Donegal Basin 869 

 870 

The Donegal Basin is predominantly a Carboniferous-aged basin which formed prior to the 871 

Variscan Orogeny and was partially inverted by compressional forces associated with that 872 

mountain-building event, (Dobson and Whittington, 1992). There is no proven Permian or 873 

Mesozoic stratigraphy in either of the two wells drilled in the basin (Merlin Energy Resources 874 

Consortium, 2020), meaning that the Carboniferous storage play represents the only proven 875 

reservoir-seal pair (Fig. 5B, 5C). There is evidence on seismic sections for some Permo-876 

Mesozoic sediment being preserved in the hangingwalls of major faults, although this remains 877 

speculation at present (Fig. 10). 878 

 879 

880 
Figure 10: Geoseismic section and schematic play cartoon through the Donegal Basin highlighting 881 
different structural trap types and the distribution of the key storage play components. See Figure 2 for 882 
location. Inset: pre- and post-drill interpretation of the geology of the Inishbeg structure targeted by the 883 
13/12-1 well showing the initial interpretation of the basin as a Mesozoic depocentre.  884 

 885 

The basin is characterised by broad, relatively symmetrical folds with axes oriented broadly 886 

E-W, wavelengths typically between 10 and 15 km wide and amplitudes of 1-2 km (Fig. 10). 887 

The broad folds represent the primary structural trap type in the Donegal Basin which could 888 

be used for subsurface storage. They are cut by several normal faults, which may be related 889 

to regional post-Variscan extension in either the Permian, Jurassic or Cretaceous. Some of 890 

these faults are also observed offsetting the Base-Cenozoic unconformity, indicating relatively 891 



recent minor fault movement similar to the other basins in the study area. Some of these 892 

recently active faults have been linked to seafloor seepage features such as pockmarks which 893 

suggests these faults represent pathways for hydrocarbon migration to the shallow seabed 894 

and potential leak points for any fluids stored in the Carboniferous sandstone storage play. 895 

(Garcia et al., 2014). Folds unaffected by the post-folding normal faulting are present in the 896 

Donegal Basin (Fig. 10) and may represent more favourable storage sites.  897 

 898 

6.4. Review of storage plays offshore northwestern Ireland. 899 

 900 

As previously noted, not all storage plays will be suitable hosts for either CO2 or H2 storage. 901 

Notable features of both the Carboniferous and Upper Jurassic storage plays are the presence 902 

of breached oil accumulations in the Upper Jurassic reservoirs of the Slyne Basin and 903 

evidence of active hydrocarbon seepage to the seabed in the Donegal Basin. These suggest 904 

the interbedded mudstones do not always provide competent seals to hydrocarbon 905 

accumulations and therefore are less attractive as subsurface storage sites for CO2 and 906 

particularly H2, given its very low capillary entry pressure and high diffusivity. Structural traps 907 

which have clear evidence of Cenozoic reactivation of their bounding faults maybe be prone 908 

to further fault movement and fluid leakage due to pressure changes during injection. 909 

However, the 27/4-1 ‘Bandon’ oil accumulation does indicate some structures have acted as 910 

suitable hydrocarbon traps over geological timescales, although it is important to caveat this 911 

oil accumulation was found in a Lower Jurassic sandstone (Serica Energy, 2009). An 912 

additional concern for the Carboniferous storage play is the uncertain preservation of 913 

reasonable porosity and permeability due to its deeper burial and compaction (e.g. Fig. 3C). 914 

Therefore, structural traps in both the Carboniferous and Upper Jurassic plays which have not 915 

undergone later reactivation are more appealing sites for further investigation for CO2 storage, 916 

with a preference for the Upper Jurassic storage play due to better reservoir properties.  917 

 918 

The Lower Triassic storage play hosts two natural gas accumulations which have survived 919 

Cretaceous and Cenozoic tectonic activity (Corrib and Corrib North), with the Upper Triassic 920 

salt seal playing a key part in this preservation. This salt seal will be particularly important for 921 

H2 storage where it is present in the Northern Slyne and Southern Erris sub-basins. Neither 922 

intact nor breached hydrocarbon accumulations have been encountered in the Lower Triassic 923 

reservoir where the Upper Triassic seal is predominately mudstone so less is known about 924 

how competent these rocks would be as a seal. Research from the East Irish Sea Basin, which 925 

hosts several large oil and gas fields in an equivalent Triassic reservoir-seal pair to that found 926 

in the Slyne and Erris basins, and other basins in the Irish Sea shows that salt seals have 927 

proven crucial in preserving subsurface fluid accumulations during post-glacial rebound and 928 

trap modification (e.g. Seedhouse and Racey, 1997; Duncan et al., 1998; Naylor and 929 

Shannon, 1999). The Lower Triassic reservoir also has notably higher porosity and net-to-930 

gross than both the Upper Jurassic and Carboniferous reservoirs in the limited dataset 931 

available in these basins (Fig. 3, 6). The Lower Triassic storage play also benefits from the 932 

significant reservoir characterisation that has taken place at the Corrib gas field, where key 933 

parameters like vertical and horizontal permeability and static and dynamic pressure regimes 934 

alongside reservoir connectivity can be used as an analogue for the Lower Triassic reservoir 935 

throughout the study area. Therefore, the Lower Triassic storage play is likely the most 936 

suitable of the three plays analysed in this study for further investigation, particularly where it 937 

is overlain by a salt seal.      938 

 939 



7. Example storage site case studies 940 

 941 

With the methodology established and the geology of study area characterised, three potential 942 

storage sites are investigated. Each site has different amounts of data available and is outlined 943 

in detail below: 944 

● The Corrib structure is covered by several vintages of 3D seismic data including a high-945 

quality ocean-bottom cable survey. This is tied to data from eight wells. Structural 946 

closures are mapped in the Upper Jurassic and Lower Triassic storage plays.  947 

● The Inishmore structure is covered by reasonable quality 3D seismic data. The nearest 948 

exploration well (27/13-1A) is located 25 kilometres to the north of the structure but 949 

only provides geological control down to the Lower Jurassic. The nearest well which 950 

penetrates the Triassic and Carboniferous (27/5-1) is located 65 kilometres to the north 951 

of the Inishmore structure. Structural closures are mapped in the Upper Jurassic, 952 

