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Project description: Complex and interconnected fault networks may act as either conduits or 
barriers to fluid flow, or both. Characterising seismically resolvable geological features, and fault 
systems within overburden sequences is a vital component to understand the potential for cross-
stratal fluid migration which allow fluids to bypass pore networks (e.g. Cartwright et al., 2007). As 
the UK energy industry tackles the pressing need to decarbonise to reach net zero CO2 emissions 
by 2050 both carbon capture storage and hydrogen storage will have an important role to play. 
Elucidating the characteristics of fault systems and the potentially high-permeability pathways 
which could enable vertical leakage is vital for characterising the integrity of both CCS and hydrogen 
storage sites. 

A common feature of faults within overburden sequences, are layer-bound, or non-tectonic 
faults, which are an important class of fault because they deform fine grained, low permeability 
sediments that are commonly sealing sequences. The geometry of these fault systems is influenced 
by external stresses (e.g. Higgs and McClay, 1993; Ireland et al, 2011), where different geometries 
likely have different degrees of connectivity. The application of topological analysis in fault and 
fracture networks can be used to provide quantitative descriptions of fracture networks to 
understand the connectivity of individual faults (Morley and Nixon 2016). 

Observations and interpretations from 3D seismic reflection data, outcrop analogues and 
laboratory measurements of fine-grained sediments will be used to characterise the complexity and 
connectivity of overburden fault systems. Using data from the North Sea, the project will quantify 
the geometric and topological variations in overburden fault networks from different potential 
storage site locations. These will then be compared with outcrop analogues to investigate how the 
complexity and connectivity of faults mapped compares, and integrate the physical properties from 
laboratory measurements of fault zones in fine grained sediments to better characterise fluid flow 
pathways from the micro to the macro scale. 

The student will receive training in the interpretation and analysis of seismic reflection data 
and well data, and the opportunity to integrate outcrop analogues and geomechanical information 
from laboratory analysis. Newcastle University has a faculty run postgraduate research 
development programme that follows the Vitae Researcher Development Framework  

Stated link to CDT theme: Safe Subsurface Storage for energy and carbon 

Any Additional Research Costs: 

Has access to data been secured? Yes – all required 3D seismic available through OGA NDR. 

Career routes: Oil and gas exploration/development, CCS, geological storage of energy and waste, 
engineering geology, academic. 


