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ABSTRACT
Mississippian-aged (Lower Carboniferous) syn-rift carbonate platforms in the UK have been extensively studied in outcrop. They 
have been interpreted to grow principally on the footwall of faults, with deeper marine sedimentation in the adjacent hanging 
wall basins. However, the transition from the shelf margin to the basin is often poorly constrained due to a lack of exposure 
and the scarcity of high-quality seismic data. With renewed interest in Mississippian carbonate strata as potential geothermal 
reservoirs in northern Europe, a better understanding of the detailed geometry of these carbonate platforms, and the controls on 
their growth and demise, is crucial as it provides insights into their occurrence, size and thickness and burial/exposure history. 
This study uses high-resolution 3D seismic data from the southern part of the offshore East Irish Sea Basin (EISB), western UK, 
to identify, characterise and map the platform to basin transition of the North Wales carbonate platform, exposed on the North 
Wales coastline. The results indicate that there is not a simple platform to basin transition, as has previously been mapped, but 
that the North Wales platform gives way offshore to numerous small carbonate platforms, the presence of which is predominantly 
controlled by N-S-oriented extensional faults. The fault orientation is not consistent with the regionally interpreted N-S stress 
direction during the Mississippian, but fault growth analysis suggests that their orientation most likely reflects the precursor 
structural grain. These faults facilitated the development of horst-graben structures, promoting carbonate growth on footwalls 
within the EISB. Six areas of potential carbonate platform development (A1–A6) were mapped and evaluated. Thicknesses range 
from ~1 to 2 km. The platforms prograded during the Tournaisian, characterised by low-angle slopes, followed by a backstep-
ping phase in the Visean, marked by steeper slopes. The platforms significantly shrank in size from the early Tournaisian to the 
Visean, resulting in the formation of complex, patchy carbonate platforms with diverse shapes and sizes. The results demonstrate 
that numerous small carbonate platforms grew in the EISB on structural highs but were susceptible to environmental change at 
the end of the Mississippian, causing them to become increasingly isolated and to eventually drown.
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1   |   Introduction

This study uses conventional 3D seismic reflection data, origi-
nally acquired to image shallower Permian–Mesozoic strata, to 
identify and characterize Lower Carboniferous (Mississippian-
aged) carbonate strata. It focuses on the East Irish Sea Basin 
(EISB), UK (Figure 1a) since it is directly offshore of the well-
exposed North Wales carbonate platform. The margin of this 
platform has previously been interpreted to form a linear feature 
immediately offshore of the North Wales coastline (Pharaoh, 
Kirk, et al. 2016; Pharaoh et al. 2018; Kirkham 2021; Manifold 
et al. 2021). Specifically, the study aims to describe the offshore 
transition of the North Wales Platform into the EISB and de-
termine whether fault activity influenced carbonate platform 
architecture. On this basis, a secondary aim was to assess the 
evidence for a structural control on platform growth and demise.

This study is timely because of a renewed interest in 
Mississippian carbonate strata as potential low-enthalpy geo-
thermal reservoirs. Mississippian carbonate platforms lie at 
favourable burial depths and temperatures beneath major UK 
population centres, making them strategic targets for geother-
mal heat generation (Bos and Laenen  2017; Mijnlieff  2020; 
Pharaoh et  al.  2021; Jones et  al.  2023). Although geothermal 
exploitation of age-equivalent carbonate strata is underway in 
northern Europe (Broothaers et al. 2021), the UK context is com-
plicated by variability in platform thickness and the limited res-
olution and penetration of onshore geophysical data. Borehole 
records show Mississippian carbonate units ranging in thick-
ness from ~150 m to over 3600 m across NW England, one key 
area for exploration (Greater Manchester, Cheshire, Lancashire 
and South Cumbria; Jones et al. 2023), but the absence of wells 
intersecting the top Mississippian carbonate strata, and the lim-
ited penetration of the basal units in many areas, constrain un-
derstanding of the controls on stratal thickness, the complexity 
of platform geometries and architecture and consequently their 
viability as geothermal targets.

Mississippian carbonate platforms onshore in the UK have been 
extensively studied in outcrop and are widely interpreted to have 

grown on the footwalls of normal faults (Ebdon et al. 1990; Fraser 
et al. 1990; Fraser and Gawthorpe 2003). At a regional scale, their 
occurrence is interpreted to be controlled by major structures 
formed by pre- to post- Palaeozoic tectonic events (Figure  1c; 
Fraser et al. 1990; Fraser and Gawthorpe 2003). Conceptual mod-
els assume a relatively simple facies transition from platform car-
bonates developed on the footwalls of basement-involved normal 
faults during back-arc extension, to hanging wall basins domi-
nated by remobilised carbonate and pelagic siliciclastic sediments 
(Fraser and Gawthorpe  2003). Platform distribution and archi-
tecture in the subsurface; however, remain poorly constrained, 
not least because of the sparse distribution and poor quality of 
2D seismic lines onshore UK. This project addresses this issue by 
using 3D seismic reflection data from the EISB, offshore UK. By 
focusing on the southern part of the EISB, it is possible to interpret 
the seismic data in more detail than onshore data allow and inte-
grate outcrop data collected on the North Wales coastline (Juerges 
et al. 2016; Kirkham 2021; Manifold et al. 2020, 2021; Figure 1b). 
Previous studies using EISB seismic data have typically focused on 
the regional-scale structural framework and post-Carboniferous 
fill (Figure 1a,c) (Pharaoh et al. 2018, 2020), without detailed anal-
ysis of Mississippian stratal architecture. This study builds on that 
work at the sub-basin scale by conducting a detailed fault analysis 
and evaluating carbonate platform architecture in more detail, in-
corporating seismic facies analysis.

2   |   Geological Setting

2.1   |   Regional Geology

The EISB is part of a broader region encompassing offshore 
northern England, north Wales and southern Scotland. It has 
undergone multiple phases of tectonic deformation (Jackson and 
Mulholland 1993; Phillips et al. 2017) with its geological evolu-
tion shaped by the interplay of large-scale extensional and com-
pressional events associated with the closure of the Rheic Ocean 
and the subsequent Variscan Orogeny (Corfield et al. 1996), fol-
lowed by Mesozoic extension and Alpine inversion (Fraser and 
Gawthorpe 2003). Following the Caledonian Orogeny, a phase 
of post-orogenic relaxation occurred during the Late Devonian. 
This led to the gravitational collapse of the previously thick-
ened crust and the initiation of extensional tectonics (Chadwick 
et al. 1993; Smit et al. 2018). Normal faulting became widespread, 
driving the early development of rift basins across Avalonia 
(Chadwick et al. 1993; Quirk and Kimbell 1997; Smit et al. 2018). 
The onset of this extensional regime marked the beginning of a 
long-lived tectonic cycle, culminating in the Variscan Orogeny, 
the effects of which were felt in the region during the late 
Carboniferous (Gamboa et al. 2019; Knipe et al. 1993; Underhill 
and Richardson 2022; Yaliz and Chapman 2003).

During the Tournaisian, northern England was dominated by 
a regional extensional-transtensional tectonic regime, with the 
main stress direction oriented north-south (N-S) to northwest-
southeast (NW-SE) (Figure  2; Fraser and Gawthorpe  2003; 
Coward  1993, 1995). More specifically, dextral transtensional 
tectonics with a clockwise rotational component resulted in NE–
SW-directed extensional reactivation of east to northeast-trending 
Caledonian basement structures (Smit et al. 2018). There was also 
a shift in the structural polarity of the basin at this time, leading 

Summary

•	 Mississippian carbonate platforms (MCPs) exhibit 
complex, fault-controlled architectures rather than a 
simple platform-to-basin transition, resulting in irreg-
ular shapes and patchy distributions.

•	 Depth-converted maps of the MCP top reveal steep-
slope platform geometries with fault-controlled 
margins.

•	 Platform margin angles were lower during the 
early Mississippian (initiation phase), while the late 
Mississippian stage was marked by platform steepen-
ing, backstepping and significant size shrinking.

•	 Six distinct carbonate platform types within the hang-
ing wall basin exhibit variations in thickness and 
geometry, primarily influenced by fault activity and 
subsidence.
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to subsidence along the southern margin of the basin (Corfield 
et al. 1996; Smit et al. 2018). The EISB is bounded by the North 
Wales Platform to the south, the Lake District Block to the north-
east and the Solway Basin to the north, with its southern sector 
forming the focus of this study. It has been described by Fraser 
and Gawthorpe  (2003) as a hanging-wall basin relative to the 
NWP, but the structural boundary is not defined by a single E–W 
extensional fault. Instead, the basin architecture is influenced by 
a complex network of faults, predominantly trending N–S to NW–
SE, including the long-lived Menai Strait Fault System (MSFS; 
Figure  1), which has accommodated significant deformation 
across multiple tectonic phases (Schofield et al. 2021).

The tectonostratigraphic evolution of the northern UK during 
the Carboniferous can be broadly divided into syn-rift, post-rift 

and inversion megasequences (Fraser and Gawthorpe  2003; 
de Jonge-Anderson and Underhill  2020; Jackson et  al.  2011). 
The syn-rift megasequence, marked by extensional tecton-
ics and fault-controlled sedimentation, spanned the late 
Devonian and Mississippian, terminating in the Serpukhovian 
(Figure  2) (Fraser and Gawthorpe  2003; Manifold et  al.  2021; 
Somerville  2008; Somerville et  al.  1989). This broadly coin-
cided with the onset of the Gondwana glaciation, continen-
tal reorganisation and the closure of the Rheic Ocean. The 
sub-equatorial location of the Pennine and Irish Sea Basins 
during the Mississippian enabled prolific carbonate produc-
tion and platform development in the region's shallow-water 
environments (Corfield et al. 1996; Wright and Vanstone 2001; 
Somerville 2003; Manifold et al. 2021). Significant variations in 
carbonate platform thickness and facies have been described 

FIGURE 1    |    (a) Simplified geological map of the East Irish Sea Basin (EISB), highlighting Permo–Triassic strata and major structural elements, 
along with basin and platform names (modified from Jackson et al. 1995). (b) Detailed geological map of the North Wales Platform and its surround-
ing area in the Irish Sea Basin, illustrating the distribution of the Mississippian carbonate. Key structural features, including platform margins, plat-
form tops, hemipelagic zones, Palaeozoic basement, faults and present-day coastlines, are mapped and showing the position of the interpreted Visean 
carbonate platform prior to this study (modified from Manifold et al. 2021; Ebdon et al. 1990; Fraser and Gawthorpe 1990, 2003; Pharaoh et al. 2018). 
(c) Representative WSW–E cross-section across the central East Irish Sea, illustrating regional-scale horst and graben geometry, with a particular 
focus on the deeper-level occurrence of the Carboniferous Limestone Supergroup (modified from Jackson et al. 1995).
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across major normal fault zones bounding half-graben depocen-
ters onshore (Adams et al.  1990; Fraser and Gawthorpe 2003; 
Somerville 2005).

Post-rift sedimentation (Bashkirian–Moscovian) was char-
acterised by the deposition of turbidite-fronted fluvio-deltaic 
sediments that infilled the basin during thermally driven sub-
sidence (Fraser and Gawthorpe 2003). These deposits extend 
across both the eastern and western margins of the EISB, link-
ing with correlative post-rift successions documented offshore 
and onshore in Ireland. Finally, the Variscan Orogeny led to 
the formation of the inversion megasequence (Moscovian–
Permian), a period of compression associated with the closure 
of the Rheic Ocean to the south, widespread fault reactivation 

and regional uplift affecting the entire Irish Sea domain 
(Chadwick and Evans  1995; Fraser and Gawthorpe  1990, 
2003; Smit et al. 2018).

2.2   |   Mississippian Carbonate Sedimentology

During the Mississippian (358.9–330.9 Ma; Lucas et al. 2022), 
Britain was situated at sub-equatorial latitude, which facili-
tated the deposition of carbonates in a warm, shallow shelf 
sea to the north and south of the Wales-Belgium Massif 
(Davies  2008; Pharaoh et  al.  2021; Smit et  al.  2018). These 
carbonate deposits were extensive, deposited on land-attached 
and isolated carbonate platforms (Wright and Vanstone 2001; 

FIGURE 2    |    A generalised stratigraphic column spanning from the Pre-Mississippian to the Triassic is presented, illustrating the eras, periods, 
stages, groups, tectonic events and basin history. Beginning with the Pre-Mississippian, the Lower Carboniferous (Mississippian), composed of 
sequences EC1–EC6, is shown to develop within a complex rifting tectonic environment, where carbonate growth and eventual demise occurred 
during the Tournaisian to Visean stages. Note that the youngest Mississippian carbonate strata are now interpreted to be Serpukhovian in age (Lucas 
et al. 2022). Adapted from Fraser and Gawthorpe (2003) and Jackson et al. (1997).
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Fraser and Gawthorpe 2003; Davies 2008). Mississippian car-
bonate strata were classified into six tectono-stratigraphic 
megasequences (EC-1–EC-6) by Fraser and Gawthorpe (2003) 
(Figure 2).