Lower Triassic, and Carboniferous storage plays.  953 

● The Inishbeg structure is covered by a grid of 2D seismic reflection lines with a one-954 

five kilometre spacing. A very shallow exploration well (13/12-1) penetrated the upper 955 

112 metres of Carboniferous rocks beneath Base Cenozoic Unconformity. The nearest 956 

exploration wells of significance (13/3-1 and 12/13-1A) are 35 and 45 kilometres to the 957 

north and west of the Inishbeg structure respectively. A structural closure is mapped 958 

in the Carboniferous storage play.  959 

 960 

7.1. Corrib 961 

 962 

The Corrib structure hosts the eponymous Corrib gas field in the Northern Slyne Basin. The 963 

field was discovered in 1996 with the 18/20-1 well, which encountered breached oil 964 

accumulations in the Jurassic tilted fault block followed by the gas accumulation in the Corrib 965 

Sandstone Formation (Enterprise, 1996b). The original gas in place in the field was estimated 966 

to be 1.2 trillion cubic feet, with recoverable reserves of approximately 870 billion cubic feet 967 

(Dancer et al., 2005).  968 

 969 

Three principal components comprise the structure; a Permian salt anticline folds the overlying 970 

Lower Triassic and forms a four-way dip-closure (Fig. 11). This is overlain by a narrow Upper 971 

Triassic salt wall broadly parallel to the fold axis of the Permian salt anticline (Fig. 11). The 972 

Jurassic overburden is deformed by a series of faults related to the growth of the salt 973 

structures, with the largest being the Corrib Fault (O’Sullivan and Childs, 2021), which dips 974 

towards the southeast (Fig. 11). The footwall of this fault forms a tilted fault block structural 975 

closure. A relatively thin veneer of unconformable Cretaceous and Cenozoic sediments 976 

records the complex post-rift evolution of the area (Dancer et al., 2005; O’Sullivan and Childs, 977 

2021).  978 

 979 



 980 
Figure 11: Overview of the Corrib structure. A) Geoseismic section through the Corrib structure. B) 981 
Schematic cross-section showing the various storage plays present in the Corrib structure. C) Intra-Upper 982 
Jurassic structure map showing the closures mapped in the Upper Jurassic storage play. D) Top Lower 983 
Triassic structure map showing the closure mapped in the Lower Triassic storage play. See Figure 2 for 984 
map location. 985 

 986 



Two storage plays are evaluated at Corrib: The Lower Triassic storage play, which currently 987 

hosts the gas accumulation in the anticlinal closure, and the Upper Jurassic storage play, 988 

which contains evidence of a paleo-oil accumulation which has been destroyed, likely by post-989 

charge movement on the fault bounding the tilted block (Enterprise, 1996b). The 990 

Carboniferous storage play is not well imaged on available seismic and is likely to be buried 991 

too deeply (over five kilometres present-day) to preserve meaningful reservoir quality. Two 992 

spill points were used for the Lower Triassic storage play at Corrib given existing information: 993 

the first being located at 3600 mTVDSS matching the gas-water contact which was first 994 

encountered during the discovery of the field, and the second at 3996 mTVDSS representing 995 

the spill point of the total structural closure. Previous authors have provided several possible 996 

explanations for the underfilled nature of the Corrib structure, including a sub-seismic leaking 997 

fault or salt weld (Corcoran and Mecklenburgh, 2005) or post-charge modification of the 998 

structure (O’Sullivan et al., 2021). In addition to the main Corrib closure, the storage volume 999 

of the satellite gas accumulation discovered in the Corrib North structure was also modelled, 1000 

although it should be noted that the reservoir quality of the Triassic was found to be 1001 

significantly poorer than prognosed (Fig. 3A, 11; Shell, 2011).  1002 

 1003 

Table 2: Inputs and results for storage assessment in the Corrib and Corrib North structures. 1004 

Structure 
Corrib Jurassic Corrib Triassic (Gas) Corrib Triassic (Full 

Closure) 
Corrib North 

Water depth (m) 355 401 
Top reservoir depth 
(mTVDSS) 

1724 3231 3231 3839 

Base closure depth 
(mTVDSS) 

2142 3600 3996 4056 

Structural relief (m) 417 369 765 217 
Volumetric Input Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum 

GRV (m3) 4.75E+09 3.81E+09 4.61E+09 3.69E+09 1.81E+10 1.45E+10 8.18E+08 6.56E+08 

Porosity (%) 31 1 15 1 15 1 13 1 
Net-to-gross (%) 46 11 87 48 87 48 87 48 
Fluid saturation (%) 65 20 65 20 65 20 65 20 
CO2 Density (kg/m3) 715 703 685 681 685 679 679 677 
H2 Density (kg/m3) 14.9 12.5 22.4 20.6 23.7 20.6 24.6 23.3 
Volumetric Results P10 P50 P90 P10 P50 P90 P10 P50 P90 P10 P50 P90 

CO2 (Million Tonnes) 136 48 11 119 54 15 497 232 62 14 6 2 
H2 (TWh) 48 17 5 79 32 9 308 147 39 13 6 2 

