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Overview 
 

Accurate predictions of future climate change depend 

on understanding the sensitivity of global temperature 

to various forcings. One major force that alters the 

radiative balance of the atmosphere, and hence global 

temperature, is sulphate aerosols from volcanic 

emissions. These aerosols tend to cool the planet by 

reflecting incoming solar radiation, and could mask the 

positive forcing associated with increased greenhouse 

gases.  

The record of volcanic forcing of climate is currently 

reconstructed from records of the concentration of 

sulphate in ice cores from Greenland and Antarctica 

(e.g. Gao et al., 2008; Sigl et al. 2015), However, the 

sulphate concentration record makes a number of 

assumptions that could bias the forcing function of 

volcanism on climate.  First, sulphate concentration in 

ice cores might overestimate the number of volcanic 

events with a global climatic impact because there is 

no distinction between eruptions that reach the 

stratosphere and those that remain in the 

troposphere.  Tropospheric sulphate aerosols are 

efficiently removed by precipitation on timescales of a 

few days, so the climatic impact of those eruptions is 

local and short-lived.  In contrast, sulphate aerosols 

erupted into the stratosphere have a much longer 

residence time and are distributed globally by 

stratospheric circulation, and thus have a larger 

impact on global climate.  However, both types of 

volcanoes can elevate the concentration of sulphate in 

ice cores (especially if the volcano was near to the ice 

sheet). Second, sulphate concentration records may 

underrepresent stratospheric volcanic events with 

low sulphur emissions or events more isolated from 

the ice core site.  Finally, the scaling that is used for 

the conversion of sulphate concentration into 

radiative forcing might not be correct. 

 

A new method (Paris et al., 2013) for measuring the 

isotopic ratios (34S and 33S) of small samples of 

sulphate in ice will directly address these potential 

biases and will refine the estimate of volcanic forcing 

on climate over a range of timescales and climatic 

states.  

 

Fig 1: Record of volcanic forcing of 

climate. Volcanic sulphate (g/kg) from the 

GISP2 ice core in Greenland (Zielinski, 1995) 

(top) that was used to generate a radiative 

forcing function of volcanic eruptions on 

climate (Crowley, 2000). 

  The isotopic composition of sulphate in ice cores provides a means with which to distinguish between stratospheric and tropospheric volcanic events.  Although the majority of chemical and physical processes on Earth that separate isotopes have fractionations that scale with the  

Although the majority of chemical and physical 

processes on Earth separate isotopes in a manner that 
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scales with the isotope masses, certain photolysis 

reactions produce a telltale mass-independent 

fractionation (MIF).  In particular, when SO2 is 

erupted into the stratosphere, it is bombarded with 

high energy ultraviolet rays that generate 

characteristic time-dependent changes in sulphur 

isotope MIF, expressed as non-zero values of 33S 

measured in sulphate aerosol. By contrast, most 

volcanic sulphur is emitted into the troposphere 

(which lies below the UV-absorbing ozone layer), so 

the sulphate resulting from a tropospheric eruption 

has a 33S of zero. Therefore, 33S signals recorded in 

ice cores provide an archive of stratospheric versus 

tropospheric eruptions (e.g. Baroni et al. 2007, 2008).  

 

The aims of this PhD will be to measure sulphur 

isotopes from volcanic eruption events in Greenland 

and Antarctic ice to determine whether the eruptions 

were stratospheric or not, with the goal of improving 

the record of volcanic forcing of climate. The student 

will also utilize state-of-the-art photochemical models 

(Claire et al. 2014) to understand the factors that 

control the magnitude of sulphur isotope fractionation 

that is recorded in the ice sheets.  

 
Methodology 
 

Eruptions will be targeted from existing sulphate 

records from ice cores in Greenland and Antarctica.  

Discrete samples will be taken from targeted 

eruptions and measured for sulphate concentration by 

ion chromatography in the Geobiology laboratory in 

the Department of Earth and Environmental Sciences 

at the University of St Andrews.  Triple sulphur 

isotopes will then be measured by MC-ICP-MS at the 

St Andrews Isotope Geochemistry (STAiG) 

laboratory. Measurement of sulphur istopes by MC-

ICP-MS reduces sample size requirements by three 

orders of magnitude over traditional gas source 

measurements, thus allowing the generation of higher 

resolution S isotope records.  Data interpretation will 

be aided by insights from advances in time-dependent 

volcanic photochemical plume models, to further our 

understanding of how MIF signals propagate from 

their atmospheric inception into the sulphate aerosol.  

 
Timeline 
 

Year 1:  Literature review, ice core sampling, training 

in clean laboratory methods and mass spectrometry, 

initial sulphur concentration and isotope 

measurements.  

 

Year 2: Sulphur isotopes analyses, analysis of data, and 

draft initial paper(s).  Training on photochemical 

plume modelling. 

 

Years 3 and 4 (6 months only): Finish sample 

measurements and photochemical modelling, finalize 

data sets, prepare written manuscripts and write 

thesis. 

 
Training & Skills 
 

The student will gain specific training in sulphur 

isotopes, mass spectrometry, and clean lab chemistry, 

as well as training and expertise in climate science and 

atmospheric chemistry.  The student will also gain 

expertise in numerical modelling, enabling a significant 

ability in data interpretation. Furthermore, over the 

course of the PhD the student will gain transferable 

skills such as scientific writing, statistics and data 

analysis, and problem-solving, as well as time 

management and working towards a long-term goal. 
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The University of St Andrews is committed to 

promoting equality of opportunity for all and has a 

series of University wide diversity awards including 

the Athena SWAN Institutional Bronze Award, the 

European Commission HR Excellence in Research 

Award and the LGBT Charter, see http://www.st-

andrews.ac.uk/hr/edi/diversityawards/. We welcome 

applications from women, persons of colour and 

persons with disabilities. You can find out more about 

Equality and Diversity in the University at 

http://www.st-andrews.ac.uk/hr/edi/ 
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