Carbonate sedimentation began across Europe in the Tournaisian 
(Wright 1980) and by the Visean, extensional tectonics played 
a crucial role in the development of shallow marine carbonate 
platforms on footwall highs across northern England (Ebdon 
et  al.  1990; Fraser et  al.  1990; Pickard et  al.  1994; Fraser and 
Gawthorpe  2003). These were primarily photozoan platforms, 
dominated by warm, clear-water carbonate production, where 
light availability and low siliciclastic input favored the growth 
of skeletal and microbial carbonate facies (Wright 1980; Wright 
and Vanstone 2001; Somerville 2005; Manifold et al. 2021). By 
the mid-Visean, fault-controlled subsidence and carbonate pro-
ductivity had enhanced the topographic contrast between the 
shallow-water carbonate platforms on footwalls and the adja-
cent hanging-wall basins, steepening the platform margins, 
facilitated by cementation of slope margins (Schofield and 
Adams 1985; Della Porta et al. 2004; Manifold et al. 2021). The 
North Wales Platform grew as a land-attached carbonate plat-
form covering approximately 1200 km2 on the southern margins 
of the Irish Sea Basin (Juerges et al. 2016; del Strother et al. 2021; 
Manifold et al. 2021) and the carbonate platform described in 
this study is the offshore extension of this platform.

3   |   Data and Methods

3.1   |   Dataset

This study utilises multiple 3D seismic datasets covering the 
southern EISB and adjacent areas (Figure 3, Table 1). The seismic 
volumes vary in vintage, resolution and spatial coverage. Most 
were acquired in the 1990s and processed using post-stack time 
migration (PSTM), with no pre-stack depth migration or veloc-
ity model applied. The data are post-stack time migrated with a 
bin spacing of 12.5 × 12.5 m and a sampling interval of 4 ms. All 
volumes are zero-phased, following SEG normal polarity, where 
a positive reflection coefficient indicating an increase in acous-
tic impedance is shown as a red peak, while a negative reflection 
coefficient (a decrease in impedance) is shown as a blue trough. 
Acquisition was undertaken in a shallow-water bathymetric set-
ting (50–75 m depth). Frequency characteristics and acquisition 
details are summarised in Table  1. As these datasets were pri-
marily designed to image shallower, Permo-Triassic targets, they 
are not optimised for deep imaging of Mississippian carbonate 
strata. Vertical resolution across the study area ranges between 
25 and 62.5 m, depending on the seismic vintage and processing 
parameters (Table 1). Medium- to high-resolution data (25–29 m) 
are associated with more recent 3D volumes over the Deemster 
Platform (Hamilton Field), North Wales Offshore and parts of the 
Solway Basin, allowing for improved imaging of platform geom-
etries and reflector continuity. In contrast, lower-resolution data 
(48–62.5 m), such as those covering the West Deemster Basin, are 
based on older vintages with more limited frequency content and 
reduced interpretability at depth. The frequency content of several 
datasets declines significantly below ~2 s TWT, further reducing 
vertical resolution within the deeper Mississippian interval. Given 
the combination of variable seismic data quality and large spatial 

coverage, these differences in resolution introduce interpretational 
uncertainty, particularly when comparing platform morphologies 
across the basin. Interpretation was therefore conducted with an 
awareness of these limitations, with more caution applied in areas 
where imaging was constrained by lower-resolution legacy data.

Well control within the study area was limited. Data from well 
110/08-1 was available, but its penetration only extended into 
the Serpukhovian (Figure 4). The nearest wells that reach the 
top Mississippian strata (e.g., 111/25-1A, 112/25a-1, 112/15-1, 
Silloth-1A) are located approximately 50–100 km to the north, 
within the Solway Basin and adjacent areas (Figure  3). These 
offset wells, along with prior seismic mapping, were used to in-
form horizon interpretation in the study area (Pharaoh, Smith, 
et al. 2016; Pharaoh et al. 2018; Stuart and Cowan 1991). These 
surfaces were then quality controlled, revealing that the existing 
surfaces did not consistently adhere to a specific reflector. To en-
sure consistency, refinement or repicking was performed along 
individual reflections, as the low resolution of previous regional 
studies based on 2D seismic data and heavily interpolated often 
resulted in surfaces crossing multiple reflections in the 3D seis-
mic data.

3.2   |   Methods

3.2.1   |   Depth Conversion and Generation 
of Structure Maps

The depth conversion of seismic surfaces was conducted to gen-
erate depth-structure maps. A time-depth curve approach was 
applied to achieve an optimal fit while accounting for associ-
ated uncertainties (Couleou 2020; Deraisme and Jeannee 2020). 
This process was challenged by the limited availability of well 
data penetrating Mississippian strata and the scarcity of velocity 
data. To mitigate these challenges and reduce uncertainties, the 
depth conversion approaches were tested to determine the most 
reliable method.

The primary approach utilised two-way travel time (TWT) ver-
sus depth data derived from checkshot surveys from four key 
wells (110/11-1, 110/08-1, 110/12-B4 and 110/11a-3, Figure  4). 
This approach was adopted from a similar study on seismic 
depth conversion, that used localised velocity information to re-
fine the overall model (Armstrong et  al.  2004; Pharaoh, Kirk, 
et al. 2016; Reijmer et al. 2017). The checkshot data from these 
wells were plotted against depth, revealing a consistent velocity 
trend across all wells despite varying depths of penetration. Well 
110/08-1, drilled within the Deemster platform area, reached a 
maximum depth of approximately 1.5 km, terminating within 
the Millstone Grit Group (Figure 4). In contrast, well 110/11-1, 
located in the Gogarth Basin, penetrated to approximately 
3.5 km, also encountering the Millstone Grit Group. Since none 
of the wells fully penetrated the Mississippian, a polynomial re-
gression equation was derived, where y represents depth (m) and 
× represents TWT (ms) (Table 2).

A key feature of carbonate platforms, and their offshore transi-
tion, is their slope angle, since most classifications of carbonate 
platform morphology are based upon carbonate slope angle. To 
evaluate the impact of uncertainties in time-depth conversion 
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on stratal dip, particularly platform slope and fault angle in-
terpretations, three polynomial regression models were tested 
(Figure 4):

1.	 Combined well: Incorporating data from all four wells, 
yielding the equation: y = 0.0003x2 + 1.6516x − 57.912

2.	 Single Well based solely on data from the deepest well, 110/11-
1, resulting in the equation: y = 0.0002x2 + 1.9382x − 157.07

3.	 Single well taken from the shallow penetration, 110/08-1, 
resulting in the equation: y = 0.0008x2 + 1.1721x + 18.372

To quantify depth estimation differences, 100 ms TWT error bars 
were incorporated and applied at 1800 ms TWT. Assuming that, 
the slope of platform margins was estimated at a 1 km horizon-
tal distance, allowing for the calculation of slope angle changes. 
The TWT vs. depth plots indicate that all models exhibit simi-
lar trends at shallower depths, with slight deviations at ~2 km 
and increasingly large differences at depths exceeding 3 km 
(Figure 4). The greater discrepancies at depth are attributed to 
the fact that shallow wells rely primarily on extrapolated veloc-
ity trends, as their checkshot data extend only to 1 km depth and 
therefore error increases with depth.

FIGURE 3    |    Overview of datasets used in this study. (a) Bathymetry map of the Irish Sea and adjacent areas, derived from EMODnet data 
(EMODnet Bathymetry Consortium 2022). (b) Spatial distribution of 3D seismic surveys (outlined in yellow boxes and labelled numerically) and well 
data locations (marked by red circles) incorporated into the analysis.
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3.2.1.1   |   Implications of Depth Conversion on Dip 
Estimation.  To evaluate the effect of depth-conversion 
uncertainty on dip estimation, the slope angle (θ) was mea-
sured along representative platform margins identified on 
depth-converted seismic sections. These slopes correspond 
to the upper surface of the Mississippian carbonate platform 
strata (e.g., A1–A3 in Figure  7) where reflector terminations 
define the platform-to-basin transition. The slope angle (θ) was 
calculated by measuring the vertical depth difference between 
the top and base of the platform margin over a fixed horizontal 
distance of 1 km, following standard geometric estimation from 
depth-converted grids. This approach provides a first-order esti-
mate of platform-margin inclination rather than an absolute local 
slope angle, as the available 3D data coverage does not permit 
continuous cross-sectional profiling along all margins. Extrap-
olation at 1.8 s TWT yielded depth estimates of 3886 m for com-
bined wells, 3979 m for 110/11-1 and 4720 m for 110/08-1. Using 
a ±100 ms deviation in TWT, depth differences were calculated 
(Table 2). The shallowest well (110/08-1) required extrapolation 

well beyond the range constrained by available checkshot data 
and was therefore excluded from subsequent analysis to prevent 
introducing uncertainty from unreliable velocity trends.

To validate the depth-converted surfaces and further minimise un-
certainty, the results of this study were compared with previously 
published velocity models and depth–time relationships from 
Pharaoh, Kirk, et al. (2016) and Pharaoh et al. (2018). A previous re-
gression analysis, using field-based average velocities across parts 
of the EISB, yielded the equation: y = 0.0003x2 + 159653x − 103 
(Pharaoh, Kirk, et al. 2016). The combined well model from this 
study closely aligns with Pharaoh, Kirk, et  al. (2016) (Table  2), 
confirming its reliability. Consequently, the single-well models 
were disregarded, and the combined well model was selected for 
depth conversion. The depth conversion and structural mapping 
were performed using Petrel 2021. The TWT grids were input into 
the polynomial equation under the depth conversion settings, en-
abling transformation of seismic data into depth-structure maps 
(Elam et al. 2020; Kremor et al. 2019).

FIGURE 4    |    (Left) Time-depth relationship for four wells based on checkshot data from the Southern Irish Sea Basin (EISB). Well 110/11-1 extends 
to the greatest depth (~4 km), while others reach approximately 1.5 km. A polynomial trend derived from the combined dataset is used to establish an 
average velocity model, reducing uncertainty by integrating data beyond the deepest well intervals. (Right) Well-seismic correlation for well 110/08-
1, a shallow well located in the Hamilton Field (Deemster Platform). Reflection characteristics are examined to validate formation and marker in-
terpretations, particularly for key stratigraphic boundaries such as the top and base of the Mississippian in regions lacking direct well penetration.

TABLE 2    |    Time-depth relationship derived from a TWT versus depth polynomial plot. The table includes polynomial equations (y) for depth 
calculations, velocity assumptions at 1800 ms (at 3.5 km depth), depth variations resulting from the ~100 ms error bar and slope angles (θ) for different 
wells. Data is presented for combined well datasets and individual wells 110/11-1 and 110/08-1.

Well Plot

Velocity 
assumption 
at 1800 ms

Depth variation 
calculation for ~100 ms 

TWT error bar
Slope 

angle (θ)

Combined well (4 wells) y = 0.0003x2 + 1.6516x − 57.912 3886 m 531.64 m 27.95°

110/11-1 y = 0.0002x2 + 1.9382x − 157.07 3979 m 546.32 m 28.6°

110/08-1 y = 0.0008x2 + 1.1721x + 18.372 4720 m 810.42 m 39.1°
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3.2.2   |   Seismic Interpretation of the Top 
Mississippian Carbonate

Interpreting Mississippian carbonate strata in the EISB from 
3D seismic data posed significant challenges due to the rel-
atively poor quality of the data and the absence of well con-
trol. Similar difficulties in interpreting Visean strata have 
been documented in Northern Belgium (Southern North 
Sea region), as noted by Kombrink et al.  (2010) and Reijmer 
et al. (2017).

Carbonate platforms are hard to identify in frontier settings, 
as features such as volcanic pedestals or structural highs may 
mimic carbonate geometries (Burgess et  al. 2013; Jiménez 
Berrocoso et  al.  2021). To address this, Burgess et  al. (2013) 
outlined a structured framework for interpreting isolated car-
bonate platforms using seismic data, focusing on platform-
scale morphology, stratigraphic position, internal seismic 
character and geophysical signatures such as acoustic imped-
ance contrasts. Central to their method is a semi-quantitative 
scoring system designed to evaluate the presence and clarity 
of key diagnostic criteria. Each feature is scored based on its 
interpretive confidence: 1 for a clear positive response (e.g., 
well-defined mounded geometry, platform margin clinoforms 
or high-amplitude flat-top reflections), 0.5 for a weak or equiv-
ocal response indicating moderate uncertainty, 0 when the cri-
terion cannot be assessed due to limited data or poor seismic 
resolution and −1 for a clear negative response (Table 4). This 
score-based approach provides a repeatable and transparent 
method for assessing confidence in carbonate platform iden-
tification, such as those developed on structural highs in low-
siliciclastic settings.

To complement this approach, we used the broader observa-
tional criteria that describe the seismic characteristics of a 
wide range of shallow-water carbonate systems, including 
ramp, rimmed and non-rimmed platforms (Badali 2024). Their 
compilation provided useful context for recognizing platform 
types beyond just isolated carbonate platforms. In addition, the 
study also integrated geological analogues and existing well 
data to mitigate ambiguities, as recommended by Paumard 
et al. (2017). To enhance accuracy and minimize uncertainty, 
seismic interpretation and facies analysis methods were ad-
opted based on techniques detailed by several studies (Hendry 
et al. 2021; Makhankova et al. 2021; Masaferro et al. 2005) in-
cluding the use of seismic attributes, such as RMS amplitude 
(Hendry et al. 2021). This improved the visualization of facies 
distributions and depositional geometries, aiding the identifi-
cation of key features within carbonate platforms at the reser-
voir scale.

