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Overview 
Maximising the efficiency of low-carbon energy 
sources is of paramount importance if they are to fill 
the gap in energy generation as society increasingly 
moves away from fossil fuels. One such low-carbon 
energy source is high-enthalpy geothermal which is 
widely utilised in countries such as Iceland and New 
Zealand but is increasingly being developed in many 
other parts of the world such as East Africa.  
One of the major obstacles in maximising the 
efficiency of geothermal systems is the precipitation of 
minerals in fracture networks. Geothermal energy 
production relies on water circulating through 
fractures and being heated by warm or hot rocks. 
Minerals such as calcite can precipitate in these 
fractures (Figure 1), which over time reduces the 
efficiency of fluid flow and hence geothermal energy 
generation. An improved understanding of the 
geological conditions at which calcite precipitates in 
active geothermal systems will be invaluable in guiding 
remediation of this fracture filling and also for 
investigating the suitability of new sites for future 
geothermal energy generation. 
 
The main goal of this project is to use ‘clumped’ 
isotopes to investigate the conditions at which calcite 
precipitates in fractures in active geothermal systems. 
 
The clumped isotope method has great potential as a 
proxy for reconstructing past temperatures in a range 

of geological settings. This method is based on the 
temperature dependence of bonds between heavy 
carbon (13C) and oxygen (18O) isotopes in the 
carbonate mineral lattice1. It has successfully been 
used as a temperature proxy in palaeoclimate studies  
 

 
Figure 1: Cathodoluminscence photomicrograph of 
fracture-filling calcite (orange). Field of view 4mm. 
 
using the common carbonate mineral calcite e.g. 2-4 
but is also attracting increasing interest as a method 
for determining temperatures of geological processes 
in the subsurface e.g. 5-7. There has been limited 
application of clumped isotopes to determine 
precipitation temperatures of fracture-filling calcites8 
while only Lu et al.9 have measured calcite fracture 
fills in active geothermal systems. Other temperature 
proxies have various drawbacks: δ18O thermometry 
requires an assumption on parent fluid composition 

  



while fluid inclusions are not always present. Clumped 
isotopes have neither of these drawbacks and there is 
therefore huge scope for developing clumped isotopes 
as a proxy for understanding the temperatures of 
fracture filling in geothermal systems. 
Additionally, a key aspect of developing new 
geothermal resources, and prolonging the life of 
existing ones, is to understand the fluid reservoirs 
involved. Fracture-filling minerals such as calcite 
record such information and clumped isotope analysis 
also enables reconstruction of fluid δ18O values in 
addition to temperature. These fluid δ18O values can 
fingerprint whether the fluids in the geothermal 
system are meteoric, magmatic/metamorphic, or a 
combination of both. 
This project offers an exciting opportunity for a 
student to apply the technique to active geothermal 
systems in New Zealand to better understand the 
evolution of geothermal systems.   

 

Methodology 
The primary method used in this project will be 
clumped isotope analysis.  Clumped isotope 
thermometry utilises the temperature dependence of 
the formation of the bond between two rare heavy 
isotopes (13C and 18O) within the carbonate molecule; 
the abundance of molecules with 13C-18O bonds is 
proportional to mineral precipitation temperature1,8. 
Clumped isotope values are expressed using Δ47 
notation which can be calibrated against temperature 
using carbonate precipitated at known temperatures. 
A ‘universal’ calibration between temperature and Δ47 
values has been agreed on for common carbonate 
minerals including calcite10 which will be analysed in 
this project. Clumped isotope measurements will be 
made using gas extraction lines and a Thermo 
MAT253 isotope ratio mass spectrometer, hosted at 
SUERC. 
In order to investigate temperatures and fluid sources 
of fracture filling in geothermal systems, case study 
samples from various high-temperature geothermal 
fields (Figure 2) in the Taupo Volcanic Zone11 of New 
Zealand will be analysed.  
Prior to clumped isotope analysis, samples of core will 
be collected and characterised in detail using optical 
and cathodoluminescence petrography, scanning 
electron microscopy and carbon and oxygen isotope 
analysis. If present, homogenisation temperatures will 
be determined from fluid inclusions for comparison 
with clumped isotope temperatures. 
This project also involves a collaboration with Dr 
Sarah Milicich, GNS Science, New Zealand. 

 

Timeline 
Year 1: literature review on geothermal systems, 
fracture filling, New Zealand geology, and 

methodologies; procurement and petrographic 
characterisation of samples. 
Year 2: isotope analysis at SUERC, with training; 
possible trip to New Zealand. 
Year 3: ongoing isotope analysis at SUERC; 
preparation of paper on application of clumped 
isotope method to geothermal systems. 
Year 4 (6 months): completion of thesis and 
outstanding analytical work. 
The schedule will also include presentation at UK and 
international conferences. The timeline is subject to 
variation, and we anticipate significant input from the 
student as the project evolves. 
 

 
Figure 2: Ngatamariki geothermal power plant, from 
www.thinkgeoenergy.com. 

 

Training & Skills 
This project will equip the student a range of 
analytical and transferable skills which are desirable 
for careers in research or industry. 

Analytical Techniques 
Training in the various sample characterisation 
techniques will be given at the University of Glasgow. 
Full training will be given in clumped isotope analysis 
at SUERC. Once accustomed to the sample 
preparation and analysis methodology, the student will 
play a role in the everyday running of the clumped 
isotope lab including preparation and analysis of 
standards; this will give the student experience of 
responsibility in a scientific environment. By 
conducting analysis in the SUERC facility, the student 
will have the opportunity to engage with a 
multidisciplinary range of researchers and potentially 
gain experience in other stable isotope techniques. 

Researcher Development 
Technical & personal skills development will be 
undertaken with guidance from doctoral advisors and 
within the framework of the DTP Researcher 
Development Statement. Researcher developmental 
training will be provided by IAPETUS and 
supplemented by the University of Glasgow. The 
School of Geographical and Earth Sciences at the 
University of Glasgow (GES) has a large research 
student cohort that will provide peer-support 

  



throughout the research program. The scholar will 
participate in the annual post-graduate research 
conference within GES, providing an opportunity to 
present their research to postgraduates and staff 
within the School, and to also learn about the 
research conducted by their fellow postgraduate 
peers. Additionally, skills in NERC’s ‘most wanted’ list 
for PhD student training12 that will be developed 
include multi-disciplinarity, data management, 
numeracy, and potentially fieldwork in addition to 
principles and practice of stable isotope geochemistry, 
including use of vacuum extraction systems and dual 
inlet mass spectrometry. Training and experience in 
national and international conference presentations, 
and preparation and submission of papers to 
international peer-reviewed journals will also be 
provided. 
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The principal supervisor can be contacted at: 
john.macdonald.3@glasgow.ac.uk  
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