 1005 

It should be noted that the calculations presented above do not account for residual 1006 

hydrocarbon accumulations. This includes both the residual gas in the Lower Triassic reservoir 1007 

and the paleo-oil accumulation encountered in the Upper Jurassic reservoir. Modelling has 1008 

indicated that residual gas can impact the injectivity, density and plume size of CO2 injected 1009 

into old gas fields (e.g. Oldenburg and Doughty, 2011). While this is not considered in the 1010 

methodology presented in this study, residual gas accumulations will need to be accounted 1011 

for in more detailed, site-specific investigations and modelling.  1012 

 1013 

7.2. Inishmore 1014 

 1015 

The Inishmore structure is located in the centre of the Southern Slyne sub-basin and consists 1016 

of a tilted fault block above a large salt roller of Permian salt, oriented NE-SW with the main 1017 

fault bounding the structure along its south-eastern margin (Fig. 12). The structure has a 1018 

prominent angular unconformity along its crest at the base of the Upper Jurassic section, 1019 

indicating that the salt roller had already formed during the Early to Middle Jurassic, likely due 1020 

to regional extension, before further salt movement and growth during the Late Jurassic 1021 



(O’Sullivan et al., 2021). Unlike other structures which have undergone post-rift modification 1022 

such as the horst block drilled by the 27/5-1 well (Fig. 8B), the faults bounding the Inishmore 1023 

structure do not offset the Base Cenozoic Unconformity (Fig. 12), suggesting they may not 1024 

have been reactivated during the Cenozoic. However, the lack of any Cretaceous sediments 1025 

to record fault movement during the Cretaceous does not preclude any post-rift movement on 1026 

the bounding faults (e.g. O’Sullivan et al., 2022). 1027 

 1028 

1029 
Figure 12: Overview of the Inishmore structure. A) Geoseismic section through the Inishmore structure. B) 1030 
Schematic cross-section showing the various storage plays present in the Inishmore structure. C) Intra-1031 
Upper Jurassic structure map showing the closure mapped in the Upper Jurassic storage play. D) Top 1032 
Lower Triassic structure map showing the closure mapped in the Lower Triassic storage play. E) Top 1033 
Carboniferous structure map showing the closures mapped in the Carboniferous storage play. See Figure 1034 
2 for map location. 1035 

 1036 

Stacked structural traps are mapped in each storage play in the Inishmore structure; two large 1037 

closures in the Upper Jurassic and Lower Triassic storage plays are observed bounded by the 1038 

main fault which soles out in the Permian salt, while two smaller closures are observed in the 1039 

Carboniferous storage play (Fig. 12C-E). The Upper Jurassic reservoir is shallower than the 1040 

800 metres depth requirement for CO2 storage but is deep enough for H2 storage (Fig. 12C), 1041 

while both the Triassic and Carboniferous reservoirs are deep enough to be effective for both 1042 



H2 and CO2 storage (Fig. 12D, E). The range of fluid volumes for each storage play are 1043 

presented in Table 3.   1044 

 1045 

Table 3: Inputs and results for storage assessment in the Inishmore structure. 1046 

Structure 
Inishmore Jurassic Inishmore Triassic  Inishmore Carboniferous 

1 
Inishmore Carboniferous 

2 
Water depth (m) 151 

Top reservoir depth 
(mTVDSS) 

657 818 2031 2177 

Base closure depth 
(mTVDSS) 

1270 1348 2255 2367 

Structural relief (m) 613 530 224 190 

Volumetric Input Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum 

GRV (m3) 1.68E+10 1.35E+10 5.66E+09 4.54E+09 6.91E+08 5.54E+08 1.25E+09 9.99E+08 

Porosity (%) 39 4 29 9 20 1 19 1 

Net-to-gross (%) 46 11 87 48 71 11 71 11 

Fluid saturation (%) 65 20 65 20 65 20 65 20 

CO2 Density (kg/m3) N/A N/A 770 733 706 699 703 697 
H2 Density (kg/m3) 9.9 4.9 10.6 6.4 16.1 14.3 16.9 15.5 

Volumetric Results P10 P50 P90 P10 P50 P90 P10 P50 P90 P10 P50 P90 

CO2 (Million Tonnes) N/A N/A N/A 310 174 92 16 7 2 29 11 3 
H2 (TWh) 125 47 16 84 45 24 8 2 1 13 4 1 

 1047 

The influence of salt tectonics on storage volumes can be readily observed in the Inishmore 1048 

structure; the two phases of fault movement and salt roller growth which affected the Triassic 1049 

reservoir have resulted in a more steeply dipping top reservoir surface and a smaller closure 1050 

area (Fig. 12) and smaller storage volume (Table 3) while the overlying Upper Jurassic 1051 

reservoir has only undergone one episode of tilting during the regional extension in the Late 1052 

Jurassic, resulting in a shallower dip and greater closure volume.    1053 

 1054 

7.3. Inishbeg 1055 

 1056 

The Inishbeg structure is an anticline located on the southern margin of the Donegal Basin 1057 

(Fig. 2A). It was previously a hydrocarbon exploration target, with a prognosed Mesozoic 1058 

section forming a similar structural trap as the Corrib gas field (Fig. 10 inset). The structure 1059 

was partially tested in 2006 with the 13/12-1 well, which was terminated after only seven days 1060 

of drilling when it was confirmed that the Mesozoic section was absent and Carboniferous 1061 

sediments were present directly beneath the Base-Cenozoic Unconformity (Lundin, 2006). 1062 

Nevertheless, the well only penetrated the upper 100 metres of the Carboniferous section, 1063 

and the four-way dip closure imaged on seismic data was not fully tested. This same structure 1064 

is assessed here for its subsurface storage potential and showcases the potential of the 1065 

Carboniferous storage play in the Donegal Basin (Fig. 13). 1066 

 1067 



 1068 



Figure 13: Overview of the Inishbeg structure. A) Geoseismic section through the Inishbeg structure. B) 1069 
Schematic cross-section showing the Carboniferous storage play present in the Inishbeg structure. C) 1070 
Intra-Carboniferous structure map showing the closure mapped in the Carboniferous storage play. See 1071 
Figure 2 for map location. 1072 