The interpretation workflow began with a regional structural 
framework to define basin geometry, followed by detailed fa-
cies and reflector analysis using a merged 3D seismic volume. 
Interpretation was carried out in Petrel software, applying 
seismic stratigraphic principles to define two key horizons, the 
Top Mississippian and Base Mississippian, shown in Figure 4. 
These surfaces were initially guided by published interpreta-
tions (Pharaoh, Kirk, et al. 2016) but were extensively reviewed 
and re-picked using the higher-resolution dataset available in 
this study. The Top Mississippian reflector was identified as a 

laterally continuous peak reflection (increase in acoustic im-
pedance) over structural highs such as the Deemster Platform, 
where seismic resolution is estimated at ~27 m (Figure  4). 
The Base Mississippian reflection was of lower amplitude but 
traceable in areas of better signal quality (Figure  4). Other 
overlying stratigraphic horizons such as the Appleby Group, 
Sherwood Sandstone Group, Mercia Mudstone Group and the 
Base Quaternary were adopted based on reference interpreta-
tions (Figure 2; Pharaoh, Kirk, et al. 2016).

Manual horizon picking was conducted at 10–20 trace inter-
vals using loop-tying and crossline validation to maintain 
consistency across the volume, particularly in areas with vari-
able data quality due to differences in seismic vintage. While 
this introduces a level of uncertainty, cross-referencing with 
published maps and reflectivity patterns supports the inter-
preted picks within the 3D dataset. The presence of Triassic 
evaporites (mainly halite) in parts of the basin, especially in 
the central Gogarth Basin, may locally distort the seismic 
image beneath the salt. However, these evaporites are not 
widespread across the study area, and their impact is consid-
ered spatially limited.

3.2.3   |   Fault Analysis

Fault analysis is a crucial component in assessing the evolution 
of carbonate platforms, particularly in tectonically active, fault-
controlled or syn-rift settings (Gawthorpe  1986; Loza Espejel 
et al. 2019). The interaction between fault kinematics and car-
bonate platform evolution highlights the importance of struc-
tural styles during carbonate platform growth in extensional 
basins. Temporal and spatial characteristics of fault segments 
were analysed using time structure and thickness maps, which 
captured changes in subsidence and accommodation related 
to faulting and sediment deposition (Duffy et al. 2015). A fault 
map was generated from 3D seismic data (Figure 7) and further 
analysed and modelled using a structural workflow in Petrel 
software. Displacement analysis was performed by construct-
ing displacement-distance profiles, with displacement values 
measured at 10–20 increments along crossline and inline seis-
mic sections. These measurements spanned a North–South 
transect approximately 60 km in length. The resulting profiles 
illustrated variations in displacement across fault surfaces, pro-
viding insights into the geometric and kinematic evolution of 
faults and adjacent folds (Cartwright et  al.  2000; Cartwright 
et  al.  1996). To further assess syn-depositional fault activity, 
the expansion index (EI) was calculated to quantify across-fault 
stratal thickening. This was achieved by dividing the hanging 
wall thickness (Ht) of a stratal unit by its corresponding foot-
wall thickness (Ft) and plotting the results against geological 
time as a proxy for depth (Jackson et al. 2017). An EI value of 1 
indicates no across-fault thickening, suggesting an absence of 
syn-depositional fault activity. An EI > 1 indicates that hang-
ing wall strata are thicker than footwall strata, reflecting active 
faulting and associated accommodation space creation during 
deposition. Conversely, an EI < 1 indicates that hanging wall 
strata are thinner than footwall strata, suggesting thickening 
towards the footwall, which may result from differential com-
paction, erosion, carbonate platform growth or footwall uplift 
(Jackson and Rotevatn 2013).
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4   |   Results

4.1   |   Basin Geometry and Interpretation

The overall interpretation of basin geometry in this study builds 
on seismic horizon picks from Pharaoh et al. (2018) for all post-
Mississippian stratigraphic surfaces. For the Mississippian in-
terval, the base Mississippian and top Mississippian horizons 
were re-mapped using the available seismic dataset to refine 
fault geometries and stratigraphic relationships.

4.1.1   |   Base Mississippian

In the southern domain of the East Irish Sea Basin (EISB), the 
basin geometry was analysed along the A–B section (Figure 5), 
which extends approximately 40 km from west to east. This sec-
tion is constrained by two wells: 110/11-1, located within the 
Godred Croven Platform and 110/08-1, situated on the Deemster 
Platform (Figure 5). The seismic data used for this analysis come 
from different vintages, resulting in variations in data quality, 
with the western segment exhibiting lower reflectivity com-
pared to the eastern segment (Figure 5).

The base of the Mississippian has previously been interpreted to 
lie directly on the Caledonian basement, between 2.5 and 3.0 s 
TWT (Pharaoh et al. 2018). Identifying the Base Mississippian is 
particularly challenging, however, due to the reduction in seismic 
frequency and overall poor data quality at greater depths. The 
interpretation is guided by previous studies (Pharaoh et al. 2018; 

Gamboa et al. 2019) and picked at the top of a discontinuous interval 
of high-amplitude reflectors, which locally transition into chaotic 
or poorly imaged reflectors (Figures 5 and 6). This inconsistency in 
reflection character across the study area introduces uncertainty 
in the pick. On the Deemster Platform, the base Mississippian is 
identified at ~2 s TWT, while in the Godred Croven Basin, it ex-
tends to ~2.7 s TWT. In the northern domain, the C–D time section 
reveals that the Base Mississippian also lies significantly deeper 
than in the south, at up to 2.7 s TWT (Figure 6). Within the West 
Deemster Basin, the base Mississippian is characterised by high-
amplitude reflections and moderate continuity.

A depth-converted surface map (Figure 7) highlights the lateral 
extent and overall morphology of the Base Mississippian. This 
horizon is regionally continuous across the study area, except 
where locally truncated by younger unconformities. Three main 
structural domains are identified: to the south (Godred Croven 
area and the offshore extension of the North Wales Platform), 
to the east (Deemster Platform) and to the north (Figure 7). All 
areas are bounded by relatively low-angle slopes with angles up 
to 15°. The shallowest occurrences of the base Mississippian 
are found at approximately −3 km, predominantly within the 
Deemster Platform, increasing northward to −5.5 km in the 
West Deemster Basin and Godred Croven Basin (Figure 7).

4.1.2   |   Top Mississippian

Mapping the top of the Mississippian surface is also challenging 
due to variations in seismic data quality across the study area, 

FIGURE 5    |    Uninterpreted and interpreted seismic sections along the A–B line, oriented west–east within the southern domain, displayed in 
two-way travel time (TWT, seconds). The sections show the regional horst–graben architecture, with Mississippian carbonate facies (highlighted in 
blue) occurring across both platform and basinal settings. A shallow fault cuts the post-Permo-Triassic sequence, primarily affecting the Permian 
and younger stratigraphy.
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largely influenced by differences in acquisition vintage and 
processing. Despite these limitations, regional interpretation of 
multiple seismic sections indicates that this reflector is typically 
characterized by high-amplitude, continuous and parallel re-
flections, with localized mounded geometries (Figure 5).

In the southern domain, wells 110/08-1 and 110/11-1, located on 
the Deemster Platform and the deeper Godred Croven Platform 
respectively (Figure  5), provide depth constraints that help 
bracket the position of the Top Mississippian reflector. Although 
neither well penetrates the Mississippian, they offer an upper limit 
on its depth, guiding the seismic interpretation in areas of poor 
reflectivity. On the Deemster Platform, the Top Mississippian 
is recognised as a high-amplitude, continuous reflection at ap-
proximately 1.0 s TWT, lying about 0.4 s TWT below the base of 
the Millstone Grit Group. To the west, this surface deepens to 
around 1.7 s TWT (Figure 5). The Top Mississippian also exhibits 
mounded reflection geometries with a steep slope (~30°), where 
onlapping reflections from the overlying Pennsylvanian strata 
can be observed (Figure 5). In the northern domain, particularly 
along the C–D section in the West Deemster Basin (WDB), the 
Top Mississippian is mapped at greater depths (from 1.6 to 2.2 s 
TWT) compared to the southern sector (A–B) (Figure 6). Seismic 
reflections here are generally of poor quality (Figures 5 and 6).

4.1.3   |   Mississippian Thickness and Areas

Six discrete areas of localized thickening within the mapped 
Mississippian interval have been identified across the study 

area, labeled A1 through A6 (Figure 8), based on isochore map-
ping between the interpreted base and top Mississippian carbon-
ate surfaces. Thicknesses were calculated from depth-converted 
grids using the best fit velocity (Figure 4) in Petrel and are sum-
marized in Table  3. Thickness varies significantly across the 
EISB, ranging from approximately 1.1–2.0 km, with the thickest 
areas in the southern and eastern domains (1.8–2.0 km thick; 
A1–3). In contrast, the northern and western zones (A4–A6) are 
thinner, generally between 1.1 and 1.35 km thick. Notably, A6, 
the most northerly zone, is situated atop a structurally elevated 
horst and exhibits greater thickness and lateral continuity than 
the adjacent A4 (Figure 8).

Plan-view comparisons between the base and top Mississippian 
surfaces indicate that several areas have undergone substan-
tial lateral reduction in size over time. For example, A1–A3 
originally covered areas between 86 and 213 km2 at their base 
but contract by more than 40% at the top surface (Table  3). 
A4 and A5 show more modest decreases in area (~12%–18%), 
while A6 experiences the largest proportional reduction 
(~47%). Furthermore, thickness diminishes progressively 
northward across the study area from ~2 to < 1 km thickness 
(Figure 3).

4.2   |   Regional Fault Interpretation

Fault visibility in seismic time cross-sections is contingent upon 
factors such as offset magnitude and reflection continuity. In 
this study, the quality of seismic data posed challenges for fault 

FIGURE 6    |    Uninterpreted and interpreted seismic section along the C–D line (west–east) in the northern domain, displayed in two-way travel 
time (TWT, ms). The Mississippian interval, marked by the blue line, occurs at greater depths here than in the southern domain and shows slight 
thinning towards the north. The interpretation also reveals a complex network of blind faults, comprising Palaeozoic (Mississippian) faults and post-
Palaeozoic (Permian–Triassic) fault systems.
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identification. Nevertheless, analyses of sections A–B and C–D 
(Figures 5 and 6) provided valuable insights into fault character-
istics across the study area. Predominantly, faults affect both the 
top and base of Mississippian strata and exhibit a north–south 
(N–S) orientation, with lengths varying between 5 and 40 km. 
Based on their stratigraphic positions and characteristics, faults 
were categorized into two groups:

1.	 Post Permo-Triassic (shallow-seated) faults: These faults 
are confined to the upper stratigraphic levels, extending 
into, but not beneath, the Appleby Group (Permian). In 
the southern domain (section A–B), displacements range 
from 50 to 100 ms two-way travel time (TWT) (Figure 5). 
In contrast, faults in the northern domain, particularly 
the West Deemster Basin (WDB) (section C–D), exhibit 
greater displacements of 250–300 ms TWT (Figure  5). 
Notably, in the northern domain, these post-Permo-
Triassic faults influence the thickening of the Sherwood 
Sandstone Group within the basin, forming four mini-
grabens (Gamboa et  al.  2019). The faults in this region 
display planar geometries near the surface, transitioning 
to listric forms at depth as they approach the Permian 
layers (Jackson et al. 1987).

2.	 Pre-Permo-Triassic (deep-seated) Faults: These faults dis-
sect the basement, base Mississippian and top Mississippian. 
In the southern domain (section A–B), displacements range 
from 150 to 700 ms TWT, with smaller displacements ob-
served within the East Deemster Platform and larger 

displacements towards the structurally deeper northern 
part of the East Irish Sea Basin (Figure 5). In the northern 
domain, displacements vary between 200 and 700 ms TWT 
(Figure 6). A notable feature in this area is the linkage be-
tween upper (post-Permo-Triassic) and lower (pre-Permo-
Triassic) fault systems. Listric faults are evident, and there 
is strong evidence of a connected fault network linking 
these two systems (Figure 6). In this domain, areas where 
faults intersect or connect commonly coincide with local-
ized stratigraphic thinning. This thinning is evident in re-
gions of fault connectivity, expressed as zones of reduced 
thickness represented by darker colors (Figure 8).

4.2.1   |   Fault Growth and Structures in 
the Mississippian

Understanding the development of Mississippian strata re-
quires that correlations are established between the present-
day regional structure, pre-existing formations, stratigraphy 
and interpreted seismic surfaces. This analysis involved as-
sessing fault throw, fault lengths and the relationship be-
tween hanging wall and correlative stratal thicknesses at 
specific depths, using the expansion index (Duffy et al. 2015; 
Jackson et  al.  2017). A total of 26 faults were identified and 
interpreted at the Top Mississippian stratal level to examine 
throw vs. length relationships (Figure 9a). Additionally, mea-
surements of throw-depth variations and expansion index cal-
culations were conducted using seismic horizon picks at the 

FIGURE 7    |    3D surface interpretation of the top Mississippian carbonate (upper layer) and base Mississippian carbonate (lower layer), shown 
alongside 2D cross-sections and dip maps in the right panel. The top surface lies at depths of −1 to −4.5 km, with its geometry and distribution closely 
following fault trends. The base surface reflects irregular platform initiation, characterized by patchy deposition over a broader area and occurs at 
depths of −3 to −5.5 km.
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Top and Base Mississippian levels, complemented by Appleby 
Group and Sherwood Sandstone Group picks from Pharaoh 
et al. (2018) (Figure 9b).

