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Overview 

The Neoproterozoic Era archives one of the greatest 

transitions in Earth history (Fig. 1): the crown groups 

of eukaryotes diversified, animals appeared, a cycle of 

supercontinental make-up and break-up took place, 

global low-latitude glaciations occurred, and nearly 

every seawater geochemical proxy underwent 

unprecedented fluctuations. Yet, in spite of more than 

two decades of focused investigations, the causes of 

many of these phenomena remain conjectural. The 

Cryogenian Period (so-named for the return of pan-

glacial states after a 1.5 billion year absence of such 

climates) in particular attracts much interest because 

of its uniqueness: at least two episodes of extreme 

glaciations with sea-ice in the tropics lasting for many 

millions of years, which seemingly preconditioned the 

Earth system for the advent of metazoans and 

attainment of the planet’s present oxygenation state. 

For this project, we want to better document and 

understand the leads, lags or synchrony of the 

processes that marked the ocean-atmosphere system 

that led to the ultimate pan-glacial state, the Marinoan 

glaciation. It will involve integration of field geology 

and geochronology with isotope geochemistry and 

numerical modeling.  The postgraduate student will 

create new high-resolution multi-isotope records on 

samples from key Cryogenian sections in Namibia, and 

will use the GENIE Earth-system model to 

quantitatively assess those records. The fundamental 

question this studentship will address is: why did 

Snowball Earth conditions reoccur in the late 

Cryogenian? What were the drivers that triggered the 

end-Cryogenian glaciation? This is the climatic 

landmark in Earth’s evolution that demarcates one of 

the single-most important transitions in Earth history: 

the emergence of an oxygen-rich world with animals. 

The aim of this project is to acquire the necessary and 

sufficient data to determine the secular variation in 

the isotopic composition of the late Cryogenian 

ocean-atmosphere system to formulate, model and 

test hypotheses about the mechanisms driving 

environmental change at that time. The key objective 

is to generate high-resolution C-B-Li-S isotope 

records to identify the processes (e.g. weathering, 

carbon burial, CO2 change) that played a role in 

pushing Earth’s environment through tipping points 

from a climatically equable state into the Marinoan 

pan-global glaciation. 

 
Methodology 
Isotope data (e.g. δ13C, δ11B) have been a rich source 

of ideas for the Neoproterozoic Earth system [e.g. 1, 

2, 3], and this project will result in new C, Li, S, and B 

isotope data on marine carbonate rocks. The student 
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will integrate these new records with existing data to 

construct high-resolution profiles (dcm- to m-scale 

sample spacing) through the stratigraphic intervals 

archiving the conditions leading into the Marinoan 

glaciation.  The student will do this using the well-

constrained and well-understood rocks of the Abenab 

SubGroup in NW Namibia and will acquire a 

sufficiently detailed isotopic dataset to characterise 

the evolving chemistry of the Cryogenian ocean-

atmosphere system that enabled the reoccurrence of 

pan-glacial conditions. Specifically, the student will use 

this multi-isotope approach to identify what 

combination of processes existed and then changed 

(and over what timescales) to trigger the Marinoan 

glaciation, i.e. what were the balances, variations and 

feedbacks in weathering fluxes, productivity, ocean 

chemistry, and atmospheric composition that 

influenced or were a response to the changing 

Cryogenian climate?  

This project will integrate the new isotopic records 

produced in this project (and other published data) 

into an age model that is being developed by 

geochronology colleagues over the c. 660-635 Ma 

time interval that this project spans.  The student will 

then use the GENIE Earth System Model [4] to test 

different hypotheses and to model the rates and 

magnitudes of the processes involved in forcing 

Cryogenian environmental change and the isotopic 

responses. These objectives will generate a time-

calibrated framework of high-resolution isotope data 

and GENIE model simulations that will characterize 

and discriminate between the major biogeochemical 

processes operating within the Cryogenian Earth 

system.  

 
Timeline 
 
Year 1: Literature review; rock and mineral 

characterization of in-hand Namibian samples by 

XRF/D, EPMA and petrography; training in clean lab 

skills and MC-ICPMS; generate initial isotopic data. 

  

End of Year 1 (Aug 2018): Fieldwork to Namibia to 

collect samples. 

 

Year 2:  Characterization by XRF/D, EPMA, 

petrography of new samples; chemical preparation 

and (C, S, B, Li) isotopic analysis of new samples at St 

Andrews and SUERC. 

 

Year 3 : Finish isotopic measurements at St Andrews 

and SUERC; training in GENIE Earth System modeling; 

run suites of GENIE experiments 

 

Year 4 (6 months only): Finalize data sets and finish 

model simulations; prepare manuscripts and write 

thesis. 

 
Training & Skills 

The student will receive extensive specialized training 

in geochemical laboratory techniques at the St 

Andrews Isotope Geochemistry (STAiG) lab and 

there will be an opportunity to develop an 

isotope programme at the NERC Isotope Community 

Support Facility at SUERC, with Professor Boyce. The 

specific training will involve an introduction to general 

lab skills, safety, and etiquette, and training in how to 

achieve low blank conditions through clean lab best 

practice.  More specifically, the student will learn how 

to prepare samples for carbon isotopes, carbonate 

associated sulphate isotopes, boron isotopes, and 

lithium isotopes. The student will gain specific training 

in multi-collector inductively coupled plasma mass 

spectrometry (MC-ICP-MS) and isotope ratio mass 

spectrometry (IRMS), as well as methods of rock and 

mineral characterisation using XRF/D, EPMA and 

petrography.  The student will also learn numerical 

and modelling skills through working with the GENIE 

Figure 1. Selected secular trends that highlight the 

distinctiveness of the Neoproterozoic Era in more 
than 3 Gyr of Earth history. (A) C cycle and pO2 
(PAL-present atmospheric level). (B) Biospheric 
evolution. (C) Global tectonics: 1-Grenville orogeny; 
2-Rodinia supercontinent; 3-Rodinia rift-to-drift 
phase; 4-Pan-African orogeny. Solid blue bands are 
global glaciations (pan-glacial states), dashed blue 
bands are high-latitude glaciations. Yellow band 
denotes Neoproterozoic. 



 

  

Earth System numerical model. Finally, the student will 

be trained in field geology in a sampling trip to the 

Otavi Fold Belt of northern Namibia after the first 

year of study. Over the course of the PhD the student 

will gain many 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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Further Information 
 

For additional information contact: 

Dr Andrea Burke 

Dept. Earth and Environmental Sciences 

University of St Andrews 

St Andrews, Scotland, KY16 9AL 

Tel: 01334464015  

email: ab276@st-andrews.ac.uk 

 

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 
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