 1073 

As the seismic character of the Carboniferous section is relatively homogeneous and lacks 1074 

distinct seismic markers, a representative reservoir surface was mapped with a structural high 1075 

at 800m depth (Fig. 13). This reflector was chosen to give a reasonable volumetric estimate 1076 

considering the typical depth of around 800m where CO2 enters a supercritical state. The trap 1077 

is partially closed by a major fault which forms the southern boundary of the Donegal Basin 1078 

(Fig. 13). Along-strike this fault has been reactivated during the Cenozoic with a reverse sense 1079 

of motion (Fig. 10) which emphasises the importance of detailed fault analysis in further 1080 

investigation of these structures.  1081 

 1082 

Table 4: Inputs and results for storage assessment in the Inishbeg structure. 1083 
Structure Inishbeg Carboniferous 

Water depth (m) 97 

Top reservoir depth 
(mTVDSS) 

800 

Base closure depth 
(mTVDSS) 

1219 

Structural relief (m) 419 

Volumetric Input Maximum Minimum 

GRV (m3) 1.41E+10 1.13E+10 

Porosity (%) 33 3 

Net-to-gross (%) 71 11 

Fluid saturation (%) 65 20 

CO2 Density (kg/m3) 770 739 
H2 Density (kg/m3) 9.3 6.4 
Volumetric Results P10 P50 P90 

CO2 (Million Tonnes) 566 242 60 

H2 (TWh) 140 50 12 

 1084 

As previously stated, these values represent theoretical storage volumes, with effective 1085 

storage volumes for CO2 expected to be at least an order of magnitude smaller when the 1086 

storage efficiency factor and the regional aquifer volume and seal capacity is considered. 1087 

Nevertheless, given only three structural traps have considered, this demonstrates the 1088 

considerable storage potential in Ireland’s sedimentary basins across the various structural 1089 

traps. For reference, Ireland has annual emissions of 61.8 million tonnes CO2 equivalent sensu 1090 

SEAI, 2022 and monthly energy demands of between 2.5 to 3.2 TWh (SEAI, 2022).   1091 

 1092 

8. Discussion 1093 

 1094 

8.1. Other potential storage plays on the Irish Atlantic margin 1095 

 1096 

There are several other storage plays that have been previously proposed as potential 1097 

exploration targets during the search for hydrocarbon resources offshore Ireland. Both Amoco 1098 

(1979) and the Petroleum Affairs Division (2005) noted the presence of high-quality reservoirs 1099 

in the Scatálá and Siorc Sandstone Members at the base of the Lower Cretaceous Valhall 1100 

Formation in the 12/13-1A well (Fig. 11), with log-derived porosities of 15-25% recorded 1101 

(Amoco, 1979). The mudstones and marls of the surrounding Valhall Formation were inferred 1102 

to seal these Cretaceous sandstone reservoirs. No indications of hydrocarbons were recorded 1103 

in either sandstone member (Amoco, 1979). As this reservoir-seal pair has only been 1104 

encountered in a single well in the study area, it is difficult to evaluate it further.  1105 



 1106 

A second potential storage play in the study area is a fractured basement reservoir along the 1107 

crest of the Erris Ridge (Fig. 14) similar to that proven on the Rona Ridge in the West of 1108 

Shetland region (e.g. Holdsworth et al., 2019). This would have consisted of a reservoir where 1109 

porosity was provided primarily by fracture networks in the crystalline basement of the Erris 1110 

Ridge, sealed by overlying Mesozoic mudstones. Howard et al. (2009) mentioned that an 1111 

exploration well was planned to test this reservoir in 2010 but it was ultimately never drilled. 1112 

At present too little data has been acquired to adequately assess either of these two storage 1113 

plays and their potential utility as part of the storage portfolio for Ireland’s energy future. 1114 

 1115 

1116 
Figure 14: Geoseismic section through the Erris Ridge in the Northern Erris sub-basin. A) Uninterpreted 1117 
and B) Interpreted seismic section through a volcano, demonstrating the extrusion of the Eocene lavas 1118 
and the possible link with underlying igneous intrusions. See Figure 2 for map location.  1119 

 1120 

8.2. Salt cavern storage on the Irish Atlantic margin 1121 

 1122 

In addition to storage in porous sandstone reservoirs, artificial caverns in salt layers are 1123 

commonly used across the world to store fluids in the subsurface (Casacão et al., 2023; 1124 

Ozarslan, 2012; Duffy et al., 2022; Ramos et al., 2022). The Zechstein Group within the Slyne 1125 



Basin consists of relatively clean halite and anhydrite with few interbedded insoluble 1126 

sediments, with less than 2% and 6% insoluble material in the 27/5-1 and 18/25-2 wells 1127 

respectively (Fig. 15). Conversely, the Uilleann Halite Member is interbedded with multiple 1128 

layers of red mudstone with 12-13% insoluble material recorded in the 18/20-1 and 18/20-4 1129 

wells, although these are concentrated towards the top of the unit, with cleaner halite towards 1130 

the base (Fig. 15). While not encountered in the few wells drilled offshore northwestern Ireland, 1131 

igneous intrusions could also present challenges to salt cavern development, given the 1132 

significant amount encountered in these basins (e.g Fig. 8C, 9A, 14). Fractured igneous 1133 

intrusions could provide a pathway for fluids from storage reservoirs up to shallower layers 1134 

