
Project Title:  The development and evolution of Lower Carboniferous basins and their impact for 
understanding petroleum systems and coupled, low carbon energy solutions in NE England and 
the Southern North Sea 
 
Host institution: Institute of GeoEnergy Engineering, Heriot-Watt University  
 
Academic Supervisors: Professor John Underhill & Dr Rachel Jamieson 
 
Project description: It has long been assumed that the Upper Carboniferous Westphalian Coal 
Measures are the predominant source rock for gas generated in the Southern Permian Basin. The 
absence of Coal Measures as a result of Late Carboniferous-Early Permian (Variscan) erosion and 
peneplanation led to many areas including its northern fringe being downgraded because of the 
perceived lack of any viable charge. However, that dogma has been challenged by the discovery and 
production of commercial gas volumes from those areas where the Coal Measures are absent, most 
notably at Breagh. Evidence from UK onshore areas together with prospectivity of the East Irish Sea 
ably demonstrate that Lower Carboniferous oil shales and coals make a major contribution to 
produce a separate, deeper petroleum system. The re-processing of old datasets and acquisition of 
new ones (including 3D volumes) permit the Variscan sub-crop and occurrence of intra-
Carboniferous folds, the main Lower Carboniferous (syn-rift) extensional basins themselves and a re-
evaluation of Permian (Rotliegend and Zechstein) deposition too. The aim of this project is to 
undertake a regional interpretation of the Carboniferous basins, investigate their depositional fill, 
the changing tectonic regime leading to the Variscan deformation, evaluate their role in controlling 
Permian deposition and the effect that subsequent (Permian-Recent) subsidence/uplift history 
(including the impact of Mesozoic and Cenozoic uplift and tilting events) has had in controlling 
tectonics and sedimentation in onshore UK and the Southern North Sea. The study will build a new 
understanding of Lower Carboniferous basin development in offshore areas and extend palaeo-
geographic maps across the area to link with onshore exposures on the Northumberland Coast, East 
Midlands and beyond. The products of the mapping will not only be used to inform and build a new 
view of gas prospectivity but will also evaluate the role the area can play in the energy transition. 
The products of the mapping will be used to deepen our knowledge of fluid flow and examine 
whether any areas are suitable for gas storage be that methane, carbon or hydrogen and geothermal 
energy synergies that result from exploration for clean gas.  
 
CDT Research theme(s): Extending the Life of Mature Basins; Geoscience in the Energy Transition; 
Carbon Storage; Blue and Green Hydrogen production; Geology for Net Zero; Application to the UKCS.                                                                
 
Research context: The project/studentship complements existing PhD students and will be 
undertaken in the Centre for Exploration Geoscience at HWU with supervision by Professor John 
Underhill and Dr Rachel Jamieson. The research results will be shared with project co-funder NAM, 
with whom regular reporting will take place. The study will benefit from close links to the 
exploration teams in NAM (Nederlandse Aardolie Maatschappij BV) and the UK. 
 
Research costs & data access: The project is primarily funded by the CDT which covers the University 
fees and student’s stipend. NAM will cover the research training and support grant (RTSG) costs (£20k 
over the duration of the project). The subsurface (seismic, well and core) data has been secured via 
public release through the UK regulator (OGA) and their National Data Repository (NDR) portal.  
 
Career routes: The project will be ideal for a candidate seeking employment as a geoscientist in the 
energy and environmental geoscience sectors. The project also lends itself to a career in academia or 
government departments including oil and gas and carbon storage policy and regulation.  
 



Additional Information: 

The project builds on recent project successes including the OGA-funded Frontier Basins Research 

projects that focused on the Mid North Sea High (Brackenridge et al., 2020) and South Hewett Shelf 

areas, Shell-funded PDRA project that examined the structural and sedimentological controls on 

prospectivity of the Breagh area (Grant et al., 2020) and its reservoir analogs on the Northumberland 

Coast (Booth et al., 2020) and publications resulting from a CDT PhD that investigated the nature, 

extent and subsequent structural impact of the Zechstein Shelf margin depo-systems (Grant et al., 

2019). 

 

Focal points in Shell: Kees de Leeuw (Assen), Andy Bell (Rijswijk) 
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