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Aim 

 

Fig. 1. Simplified geological map of the Cleveland Basin 

showing some of the proposed sampling locations. 

 

The recently developed method of LA-ICP-MS U-Pb 

geochronology on calcite fault and vein fills (Roberts & 

Walker, 2016) provides a new opportunity to place 

absolute age constraints on the structural and 

mineralisation histories of sedimentary basins. 

 

The aim of this proposal is to apply the Roberts & 

Walker method to determine the absolute ages of 

syn-kinematic calcite mineralisation along previously 

well-characterised faults and fractures from across the 

Cleveland Basin (Imber et al., 2014), and adjacent 

offshore areas (Fig. 1). Using the Cleveland Basin as a 

case study, the student will develop a structural and 

isotopic “toolkit” that can be used to determine the 

absolute chronology of fracturing, fluid-flow, burial 

and exhumation within sedimentary basins. 
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Geological background 
 

The Cleveland Basin is a Jurassic to early Cretaceous 

depocentre that overlies Zechstein salt deposits, and 

was inverted during the latest Cretaceous to Neogene 

as a distal effect of the Alpine Orogeny (Kent, 1980). 

Both its northern and southern margins are faulted: 

the former is characterised by N-S/NNW-SSE striking 

faults; the latter is defined by the E-W striking Vale of 

Pickering and Flamborough Fault Zones (Fig. 1). 

 

The Cleveland Basin provides an ideal “natural 

laboratory” for this study because: (1) field and 

microstructural observations demonstrate that the 

faults and fractures contain syn-kinematic calcite fills 

(Imber et al., 2014; Fig. 2); (2) stratigraphic 

relationships demonstrate that the various E-W and 

N-S/NNW-SSE striking faults experienced distinct 

periods of movement (Howarth, 1962; Milsom & 

Rawson, 1989; Imber et al., 2014) that should yield 

different isotopic ages; and (3) the availability of well 

and seismic data in the immediate offshore area 

(Stewart & Bailey, 1996) will enable us to integrate the 

isotopic dates with regional tectonostratigraphic 

models, providing fresh insight into the causes of 

deformation. 

 

The supervisors have carried out pilot studies to test 

the potential of applying LA-ICP-MS U-Pb 

geochronology to calcite fault and vein fills from the 

Cleveland Basin. Four out of seven tests were 

successful, with calcite samples yielding ages of 35 to 

31 Ma (latest Eocene to early Oligocene). These ages 

are significantly younger than the previously 

hypothesised Jurassic to latest Cretaceous normal 

fault movements – and are in fact later than, or 

synchronous with inversion. These ages also post-date 

the onset of oil generation within the basin (sourced 

from the Toarcian-age Jet Rock; Fig. 2). 

 

 
Fig. 2. Dilational jog with calcite and bitumen fill along 

a normal fault that cuts organic rich shale (Jet Rock), 

Port Mulgrave, North Yorkshire. 

 
Methodology & outcomes 
 

By coupling age determinations of calcite with 

structural characterisation and elemental, stable and 

clumped isotope analyses, the student will develop 

detailed models that integrate evolving fluid 

composition and formation temperatures (e.g. John, 

2015), with the timing of fracturing and faulting 

related to subsidence and exhumation. The student 

will undertake: 1) detailed fieldwork to establish the 

relative chronology and kinematics of calcite-filled 

faults and veins; 2) detailed microstructural 

characterisation of the sampled fault and vein fills, 

using optical, SEM- & ICP-MS-based techniques; and 3) 

novel U-Pb geochronological and clumped isotopic 

analyses. 

 

The project outcomes will be: 1) improved knowledge 

of hydrocarbon expulsion, retention and migration; 2) 

fundamental advances in applying the U-Pb 

geochronometer to calcite-filled structures; and 3) 

improved constraints on the tectonics of northern 

England and the Sole Pit Basin (Southern Gas Basin).  

 

The student will be registered at Durham University, 

co-hosted by the NERC Isotope Geoscience 

Laboratory (BGS Keyworth) and will collaborate with 

the Carbonate Research Group at Imperial College 

London. The student will spend time working at each 

partner institute, and will undertake fieldwork in the 

Cleveland Basin. 

 

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

desk-based compilation and literature review, 

fieldwork and sample acquisition. 

Years 2 and 3: CDT training academy courses (5 

weeks per year), supplementary fieldwork, main phase 

of microstructural characterisation of vein materials 

(optical and Scanning Electron Microscopy), U-Pb 

geochronology and isotopic analysis. 

Year 4: Integration of onshore and subsurface 

(seismic and well datasets), 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, BGS and Imperial 

has expertise in field-based geology, offshore seismic 

dataset interpretation, geochronology and isotopic 

analysis. 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. 

 

The training will provide the student with a unique, 

multi-disciplinary skill set that will equip them for a 

career in pure or applied research, academia, the 

hydrocarbon industry or a specialist consultancy role. 
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