(Fig. 15). Impurities within these salt layers would result in a sump pile at the base of any 1135 

cavern, reducing the final available volume (Fig. 15). These interbedded layers of insoluble 1136 

strata also represent zones of potential failure and leakage along the cavern walls (Bérest et 1137 

al., 2019; Duffy et al., 2022). The regional extent and composition of these salt layers is 1138 

reasonably well constrained using borehole and seismic reflection data, although significantly 1139 

more boreholes would need to be drilled to accurately characterise salt regionally in these 1140 

basins (Fig. 15; O’Sullivan et al., 2021). 1141 

 1142 

1143 
Figure 15: Map showing the distribution of Permian and Triassic salt within the Slyne and Erris basins 1144 
alongside well sections comparing the composition of the Zechstein Group and the Uilleann Halite 1145 



Member, and schematic cross-sections of salt caverns in different geological settings. Map adapted from 1146 
O’Sullivan et al. (2021). Note on the wells displayed in the well correlation are shown on the map. See 1147 
O’Sullivan et al. (2021) for complete well correlations in both Permian and Triassic salt layers. A) Salt 1148 
cavern in clean halite. B) Salt cavern in halite with interbedded insoluble mudstone layers. C) Salt cavern 1149 
in halite intruded by igneous sills.  1150 

 1151 

8.3. Comparison with other basins 1152 

As reference has been made to the basins offshore southern and eastern Ireland, for 1153 

completeness, a brief comparison is made here with the Slyne, Erris and Donegal basins of 1154 

the Irish Atlantic margin. These basins include the North and South Celtic Sea basins, the 1155 

Fastnet Basin, the Central Irish Sea Basin and the Kish Bank Basin. These basins have 1156 

undergone a multiphase geological evolution, including Mesozoic rifting alongside basin 1157 

inversion and exhumation during the Cretaceous and Cenozoic, in a similar manner to those 1158 

offshore northwest Ireland. They contain a sedimentary succession up to nine kilometres thick 1159 

ranging from Permian to Cenozoic in age and which unconformably overlies a basement of 1160 

Devonian to Carboniferous age (Rodriguez-Salgado et al., 2020; Rowell, 1995; Shannon, 1161 

1991). 1162 

The Lower Triassic and Upper Jurassic storage plays discussed previously are common to 1163 

both the Irish Atlantic margin and Celtic Sea basins including the Fastnet Basin. Additionally, 1164 

the limestones and sandstones of the Middle Jurassic and sandstones of the Lower 1165 

Cretaceous represent additional reservoirs, which are sealed by interbedded mudstones and 1166 

the overlying Upper Cretaceous chalky limestone, representing candidate Middle Jurassic and 1167 

Lower Cretaceous storage plays respectively. The Middle Jurassic is largely absent from the 1168 

Fastnet Basin but the Lower Triassic, Lower Jurassic, and Lower Cretaceous are proven 1169 

reservoirs in this basin (Merlin Energy Resources Consortium, 2020). In both the Central Irish 1170 

Sea and Kish Bank basins, exhumation and erosion during the Cenozoic has removed any 1171 

Cretaceous sediments (including any viable reservoirs) and only a thin veneer of Cenozoic 1172 

sediments is present (Holford et al., 2005, Murdoch et al., 1995). Several other plays are 1173 

present, including the Lower Triassic, Middle Jurassic and Upper Jurassic plays discussed 1174 

previously.  1175 

The multitude of storage plays present in these basins are complemented by a variety of 1176 

structural trap types including four-way dip closures, tilted fault blocks and salt-related folds 1177 

(Fig. 16). Four-way dip closures are the most common trap type in the in Celtic Sea basins 1178 

(excluding the Fastnet Basin) but are very uncommon in the Central Irish Sea and Kish Bank 1179 

Basin. These structures formed in the hangingwalls of low-angle faults due to folding and 1180 

reverse fault reactivation during the middle Eocene (Rodriguez-Salgado et al., 2020). These 1181 

structures host three now-decommissioned gas fields (Kinsale, Ballycotton and Seven Heads, 1182 

Fig. 16A) which had a total production of almost 1.9 trillion cubic feet of natural gas, and also 1183 

several undeveloped gas accumulations (e.g. Galley Head, Schull, Carrigaline and Old Head), 1184 

hosted primarily hosted in the Lower Cretaceous storage play. A recent study by Rodriguez-1185 

Salgado et al. (2022a) has estimated a capacity of 17611 Mt CO2 in these four-way dip-closed 1186 

structures in the Celtic Sea basins. 1187 

 1188 



 1189 



Figure 16: Examples of the main trap types observed in the basins offshore southern and eastern Ireland. 1190 
A) Inversion structure (Seven Heads gas field), B) Tilted fault blocks (Helvick oil discovery) and C) Salt 1191 
pillows.  1192 
 1193 

Titled fault blocks are also present throughout these basins, having formed during Triassic to 1194 

Cretaceous rifting. Some of the normal faults bounding these structures were later reactivated 1195 

with minor reverse motion (i.e. remaining net normal faults) during the Cenozoic (Rodríguez-1196 

Salgado et al., 2022b). In the North Celtic Sea Basin, the effectiveness of this trap type has 1197 

been proven by the undeveloped Helvick oil discovery which consists of oil accumulations in 1198 

Middle to Upper Jurassic reservoirs (Fig. 16B; Caston, 1995). Salt-related structural traps are 1199 

less common in the basins offshore southern and eastern Ireland as only the Upper Triassic 1200 

section contains salt, although some salt pillows and anticlines are observed (Merlin Energy 1201 

Resources Consortium, 2020; Fig. 16C). A faulted, salt-cored structure on the Irish-UK 1202 

maritime border hosts the undeveloped Dragon gas accumulation in Upper Jurassic 1203 

sandstones, suggesting these structures could represent viable traps for subsurface fluid 1204 

storage. 1205 

Two basins in the adjacent UK sector are set to host subsurface storage projects and 1206 

represent good analogues to Irish basins discussed above. The first of these is the East Irish 1207 

