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Overview 

 
 

Fig. 1. Normal fault cutting Permo-Triassic Hopeman 

Sandstones, Clashach Cove, S Moray Firth  

© Christopher Gillan (Geograph.org.uk) 

 

Widely regarded as a world-class example of a 

structurally complex continental rift basin, the Inner 

Moray Firth Basin (IMFB), Scotland, has experienced a 

long history of superimposed rifting and inversion 

events since its initiation in the Devonian. The  

 

absolute timing and significance of many deformation 

events has remained uncertain, whilst the role of 

reactivation of both basement fabrics and earlier 

formed, basin-bounding brittle faults is disputed mainly 

due to the inherent resolution limitations of offshore 

geophysical and borehole analyses. This project 

proposes a detailed, mainly onshore-based study of 

key basin-bounding faults and associated deformation 

features using fieldwork, microscopy and Re-Os 

geochronology to give new insights into the 

kinematics, timing and structural controls of rift basin 

development.

 
Methodology 
The project work will begin with a desk-based 

compilation of all previously documented basin-

related deformation structures found in onshore 

outcrops around the NW and S flanks of the IMFB. 

This will identify key exposures (mainly coastal 

sections) where faults and related deformation 

structures (fractures, fault rocks, veins, folds) can be 

studied in both Precambrian basement rocks and 

Devonian to Jurassic basin fills. A reassessment of key 

regional-scale structural and stratigraphic relationships 

in the offshore IMFB will be carried out in parallel 

using 2D and 3D seismic reflection and related 
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borehole datasets held at Heriot-Watt University. 

These findings will be used to establish a regional-

scale relative and absolute (stratigraphic) deformation 

sequence for key basin or sub-basin bounding faults 

and associated structures. Detailed mapping, 

supplemented by low level areal photogrammetry, will 

allow detailed characterisation of structural 

geometries, kinematic patterns and deformation 

histories, including the role of reactivation and oblique 

tectonics. Samples of fault rocks and fracture fills will 

be studied using optical microscopy and SEM to 

further constrain the evolution of deformation 

mechanisms, P-T conditions and associated 

hydrothermal mineralization sequences. Re-Os 

geochronology of fracture-hosted base metal 

sulphides (pyrite, chalcopyrite, chalcocite) and 

bitumen will be used to place absolute age constraints 

on the times of faulting. The student will compare the 

onshore findings with existing structural models of the 

IMFB based on offshore data.  

 

The project will deliver a new outcrop- to basin-scale 

structural study of a complex superimposed rift basin 

and the findings will be used to better develop the 

region as a training ground for subsurface geoscience 

teams worldwide. 

 
 

Fig. 2. Typical carbonate-sulphide mineralised fracture 

fill of the kind used for Re-Os geochronology (from 

Dounreay area, Dichiarante et al. 2016) 

 
Timeline 
Year 1: training academy courses (10 weeks), desk-

based compilation and review, workstation-based 

analysis of seismic data (at Heriot-Watt), preliminary 

fieldwork and sample acquisition. 

Years 2 and 3: training academy courses (5 weeks 

per year), main phase of fieldwork, fault rock/fracture 

fill petrography, Scanning Electron Microscopy, Re-Os 

geochronology. 

Year 4: Data integration, thesis completion, papers 

for international journals 

 
Training & Skills 
As part of a CDT cohort, you will receive 20 weeks 

bespoke, residential training of broad relevance to the 

oil and gas industry: 10 weeks in Year 1 and 5 weeks 

each in Years 2 and 3. Instructors will be both from 

expert academics from across the CDT and also 

experienced oil and gas industry professionals. 

 

The supervisory team in Durham and Heriot-Watt 

has expertise in field-based geology, offshore seismic 

dataset interpretation and geochronology. You will 

learn how to use a range of high level analytical 

methods, how to integrate different data types and to 

understand their significance from both scientific and 

industrial perspectives. 

 

You will be expected to present posters and talks at 

conferences and are also will also spend between 3 

and 6 months at Heriot-Watt carrying out seismic 

interpretation.  

 
A PhD project of this kind can lead to multiple career 

paths in the Oil and Gas sector including specialist 

research positions, global subsurface exploration 

geologists or production geoscientists. 
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