4.2.2   |   Throw Versus Length Relationship

The dataset shows a positive linear correlation between maxi-
mum fault throw and fault length, with a moderate coefficient 
of determination (R2 = 0.52). This suggests that approximately 
52% of the variability in throw can be statistically explained 
by fault length. However, this does not imply a direct causal 
relationship, and the remaining scatter likely reflects addi-
tional geological factors, including variations in fault growth 
history, linkage processes and local structural complexities. 
Several faults in the dataset display relatively high throws for 
their lengths, which may be due to incomplete imaging of their 

full geometries (e.g., MC5, MC4, MC3, HY5) or the presence 
of features such as breached relay ramps or segmented fault 
growth. For instance, fault ET6 is a breached ramp, facilitating 
fault linkage without a clear termination (Figure  9a). These 
factors can lead to an underestimation of fault lengths and 
inflated throw-to-length ratios, thereby influencing the over-
all correlation. Additionally, the observed scatter may reflect 
variations in fault growth processes, including segmentation, 
interactions with pre-existing structures or differences in tec-
tonic stress regimes across the study area.

4.2.3   |   Fault Scale

The fault scale analysis is derived from the throw distance pro-
file in Figure 9a, which represents a 60 km north–south baseline, 
where 0 km marks the northernmost point, and 60 km represents 

FIGURE 8    |    Isochore (thickness) map of the Mississippian interval, illustrating six localised zones of thickening (labelled A1–A6) across the study 
area. Thickness ranges from approximately 0.5–2.0 km. These zones were identified based on variations between the interpreted base Mississippian 
and top Mississippian surfaces and are considered candidates for further analysis regarding potential platform development.

TABLE 3    |    Geometric and thickness characteristics of the six thickening zones (A1–A6) identified within the Mississippian interval. The table 
includes the calculated areas at the base and top surfaces (in km2), the percentage reduction in areal extent from base to top (indicating potential 
platform retreat or truncation) and the maximum thickness (in meters) within each zone.

Parameters A1 A2 A3 A4 A5 A6

Base Mississippian areas (in km sq) 178.2 86.19 213.91 17.66 45.01 55.74

Top Mississippian areas (in km sq) 92.18 43.68 121.89 15.51 36.68 29.34

Percentage of area reduction 48.27% 49.32% 43.02% 12.17% 18.51% 47.36%

Maximum area thickness (in m) 2000 1850 2000 1100 1350 1200
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the southernmost extent (Figure 9a). Faults ET1 and HM1 were 
excluded from the profile due to data limitations, as the polygon 
cut through these faults prevents observation of their projected 
fault tips. However, faults with at least one mapped fault tip were 
included in the analysis.

Structural maps and interpretations categorize faults into two 
groups: (a) small to medium throw structures, represented in 
dark red in Figure 9a, and (b) medium to large throw structures, 
represented in dark blue in Figure 9a. Medium to large (MC1, 
ET1, ET2, HM1, ET5, MC2, MC4, MC5, HY5, HY3 and HY4) 

FIGURE 9    |    (a) Regional fault map illustrating the distribution and structural styles of faults across the northern and southern domains, with la-
beled fault names. The inset on the right presents a Displacement-Distance (D-x) plot, highlighting fault evolution behavior, alongside a fault length 
versus throw graph. (b) Expansion Index (EI) and throw analysis for four faults, tracking their evolution from the Mississippian to the Permian in 
both the northern and southern domains.
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have fault lengths ranging from 12 to 40 km. Throw values vary 
between 250 and 690 ms TWT (ca. 0.6 and 1.5 km, given our time 
depth relationship; Figure  4), and these faults are distributed 
across both the southern and northern regions.

Faults with small to medium throws are primarily concentrated 
in the southern domain, particularly in three distinct zones, 
most of which are spatially associated with structural highs 
that host thickened Mississippian strata (Figure  9a). Seismic 
time sections (Figures  5 and 6) indicate that these faults pre-
dominantly affect the Top Mississippian reflector, while no clear 
fault expression is observed at the Base Mississippian surface 
or within the basement. However, this absence may partly re-
flect data quality and resolution limitations in the deeper sec-
tions. These faults exhibit throw values ranging between ~85 
and 200 ms TWT (ca. 0.2 and 0.4 km, given our time depth re-
lationship; Figure 4), with lengths of 5–15 km (Figure 9a). The 
presence of medium- and small-scale faults within the Deemster 
Platform influences the position of A1 and A2, as the platform 
margins appear to align with the N-S fault orientation.

Although most faults trend N-S, fault ET6 exhibits a northeast-
oriented direction (Figure 9a). It has a length of approximately 
10 km and a displacement of 600 ms TWT (ca. 1.4 km) and ap-
pears to function as an intermediate segment linking two major 
faults, MC1 and ET2 (Figure  9a). Additionally, five potential 
fault linkages or connectivity zones are identified within the 
basin (highlighted in purple circles in Figure 9a). However, un-
certainties remain regarding the resolution of the seismic data, 
particularly in accurately mapping fault terminations and con-
firming linkage connectivity.

4.2.4   |   Fault Growth and Stratigraphic Variability

The Expansion Index (EI), as defined by Jackson and 
Rotevatn (2013), serves as an indicator of stratigraphic thicken-
ing across faulted regions. For this analysis, four representative 
faults were selected in a 3D framework to assess fault growth 
and stratigraphic variability across different structural domains 
(Figure 9b). The southern domain corresponds to areas where 
Mississippian strata are thickest, whereas the northern domain 
represents areas where the mapped Mississippian is thinner. 
Key fault parameters were extracted from Petrel and analyzed, 
including throw magnitude, hanging wall thickness (measured 
in ms TWT), footwall thickness (measured in ms TWT) and 
depth of the picked seismic surfaces (in ms TWT).

4.2.4.1   |   Northern Domain.  In the northern domain, 
in the Mississippian interval, the EI is 0.97–0.98, which indi-
cates near-uniform thickness across the fault (Figure  9b). 
The Permian units show slightly higher EI values, between 
1.20 and 1.25, suggesting some differential subsidence during 
the Permian. This increases within the Sherwood Sandstone to 
relatively high Expansion Index (EI) values, ranging from 1.35 
in fault MC5 to 1.51 in MC4, reflecting strong syn-depositional 
fault-controlled subsidence and hanging wall sediment accu-
mulation during the Triassic. The throw-depth (T-z) profiles in 
the northern domain show three key characteristics: (i) no sig-
nificant thickening across faults in the Mississippian despite a 
high throw value; (ii) a low throw value in the Triassic (relative 

to the Mississippian) and hanging wall thickening; and (iii) dip 
linkage locally within the Lower Permian Appleby Unit. Fault 
MC4 exhibits a steady decrease in throw from the Mississippian 
(~500–600 ms TWT) to the Triassic (~200–400 ms TWT). In 
contrast, fault MC5 shows a significant throw reduction within 
the Appleby Unit, followed by an increase in throw magnitude 
within the lower Triassic (Figure  9b). Seismic time sections 
illustrate how faults transition from a planar geometry at shal-
low levels to a listric configuration, before reverting to a planar 
form in deeper Mississippian intervals (Figure 6).

4.2.4.2   |   Southern Domain.  The southern domain is char-
acterised by two linked half-graben geometries, with increasing 
structural complexity from the Godred Croven Basin to the Gog-
arth Basin and the Deemster Platform. The Mississippian inter-
val, associated with area A5 (Figures 8 and 9a,b), demonstrates 
a footwall thickening pattern, with an EI value of 0.81. Simi-
larly, Fault ET2 (Figure  9a) exhibits the same trend, though 
the Mississippian is shallower, corresponding closely with Area 
A2 (Figures 8 and 9a); the EI value of 0.90 for the Mississippian 
interval in A2 further indicates footwall thickening. Both ET1 
and ET2 exhibit an increased throw magnitude in the Missis-
sippian, with a subsequent reduction in throw within the Upper 
Permian–Triassic succession. Fault ET1 (Figure 9b) exhibits sig-
nificant syn-rift (Expansion Index (EI) values > 1) deformation 
during the Permian–Triassic, indicating hanging wall thick-
ening. The Throw-depth (T-z) profiles (Figure 9b) reveal max-
imum throw values of ~680 ms TWT within the Mississippian 
interval (Figure 9b). Additionally, Fault ET2 appears to function 
as a fault segment, with MC1 acting as a secondary segment. In 
summary, the southern domain is characterised by: (i) EI values 
< 1 in the Mississippian, suggesting greater sediment thickness 
in the footwall compared to the hanging wall; (ii) greater throw 
in the Mississippian relative to the Permian–Triassic succession; 
and (iii) thickening of hanging wall sediments in the Permian–
Triassic, as indicated by EI values > 1.

4.3   |   Carbonate Platform Characteristics

The identification and characterisation of the areas of enhanced 
Mississippian stratal thickness (A1–A6) in this study is based on 
an integrated approach combining regional structural interpre-
tation (Figure 7), fault mapping (Figures 9a,b) and mapping of 
stratigraphic thickening (Figure 8). This multi-criteria workflow 
broadly follows the platform identification principles proposed 
by Burgess et  al. (2013), which emphasise the role of geomet-
ric expression, internal seismic character and structural context 
in defining carbonate platforms in the subsurface. In this case, 
the significant thickness variations observed between platform 
highs and adjacent depocentres, along with the apparent separa-
tion of individual areas of thickening by structural lows, support 
the treatment of these features as partially isolated entities for 
interpretive purposes.

Firstly, environmental parameters were considered. During the 
Mississippian, the study area was situated within shallow water 
at equatorial to tropical latitudes (Smit et  al.  2018), providing 
favourable climatic and oceanographic conditions for carbon-
ate production and accumulation. This paleogeographic setting 
was evaluated as key supporting evidence for the likelihood 
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of carbonate sedimentation (assigned the highest significance 
score, 1) consistent with models of carbonate platform devel-
opment in warm, shallow marine environments (Pomar 2001), 
and the abundance of exposed carbonate platforms of the same 
age onshore in the UK (Wright 1980; Wright and Vanstone 2001; 
Somerville  2005; Manifold et  al.  2021). There is good evi-
dence onshore and in wells of coeval siliciclastic input into 
intervening basins between carbonate platforms (Fraser and 
Gawthorpe 2003).

The geophysical characteristics proposed by Burgess et al. (2013) 
to be indicative of carbonate strata, received a score of 1 for all 
platforms based on the presence of a continuous high-amplitude 
capping reflection. In the 3D datasets from the study area, the 
top Mississippian reflector exhibits consistently high amplitudes, 
which are interpreted as diagnostic of carbonate strata due to 
the strong acoustic impedance contrast between carbonate rocks 

and the overlying or adjacent sediments (Pharaoh et  al.  2018, 
Pharaoh, Kirk, et al. 2016). All areas of thickened Mississippian 
strata exhibited a weak positive velocity pull-up (scoring 0.5). 
This is attributed to the low signal-to-noise ratio (SNR) in the 
data, making it challenging to distinguish this effect from an un-
derlying antecedent topography beneath the carbonate platforms.

The summary ranking of all areas of thickened Mississippian 
strata is presented in Table 4 and explained below. In all cases, 
uncertainties arise in the interpretation of the margins of 
mapped areas and the base of the interval. The angles of the 
margins were measured using a depth conversion map gener-
ated with the best-fit average velocity method, which introduces 
potential errors. The identification of the base Mississippian, 
picked as the lower surface in this study, is interpreted as equiv-
alent to the base carbonate. This interpretation is based on its 
consistent stratigraphic position beneath the top Mississippian 

TABLE 4    |    Quantitative scoring of Mississippian carbonate platforms candidates in the East Irish Sea Basin (EISB), based on the criteria 
established by Burgess et  al. (2013). The scoring system evaluates four main criteria subdivided into detailed points, with scores ranging from 
−1 to +1: +1 indicates a clear positive response, +0.5 represents a weak positive response with some uncertainty, 0 is assigned when the criterion 
cannot be assessed due to insufficient data, and −1 reflects a definite negative response. Areas A1, A2, A3 and A6 achieved scores exceeding 12, 
reflecting strong and convincing geological characteristics as carbonate platforms. In contrast, platforms P4 and A5 scored below 10, still displaying 
carbonate platform geometry but with uncertainty likely dominated by limited data availability or less favorable geological conditions. These findings 
underscore the utility of quantitative scoring in assessing the potential and geological robustness in the EISB.