Sea Basin where several older hydrocarbon fields are being proposed for CO2 storage (e.g. 1208 

Lewis et al., 2009). These hydrocarbon accumulations are found in a similar geological setting 1209 

to the Triassic storage play in the Slyne and Erris basins, with a Lower Triassic sandstone 1210 

reservoir sealed by Upper Triassic halite interbedded with mudstones, although the Permian 1211 

section composed of clastic and carbonate rocks compared to the salt-prone section offshore 1212 

Ireland. This basin has undergone a more complex post-rift evolution involving trap 1213 

modification and local depressurisation due to glacial loading and unloading (Williams et al., 1214 

2018). As discussed above, halite in the Upper Triassic was crucial in preserving hydrocarbon 1215 

accumulations during periods of tectonic and glacial modification, indicating its importance for 1216 

long-term subsurface storage in similar basins like those offshore northwestern Ireland 1217 

(Seedhouse and Racey, 1997). 1218 

The second relevant basin is the Larne Basin (also referred to as the Antrim Basin and Ulster 1219 

Basin) which underlies both the eastern coast of Northern Ireland and the North Channel (Fyfe 1220 

et al., 2020). This basin contains a Triassic reservoir-seal pair consisting of a Lower Triassic 1221 

sandstone overlain by Upper Triassic mudstone and salt, equivalent to that in the Slyne and 1222 

Erris basins (Illing and Griffith, 1986). These are underlain locally by a Permian salt layer (the 1223 

Belfast Harbour Evaporite Formation) which is similar to that found in the Slyne and Erris 1224 

basins. The Islandmagee Gas Storage Project aims to create up to seven artificial salt caverns 1225 

beneath Larne Lough in this Permian salt to store either natural gas or hydrogen (Islandmagee 1226 

Energy, 2023). Further site characterisation will be needed before the project can proceed, 1227 

both to understand the salt layers, which include Cenozoic igneous intrusions as possible 1228 

leakage points (Andeskie and Benison, 2021), and to address the societal and environmental 1229 

concerns of the local communities.  1230 

8.5 Comparison with other methodologies applied to the Irish Atlantic margin 1231 

 1232 

Two previous studies have assessed the potential of basins and structures on the Irish Atlantic 1233 

margin for CO2 storage: Lewis et al. (2009) and English and English (2022). Lewis et al. (2009) 1234 

carried out an all-island assessment of the Upper Paleozoic and Mesozoic basins located 1235 



onshore and offshore Ireland. A large portion of the data available for our present study was 1236 

confidential at the time and so those authors classified the capacity for the Slyne and Erris 1237 

basins as unknown and did not provide a storage volume estimate (Lewis et al., 2009). No 1238 

reference was made to the Donegal Basin in that study. Lewis et al. (2009) used a modified 1239 

FIP equation (e.g. Calhoun, 1976) for calculating saline aquifer capacity for other basins in the 1240 

Irish and Celtic seas: 1241 

 1242 

𝐶𝑂2 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑟𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 × 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐶𝑂2  × 0.4 1243 

 1244 

Lewis et al. (2009) calculated the total pore volume with an average porosity and net-to-gross 1245 

values throughout the basin while using the whole area of the basin and an average reservoir 1246 

thickness to calculate gross rock volume. They used a value of 0.4 to account for the fluid 1247 

dynamics of CO2 resulting in relatively low fluid saturation. While this method allows rapid 1248 

estimation of the total potential capacity of a basin, it does not identify structural traps or 1249 

account for lateral (i.e. net-to-gross) and vertical (i.e. porosity) changes in geology within the 1250 

basin.  1251 

 1252 

Both Lewis et al. (2009) and English and English (2022) applied the equation for depleted gas 1253 

reservoirs presented by Bachu and Shaw (2003) for estimating CO2 storage capacity in 1254 

Ireland’s gas fields:  1255 

  1256 

𝐶𝑂2 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = (
𝑉𝑔(𝑠𝑐)

𝐹𝑉𝐹
⁄ ) × 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐶𝑂2 1257 

 1258 

Where Vg(sc) is the ultimate volume of recoverable gas at standard conditions and FVF is the 1259 

gas formation volume factor, representing the ratio of volume at reservoir and standard 1260 

conditions. Using this equation, English and English (2022) calculated a CO2 capacity of 44 1261 

million tonnes for the Lower Triassic reservoir in the Corrib gas field, including a discount factor 1262 

of 0.65 to account for water invasion during initial gas production. This is similar to the P50 1263 

value calculated in this study for the Corrib Triassic storage play using the initial gas-water 1264 

contact as the closing contour (54 million tonnes, Table 2). The similarity in the values for CO2 1265 

storage capacity also indicates that these methods represent theoretical storage volumes 1266 

rather than effective storage volumes as previously discussed. 1267 

 1268 

Recent publications have also investigated the potential of Ireland’s sedimentary basins to 1269 

host subsurface hydrogen storage sites (Dinh, et al., 2021; Xiao et al., 2022; English and 1270 

English, 2023). These authors identified the geology of the basins offshore north-western 1271 

Ireland as being suitable for further investigation. English and English (2023) also applied a 1272 

modified version of Bachu and Shaw’s (2003) equation for depleted gas fields to assess the 1273 

volume of working gas capacity of the Corrib gas field. They calculated a similar value (37.7 1274 

TWh) to the P50 calculated for the Corrib Triassic storage play (Table 2) using the initial gas-1275 

water contact as the closing contour in this study (32 TWh). The reasonable representation of 1276 

the volumes for CO2 and H2 capacity at Corrib using the methodology of this study compared 1277 

with those of Bachu and Shaw (2003) indicates that other structures in the subsurface in the 1278 

