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Overview 
Tufas are terrestrial carbonate deposits that 
precipitate at ambient temperatures when CO2 
outgasses from water, often at a spring or at some 
obstruction in a stream which causes water 
turbulence1. Tufas are an important palaeoclimatic and 
palaeoenvironmental archive where seasonal 
temperature variation can be reconstructed through 
their δ18O[1]. Palaeotemperature reconstruction 
through δ18O measurements can be hampered, 
particularly in fossil tufas, by having to make an 
assumption on the δ18O value of the spring water 
from which the fossil tufa precipitated. Recent work 
by Kele et al.2 has shown that ‘clumped’ isotopes may 
be a viable climate proxy in tufas which avoids this 
assumption. 
 
The main goal of this project is to test clumped 
isotopes as a seasonal temperature proxy in 
temperate climates through investigation of both 
active and Holocene fossil Scottish tufas. 
 
Tufas (both active and fossil) are common but poorly 
documented in Scotland3 and so where they do occur 
(e.g. Figure 1), they are often designated, ecologically 
important sites. Many rare, lime-loving (calcicole) 

species live in the moss carpet, particularly arctic-
alpine species, such as bird’s-eye primrose Primula 
farinosa, Scottish asphodel Tofieldia pusilla, alpine 
bartsia Bartsia alpina and false sedge Kobresia 
simpliciuscula4. If tufas were to stop precipitating, for 
example due to climate change, these rare species  
would be threatened. It is therefore important to 
investigate these temperate Scottish tufas and better 
understand their precipitation histories relative to 
temperature changes.  

 
Figure 1: an actively precipitating tufa, Isle of Lismore, 
Scotland 
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Methodology 
Project Plan 
Tufa precipitation is complex, therefore detailed 
characterisation of the sites is key – what is the 
landscape, topography, hydrology, geology, soils and 
vegetation. The main goal of this project is to test 
clumped isotopes as a seasonal temperature proxy in 
temperate climates through investigation of both 
active and Holocene fossil Scottish tufas. In order to 
achieve this goal, the project will at first focus on 
actively-precipitating tufas at various Scottish sites. 
Observation of active tufas in conjunction with SNH’s 
Site Condition Monitoring scheme throughout the 
PhD project will provide a framework of recent 
ambient temperature. Temperatures derived from 
clumped isotope analysis of those actively-
precipitating tufas will then be compared with ambient 
water and air temperatures. Based on the work of 
Kele et al.2, it is hypothesised that temperatures will 
be in agreement. 
This will then be tested on a fossil tufa, likely that at 
Inchrory5,6. The Inchrory fossil tufa (Figure 2) has 
been well characterised previously through logging 
and biostratigraphy, and has been radiocarbon dated. 
This will provide a context in which to interpret 
clumped isotope temperatures obtained during this 
project. In addition, the clumped isotope 
temperatures will be compared with another 
palaeoclimate proxy – palynology.  
 
Analytical Techniques 
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 temperature7. 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 such 
as calcite8 and will be applied to this project. Clumped 
isotope measurements will be made using gas 
extraction lines and a Thermo MAT253 isotope ratio 
mass spectrometer, hosted at SUERC. Palynological 
analysis will be conducted at the University of Stirling. 

 
Timeline 
 
Year 1: literature review on tufa formation and 
analytical methods; site visits to active tufa sites; active 
tufa monitoring; characterising of landscape and 
hydrology features of tufa sites.  
Year 2: ongoing monitoring of active tufas; 
characterisation and sampling of fossil tufas; clumped 
isotope and palynological analysis of fossil tufas. 

Year 3: ongoing monitoring of active tufas; active tufa 
sampling; petrographic characterisation of active tufas; 
clumped isotope analysis of active tufas. 
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: The Inchrory tufa, actively precipitating in the 
stream bed while the fossil tufa forms the pale brown cone 
in the right of the photograph (from Faulkner and Brazier 
20166). 

 
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 
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 training9 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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Further Information 
The principle supervisor can be contacted at: 
john.macdonald.3@glasgow.ac.uk 
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