Areas (A)

Criteria (Burgess et al. 2013) 1 2 3 4 5 6

Regional and stratigraphic constraints Timing relative to paleolatitude 1 1 1 1 1 1

Timing relative to regional flooding 1 1 1 1 1 1

Timing relative to framework builder types 1 1 1 1 1 1

Location relative to regional tectonic processes 1 1 1 1 1 1

Location relative to coeval siliciclastic input 1 1 1 1 1 1

Large-scale seismic morphology and 
basin geometries

Positive antecedent topography (paleohighs) 1 0 1 1 1 1

Significant localised thickening 1 1 1 0 0 1

Onlap of overburden or depositional wings 1 1 1 0.5 1 1

Appropriate isolated areal extent 1 1 1 0.5 1 1

Absence of equivalent structure 
in the overburden

1 −1 1 0.5 0.5 1

High-angle margins 0.5 1 1 0.5 0.5 1

Geophysical characteristics Continuous high-amplitude capping reflection 1 1 1 1 1 1

Velocity pull-up 0.5 0.5 0.5 0.5 0.5 0.5

Absence of gravity and magnetic anomalies 0 0 0 0 0 0

Finer-scale seismic geometries Margin–related faulting and folding 1 1 1 −1 −1 1

Buildup margin stacking patterns 1 0 1 −1 −1 1

Appropriate interior seismic character 1 1 0 0 0 0

Thick-thin-thick depositional pattern 1 1 1 0 0 0

Coalescing growth reflection patterns 1 0.5 1 0.5 0.5 0

Potential karst-related features 1 0.5 0 0 0 0

Total score 17 13.5 16.5 8 9 13.5
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in both seismic and well data from the wider surrounding region 
(e.g., Pharaoh, Kirk, et al. 2016). However, the accuracy of this 
pick becomes increasingly uncertain with depth due to the lim-
ited resolution of seismic data and the lack of direct well control.

4.3.1   |   Area A1

Area A1 is located in the southern sector of the Deemster 
Platform, covering an area of approximately 178 km2 (Figure 10a). 
It extends about 25 km in a fault-aligned south-to-north direction 
(Figure 10a), placing it > 0.1 probability for platform size as de-
fined by Burgess et al. (2013). Stratigraphic control in this area is 
limited to a single well, 110/08-1. A seismic section along the A–A' 
transect (Figure  10b) illustrates the area's geometry, showing 
both interior and margin topography, with the top Mississippian 
reflector occurring at depths of 800–1000 ms TWT.

To analyse the seismic characteristics of A1, an RMS amplitude 
slice was extracted at 1000 ms TWT, using a 20 ms window cen-
tred around each point (±10 ms). The resulting amplitude map 
displays high-amplitude anomalies (RMS up to 2) in reddish 
to dark red tones, while lower amplitudes are shown in white 
(Figure 10a). A subtle NNW–SSE striping pattern is also pres-
ent, which likely reflects a minor acquisition footprint rather 
than a geological feature. These high-amplitude zones are in-
terpreted as reflecting the top of the carbonate platform, where 
a strong acoustic impedance contrast exists between the top 
Mississippian and the overlying Pennsylvanian strata. Based on 
well 110/11-1 (Figure  5) and regional studies (e.g., Fraser and 
Gawthorpe  2003; Pharaoh et  al.  2018), the overburden in this 
part of the basin is assigned to the Bowland Shale Formation, 
which is predominantly composed of siliciclastic mudstone and 
sandstone. This lithological boundary produces a prominent 
positive reflection (peak), consistent with the observed ampli-
tude response across most of the dataset.

The uppermost seismic unit in area A1 is marked by parallel, 
high-amplitude reflections that produce a flat-topped geome-
try (Figure 10b). On the platform margins, a transition zone is 
observed where seismic amplitudes decrease downslope. The 
northern margin has an average slope of approximately 30°. The 
southern margin appears more complex, possibly indicating a 
backstepping feature, with convex-upward reflector geometries 
with a variable amplitude (Figure 10b). Internally, chaotic and 
wavy reflections have a thickness of approximately 75–90 ms 
TWT (equivalent to ~150–180 m) and are centred around 1000 ms 
depth. This is thickest in the central part of the platform and 
thins towards the margins (Figure 10b). Other notable features 
include mounded geometries between 1000 and 1500 ms TWT, 
with thicknesses of 100–150 ms which are typically located near 
the platform margin. The internal buildup is observed lower in 
the succession, with a thickness of 70–100 ms (Figure 10b). The 
base of the Mississippian has poor seismic resolution, character-
ised by chaotic to transparent reflections (Figure 10b).

Overall, based on the aspects described above, the large-
scale seismic morphology, including a positive antecedent 
topography, localized thickening, an isolated areal extent, 
onlap of overburden scored +1. The absence of an equivalent 
structure in the overburden and the presence of high-angle 

margins both support the interpretation of an isolated carbon-
ate platform, thereby increasing the overall confidence score 
(Table  4). At a finer scale, margin-related faulting, parallel 
reflectors and convex-upward (mounded) seismic geometries 
provide good evidence for carbonate strata, with all observa-
tions receiving a positive score (+1) (Table  4). These include 
well-defined seismic reflections typical of platform interior 
facies, such as mound internal reflections and margin reflec-
tions (Figure 10b), buildup stacking patterns and chaotic re-
flections (Figure 10b). Therefore, A1 overall score reaches up 
to 17 total score (Table 4).

4.3.2   |   Area A2

Area A2 is located approximately 5 km north of A1, separated 
by an area of lower RMS Amplitude (Figure  10a). A2 has a 
length of 15 km and covers an area of 86 km2, making it smaller 
than A1. The geometry and structure of A2 are illustrated by 
the E–W trending seismic section (B–B′), showing that the area 
is bounded by a series of N–S trending faults that offset the top 
Mississippian surface (Figure 10c). Faulting within the central 
portion of A2 affects only the top Mississippian surface and does 
not extend to the base Mississippian, suggesting that structural 
control is primarily confined to the upper stratigraphic levels. 
The margin exhibits steep slopes of 30°. The antecedent topog-
raphy beneath the area is difficult to identify due to the limited 
resolution, making it challenging to capture any terminations 
in the basal part of the succession. As a result, this criterion re-
ceived a score of 0 in the scorecard (Table 4). However, positive 
criteria (+1) include the presence of high-angle margins, where 
faulting controls the margin of the area (Figure 10c), as well as 
significant localised thickening and thinning from the base to 
the top of the succession (Table 4).

The top Mississippian is represented by a high-amplitude, paral-
lel reflection at approximately 900–1000 ms TWT (ca. 1.8–2 km). 
Pennsylvanian strata onlap the margins of Area A2 from west 
to east, particularly along fault-controlled margins (Figure 10c). 
These onlapping strata receive a positive score (+1). Below the 
top Mississippian surface, parallel and continuous seismic re-
flections become increasingly chaotic, irregular and discontinu-
ous, particularly within a 100 ms TWT interval. RMS amplitude 
maps reveal localized high-amplitude patches within A2, with 
amplitude dimming towards the edges of the area, with the in-
ternal architecture of A2 exhibiting considerable complexity. At 
a finer scale, seismic geometries do not show clear evidence of 
buildup stacking patterns, coalescing growth patterns or poten-
tial karst features. As a result, this criterion received a score of 
0.5. The overall score for P2 is 13.5 (Table 4).

4.3.3   |   Area A3

Area A3 is located in the southernmost part of the study area, im-
mediately offshore of the outcropping North Wales carbonate plat-
form (Figure 11a). The Top Mississippian reflector is characterised 
by a strong, high-amplitude response in the south, occurring at 
depths of 550–1500 ms TWT. The amplitude appears to diminish 
northward; however, part of this variation may reflect differences 
in data quality and survey calibration across the dataset rather 
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18 of 34 Basin Research, 2025

FIGURE 10    |    (a) RMS amplitude map from a 1000 ms TWT time slice of the Deemster Platform 3D seismic cube, showing the distribution of car-
bonate deposits. High amplitudes (red to yellow) indicate concentrated carbonate buildup aligned with north–south (N–S) Mississippian fault trends, 
while low amplitudes (white) mark inter-platform basins with little to no carbonate deposition. (b) Seismic section A–A' (south–north) showing the 
geometry and structural features of area 1 (A1). (c) Seismic section B–B′ (east–west) showing area 2 (A2), highlighting how faulting influenced its 
development and complex architecture during the Mississippian.
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than a true geological change (Figure 11b). To the south, the slope 
angle ranges between 30° and 35° (Figure 11a). This steep gradient 
extends approximately 8 km northwards before transitioning into 

a lower-angle slope (5°–10°). The western part of the area exhib-
its steeper angles compared to the eastern section, which is more 
faulted. Evidence of backstepping is apparent in the uppermost 

FIGURE 11    |    (a) 3D perspective view of the top Mississippian surface in the North Wales offshore area, shown with depth. The platform displays 
an irregular flat-ramp morphology, marked by slope angle changes, suggesting variable depositional patterns, possibly linked to backstepping during 
the Visean or late Mississippian. A 2D dip angle map supports this interpretation. (b) Seismic section along line C–C', showing reflection character-
istics such as amplitude, continuity and geometry. Key interpreted features include a steepened margin at the top Mississippian, a gentler margin 
at the base Mississippian and progradational clastics from the Pennsylvanian. The results highlight the interaction between tectonic activity and 
sedimentation during the Mississippian.
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Mississippian strata, where the area at the top of the platformis 
notably smaller than the underlying area (Figure  11a). Detailed 
analysis of dip-angle maps reveals an upward transition from a 
flat or ramp-like section in the lower part of the succession to high 
angles as the area back-steps to the south, at approximately 200 ms 
TWT (Figure 11a). Thickness comparison between the southern 
area (T1) and the northern area (T2) indicates that the southern 
thickness is nearly twice that of the northern section (Figure 11b). 
This is corroborated in cross-section, where the base Mississippian 
exhibits a broad, low-angle dip, while the top Mississippian has 
a high-angle dip (Figure 11b) that is onlapped by Pennsylvanian 
strata. Downlap facies are also observed downslope of the top 
Mississippian in the basin, along with small lens-shaped mounded 
reflections at the toe of the platform slopes, measuring approxi-
mately 100 ms TWT thick (~252 m).

Overall, based on these observations, the scoring for large-scale 
seismic morphology and basin geometries, following the cri-
teria of Burgess et al. (2013), is entirely positive (+1) (Table 4). 
However, the seismic interior reflector and chaotic seismic fa-
cies criteria received a score of 0, as these features could not be 
confidently identified in the available dataset due to transpar-
ency, resulting from multiple merged seismic cubes with occa-
sional data gaps. Consequently, a score of 0 was assigned for 
insufficient seismic data (Table 4). The overall score for Area A3 
is the highest among all platforms, at 16.5.

4.3.4   |   Area A4

Area A4 is situated within the Gogarth Basin, approximately 
10 km north of A3 with the top Mississippian surface at a greater 
depth (approximately 1500 ms TWT; ~3094 m depth based on 
depth-converted maps) (Figure 12a). Seismic section D–D′, ori-
ented north–south in the southern section, reveals the overall 
geometry of the platform. A4 is approximately 3–4 km in length 
and 4 km in width, with a measured area of approximately 
17 km2 (Figure 12a).

The large-scale seismic morphology displays parallel seismic 
reflection patterns, while the margins exhibit a mound-shaped 
morphology with a moderate-angle dip (~20°). These reflections 
are most prominent along the margin, whereas the overlying 
strata display onlapping geometries along the margin flanks. 
Onlap of the overlying Pennsylvanian strata is tentatively in-
terpreted along the northern margin (Figure 12a). As a result, 
this criterion was assigned a score of 0.5. Additionally, since no 
isolated areal extent is observed, the margin angle is moderate 
(~20°) and no equivalent structures appear in the overburden, 
both criteria were also scored 0.5 (Table 4).

The top Mississippian surface is identified by high-amplitude 
reflections extending northward, where a smaller mound-
like feature is observed at a slightly lower elevation than A4 
(Figure 12a). The stacking pattern on the margin and margin-
related faulting and folding is assigned a negative score (−1) 
since these features are not observed in the seismic data and 
are unlikely to be present. The appropriate interior seismic 
character and thick-thin-thick depositional pattern were 
scored 0, as these aspects could not be assessed due to poor 
data quality (Figure 12a; Table 4).

Several key features characterize A4, including: (a) a medium-
angle dip on the margins to the south (~20°) with moder-
ate to high-amplitude mound-like features, (b) onlapping 
Pennsylvanian sediments onto the margin of the area and (c) a 
distinct margin or slope break. Overall, A4 received the lowest 
ranking, with a total score of 8 (Table 4).

4.3.5   |   Area A5

Area A5 is located approximately 15 km north of A4 at a 
slightly higher elevation. It is characterised by the pres-
ence of paleohighs observed in the area, which are assigned 
a score of +1. However, significant localised thickening is 
difficult to identify, resulting in a score of 0 (Figure  12a). 
The top Mississippian is picked at approximately 1250 ms 
TWT (~2475 m depth) within the footwall of a north–south 
(N–S) trending fault (Figure 12a). Area A5 covers an area of 
36.68 km2 (Table 3).

The platform margin slope exhibits a high-angle dip (~30°), 
with medium- to high-amplitude reflections delineating its 
boundaries. Unlike other areas, there is no significant thick-
ness variation between the platform interior and the adjacent 
slope or flank strata. As a result, the thick-thin-thick deposi-
tional pattern is not distinct and increases uncertainty, leading 
to a score of 0. The overlying Pennsylvanian sediments that 
onlap the top Mississippian surface are observed in the south-
ern area and can confidently be identified in the seismic sec-
tion (Figure 12a).

Margin-related faulting and folding, as well as buildup stacking 
patterns, are not observed, resulting in a negative score (−1). 
Interior seismic character is difficult to identify due to seismic 
data quality limitations, receiving a score of 0. Overall, A5 is 
ranked slightly higher than A4 due to its larger size and slightly 
more distinguishable pattern. However, the total score assigned 
is only 9 (Table 4).