Slyne, Erris and Donegal basins are also likely to be reasonably represented using this 1279 

methodology.  1280 

 1281 



The methods used in this study provide better estimates of subsurface storage volumes in 1282 

underexplored regions like the Irish Atlantic margin. The methods of Lewis et al. (2009) are 1283 

most applicable to a basin-by-basin comparison for estimating basin-wide fluid storage 1284 

capacity but do not account for the lateral and vertical changes in intra-basinal geology and 1285 

lack the spill-point analysis component to identify structural closures within a particular basin. 1286 

Bachu and Shaw’s (2003) method for estimating volumes in depleted gas fields used by both 1287 

Lewis et al. (2009) and English and English (2022) relies on existing developed gas 1288 

accumulations, making it a very powerful tool in mature oil and gas provinces such as the 1289 

North Sea and East Irish Sea along with specific fields like the Corrib gas field, but less so in 1290 

underexplored areas like the sedimentary basins offshore Ireland.  1291 

 1292 

8.5. Linking subsurface storage with other infrastructure on the Irish Atlantic margin 1293 

 1294 

This study has primarily considered the geological factors influencing the suitability of different 1295 

structures to act as subsurface storage sites. Other factors including the distance from 1296 

potential offshore renewable energy generation sites or high CO2 emitters are important when 1297 

considering the development of offshore storage facilities. The largest hurdle to CO2 storage 1298 

in Ireland at time of writing is legislation; Article 4 of the European Communities (Geological 1299 

Storage of Carbon Dioxide) Regulations (2011) states ‘the storage of CO2 in a storage site in 1300 

part or in the whole of [the territory, exclusive economic zone and the continental shelf of the 1301 

Republic of Ireland] is not permitted’. Therefore, changes to this legislation will need to take 1302 

place before any CO2 storage projects are developed in Ireland. Nevertheless, given the 1303 

increasing drive to reduce greenhouse gas concentrations in the atmosphere, non-geological 1304 

factors which will be important to offshore gas storage projects are discussed below.  1305 

 1306 

Two of Ireland’s largest point-source CO2 emitters (Moneypoint power station and Aughinish 1307 

Alumina) are located on the western coast of the country (Table 5; Fig. 17; European 1308 

Commission, 2022). Local storage plays in the Southern Slyne sub-basin (e.g. the Inishmore 1309 

structure) may therefore make suitable storage locations for CO2 generated from these large 1310 

point-source emitters. Indigenous sources of CO2 could be supplemented by international 1311 

sources with the adoption of international CO2 shipping (Al Baroudi et al, 2021). This would 1312 

allow Ireland to receive shipments of CO2 and store these in structural traps in the basins on 1313 

the Irish Atlantic margin. This may be further aided by changes to the EU Emission Trading 1314 

System to incorporate negative emissions from CCS projects to provide more incentive for the 1315 

development of carbon storage facilities (e.g. Rickels et al., 2021).   1316 

 1317 

Table 5: 25 largest CO2 emitters in Ireland in 2021 (European Commission, 2022). Note IDs 1318 

1, 18 and 19 are not point source emitters.  1319 
ID Emitting entity Type of activity Verified emissions 2021 (tonnes 

of CO2) 

1 Ryanair DAC Aircraft operator 4941568 

2 ESB Moneypoint Generating Station Coal-fired power station 3228756 

3 Aughinish Alumina Alumina refinery 1185891 

4 Irish Cement Limited (Platin Works) Cement manufacturer 1065759 

5 Great Island Generating Station CCGT power station 993092 



6 Scotchtown Cement Works Cement manufacturer 849233 

7 Aghada CCGT CCGT power station 807993 

8 Huntstown Power Station CCGT power station 775793 

9 Tynagh 400MW CCPP CCGT power station 773138 

10 Irish Cement Limited (Limerick Works) Cement manufacturer 766035 

11 Dublin Bay Power Plant CCGT power station 679932 

12 ESB Poolbeg Generating Station (CCGT) CCGT power station 659638 

13 Tarbert Generating Station Oil-fired power station 485972 

14 Breedon Cement Ireland Limited Cement manufacturer 453868 

15 Edenderry Power Plant Peat and biomass-fired power 
station 

334945 

16 Irving Oil Whitegate Refinery Limited Oil refinery 294148 

17 CCGT HPC2 (Huntstown Power Station 
Phase II) 

CCGT power station 190841 

18 Aer Lingus Limited AOHA Aircraft operator 161319 

19 ASL Airlines (Ireland) Limited Aircraft operator 160526 

20 Premier Periclase Limited Magnesia-product 
manufacturer 

104703 

21 Glanbia Ireland DAC Ballyragget Dairy products manufacturer 85471 

22 Clogrennane Lime Limited (Toonagh 
Lime Works) 

Lime manufacturer 82164 

23 Bord na Mona Derrinlough Briquette 
Factory 

Briquette manufacturer 75845 

24 Bailieboro Foods Limited Dairy products manufacturer 75139 

25 Whitegate Power Station CCGT power station 64239 

 1320 

The development of major offshore wind projects along Ireland’s western and north-western 1321 

coastlines (Fig. 17) may provide synergistic opportunities to explore the subsurface energy 1322 

storage potential of the Slyne, Erris and Donegal basins. This could involve power-to-gas 1323 

schemes, using excess electricity to generate either H2 fuel or to inject compressed air into 1324 

storage sites in these basins, providing deployable energy to meet national demand. These 1325 

synergies have recently been explored in the North Sea and East Irish Sea basins in the UK 1326 

and at the Kinsale Head gas field offshore southern Ireland (e.g. O’Kelly-Lynch et al., 2020; 1327 

Peecock et al., 2023). Linked developments offshore northwestern Ireland could include the 1328 

proposed offshore wind developments to the west of the Shannon Estuary and in Donegal 1329 

