CAREERS THROUGH MATHS: GEOLOGIST

JOB DESCRIPTION

A Geologist is a scientist who studies the solid, liquid, and gaseous matter that
constitutes the Earth. In the UK, their work is critical across diverse sectors, including
energy (both hydrocarbons and renewables), mining, civil engineering, and
environmental consultancy. A typical day can vary dramatically, from conducting
fieldwork in the Scottish Highlands to assess rock stability, to working in a laboratory
in Aberdeen analysing core samples, or developing 3D models in a London-based
consultancy office to plan a new high-speed rail route like HS2. The role is a blend of
outdoor investigation and sophisticated technical analysis, requiring a keen eye for
detail and strong problem-solving abilities.

The core duties involve mapping geological formations, collecting and analysing
rock, soil, and fluid samples, and interpreting geophysical data. In the UK context,
this could mean conducting a contaminated land assessment for a brownfield
redevelopment in Manchester, evaluating the potential for geothermal energy in
Cornwall, or assessing ground conditions for a new offshore wind farm in the North
Sea. Geologists produce detailed reports and maps that inform critical decisions on
resource extraction, construction safety, and environmental protection. Their work
ensures that major infrastructure projects are feasible, safe, and compliant with UK
regulations.

Mathematics is the fundamental language underpinning all these activities. It is not
merely a supporting skill but is central to quantifying observations, modelling
subsurface conditions, and predicting geological behaviour. From calculating the



volume of a mineral deposit in Cumbria to using statistical methods to assess the risk
of subsidence in London's clay soils, mathematics transforms qualitative observations
into quantitative, actionable data. This rigorous, numbers-driven approach is what
allows geologists to mitigate risks, optimise resource extraction, and provide the
evidence base for multi-million-pound investments.

HOW MATHEMATICS IS USED

* Geometry & Trigonometry: Geologists constantly use spatial mathematics to
understand the orientation and dimensions of geological features. This involves
calculating the dip and strike of rock layers to create accurate geological maps,
which is vital for predicting where mineral veins or coal seams might run. In
hydrocarbon exploration in the North Sea, they use 3D coordinate geometry to
pinpoint the exact location for drilling a wellbore thousands of metres
underground. When analysing seismic data, trigonometry is essential for
converting the time it takes for a seismic wave to reflect back into an accurate
depth measurement, building a picture of the subsurface structure.

Calculus: Differential and integral calculus are used to model dynamic
geological processes. For instance, a geologist might use differential equations
to model the flow of groundwater through porous aquifers, a critical task for
assessing the impact of a new quarry in the Peak District or for managing water
resources in the chalk aquifers of southern England. Integral calculus is used to
calculate the total volume of an oil reservoir from well log data or to determine
the total mass of a metal, such as lithium in Cornwall, within a complex,
irregularly shaped ore body.

Statistics & Probability: Geological data is often incomplete and variable.
Geologists rely heavily on statistics to make sense of this uncertainty. They use
descriptive statistics to summarise the properties of a rock mass and inferential
statistics, like kriging, to estimate the grade and tonnage of a mineral deposit
between drill holes. In engineering geology, probabilistic methods are used to
assess the likelihood of a landslide on a Scottish hillside or to calculate the
seismic hazard for a new nuclear facility, such as Hinkley Point C. Statistical
analysis of historical data is key to understanding climate change from sediment

cores.



* Linear Algebra: This branch of mathematics is crucial for handling and
manipulating large datasets. In geophysics, linear algebra is the foundation for
processing seismic reflection data. The raw data collected from seismic surveys
in the North Sea is essentially a massive matrix that must be manipulated and
solved to create a clear image of the subsurface rock layers. It is also used in GIS
(Geographical Information Systems) for performing complex spatial
transformations and analyses, such as calculating slope stability for a new road
cutting.