4.3.6   |   Area A6

Area A6 is located in the northernmost part of the dataset, along 
the south–north trending E–E' seismic section, within the north-
ern domain (Figure  12b). Although situated more northward 
than other areas, it can be mapped from the base Mississippian 
to the top Mississippian on a horst block controlled by a network 
of major N–S trending faults, with additional NE–SW and E–W 
fault orientations (Figure 12b). The top Mississippian occurs at 
approximately 800 ms TWT on the horst block and at around 
1600 ms TWT in the adjacent deeper basin (Figure 12b).

The base Mississippian of area A6 has a lateral extent of ap-
proximately 10 km. However, by the top Mississippian, it has 
undergone a 47% reduction in size, resulting in dimensions of 
~5 km in length and ~7 km in width (Table 3). The area has an 
estimated maximum thickness of ~1.2 km, with significant lo-
calised thickening evident due to fault control. Based on these 
observations, key criteria such as paleohighs, significant thick-
ening and appropriate isolated areal extent all received a score 
of +1 (Figure 12b; Table 4).
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Seismic reflections within the internal platform structure indi-
cate a slight mounded feature, identified by a reflection with an 
estimated thickness of 85–100 ms TWT (~214 m) above the base 
Mississippian surface (Figure  12b). Towards the uppermost 
part of the Mississippian, seismic reflections transition into 

consistent, parallel, high-amplitude reflections, although these 
reflections weaken along the faulted margin. This indicates 
a decline in acoustic impedance contrast (Figure 12b). These 
characteristics justify positive scores (+1) for buildup margin 
stacking patterns and margin-related faulting (Table 4).

FIGURE 12    |    (a) Observed and interpreted seismic section along D–D′, with the left panel displaying the raw seismic data and the right panel 
showing the interpreted section. Areas 4 and 5 (A4 and A5) are identified within this section. (b) Representative seismic section along E–E', oriented 
west to east, illustrating the interpretation of Area 6 (A6). A6 is located in the northern domain at a greater depth compared to platforms in the south-
ern domain. It is positioned within a prominent horst structure at approximately 950–1000 ms TWT.
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Evidence of onlapping remains uncertain due to resolution 
limitations in the seismic data; however, northern onlapping 
strata are observed (Figure 12b). The margin of the area ex-
hibits steep slopes exceeding 30° (Figure 12b). The presence 
of high-angle margins due to faulting and the clear visibil-
ity of onlapping overburden justify a score of +1 (Table  4). 
However, the absence of equivalent structures in the overbur-
den supports the interpretation of an isolated carbonate plat-
form (ICP), as this suggests that deformation is confined to 
the Mississippian interval. While some internal seismic char-
acteristics are visible, uncertainty remains due to resolution 
limitations (Figure 12b; Table 4). Overall, Area A6 received a 
total score of 13.5, ranking it as a strong carbonate platform 
candidate.

4.4   |   Mississippian Carbonate Facies

4.4.1   |   Seismic Facies 1 (SF1)-Parallel 
Seismic Reflection

4.4.1.1   |   Observation.  Seismic Facies 1 (SF1) is identi-
fied predominantly within the southern (A1 and A2) areas 
(Figure  13). SF1 is characterised by predominantly horizontal 
and parallel, continuous, moderate to high amplitude reflec-
tions. The thickness of this facies ranges from approximately 
125–150 ms (TWT) (ca. 0.3–0.375 km, with a depth conversion 
plot, Figure  4). Laterally, SF1 extends over distances of up to 
10–15 km on the top of the platforms. Occasionally, mounded 
features are observed within these seismic facies, typically 
manifesting as low-relief, dome-shaped bodies that gently dis-
rupt the otherwise parallel reflector geometry (Figure 13). These 
mounds exhibit uniformly low to moderate internal reflectivity 
and lack any distinguishable, stratified internal architecture, 
suggesting homogenous internal composition. They typically 
range from approximately 50–100 ms TWT in height (equivalent 
to ~120–250 m), forming subtle but distinct positive relief fea-
tures within the otherwise parallel seismic fabric.

4.4.1.2   |   Interpretation.  SF1 is interpreted as a plat-
form interior facies, characterised by laterally continuous, 
high-amplitude reflections, suggesting well-lithified and rela-
tively uniform carbonate deposits. The seismic character of con-
sistent amplitude and sub-parallel reflection patterns indicates 
deposition in a relatively stable platform setting with limited 
structural disruption (Embry et  al.  2021; Pomar  2001). The 
lateral continuity and stratigraphic positioning of SF1 suggest 
it is equivalent to bedded, shallow water, subtidal platform 
top facies on the North Wales Platform which are dominated 
by crinoidal packstones and grainstones and are stacked into 
upward-shallowing packages, often capped by emergent sur-
faces (Juerges et al. 2016; Manifold et al. 2020). The mounded 
features within SF1 are most likely the internally uniform 
mounds described by Manifold et al. (2021), which are structure-
less and dominated by Siphonodendron corals.

4.4.2   |   Seismic Facies 2 (SF2)—Disrupted Reflection

4.4.2.1   |   Observation.  Seismic Facies 2 (SF2) is clearly 
identified a few milliseconds below the top of the Mississippian 

surface at approximately 100–300 ms (TWT) (ca. 0.25–0.7 km, 
with a depth conversion plot, Figures 4 and 13). SF2 was only 
clearly observed within area A1 and is characterised by local-
ised low to medium amplitude (Figure 13). The internal reflec-
tor configuration appears chaotic, with an overall sub-parallel 
but disrupted pattern. The thickness of this facies varies, but 
the average observed interval is 50–70 ms TWT, corresponding 
to an approximate average thickness of 120 m.

4.4.2.2   |   Interpretation.  SF2 is interpreted as a zone 
of karstification (Figure  13), based on its chaotic to disrupted 
reflectors, abrupt lateral terminations and localised zones 
of reduced amplitude continuity. These features differ from 
the lower reflector coherence seen elsewhere in the dataset 
and are interpreted as potential indicators of collapse or disso-
lution structures commonly associated with karst processes (Hu 
et al. 2023). It is important to note that the resolution of the seis-
mic data varies from approximately 25 m in the better-quality 
cubes to 62.5 m in others (Table  1). While individual karst 
conduits or small-scale solution features are likely to be below 
the limit of seismic resolution, the broader seismic response 
namely the chaotic character, diminished amplitude and inter-
nal vertical collapse features of SF2 are consistent with previ-
ously published examples of karst-related seismic facies (Hendry 
et al. 2021). It is possible, therefore, that it represents a complex 
interval of multiple phases of downcutting fissures and collapse 
structures, perhaps associated with a significant period of rela-
tive sea-level fall. One possible interpretation is that the interval 
reflects a period of emergence and exposure that has been well 
described onshore at the Asbian—Brigantian boundary (Somer-
ville and Strank  1984; Manifold et  al.  2021; Gutteridge  2024), 
or an older event that has not been identified in outcrop.

4.4.3   |   Seismic Facies 3 (SF3)–Mounded 
Seismic Reflection

4.4.3.1   |   Observation.  Seismic Facies 3 (SF3) exhibits a 
distinctive mound-shaped geometry, characterized by moderate 
to high amplitude reflectors with a convex-upward morphol-
ogy (Figure  13). The mounded structures appear irregularly 
distributed along the platform margins and display notable 
lateral variability in internal architecture. The average mound 
slope thickness is approximately 150 ms (TWT) (ca. 0.375 km), 
though some buildups exhibit localized thickening (Figure 13). 
SF3 is consistently observed across areas with varying degrees 
of seismic resolution affecting the clarity of internal facies 
architecture. In higher-resolution sections, internal reflections 
appear semi-continuous to chaotic, with evidence of inclined 
reflectors within the buildup. The lateral extent of individ-
ual mound-shaped features varies, typically ranging between 
several hundred meters and over a kilometre, depending on 
the degree of platform margin development and the deposi-
tional setting.

4.4.3.2   |   Interpretation.  SF3 is interpreted primarily  
as a carbonate platform-margin buildup complex, based 
on its convex-upward geometry, limited lateral continuity 
and proximity to the slope break. These features are consistent 
with reefal or marginal buildups, where carbonate production 
and sediment accumulation were focused along the platform edge 
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(Bashir et al. 2021; Chee et al. 2018). Similar facies configurations 
have been documented in seismic studies of carbonate platforms, 
where mound-shaped buildups with moderate to high-amplitude 

reflectors are associated with both platform-margin complexes 
and localised buildups within the platform interior (Eberli 
and Betzler  2019; Zampetti et  al.  2004). Such mound-shaped 

FIGURE 13    |    Seismic facies (SF1–SF6) identified from 3D seismic reflection data across the East Irish Sea Basin (EISB), integrating observations 
from both the southern and northern domains. Each facies exhibits distinct reflection characteristics, including variations in internal geometry, 
shape, amplitude and reflection continuity. These facies highlight key differences in the internal architecture, depositional geometry and overall 
morphology of the Mississippian.
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features are also recognised within the internal parts of carbon-
ate platforms, where localised environmental conditions such 
as elevated productivity, topographic highs, or ecological niches 
favoured the formation of isolated carbonate mounds (Burgess 
et  al. 2013). That this facies usually marks the transition from 
the platform top to slope environment is further evidenced by 
the change from parallel to inclined reflectors. The inclined 
reflector within the mounds suggests progradation and vertical 
accretion, typical of a healthy carbonate margin. Discontinu-
ous massive, domal mounds comprising crinoids, brachiopods 
and bryozoa have been described from the late Visean of the north-
ern margin of the Derbyshire Platform and the Askrigg Platform, 
marking the transition from platform top to slope (Mundy 1992; 
Manifold et  al.  2021). They are smaller and thinner than 
the features described here from seismic (typically ~30 m thick; 
Mundy 1992), suggesting that the seismic facies reflect the coales-
cence of numerous smaller mounds.

4.4.4   |   Seismic Facies 4 (SF4)–Inclined 
Clinoform Reflection

4.4.4.1   |   Observation.  Seismic Facies 4 (SF4) is promi-
nently observed in the southernmost areas particularly along 
the slope margin of area A3 (Figure 13). These facies are charac-
terised by semi-parallel, inclined and disrupted reflections, dis-
playing a distinctive clinoform pattern with sigmoidal geometry 
and downlapping terminations dipping northward (Figure 13). 
The reflectors range from low to high amplitude. This facies is 
positioned downdip of the platform margin, extending laterally 
for up to 10 km. The observed slope angles range from approxi-
mately 20°–30°.

4.4.4.2   |   Interpretation.  SF4 is interpreted as an 
inclined clinoform facies representing the onlapping Pennsyl-
vanian deposits that define the slope geometry of the under-
lying Mississippian platform margin (Figure  13). Although 
not part of the Mississippian succession itself, this facies pro-
vides valuable evidence for the orientation and configuration 
of the platform slope due to its close stratigraphic association. 
The sigmoidal clinoform geometry, semi-parallel reflections 
and downlapping terminations are consistent with slope pro-
gradation into the basin (Pomar 2001; van Hulten 2012; Bach-
tel et al. 2005; Van Tuyl et al. 2018). The observed variations in 
reflection amplitude likely indicate prograding sedimentary 
bodies composed of mixed carbonate–clastic material depos-
ited during early Pennsylvanian transgression. Given the lim-
ited well penetration and seismic resolution in this southern 
area, the inclusion of SF4 helps constrain the slope morphology 
of the Mississippian platform margin. Comparable prograda-
tional geometries have been documented in similar transi-
tional settings, such as along the margins of the Derbyshire 
and North Wales Platforms (Manifold et  al.  2021), where 
post-Mississippian strata onlap earlier carbonate platforms.

4.4.5   |   Seismic Facies 5 (SF5)–Chaotic 
Margin Reflection

4.4.5.1   |   Observation.  Seismic Facies 5 (SF5) is observed 
predominantly along the margin and slope areas of mapped 

areas (A1, A2, A6). This facies is characterised by chaotic to 
discontinuous reflections, with high-amplitude seismic signa-
tures and the presence of diffraction patterns along the slope 
(Figure  13). The internal seismic character exhibits slump-
ing or chaotic reflections, particularly in the steeper sections 
of the slope. The slope profile exceeds 15°, and the thickness 
interval of SF5 is approximately 150 ms (TWT) (ca. 0.375 km). 
Laterally, this facies extends for between 1 and 2 km, indicat-
ing a localised but laterally constrained feature. The transition 
from relatively more continuous reflections upslope to chaotic 
reflections downslope suggests a marked break in stratigraphic 
or depositional continuity. Although discontinuous reflections 
are present elsewhere in the dataset due to general limitations 
in data resolution, the spatial confinement and consistent mor-
phology of SF5 distinguish it from background noise or artefacts.

