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Overview 
 

Advances in the research of mudrocks benefit fields 

ranging from shale gas exploration to slope stability, the 

search for suitable radioactive waste disposal sites, 

CO2 storage, geothermal energy and advances in 

nanogeoscience and biogeology. Organic rich mud is 

home to both the simplest (biomolecules) and some of 

the most complex organisms, through burial and 

transformation into shales these rocks can generate 

hydrocarbons from the kerogen within their matrix. 

Shales are comprised of very fine-grained clay particles 

interspersed with kerogen and silt-sized mineral grains 

such as quartz, calcite and pyrite. In order to 

understand the sealing and storage capabilities of 

shales, the pore structures and distribution of each of 

these components that control storage volume and 

flow pathways must be understood. Capturing the 

geochemical signature of the kerogen is key as it 

contains both information on the depositional origin 

(organic matter type) of the shale rock as well its burial 

history (thermal maturity) (Hennissen et al., 2017).  

 

A wide suite of non-destructive petrophysical methods 

and destructive geochemical analysis are available to 

characterise shale rocks (Josh et al., 2012). Linking and 

understanding the geological controls behind 

observations coming from different methodologies at 

different scales is one of the key challenges in 

understanding shale rocks. Recent advances in 

technology means that we can image the individual 

components of rocks right down to the nanometre 

scale, obtaining spatial information. However, detailed 

geochemical information at such spatial resolution is 

lacking, while this is required to understand the impact 

of kerogen breakdown by thermal maturation on both 

the organic and inorganic porosity of shales. 

 

In this project we will simultaneously map the location 

of organic material and their geochemical signatures in 

2 and 3D across shale samples using the state-of-the-

art material characterisation facilities at Newcastle 

University (NEXUS). Using appropriate sample 

preparation and cleaning techniques (Purvis et al., 

2017) it has been shown that we are able to identify 

and map specific biomarkers across geological samples 

(Sano et al., 2016). X-ray photoelectron spectroscopy 

(XPS) in combination with time of flight secondary ion 

mass spectrometry (ToF-SIMS) provides in-situ 

elemental, chemical and molecular compositional 

information at nanometer scale across a sample 

surface. Here we propose to take this 2D analysis one 

dimension further and provide a cross-sectional 

analysis of shales by step-wise removing of a thin layer 

of surface material by focused ion beam (FIB) and 

repeat the XPS/ToF-SIMS surface analysis. By carefully 

processing the obtained layered information we are 

able to create a 3D geochemical profile across shale 

samples, simultaneously revealing the distribution and 

chemical composition of organic material within shales. 

Subsequent experiments will focus on the impact of 

kerogen type and levels of maturation on this 

relationship. This will be achieved by analysing a suite 

of shales samples from different depositional settings 

and by step-wise maturation of shales samples and 

subjecting each maturation step to a 3D geochemical 

investigation. 

 

http://www.ncl.ac.uk/nes/staff/profile/ceesvanderland.html
https://www.dur.ac.uk/chemistry/staff/profile/?id=5665
http://www.ncl.ac.uk/engineering/staff/profile/petercumpson
http://www.bgs.ac.uk/staff/profiles/0688.html


  

This cross-disciplinary approach will develop 3D 

geochemistry analysis and investigate artificially 

maturation to quantify the effect of organic matter 

maturation on the petrophysical and geochemical 

properties of shale rocks at the nanoscale. 

 

This project will combine the excellent organic 

geochemistry lab facilities and cutting-edge X-ray 

photoelectron spectroscopy instrumentation at 

Newcastle University with the world-leading expertise 

in layered minerals at Durham University and shale 

resources at the British Geological Survey.  

 
Methodology 
 

- Combined XPS and ToF-SIMS surface analysis 

across heterogeneous shale samples. 

Representative shales samples from a suite of 

depositional settings are already available at 

Newcastle, Durham and the BGS. 

 

- Mechanically remove the upper 10 nm from 

the sample surface using FIB and repeat the 

above analysis, creating a 3D geochemical 

profile. Development of a workflow to 

automate this process. 

 

- Artificially mature a well-studied shale sample 

(e.g. Bowland shale) in increments, subject each 

time-step to a 3D geochemical investigation. 

 

- Synthesis of 3D geochemistry analysis and 

artificially maturation to quantify the effect of 

organic matter maturation on the 

petrophysical and geochemical properties of 

shale rocks at the nanoscale. 

 

 
Timeline 
 

Year 1. Literature survey, review of existing sample 

preparation methods and development of workflow 

including stripping routine. Training in XPS and ToF-

SIMS/MS techniques. Acquisition of initial shale sample 

set and start of layered surface analysis (3D 

geochemistry). Presentation at Mineralogical Society 

meeting (UK). 

 

Year 2. Continued experiments, extend the suite of 

shale samples (e.g. different depositional facies, range of 

maturities). Improvement of automated stripping 

routine and integrate with visualisation software. Set-

up of artificial maturation experiments. Continued 3D 

geochemistry experiments on natural and matured 

shale samples. Presentation at international conference.  

 

Year 3 to 3.5 Final experiments, development of 4D 

shale model, presentation at international conference, 

thesis and manuscript preparation, thesis submission. 

 

 
Training & Skills 
 

Newcastle University has a faculty-run postgraduate 

research development programme 

(http://www.ncl.ac.uk/sage/learningandteaching/postgra

duateresearch/postgraduateresearcherdevelopmentpr

ogramme/#creditrequirement that follows the Vitae 

Researcher Development Framework 

(http://www.vitae.ac.uk/) focusing on: knowledge and 

intellectual abilities, personal effectiveness, research 

governance and organisation, and engagement, 

influence and impact.  Each PhD student has a tailor 

made Personal Development Plan, with the expectation 

of them taking 60 credits in the first year and 40 credits 

in the second year covering both specific skills required 

for the project (e.g. analytical methodology, statistical 

analysis) and transferable skills.   

 

Analytical training will include: Petrological microscopy, 

Scanning Electron Microscopy, X-ray Photoelectron 

Spectroscopic methods, principles of Time of Flight 

Secondary Ion Mass Spectrometry, Focussed Ion Beam 

milling. Advanced training in organic geochemistry and 

petroleum systems will also be provided. 

 

As a member of the new vibrant School of Natural and 

Environmental Sciences at Newcastle University, the 

student will be involved in a very active scientific 

culture. This will include weekly 

presentations/discussion in research group meetings, 

and a weekly Seminar series. The student will be 

encouraged to present at both UK 

conferences/workshops (including the BSRG meeting 

and meeting from the Mineralogical Society) and at 

international conferences in the second and third years. 

The student will be aided in the preparation and writing 

of peer reviewed articles for international peer-

reviewed journals. 
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