* Mathematical Modelling & Geostatistics: Geologists build sophisticated
computer models to simulate geological scenarios. This involves combining all
the above mathematical areas. For example, to manage the UK's strategic
groundwater resources, they create numerical models that simulate how water
levels will change in response to pumping and climate variations. In the oil and
gas industry, reservoir modelling uses geostatistics to create a 3D digital
representation of a reservoir, predicting how it will behave over its production
life and informing decisions that can optimise recovery by billions of barrels.

KEY SKILLS & TOOLS

Skill/Tool Application

Used to create, manage, and analyse spatial data. A geologist

might use GIS to overlay geological maps with planning
GIS Software (e.g.,

constraints to identify suitable sites for a new landfill, or to
ArcGIS, QGIS)

calculate the catchment area for a spring. The software performs
complex geometric and statistical analyses on spatial data.

Geological These specialised tools are used to construct 3D models of the
eologica
g_ subsurface from drill hole and seismic data. They use advanced
Modelling Software . . . o . . .
interpolation algorithms and geostatistics to visualise ore bodies,
(e.g., Leapfrog, . . .
fault networks, or aquifer extents, allowing for precise volume and

Petrel) .

resource calculations.

Python and R are used for custom data analysis, automation, and
(D) Sl € developing specialised models. A geologist might write a Python
Programming

script to automatically process and plot hundreds of soil
(Python, R)



geochemistry samples from a site in Wales, or use R to perform a
statistical analysis of fracture patterns in a rock mass.

Instruments like seismographs and resistivity meters collect raw

Geophysical . .
. numerical data about the Earth's subsurface. Geologists use
Equipment . .
(Seismi mathematical transforms to convert this data (e.g., wave travel
eismic, . . . .
Lo times) into interpretable profiles or maps that show rock layer
Resistivity) .
depths and properties.
The ability to clearly present complex mathematical findings is
. crucial. Geologists use graphs, contour maps, and 3D
Technical . L . .
. visualisations to communicate risks, resources, and
Reporting & . . . .
. .. recommendations to clients, regulators (like the Environment
Visualisation

Agency), and non-technical stakeholders in organisations like
Network Rail or the Coal Authority.

Rigorous mathematical procedures are used to ensure data

. integrity. This includes calculating duplicates, standards, and
Quality Assurance

blanks for laboratory analyses to identify any drift or
& Control (QA/QC)

contamination, ensuring that the data used for multi-million-pound
decisions is accurate and reliable.

Typical Pathway: The standard route begins with strong GCSEs and A-levels in
Mathematics and Sciences, particularly Physics and Chemistry. A BSc (Hons) in
Geology or Geoscience from an accredited university (e.g., Imperial College
London, University of Edinburgh, University of Leeds) is the essential first degree.
Many geologists then pursue an MSc in a specialised area like Petroleum Geoscience
or Engineering Geology. Entry-level roles, such as a Wellsite Geologist or
Geotechnical Engineer, provide vital field experience. Career progression leads to
senior and principal geologist roles. A key professional milestone is achieving
Chartered Geologist (CGeol) status through the Geological Society of London, which
demonstrates a high level of competence and professionalism and is often required
for senior and independent roles.

Industry Demand: Demand for geologists in the UK remains robust, driven by the
energy transition. While roles in traditional oil and gas are evolving, there is
significant growth in geothermal energy, carbon capture and storage (CCUS), and
critical mineral mining for technologies like electric vehicles. The UK government's
infrastructure projects and ongoing environmental regulations also sustain demand in
engineering and environmental geology. The Office for National Statistics identifies
STEM skills as a growth area, with geologists’' mathematical and analytical
capabilities being highly transferable and sought after.



Real-World Impact: Geologists have a direct impact on the UK's economy and
society. They were instrumental in discovering and developing the North Sea oil and
gas fields, which have powered the UK for decades. Today, they are working on
projects like the United Downs Deep Geothermal Power project in Cornwall, which
aims to provide clean, baseload electricity. Their work ensures the safety of major
infrastructure like the Thames Tideway Tunnel and the Crossrail project, protecting
investments and communities. Through their mathematical expertise, they help
secure the UK's energy future, manage environmental risks, and provide the raw
materials essential for modern life.
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