4.4.5.2   |   Interpretation.  SF5 is interpreted as a platform 
margin collapse complex, due to the presence of chaotic seismic 
reflections which suggest instability. The material is interpreted 
to have been transported from the platform margin, downslope 
forming a debris apron or mass-transport deposit. It likely 
resulted from slope failure, gravitational instability or syndepo-
sitional tectonic activity. Similar facies configurations have been 
documented in seismic studies of platform margin collapses, 
where high-amplitude chaotic reflections, diffraction patterns 
and disrupted geometries are indicative of mass-wasting pro-
cesses (Etienne et al. 2021) These collapse features can vary sig-
nificantly in scale, ranging from less than a kilometre to tens 
of kilometres across, leading to substantial bankward margin 
retreat and the redistribution of carbonate debris downslope 
(Lukasik and Simo 2008). Kirkham (2021) interpreted disrupted, 
slumped facies and slide planes along faults in the Halkyn area 
of North Wales, while Davies (2008) interpreted a megaslide 
affecting Brigantian and Serpukhovian strata on the north-
ern margin of the exposed North Wales platform, supporting 
the interpretation of a platform margin collapse complex.

4.4.6   |   Seismic Facies 6 (SF6)—Deep Chaotic Reflection

4.4.6.1   |   Observation.  Seismic Facies 6 (SF6) is observed 
at the base of the Mississippian carbonate succession 
(Figure 13). This facies is defined by chaotic to semi-chaotic 
seismic character, marked by a lack of coherent, laterally 
continuous reflectors. The reflections exhibit an undulat-
ing and irregular geometry, forming a distinct basal reflec-
tor beneath the overlying carbonate platform deposits. 
Localized zones of high amplitude ‘bright spots’ are intermit-
tently present, but their geometry is irregular and spatially 
discontinuous. The basal contact between SF6 and the overly-
ing carbonate platform is undulating and in places difficult to 
trace due to the limited seismic signal quality at greater depths. 
SF6 becomes especially dominant in areas where the base car-
bonate pick approaches the deeper part of the basin, around 
2.5–3.0 s TWT, where signal attenuation increases.

4.4.6.2   |   Interpretation.  SF6 is interpreted as the base 
of the Mississippian carbonate succession (basal carbonate). 
Similar facies configurations have been documented in basal 
carbonate settings, where deep chaotic reflections are commonly 
associated with deeply weathered or highly heterogeneous 
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substrata (Fraser and Gawthorpe 1990). The undulating nature 
of the basal reflector suggests that SF6 may correspond to an 
irregular paleo-topography, possibly reflecting a pre-existing 
siliciclastic or volcaniclastic substrate. The discontinuous seis-
mic character further supports the interpretation of a heteroge-
neous lithology or a highly compacted substrate, which could 
have influenced the initiation of carbonate platform growth 
(Fyhn et al. 2013).

5   |   Discussion

This study has identified six areas of possible carbonate plat-
form development (A1–A6) based on seismic observations 
and ranking based on predefined criteria (Burgess et al. 2013; 
Table  4). All platforms scored positively in the confidence as-
sessment (i.e., they display characteristics consistent with car-
bonate platform geometry and seismic facies following criteria 
adapted from Burgess et  al. 2013). Areas A1, A2, A3 and A6 
scored strongly (≥ 12; Table 4), based on well-imaged seismic ex-
pressions of platform tops, margins and internal architecture. In 
contrast, areas A4 and A5 received lower scores (8–9), reflecting 
deeper depths beneath the surface, poor seismic resolution, am-
biguity in delineating platform boundaries. These confidence 
scores indicate relative certainty in platform identification, not 
necessarily a judgement on the completeness or productivity of 
the platform itself (Burgess et al. 2013).

5.1   |   Timing of Faulting and Tectonic Framework

Understanding the complex structural framework of the 
study area is pivotal in unravelling the growth and geometry 
of carbonate platforms during back-arc extension during the 
Mississippian in northern England. This back-arc basin is in-
terpreted to have formed under broadly N-S oriented extension, 
northwards of the Variscan orogenic belt (Jackson et  al.  1997; 
Fraser and Gawthorpe 2003; C. N. Waters 2009; Smit et al. 2018). 
However, detailed seismic mapping of the East Irish Sea Basin in 
this study reveals that predominantly north-south (N-S) trend-
ing extensional faults, identified at both the Base Mississippian 
and Top Mississippian surfaces, apparently controlled carbon-
ate platform growth (Figures 5–7). This is inconsistent with a 
broadly N-S oriented extension inferred by regional studies (Smit 
et al. 2018). There are two possible explanations for this: (1) the 
faults formed during back-arc extension in the Mississippian, 
but inherited the underlying basement structural trend, per-
haps reflecting local variations in regional stress (Needham and 
Morgan 1997; Worthington and Walsh 2011; Smit et al. 2018), or 
(2) the faults formed during E-W extension in the Mesozoic but 
are rooted in the Mississippian. In this case, the faults would 
have formed after carbonate platform growth and could not 
have controlled carbonate sedimentation.

The assessment of displacement against distance profiles was un-
dertaken to try and resolve these possible interpretations. Large-
scale faults, with their extensive displacement, could have had a 
transformative impact on basin architecture, leading to substan-
tial changes in its overall shape and structure as is shown in the 
linkage between fault ET2, fault ET6 and fault MC1 (Figure 9). 
Small to medium scale faults, could have also had a pronounced 

effect, introducing significant changes to basin morphology 
over a shorter distance (Figure 9). These faults may have exhib-
ited localised and more limited displacement, resulting in less 
significant changes to the basin's shape than the larger faults 
(Figure  7). The vertical profiles of expansion and throw anal-
ysis provide valuable evidence of offset along faults during the 
Mississippian (Figure  9a). For example, faults ET1 and ET2 
show Expansion Index (EI) values (Jackson et al. 2017) less than 
1 in the Mississippian, indicating thicker sedimentary strata in 
the footwall compared to the hanging wall (Figure  9b). This 
suggests that during this time, tectonic activity or subsidence 
patterns favoured sediment accumulation on the footwall. This 
is consistent with Fraser and Gawthorpe  (2003), who showed 
that Mississippian carbonate platforms across the UK grew on 
structural highs, where shallower water facilitated carbonate 
platform growth. In contrast, for most of the Triassic–Permian 
(Figure 9b) sedimentary package, EI values are > 1, indicating 
thicker sediment accumulation in the hanging wall, typical of 
syn-rift basin development in a clastic-dominated basin asso-
ciated with active faulting. This is consistent with E-W exten-
sion and hanging wall subsidence during this period (Jackson 
et al. 2017; Jackson and Rotevatn 2013; Peacock et al. 2018).

Further evidence for syn-depositional faulting in the Late 
Mississippian (Visean) is shown by the dip linkage originat-
ing from Fault MC5 (Figure 9b). The substantial throw on this 
fault (up to 435 ms; Figure 9), suggests that it grew during the 
Devonian–Mississippian. In comparison, the throw on this fault 
in the upper layer of the Triassic is 250 ms (Figure 9b). The dis-
placement of the lower segment (Tournaisian–Visean) exhibits 
an asymmetric pattern, with a gradual decrease in throw, im-
plying that the fault propagated beneath the surface, remaining 
blind (Jackson et al. 2017; Jackson and Rotevatn 2013). During 
the Permian–Triassic, the fault was reactivated and breached 
the surface, evidenced by a significant decrease in throw pro-
files, to 100 ms (Figure 9b).

Overall, seismic interpretation of the southern EISB indicates that 
carbonate platform growth occurred offshore of the principal, 
land-attached North Wales carbonate platform, but was irregular 
and strongly fault-controlled, particularly in proximity to major 
structural lineaments (Figures  7 and 9a). The alignment of car-
bonate platform margins with N–S-trending faults, and calcula-
tion of expansion indices, strongly suggest a tectonic control on 
platform growth, with footwalls providing structural highs for 
preferential carbonate accumulation (Figure  7). Similarly, fault 
control on platform carbonate development has been widely rec-
ognised in Mississippian basins globally (Jutras et al. 2016; Koehl 
et al. 2023) including in the North Atlantic margin (Worthington 
and Walsh  2011), The Netherlands and Belgium (Gutteridge 
et al. 2025; Kombrink et al. 2010; Reijmer et al. 2017).

5.2   |   Distribution of the Mississippian Carbonate 
Platforms

The overall structural and stratigraphic framework of the EISB 
has been documented (Pharaoh et al. 2018, 2021), but while these 
studies established the tectonostratigraphic evolution of the basin, 
they did not provide a detailed assessment of the geometry, spatial 
distribution and size variability of potential carbonate platforms. 
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In contrast, this study reveals a complex platform–to–basin tran-
sition from the North Wales carbonate platform into the East Irish 
Sea Basin; rather than a simple platform margin slope there is a 
gradual restriction of carbonate growth to footwall highs. In the 
south of the study area, the platforms have complex terminations 
with numerous promontories and embayments (A1–A3; Figure 8), 
while further north carbonate platforms are smaller, more isolated 
and exhibit a simpler morphology (Figure 14).

Differential growth between the footwall and hanging wall can 
be attributed to the interplay of tectonism, water depth and envi-
ronmental conditions (Masiero et al. 2021). The EISB is > 35 km 
northwards of the Wales-Brabant Massif, which controlled the 
influx of clastic sediment onto the North Wales Platform in the 
Tournaisian and Visean, and this clastic input periodically inter-
rupted carbonate platform growth in the most proximal areas of 
the platform (del Strother et al. 2021; Manifold et al. 2021). Within 
the EISB, there would also have been input of siliciclastic sedi-
ments from the north and west, such as via the Bowland (Craven) 
Basin and the Solway Basin (Fraser and Gawthorpe 2003). The 
most southerly areas (A1 and A3) score most highly for proba-
bility of carbonate platform development, followed by A2, which 
is just to the north of A1. This suggests that these areas had the 
most optimal conditions for carbonate platform growth, with 

higher light penetration due to greater tectonic stability and/or 
lower clastic input (Reijmer 2021; Weij et al. 2019). Conversely, 
those areas that score lower for carbonate platform development 
(A4, A5 and A6) occur further offshore from the North Wales 
Platform. Here, the top Mississippian surface is picked at deeper 
depths than A1–3, Mississippian strata are thinner and the areas 
of the platforms are smaller (Table 3). This suggests that condi-
tions for carbonate platform development were sub-optimal, re-
flecting their location in a more distal setting and hence deeper 
water, relative to the North Wales Platform. They might also have 
been influenced by clastic input from the north and west. Under 
these conditions, the platforms would have had to aggrade to 
keep up with sea level. Furthermore, the absence of evidence for 
karst (SF2) in these areas suggests shorter periods, or an absence 
of, platform emergence and karstification.

All six areas (A1–A6) show evidence of a significant re-
duction in area (up to 49%) from the base to the top of the 
Mississippian succession (Table 3). This progressive backstep-
ping suggests that all platforms reduced in size in response 
to changing environmental conditions from the Tournaisian 
to the Visean. This change in platform size occurs across 
the study area and has also been observed within carbonate 
platforms onshore, with a termination of carbonate platform 

FIGURE 14    |    Three-dimensional (3D) schematic conceptual model of the northern ward margin of the North Wales Platform in the southern East 
Irish Sea Basin.
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growth in the late Visean across the Pennine Basin (Fraser 
and Gawthorpe  2003). For example, on the Derbyshire and 
North Wales Platforms there is a change in facies and back-
stepping of the platform margin in the Brigantian (Juerges 
et al. 2016; Manifold et al. 2021).

5.3   |   Basin Development and Its Control on 
Carbonate Platform

The distribution of Mississippian carbonate platforms in the 
East Irish Sea Basin can be characterized by four distinct stages 
(Figure  15), interpreted by the analysis of mapped surfaces, 
internal and external seismic facies characteristics and fault 
analysis.

5.3.1   |   Platform Initiation (Tournaisian)

During this early syn-rift stage, back-arc extension initiated the 
differentiation of footwalls and hanging wall basins (Leeder and 
Gawthorpe  1987; Coward  1995; Fraser and Gawthorpe  2003), 
with the initiation of carbonate platform deposition in the 
Tournaisian north of the Wales-Brabant Massif in shallow marine 
settings (Somerville et al. 1989; C. N. Waters 2011). Throughout 
the Mississippian, the equatorial position of northern England, 
combined with low clastic input, played a crucial role in facili-
tating extensive carbonate production and platform growth on 
low- to moderate-angle carbonate ramps to low angle, flat-topped 
platforms (Somerville et al.  1989; Somerville 2008). Rare expo-
sures and borehole data onshore (e.g., Schofield and Adams 1985) 
interpret shallow water, open marine sedimentation immediately 
offshore of tidal flat complexes. Within the study area, slope an-
gles of ~10°–15° are observed in areas A1, A2 and A3 (Figures 10 
and 11), implying some distal steepening of the platforms, per-
haps due to faulting or differential compaction. The prograda-
tional nature of the Mississippian platforms, suggests a prolonged 
phase of high carbonate productivity and significant offshore sed-
iment transport, particularly in area 3 (A3) (Figure 11). Mounded 
facies (SF3) developed on the platform top within the most prox-
imal platforms (e.g., A1; Figure 10), although most platforms are 
dominated by laterally continuous, bedded facies.

