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Overview 
 

Fine-grained sediments undergo extensive 

mineralogical, textural and mechanical changes as they 

are transformed from muds to mudstones and - 

eventually - to slates. Whilst the main mineralogical 

and textural changes are reasonably well-described, 

quantitative descriptions of the way in which 

mechanical properties evolve as a function of burial 

diagenesis are missing. This is a key issue since 

mechanical properties are central to predictions of 

the way that mudstones respond to stress changes on 

both geological (top seal competence; structural 

development) and human (hydraulic fracturing, drilling, 

pressure depletion) timescales. For example, does the 

way in which mudstones deform change from more 

ductile to more brittle as a result of diagenetic 

mineralogical changes? Can this be quantified as a 

function of mineralogical and microstructural change - 

and what are the implications for fluid flow in 

deformed and possibly fractured media? 

 

 
Methodology 
 

Your approach to this key issue will be to combine 

rock characterisation studies (3D texture by 

microCT; mineralogy by XRD; petrography by SEM; 

pore characterisation by MICP and gas sorption) with 

novel micromechanical and triaxial rock deformation 

tests to build geomechanical models for mudstones, 

constrained as a function of mineralogy and diagenetic 

maturity. 

 

 
Fig. 1. MicroCT will be used to examine the 3D 

microstructures at micron to centimetre scales. 

 

Two series of samples will be tested. Firstly, you will 

determine the way in which mechanical properties 

evolve through the smectite-to-illite transition zone - 
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the most common and volumetrically most significant 

mineralogical reaction in clastic mudstones. Where 

core is available, geomechanical tests will investigate 

the effects of clay mineral diagenesis and related 

porosity loss on the material properties (lambda, 

kappa, cohesion, M) of intact shales. Also on core, but 

critically where only cuttings are available, PeakForce 

quantitative nanomechanical mapping (QNM®) will be 

used to obtain maps of the nanoscale elastic response 

of the elemental constituents of shale microstructure 

(porous clay matrix, organic matter and solid grains) 

with a resolution of a few nanometres; 

micromechanical data will also be obtained using 

nanoindentation techniques. These nanomechanical 

and micromechanical data form the basis for upscaling 

to the sample-scale using homogenisation techniques; 

critically, however, they must be calibrated and tested 

against core-scale geomechanical data. You will do this 

using a second set of high quality core samples: an 

isomaturity series of mineralogically distinct shales 

from the Jurassic Redcar and Whitby mudstones. 

Integration of the results from the two sample sets 

will deliver a robust framework for understanding and 

predicting the geomechanical properties of shales. 

 

  

  
Fig. 2. In the upper two images, SEM has been used to 

define the phases in a 25 x 25 micron area of 

mudstone. Black is organic matter. The lower image 

shows a Young’s Modulus map of the same area, 

obtained with Atomic Force Microscopy. 

 

 
Timeline 
 

Year 1: training academy courses (10 weeks), 

literature review, sample acquisition, laboratory 

training, petrographic descriptions 

Years 2 and 3: training academy courses (5 weeks 

per year), sample analysis (Scanning Electron 

Microscopy, microCT scanning, nanomechanics, rock 

mechanical testing, modelling) 

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 Newcastle has 

expertise in all the required expertise in 

geomechanics, petrophysics and geology. 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. 
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Further Information 
 

Feel free to contact Andy Aplin, Mo Rouainia or Nic 

De Paola: 

a.c.aplin@durham.ac.uk; 0191 334 2332 

m.rouainia@ncl.ac.uk: 0191 208 3608 

nicola.de-paola@durham.ac.uk 0191 334 2333 

mailto:a.c.aplin@durham.ac.uk
mailto:m.rouainia@ncl.ac.uk
mailto:nicola.de-paola@durham.ac.uk