Bay linked with structures in the Slyne and Erris basins (Fig. 17; 4C Offshore, 2023). Offshore 1330 



wind developments to the north of Ireland and the west of Scotland in the Malin Sea (Fig. 17; 1331 

4C Offshore, 2023) could be partnered with storage sites in the Donegal Basin (e.g. Inishbeg), 1332 

through cross-border collaboration, or linked with structural closures identified in the Rathlin 1333 

Trough and North Channel basins (e.g. Quinn et al., 2010; Fyfe et al., 2020).  1334 

 1335 

 1336 
Figure 17: Overview map of energy infrastructure on- and offshore Ireland. Size of CO2 point source 1337 
emitters (note IDs 1, 18 and 19 are not point source emitters and are excluded here) proportional to scale 1338 
of emissions (see Table 5). CO2 emission data and locations from European Commission (2022). Proposed 1339 
offshore wind development polygons are adapted from 4C Offshore (2023). Celtic and Irish Sea basins 1340 
adapted from Rodriguez-Salgado et al. (2022b). Porcupine Basin outline adapted from Saqab et al. (2020). 1341 
Northern Irish and Scottish basins adapted from Fyfe et al. (2020).  1342 

 1343 

The presence of existing subsea infrastructure will accelerate the development of offshore 1344 

energy projects through reengineering and reuse. The decommissioned Kinsale Head gas 1345 



field in the North Celtic Sea Basin (Fig. 17) is being actively investigated for its potential to 1346 

store H2 using existing infrastructure (ESB, 2021). In the basins offshore north-western Ireland 1347 

investigated in this study, the Corrib gas field represents one of the most attractive sites for 1348 

further development as existing infrastructure can be repurposed for the storage and 1349 

withdrawal of different fluids when natural gas production finishes (e.g. DNV, 2021). This 1350 

would significantly reduce capital expenditure when compared to a greenfield offshore storage 1351 

site. Sites that are located near the Corrib gas field in the Northern Slyne sub-basin and the 1352 

Southern Erris sub-basin could also benefit from their proximity to this existing infrastructure 1353 

with development incentives like near-field exploration strategies employed in hydrocarbon 1354 

exploration (e.g. Marchant et al., 2001; Hulsey et al., 2019). Therefore, it is likely that should 1355 

gas storage sites be developed in the sedimentary basins offshore north-western Ireland, 1356 

those near existing subsea infrastructure will be the first to be investigated.   1357 

 1358 

9. Conclusions 1359 

 1360 

A simplified workflow for charactering reservoirs and estimating subsurface storage volumes 1361 

is scalable across areas with different levels of data coverage has been adapted from existing 1362 

hydrocarbon exploration methods. It can incorporate a wide range of geological and 1363 

engineering data to identify storage sites and estimate volumes. Estimates for storage 1364 

volumes were calculated using a Fluid In Place equation for two fluid types (CO2 and H2). This 1365 

is a suitable workflow to quickly identify a portfolio of prospective storage sites throughout a 1366 

basin or group of basins that can scale from data-poor to data-dense areas. While not done 1367 

in this study, a quantitative multi-criterion ranking scheme such as Quantitative SWOT or 1368 

TOPSIS analyses would then identify the most suitable sites for further investigation. Finally, 1369 

should the focus of a regional study narrow to just storage of CO2, then additional 1370 

consideration will need to be given to both the storage efficiency factor and both local and 1371 

regional aquifer volume and how pressure changes can lead to overpressure and seal failure. 1372 

 1373 

This workflow was applied to the Slyne, Erris and Donegal basins offshore northwestern 1374 

Ireland with the following results:  1375 

• Three storage plays have been characterised. They consist of Carboniferous, Lower 1376 

Triassic and Upper Jurassic sandstone reservoirs sealed by interbedded 1377 

Carboniferous mudstones and Permian salt, Upper Triassic salt and mudstone, and 1378 

interbedded Upper Jurassic mudstones respectively. Of these, the Lower Triassic 1379 

sandstones have the highest porosity and permeabilities, greatest net-to-gross ratios, 1380 

and the most effective seal.  1381 

• All three of these storage plays could effectively host CO2 in structural traps for 1382 

geological periods of time. The Lower Triassic storage play is the most suitable for H2 1383 

storage where it is overlain by Upper Triassic salt. The Carboniferous storage play is 1384 

a second viable candidate where it is overlain by Permian salt although it typically has 1385 

poorer reservoir properties.  1386 

• Salt seals are considered to offer the lowest risk potential for the long-term storage of 1387 

fluids in the subsurface (i.e. CO2). This is demonstrated both offshore northwestern 1388 

Ireland and in the East Irish Sea Basin where a salt seal has preserved fluid 1389 

accumulations in structural traps despite subsequent tectonic and glacial modification. 1390 

These salt layers also offer potential sites for artificial salt cavern formation. While the 1391 

extent of these salt layers has been recently mapped using seismic reflection data 1392 



coupled with the few available boreholes, more work will be needed to understand the 1393 

distribution and composition of these layers and any interbedded impurities.  1394 

• Evidence of hydrocarbon leakage in the form of breached accumulations and seabed 1395 

pockmarks highlight the importance of caprock, fault seal, and fault stability analyses 1396 

during the characterisation of these storage sites. 1397 

 1398 

Alongside the three basins and three storage plays investigated in this study, there is 1399 

significant storage resource potential on and around the island of Ireland that warrants further 1400 

investigation. As Ireland looks to progress its renewable energy ambitions, its sedimentary 1401 

basins offer significant potential for both collaborative energy and CO2 storage. The presence 1402 

of existing subsea and onshore infrastructure at the Corrib gas field makes it an ideal 1403 

candidate for further feasibility study and provides an incentive for infrastructure-led 1404 

exploration for additional storage volume offshore northwest Ireland. 1405 
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