5.3.2   |   Platform Growth (Tournaisian—Mid Visean)

By the mid-Visean, carbonate platform development was be-
coming more spatially restricted, as observed by A1, A2, A3 
and A6 (Figures  10–12). This is consistent with the transition 
from ramp to rimmed shelf morphologies seen within many 
carbonate platforms onshore and worldwide (Barnaby and 
Read 1990; Burchette and Wright 1992; Della Porta et al. 2004; 
Gómez-Pérez et al. 1999; Waters et al. 2017). The corresponding 
decrease in the mapped platform areas in this study could have 
been driven by both a change in relative sea level and environ-
mental change. Onshore, carbonate platforms thrived through-
out much of the Visean, with platform growth interrupted only 
by periodic emergence (Wright and Vanstone  2001; Manifold 
et al. 2020, 2021). At the same time, fault analysis in this study 
shows that active faulting, continued to influence carbonate 
accumulation, with the expansion index (EI) of 0.8 and 0.9, 

suggesting continued carbonate growth on the footwall of N-S 
trending faults. It is therefore likely that the steepening of the 
carbonate platforms reflects, at least in part, tectonic activity. 
On a regional scale, differentiation of the largest platforms, such 
as the Derbyshire and Askrigg Platforms, continued as hanging 
wall subsidence was facilitated by extensional tectonics (Fraser 
and Gawthorpe 2003). This suggests subsidence in the EISB was 
greater than further south, where the North Wales Platform, 
which was land attached to the Wales-Brabant Massif, continued 
to grow. As this subsidence accelerated, isolated carbonate plat-
form growth was maintained on the footwalls of smaller faults, 
but these platforms started to aggrade as they began to struggle 
to keep up against the background of regional subsidence.

5.3.3   |   Steepening Platform (Mid Visean—
Serpukhovian)

From the mid Visean onwards, all the platforms underwent 
a significant reduction in size relative to their initial platform 
area, with some platforms having an area almost half of that in 
the Tournasian (Table  3). There was also a marked steepening 
in the slope of the platforms from < 15° to > 30o (Figures 10–12). 
Onshore, sedimentation was terminated across most of the North 
Wales Platform and the Derbyshire Platform by platform emer-
gence and karstification at the end of the Asbian, after which car-
bonate growth was re-established, although platforms began to 
back-step (Davies 2008; Hounslow et al. 2024; Manifold et al. 2021; 
Somerville and Strank  1984). There was a marked transition 
from the shallow water grainstone-packstone deposits-often rich 
in ooids, peloids and corals to the lower energy packstone and 
wackestone–mudsone facies that were rich in Gigantoproductius 
bivalves and chert (e.g., Somerville and Strank 1984; Marangon 
et  al.  2011). This change in facies suggests that carbonate pro-
ductivity was increasingly stressed across northern England and 
Wales, contributing to a consistent backstepping pattern of the 
platform margins. Similarly, within other carbonate platforms 
globally (Kenter  1990; Adams and Kenter  2014; Reijmer  2021), 
slope angles exceeding 30° have been linked to late-stage aggra-
dation, margin backstepping and syn-sedimentary faulting.

The continued reduction of platform size and backstepping of seis-
mic reflectors within the EISB is consistent with this (Figures 10 
and 11), particularly with the northern, more distal, areas (A4–6) 
compared to the larger platforms (e.g., A1, A3) to the south 
(Figure  8). This suggests that within the study area, subsidence 
outpaced carbonate accumulation leading to platform drown-
ing (Betzler et  al.  2023; Blomeier and Reijmer  2002; Brandano 
et al. 2015; della Porta et al. 2014). As well as tectonic subsidence, 
other contributing factors such as changes in relative sea level and 
ecological stress, likely also contributed to the reduction in carbon-
ate productivity (Betzler et al. 2015; Schlager 1992), but the current 
dataset does not allow us to resolve these processes in detail.

5.3.4   |   Platform Demise (End Mississippian)

By the Serpukhovian, the basin was transitioning into a 
post-rift thermal subsidence regime, marking a shift in 
sedimentation dynamics (Fraser and Gawthorpe  2003). 
Carbonate production was waning, and clastic deposition 
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became increasingly dominant, particularly as sediment 
was sourced from the NW Highlands into northern England 
(Morton et al. 2024). The increased influx of clastic material 
during this stage is attributed to enhanced sediment delivery 
from surrounding landmasses, potentially linked to basin 

inversion and uplift in adjacent regions (Jackson et al. 1987). 
Following the demise of carbonate platform growth, seismic 
data (Figures 5, 6 and 10–12) reveal that these clastic deposits 
onlap the Mississippian carbonate platforms within the study 
area as the basin was filled (SF4).

FIGURE 15    |    Three-dimensional (3D) evolutionary model of the Mississippian carbonate platform (MCP) in the Irish Sea Basin, illustrating its 
development from platform initiation in the early Tournaisian to its eventual demise and thermal subsidence. The model highlights the key stages of 
syn-rift carbonate platform evolution, including initial deposition, growth and subsequent drowning, providing insights into the interplay between 
tectonic subsidence and carbonate accumulation.
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5.4   |   Implications

It has long been recognised that carbonate platforms grow pref-
erentially on the footwall of faults during extension, since the 
elevated topography facilitates carbonate productivity in clear, 
shallow water (e.g., Bosence  2005; Dorobek  2011). Masiero 
et al. (2021) modelled controls on carbonate platform architec-
ture and concluded that lateral variability of carbonate platforms 
is strongly controlled by tectonically controlled differential sub-
sidence. Faulting results in topographic differentiation between 
footwalls and hanging walls, promoting preferential carbonate 
platform growth on uplifted footwall blocks within the photic 
zone. Additionally, faulting generates structural complexity that 
can influence platform morphology and stability (e.g., Marino 
and Santantonio 2010).

Carbonate production will keep up with relative sea level rise, 
even under high rates of subsidence, but excess clastic sediment 
and/or nutrient ingress into a basin can increase environmen-
tal deterioration sufficiently for a carbonate platform to be sus-
ceptible to drowning, even without an increase in relative sea 
level (Van Tuyl et  al.  2019; Masiero et  al. 2021). During the 
latest Visean, potentially at the Asbian–Brigantian boundary, 
there was a transition to global icehouse conditions (Smith and 
Fred Read 2000; Barnett et al. 2002; Manifold et al. 2021) and 
it is possible that rapid sea-level rise within an interglacial pe-
riod led to platform drowning. However, sedimentation on the 
North Wales Platform remained within shallow water until the 
Serpukhovian (Manifold et al. 2021). At this point, the onset of 
thermal subsidence or changing ocean circulation patterns and 
nutrient flux, associated with clastic influx to the basin, could 
have all contributed to platform demise. Without the direct ob-
servation of facies, it is difficult to determine which of these 
controls was most important. Overall, however, the cessation of 
carbonate platform growth and onlap by Pennsylvanian siliclas-
tic strata is consistent with a transition from shallow-water car-
bonate sedimentation to deeper-water pelagic and hemipelagic 
sedimentation.

Importantly, Mississippian carbonate platforms have been 
recognised as a promising target for deep, low enthalpy, geo-
thermal heat production in the UK and Europe (Busby  2014; 
Jones et al. 2023; Bos and Laenen 2017; Broothaers et al. 2021; 
Gutteridge et  al.  2025; Mijnlieff  2020). Detailed interpretation 
of Visean carbonate platforms and their structural configura-
tion in the subsurface of The Netherlands emphasises the role 
of basement faulting in controlling platform nucleation and 
evolution (Kombrink et al. 2010; Van Der Voet et al. 2020; van 
der Voet et al. 2022). Similarly, in the Campine Basin in north-
ern Belgium, structural inheritance, bed thickness and fracture 
intensity are interpreted as first-order controls on geothermal 
viability (Swennen et  al.  2021). Carbonate platforms in the 
EISB exhibit comparable structural segmentation and facies 
variability, especially in the context of fault-controlled growth 
and steep platform margins (Figure  14). Carbonate platform 
thickness across the EISB ranges from 1.1 to 2 km, comparable 
to the maximum thickness observed onshore in NW England 
(Jones et al. 2023). One of the major challenges in geothermal 
exploration onshore in the UK is the lack of well penetration and 
poor onshore seismic imaging, making it difficult to define the 
geometry and structural complexity of Mississippian carbonate 

platforms (Pharaoh et al. 2018). This geological uncertainty in-
creases the risk of resource underperformance, as an incomplete 
understanding of platform architecture may hinder efficient 
heat extraction and reservoir sustainability. For example, this 
study highlights the complex transition of carbonate platforms 
into adjacent hanging wall basins, with localised carbonate plat-
form growth on small, fault-controlled topographic highs. In an 
exploration context, this creates a fundamental risk to reservoir 
presence in the subsurface. Low enthalpy geothermal develop-
ment requires paired injector-producer wells to be drilled up to 
2 km apart, and if one well penetrates a small, isolated carbonate 
platform then there is a risk that the second well will not en-
counter carbonate strata, impacting reservoir connectivity and 
therefore operability.

An additional risk is the depth of the carbonate platforms, which 
varies significantly across the study area, ranging from 1 to 3 km 
(Figure 8). This depth variation has a direct impact on heat in 
place, with deeper platforms providing higher heat potential but 
also posing greater exploration risks due to seismic data qual-
ity. The porosity and permeability of the carbonate platforms 
are also critical uncertainties. Seismic facies analysis indicates 
the possibility of karstified intervals, recognised as disrupted 
seismic reflections (~70 ms TWT, ~170 m thick), which could sig-
nificantly influence fluid flow properties and heat transfer effi-
ciency. While karstification can enhance reservoir permeability 
by increasing secondary porosity (Moore and Walsh 2021), it can 
also create heterogeneous flow pathways that lead to uneven 
heat extraction rates and potential reservoir compartmentaliza-
tion (Narayan et al. 2021).

Structural controls, particularly fault properties and fracture 
permeability, play an equally important role in defining the 
geothermal potential of the carbonate platforms (Elvebakk 
et al. 2002). Seismic interpretation reveals that faults within the 
carbonate interval display a wide range of displacements, from 
small to major offsets (Figure 9a,b), with the majority exhibit-
ing a north–south (N-S) orientation. These fault systems likely 
reflect multiple tectonic episodes, including early Devonian ex-
tension to Mississippian extension, Pennsylvanian subsidence 
and Variscan tectonic reactivation (Pickard et  al.  1994; Smit 
et al. 2018). Understanding the distribution of these faults, and 
the permeability of faults and fractures, is critical for predicting 
reservoir behaviour, as they may act as either high-permeability 
conduits that enhance heat extraction or sealing barriers that 
compartmentalise fluid flow (Lipsey et al. 2015).

6   |   Conclusions

This study provides a comprehensive analysis of the transition of 
the North Wales Platform into the East Irish Sea Basin (EISB), 
demonstrating that instead of a simple platform-to-basin transi-
tion, there exists a complex configuration of numerous smaller, 
fault-controlled carbonate platforms. These findings enhance 
our understanding of the depositional and tectonic processes 
that governed the platform to basin transition and demonstrate 
that carbonate growth persisted on structural highs within the 
basin, as smaller, isolated carbonate platforms that back-stepped 
and drowned in the late Visean. Overall, the occurrence and size 
of Mississippian carbonate platforms in the EISB exhibit greater 
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complexity than anticipated from regional tectonostratigraphic 
models. The carbonate platforms are distributed across six dis-
tinct areas (A1–A6), each characterised by unique geometries 
and irregular morphologies extending approximately 40 km 
northward. Platform thicknesses range from 0.5 to 2 km, with 
the thickest sections (1.1–2 km) concentrated in the southern do-
main. Platform demise is evident first in the northern domain, 
where the top of the Mississippian is at ~3.5 km, with a platform 
thickness of < 1 km.

Syn-sedimentary faulting played a crucial role in shaping the 
occurrence of carbonate platforms in the EISB. This is indicated 
by the EI values (< 1), which suggest active faulting during car-
bonate growth and development. Faults exhibit a wide range 
of throws, from small displacements influencing the top of the 
Mississippian to major faults that significantly impact basin 
morphology. Thickening of Mississippian strata in the footwall, 
observed in this study, supports the role of fault-controlled car-
bonate growth in the region. The dominant north–south trend 
of the faults is inconsistent with the regional N-S oriented exten-
sion direction, and most likely reflects inheritance of the precur-
sor structural grain in the basin.

The internal geometry of the carbonate platforms indicates 
platform initiation in the Tournaisian with a relatively low 
angle platform slope, which progressively steepened to 30°–35° 
in the Visean, with backstepping evident in late Visean strata. 
This steepening, coupled with increasing subsidence, resulted 
in a shrinkage of the platform by up to 49% from its initial size 
between the Tournaisian and Visean indicating progressive 
drowning of the carbonate platforms as the basin moved into 
thermal subsidence from the Pennsylvanian.

Despite challenges associated with variable seismic data quality, 
this study demonstrates that meaningful geological interpreta-
tion can be achieved through the integration of carbonate plat-
form development concepts, regional geological context and a 
systematic seismic facies workflow. These combined approaches 
allowed robust characterisation of seismic architectures and 
facies distributions, leading to new insights into Mississippian 
carbonate platform evolution in the EISB. These findings hold 
significant implications for geothermal exploration, particu-
larly in assessing the presence, size and spatial complexity of 
Mississippian carbonate platforms. The variability in platform 
distribution and orientation provides critical insights for optimis-
ing future onshore data acquisition and targeting potential geo-
thermal reservoirs. Key geological features that might influence 
geothermal potential include steep platform slopes, collapsed 
margins within the Visean strata and evidence of karstified in-
tervals in intra-Visean sequences. These characteristics directly 
impact the feasibility of geothermal energy extraction, as they in-
fluence reservoir quality, permeability and fluid flow dynamics 
within Mississippian carbonate platforms.
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